

camlpdf-2.4/Changes

2.4 (June 2021)

o Prefixed all C stubs to avoid clashes with zlib / cryptokit
o Fix for zero-sized Pdfio.input_outputs
o Bad interaction between deferred decryption and object streams fixed
o Optional content groups merged when merging
o Pdfpage.change_pages can now alter bookmark destinations for transformed pages
o Preserves zero bytes in malformed names
o Merged files get fresh /ID
o Pdfpagelabels.write now removes labels when given an empty list

2.3 (patchlevel 2, 2020)

o Bad interaction between deferred decryption and object streams worked around

2.3 (patchlevel 1, December 2019)

o Updated Makefile to build on bytecode-only architectures
(thanks Ralf Treinen)

2.3 (October 2019)

o Malformed file reading for files with content before the header now works
o Switches to disable malformed file reading or always read as if malformed
o Fix to preserve integers > 2^30 or < -2^30 on 32 bit systems 
o Allow [/DCT] as well as /DCT in inline image filter specifications
o Improvements to text width calculation (thanks Alain Frisch)

2.2 (patchlevel 1, September 2017)

o Code for adding annotations (thanks @waclena)
o Indirect encryption dictionaries
o Workaround for Adobe "Error 21" on re-saving encrypted files
o Fix reading of null objects in streams

2.2 (2017)

o Keeps was_linearized flag with every loaded PDF

2.1 (November 2014)

o Excised linearization. We recommend qpdflib / qpdf for this task now.
o Encryption now performed by fast C routines, replacing the OCaml ones
o Faster parsing of delayed object streams on large files
o New implementation of Pdf.page_reference_numbers. More robust
o Faster parsing by using better primitive operations for I/O
o Tighter spacing of output in Pdfwrite leading to smaller files
o Fixed pdf_of_pages not to produce duplicate page objects when multiple parts
of the output pdf come from the same input pdf
o Pdfpagelabels bug fixes, especially to alphabetic labels
o Read StemV etc. values from the AFM header directly
o Object streams may be written uncompressed for manual inspection
o Recrypting overhauled. Now a first class citizen.

1.7 (30th August 2013)

o Support for writing with object streams
o AES256ISO encryption support
o More compact writing of files
o Support for reading many malformed files
o Now under a standard LGPL license
o Has no dependencies
o First import into git for use with GitHub for open development
o Support for ocamlfind







camlpdf-2.4/LICENSE

This Library is distributed under the terms of the GNU Lesser General
Public License (LGPL) version 2.1 or above (included below).

As a special exception to the GNU Lesser General Public License, you may link,
statically or dynamically, a "work that uses the Library" with a publicly
distributed version of the Library to produce an executable file containing
portions of the Library, and distribute that executable file under terms of
your choice, without any of the additional requirements listed in clause 6 of
the GNU Lesser General Public License.  By "a publicly distributed version of
the Library", we mean either the unmodified Library as distributed by Coherent
Graphics Ltd, or a modified version of the Library that is distributed under
the conditions defined in clause 3 of the GNU Lesser General Public License.
This exception does not however invalidate any other reasons why the executable
file might be covered by the GNU Lesser General Public License.

----------------------------------------------------------------------

                   GNU LESSER GENERAL PUBLIC LICENSE
                       Version 2.1, February 1999

 Copyright (C) 1991, 1999 Free Software Foundation, Inc.
 51 Franklin Street, Fifth Floor, Boston, MA  02110-1301  USA
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.

[This is the first released version of the Lesser GPL.  It also counts
 as the successor of the GNU Library Public License, version 2, hence
 the version number 2.1.]

                            Preamble

  The licenses for most software are designed to take away your
freedom to share and change it.  By contrast, the GNU General Public
Licenses are intended to guarantee your freedom to share and change
free software--to make sure the software is free for all its users.

  This license, the Lesser General Public License, applies to some
specially designated software packages--typically libraries--of the
Free Software Foundation and other authors who decide to use it.  You
can use it too, but we suggest you first think carefully about whether
this license or the ordinary General Public License is the better
strategy to use in any particular case, based on the explanations below.

  When we speak of free software, we are referring to freedom of use,
not price.  Our General Public Licenses are designed to make sure that
you have the freedom to distribute copies of free software (and charge
for this service if you wish); that you receive source code or can get
it if you want it; that you can change the software and use pieces of
it in new free programs; and that you are informed that you can do
these things.

  To protect your rights, we need to make restrictions that forbid
distributors to deny you these rights or to ask you to surrender these
rights.  These restrictions translate to certain responsibilities for
you if you distribute copies of the library or if you modify it.

  For example, if you distribute copies of the library, whether gratis
or for a fee, you must give the recipients all the rights that we gave
you.  You must make sure that they, too, receive or can get the source
code.  If you link other code with the library, you must provide
complete object files to the recipients, so that they can relink them
with the library after making changes to the library and recompiling
it.  And you must show them these terms so they know their rights.

  We protect your rights with a two-step method: (1) we copyright the
library, and (2) we offer you this license, which gives you legal
permission to copy, distribute and/or modify the library.

  To protect each distributor, we want to make it very clear that
there is no warranty for the free library.  Also, if the library is
modified by someone else and passed on, the recipients should know
that what they have is not the original version, so that the original
author's reputation will not be affected by problems that might be
introduced by others.

  Finally, software patents pose a constant threat to the existence of
any free program.  We wish to make sure that a company cannot
effectively restrict the users of a free program by obtaining a
restrictive license from a patent holder.  Therefore, we insist that
any patent license obtained for a version of the library must be
consistent with the full freedom of use specified in this license.

  Most GNU software, including some libraries, is covered by the
ordinary GNU General Public License.  This license, the GNU Lesser
General Public License, applies to certain designated libraries, and
is quite different from the ordinary General Public License.  We use
this license for certain libraries in order to permit linking those
libraries into non-free programs.

  When a program is linked with a library, whether statically or using
a shared library, the combination of the two is legally speaking a
combined work, a derivative of the original library.  The ordinary
General Public License therefore permits such linking only if the
entire combination fits its criteria of freedom.  The Lesser General
Public License permits more lax criteria for linking other code with
the library.

  We call this license the "Lesser" General Public License because it
does Less to protect the user's freedom than the ordinary General
Public License.  It also provides other free software developers Less
of an advantage over competing non-free programs.  These disadvantages
are the reason we use the ordinary General Public License for many
libraries.  However, the Lesser license provides advantages in certain
special circumstances.

  For example, on rare occasions, there may be a special need to
encourage the widest possible use of a certain library, so that it becomes
a de-facto standard.  To achieve this, non-free programs must be
allowed to use the library.  A more frequent case is that a free
library does the same job as widely used non-free libraries.  In this
case, there is little to gain by limiting the free library to free
software only, so we use the Lesser General Public License.

  In other cases, permission to use a particular library in non-free
programs enables a greater number of people to use a large body of
free software.  For example, permission to use the GNU C Library in
non-free programs enables many more people to use the whole GNU
operating system, as well as its variant, the GNU/Linux operating
system.

  Although the Lesser General Public License is Less protective of the
users' freedom, it does ensure that the user of a program that is
linked with the Library has the freedom and the wherewithal to run
that program using a modified version of the Library.

  The precise terms and conditions for copying, distribution and
modification follow.  Pay close attention to the difference between a
"work based on the library" and a "work that uses the library".  The
former contains code derived from the library, whereas the latter must
be combined with the library in order to run.

                  GNU LESSER GENERAL PUBLIC LICENSE
   TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

  0. This License Agreement applies to any software library or other
program which contains a notice placed by the copyright holder or
other authorized party saying it may be distributed under the terms of
this Lesser General Public License (also called "this License").
Each licensee is addressed as "you".

  A "library" means a collection of software functions and/or data
prepared so as to be conveniently linked with application programs
(which use some of those functions and data) to form executables.

  The "Library", below, refers to any such software library or work
which has been distributed under these terms.  A "work based on the
Library" means either the Library or any derivative work under
copyright law: that is to say, a work containing the Library or a
portion of it, either verbatim or with modifications and/or translated
straightforwardly into another language.  (Hereinafter, translation is
included without limitation in the term "modification".)

  "Source code" for a work means the preferred form of the work for
making modifications to it.  For a library, complete source code means
all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation
and installation of the library.

  Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope.  The act of
running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based
on the Library (independent of the use of the Library in a tool for
writing it).  Whether that is true depends on what the Library does
and what the program that uses the Library does.
  
  1. You may copy and distribute verbatim copies of the Library's
complete source code as you receive it, in any medium, provided that
you conspicuously and appropriately publish on each copy an
appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any
warranty; and distribute a copy of this License along with the
Library.

  You may charge a fee for the physical act of transferring a copy,
and you may at your option offer warranty protection in exchange for a
fee.

  2. You may modify your copy or copies of the Library or any portion
of it, thus forming a work based on the Library, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

    a) The modified work must itself be a software library.

    b) You must cause the files modified to carry prominent notices
    stating that you changed the files and the date of any change.

    c) You must cause the whole of the work to be licensed at no
    charge to all third parties under the terms of this License.

    d) If a facility in the modified Library refers to a function or a
    table of data to be supplied by an application program that uses
    the facility, other than as an argument passed when the facility
    is invoked, then you must make a good faith effort to ensure that,
    in the event an application does not supply such function or
    table, the facility still operates, and performs whatever part of
    its purpose remains meaningful.

    (For example, a function in a library to compute square roots has
    a purpose that is entirely well-defined independent of the
    application.  Therefore, Subsection 2d requires that any
    application-supplied function or table used by this function must
    be optional: if the application does not supply it, the square
    root function must still compute square roots.)

These requirements apply to the modified work as a whole.  If
identifiable sections of that work are not derived from the Library,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works.  But when you
distribute the same sections as part of a whole which is a work based
on the Library, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote
it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Library.

In addition, mere aggregation of another work not based on the Library
with the Library (or with a work based on the Library) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

  3. You may opt to apply the terms of the ordinary GNU General Public
License instead of this License to a given copy of the Library.  To do
this, you must alter all the notices that refer to this License, so
that they refer to the ordinary GNU General Public License, version 2,
instead of to this License.  (If a newer version than version 2 of the
ordinary GNU General Public License has appeared, then you can specify
that version instead if you wish.)  Do not make any other change in
these notices.

  Once this change is made in a given copy, it is irreversible for
that copy, so the ordinary GNU General Public License applies to all
subsequent copies and derivative works made from that copy.

  This option is useful when you wish to copy part of the code of
the Library into a program that is not a library.

  4. You may copy and distribute the Library (or a portion or
derivative of it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you accompany
it with the complete corresponding machine-readable source code, which
must be distributed under the terms of Sections 1 and 2 above on a
medium customarily used for software interchange.

  If distribution of object code is made by offering access to copy
from a designated place, then offering equivalent access to copy the
source code from the same place satisfies the requirement to
distribute the source code, even though third parties are not
compelled to copy the source along with the object code.

  5. A program that contains no derivative of any portion of the
Library, but is designed to work with the Library by being compiled or
linked with it, is called a "work that uses the Library".  Such a
work, in isolation, is not a derivative work of the Library, and
therefore falls outside the scope of this License.

  However, linking a "work that uses the Library" with the Library
creates an executable that is a derivative of the Library (because it
contains portions of the Library), rather than a "work that uses the
library".  The executable is therefore covered by this License.
Section 6 states terms for distribution of such executables.

  When a "work that uses the Library" uses material from a header file
that is part of the Library, the object code for the work may be a
derivative work of the Library even though the source code is not.
Whether this is true is especially significant if the work can be
linked without the Library, or if the work is itself a library.  The
threshold for this to be true is not precisely defined by law.

  If such an object file uses only numerical parameters, data
structure layouts and accessors, and small macros and small inline
functions (ten lines or less in length), then the use of the object
file is unrestricted, regardless of whether it is legally a derivative
work.  (Executables containing this object code plus portions of the
Library will still fall under Section 6.)

  Otherwise, if the work is a derivative of the Library, you may
distribute the object code for the work under the terms of Section 6.
Any executables containing that work also fall under Section 6,
whether or not they are linked directly with the Library itself.

  6. As an exception to the Sections above, you may also combine or
link a "work that uses the Library" with the Library to produce a
work containing portions of the Library, and distribute that work
under terms of your choice, provided that the terms permit
modification of the work for the customer's own use and reverse
engineering for debugging such modifications.

  You must give prominent notice with each copy of the work that the
Library is used in it and that the Library and its use are covered by
this License.  You must supply a copy of this License.  If the work
during execution displays copyright notices, you must include the
copyright notice for the Library among them, as well as a reference
directing the user to the copy of this License.  Also, you must do one
of these things:

    a) Accompany the work with the complete corresponding
    machine-readable source code for the Library including whatever
    changes were used in the work (which must be distributed under
    Sections 1 and 2 above); and, if the work is an executable linked
    with the Library, with the complete machine-readable "work that
    uses the Library", as object code and/or source code, so that the
    user can modify the Library and then relink to produce a modified
    executable containing the modified Library.  (It is understood
    that the user who changes the contents of definitions files in the
    Library will not necessarily be able to recompile the application
    to use the modified definitions.)

    b) Use a suitable shared library mechanism for linking with the
    Library.  A suitable mechanism is one that (1) uses at run time a
    copy of the library already present on the user's computer system,
    rather than copying library functions into the executable, and (2)
    will operate properly with a modified version of the library, if
    the user installs one, as long as the modified version is
    interface-compatible with the version that the work was made with.

    c) Accompany the work with a written offer, valid for at
    least three years, to give the same user the materials
    specified in Subsection 6a, above, for a charge no more
    than the cost of performing this distribution.

    d) If distribution of the work is made by offering access to copy
    from a designated place, offer equivalent access to copy the above
    specified materials from the same place.

    e) Verify that the user has already received a copy of these
    materials or that you have already sent this user a copy.

  For an executable, the required form of the "work that uses the
Library" must include any data and utility programs needed for
reproducing the executable from it.  However, as a special exception,
the materials to be distributed need not include anything that is
normally distributed (in either source or binary form) with the major
components (compiler, kernel, and so on) of the operating system on
which the executable runs, unless that component itself accompanies
the executable.

  It may happen that this requirement contradicts the license
restrictions of other proprietary libraries that do not normally
accompany the operating system.  Such a contradiction means you cannot
use both them and the Library together in an executable that you
distribute.

  7. You may place library facilities that are a work based on the
Library side-by-side in a single library together with other library
facilities not covered by this License, and distribute such a combined
library, provided that the separate distribution of the work based on
the Library and of the other library facilities is otherwise
permitted, and provided that you do these two things:

    a) Accompany the combined library with a copy of the same work
    based on the Library, uncombined with any other library
    facilities.  This must be distributed under the terms of the
    Sections above.

    b) Give prominent notice with the combined library of the fact
    that part of it is a work based on the Library, and explaining
    where to find the accompanying uncombined form of the same work.

  8. You may not copy, modify, sublicense, link with, or distribute
the Library except as expressly provided under this License.  Any
attempt otherwise to copy, modify, sublicense, link with, or
distribute the Library is void, and will automatically terminate your
rights under this License.  However, parties who have received copies,
or rights, from you under this License will not have their licenses
terminated so long as such parties remain in full compliance.

  9. You are not required to accept this License, since you have not
signed it.  However, nothing else grants you permission to modify or
distribute the Library or its derivative works.  These actions are
prohibited by law if you do not accept this License.  Therefore, by
modifying or distributing the Library (or any work based on the
Library), you indicate your acceptance of this License to do so, and
all its terms and conditions for copying, distributing or modifying
the Library or works based on it.

  10. Each time you redistribute the Library (or any work based on the
Library), the recipient automatically receives a license from the
original licensor to copy, distribute, link with or modify the Library
subject to these terms and conditions.  You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties with
this License.

  11. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License.  If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Library at all.  For example, if a patent
license would not permit royalty-free redistribution of the Library by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Library.

If any portion of this section is held invalid or unenforceable under any
particular circumstance, the balance of the section is intended to apply,
and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system which is
implemented by public license practices.  Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.

  12. If the distribution and/or use of the Library is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Library under this License may add
an explicit geographical distribution limitation excluding those countries,
so that distribution is permitted only in or among countries not thus
excluded.  In such case, this License incorporates the limitation as if
written in the body of this License.

  13. The Free Software Foundation may publish revised and/or new
versions of the Lesser General Public License from time to time.
Such new versions will be similar in spirit to the present version,
but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number.  If the Library
specifies a version number of this License which applies to it and
"any later version", you have the option of following the terms and
conditions either of that version or of any later version published by
the Free Software Foundation.  If the Library does not specify a
license version number, you may choose any version ever published by
the Free Software Foundation.

  14. If you wish to incorporate parts of the Library into other free
programs whose distribution conditions are incompatible with these,
write to the author to ask for permission.  For software which is
copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this.  Our
decision will be guided by the two goals of preserving the free status
of all derivatives of our free software and of promoting the sharing
and reuse of software generally.

                            NO WARRANTY

  15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW.
EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE LIBRARY "AS IS" WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.  THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
LIBRARY IS WITH YOU.  SHOULD THE LIBRARY PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

  16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
LIBRARY (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A
FAILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER SOFTWARE), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

                     END OF TERMS AND CONDITIONS

           How to Apply These Terms to Your New Libraries

  If you develop a new library, and you want it to be of the greatest
possible use to the public, we recommend making it free software that
everyone can redistribute and change.  You can do so by permitting
redistribution under these terms (or, alternatively, under the terms of the
ordinary General Public License).

  To apply these terms, attach the following notices to the library.  It is
safest to attach them to the start of each source file to most effectively
convey the exclusion of warranty; and each file should have at least the
"copyright" line and a pointer to where the full notice is found.

    <one line to give the library's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This library is free software; you can redistribute it and/or
    modify it under the terms of the GNU Lesser General Public
    License as published by the Free Software Foundation; either
    version 2.1 of the License, or (at your option) any later version.

    This library is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the GNU
    Lesser General Public License for more details.

    You should have received a copy of the GNU Lesser General Public
    License along with this library; if not, write to the Free Software
    Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA  02110-1301  USA

Also add information on how to contact you by electronic and paper mail.

You should also get your employer (if you work as a programmer) or your
school, if any, to sign a "copyright disclaimer" for the library, if
necessary.  Here is a sample; alter the names:

  Yoyodyne, Inc., hereby disclaims all copyright interest in the
  library `Frob' (a library for tweaking knobs) written by James Random Hacker.

  <signature of Ty Coon>, 1 April 1990
  Ty Coon, President of Vice

That's all there is to it!

---

In addition, this program contains the sha2 implementation by Olivier Gay:

 * FIPS 180-2 SHA-224/256/384/512 implementation
 * Last update: 02/02/2007
 * Issue date:  04/30/2005
 *
 * Copyright (C) 2005, 2007 Olivier Gay <olivier.gay@a3.epfl.ch>
 * All rights reserved.
 *
 * Redistribution and use in source and binary forms, with or without
 * modification, are permitted provided that the following conditions
 * are met:
 * 1. Redistributions of source code must retain the above copyright
 *    notice, this list of conditions and the following disclaimer.
 * 2. Redistributions in binary form must reproduce the above copyright
 *    notice, this list of conditions and the following disclaimer in the
 *    documentation and/or other materials provided with the distribution.
 * 3. Neither the name of the project nor the names of its contributors
 *    may be used to endorse or promote products derived from this software
 *    without specific prior written permission.
 *
 * THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ``AS IS'' AND
 * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
 * IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
 * FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
 * DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
 * OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
 * HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
 * LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
 * OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
 * SUCH DAMAGE.

---

Please see also the licenses in each .c file in this directory.







camlpdf-2.4/META

name="camlpdf"
description="Read, write and modify PDF files"
version="2.4"
archive(byte)="camlpdf.cma"
archive(native)="camlpdf.cmxa"







camlpdf-2.4/Makefile

# Build the camlpdf library as byte code and, if available, native code
PDFMODS = pdfutil pdfio pdftransform pdfunits pdfpaper pdfcryptprimitives \
  pdf pdfcrypt pdfflate pdfcodec pdfwrite pdfgenlex pdfread pdfjpeg pdfops \
  pdfdest pdfmarks pdfpagelabels pdfpage pdfannot pdffun pdfspace pdfimage \
  pdfafm pdfafmdata pdfglyphlist pdftext pdfstandard14 pdfgraphics pdfshapes \
  pdfdate pdfocg pdfcff pdftype1 pdftruetype pdftype0 pdfmerge

SOURCES = flatestubs.c rijndael-alg-fst.c stubs-aes.c sha2.c stubs-sha2.c \
	  $(foreach x,$(PDFMODS),$(x).ml $(x).mli)

RESULT = camlpdf

LIBINSTALL_FILES = camlpdf.cma libcamlpdf_stubs.a \
  dllcamlpdf_stubs.* $(foreach x,$(PDFMODS),$x.mli) \
  $(foreach x,$(PDFMODS),$x.cmt) $(foreach x,$(PDFMODS),$x.cmi)

TARGETS := byte-code-library htdoc

OCAMLFLAGS = -bin-annot
OCAMLNCFLAGS = -g -safe-string -w -3
OCAMLBCFLAGS = -g -safe-string -w -3
OCAMLLDFLAGS = -g

ifneq ($(shell which ocamlopt),)
  TARGETS += native-code-library
  LIBINSTALL_FILES += camlpdf.a camlpdf.cmxa $(foreach x,$(PDFMODS),$x.cmx)
endif

all : $(TARGETS)

clean ::
	rm -rf doc foo foo2 out.pdf out2.pdf *.cmt *.cmti *.zlib

install : libinstall

-include OCamlMakefile







camlpdf-2.4/OCamlMakefile

###########################################################################
#                              OCamlMakefile
#                  Copyright (C) 1999-  Markus Mottl
#
#                             For updates see:
#                http://www.ocaml.info/home/ocaml_sources.html
#
###########################################################################

# Modified by damien for .glade.ml compilation

# Set these variables to the names of the sources to be processed and
# the result variable. Order matters during linkage!

ifndef SOURCES
  SOURCES := foo.ml
endif
export SOURCES

ifndef RES_CLIB_SUF
  RES_CLIB_SUF := _stubs
endif
export RES_CLIB_SUF

ifndef RESULT
  RESULT := foo
endif
export RESULT := $(strip $(RESULT))

export LIB_PACK_NAME

ifndef DOC_FILES
  DOC_FILES := $(filter %.mli, $(SOURCES))
endif
export DOC_FILES
FIRST_DOC_FILE := $(firstword $(DOC_FILES))

export BCSUFFIX
export NCSUFFIX

ifndef TOPSUFFIX
  TOPSUFFIX := .top
endif
export TOPSUFFIX

# Eventually set include- and library-paths, libraries to link,
# additional compilation-, link- and ocamlyacc-flags
# Path- and library information needs not be written with "-I" and such...
# Define THREADS if you need it, otherwise leave it unset (same for
# USE_CAMLP4)!

export THREADS
export VMTHREADS
export ANNOTATE
export USE_CAMLP4

export INCDIRS
export LIBDIRS
export EXTLIBDIRS
export RESULTDEPS
export OCAML_DEFAULT_DIRS

export LIBS
export CLIBS
export CFRAMEWORKS

export OCAMLFLAGS
export OCAMLNCFLAGS
export OCAMLBCFLAGS

export OCAMLLDFLAGS
export OCAMLNLDFLAGS
export OCAMLBLDFLAGS

export OCAMLMKLIB_FLAGS

ifndef OCAMLCPFLAGS
  OCAMLCPFLAGS := a
endif
export OCAMLCPFLAGS

ifndef DOC_DIR
  DOC_DIR := doc
endif
export DOC_DIR

export PPFLAGS

export LFLAGS
export YFLAGS
export IDLFLAGS

export OCAMLDOCFLAGS

export OCAMLFIND_INSTFLAGS

export DVIPSFLAGS

export STATIC

# Add a list of optional trash files that should be deleted by "make clean"
export TRASH

ECHO := echo

ifdef REALLY_QUIET
  export REALLY_QUIET
  ECHO := true
  LFLAGS := $(LFLAGS) -q
  YFLAGS := $(YFLAGS) -q
endif

####################  variables depending on your OCaml-installation

SYSTEM := $(shell ocamlc -config 2>/dev/null | grep system | sed 's/system: //')
    # This may be
    # - mingw
    # - mingw64
    # - win32
    # - cygwin
    # - some other string means Unix
    # - empty means ocamlc does not support -config

ifeq ($(SYSTEM),$(filter $(SYSTEM),mingw mingw64))
  MINGW=1
endif
ifeq ($(SYSTEM),win32)
  MSVC=1
endif

ifdef MINGW
  export MINGW
  WIN32 := 1
  # The default value 'cc' makes 'ocamlc -cc "cc"' raises the error 'The
  # NTVDM CPU has encountered an illegal instruction'.
  ifndef CC
    MNO_CYGWIN := $(shell gcc -Wextra -v --help 2>/dev/null | grep -q '\-mno-cygwin'; echo $$?)
    CC := gcc
  else
    MNO_CYGWIN := $(shell $$CC -Wextra -v --help 2>/dev/null | grep -q '\-mno-cygwin'; echo $$?)
  endif
  # We are compiling with cygwin tools:
  ifeq ($(MNO_CYGWIN),0)
	CFLAGS_WIN32 := -mno-cygwin
  endif
  # The OCaml C header files use this flag:
  CFLAGS += -D__MINGW32__
endif
ifdef MSVC
  export MSVC
  WIN32   := 1
  ifndef STATIC
    CPPFLAGS_WIN32 := -DCAML_DLL
  endif
  CFLAGS_WIN32 += -nologo
  EXT_OBJ := obj
  EXT_LIB := lib
  ifeq ($(CC),gcc)
    # work around GNU Make default value
    ifdef THREADS
      CC := cl -MT
    else
      CC := cl
    endif
  endif
  ifeq ($(CXX),g++)
    # work around GNU Make default value
    CXX := $(CC)
  endif
  CFLAG_O := -Fo
endif
ifdef WIN32
  EXT_CXX := cpp
  EXE     := .exe
endif

ifndef EXT_OBJ
  EXT_OBJ := o
endif
ifndef EXT_LIB
  EXT_LIB := a
endif
ifndef EXT_CXX
  EXT_CXX := cc
endif
ifndef EXE
  EXE := # empty
endif
ifndef CFLAG_O
  CFLAG_O := -o # do not delete this comment (preserves trailing whitespace)!
endif

export CC
export CXX
export CFLAGS
export CXXFLAGS
export LDFLAGS
export CPPFLAGS

ifndef RPATH_FLAG
  ifdef ELF_RPATH_FLAG
    RPATH_FLAG := $(ELF_RPATH_FLAG)
  else
    RPATH_FLAG := -R
  endif
endif
export RPATH_FLAG

ifndef MSVC
ifndef PIC_CFLAGS
  PIC_CFLAGS := -fPIC
endif
ifndef PIC_CPPFLAGS
  PIC_CPPFLAGS := -DPIC
endif
endif

export PIC_CFLAGS
export PIC_CPPFLAGS

BCRESULT  := $(addsuffix $(BCSUFFIX), $(RESULT))
NCRESULT  := $(addsuffix $(NCSUFFIX), $(RESULT))
TOPRESULT := $(addsuffix $(TOPSUFFIX), $(RESULT))

ifndef OCAMLFIND
  OCAMLFIND := ocamlfind
endif
export OCAMLFIND

ifndef OCAML
  OCAML := ocaml
endif
export OCAML

ifndef OCAMLC
  OCAMLC := ocamlc
endif
export OCAMLC

ifndef OCAMLOPT
  OCAMLOPT := ocamlopt
endif
export OCAMLOPT

ifndef OCAMLMKTOP
  OCAMLMKTOP := ocamlmktop
endif
export OCAMLMKTOP

ifndef OCAMLCP
  OCAMLCP := ocamlcp
endif
export OCAMLCP

ifndef OCAMLDEP
  OCAMLDEP := ocamldep
endif
export OCAMLDEP

ifndef OCAMLLEX
  OCAMLLEX := ocamllex
endif
export OCAMLLEX

ifndef OCAMLYACC
  OCAMLYACC := ocamlyacc
endif
export OCAMLYACC

ifndef OCAMLMKLIB
  OCAMLMKLIB := ocamlmklib
endif
export OCAMLMKLIB

ifndef OCAML_GLADECC
  OCAML_GLADECC := lablgladecc2
endif
export OCAML_GLADECC

ifndef OCAML_GLADECC_FLAGS
  OCAML_GLADECC_FLAGS :=
endif
export OCAML_GLADECC_FLAGS

ifndef CAMELEON_REPORT
  CAMELEON_REPORT := report
endif
export CAMELEON_REPORT

ifndef CAMELEON_REPORT_FLAGS
  CAMELEON_REPORT_FLAGS :=
endif
export CAMELEON_REPORT_FLAGS

ifndef CAMELEON_ZOGGY
  CAMELEON_ZOGGY := camlp4o pa_zog.cma pr_o.cmo
endif
export CAMELEON_ZOGGY

ifndef CAMELEON_ZOGGY_FLAGS
  CAMELEON_ZOGGY_FLAGS :=
endif
export CAMELEON_ZOGGY_FLAGS

ifndef OXRIDL
  OXRIDL := oxridl
endif
export OXRIDL

ifndef CAMLIDL
  CAMLIDL := camlidl
endif
export CAMLIDL

ifndef CAMLIDLDLL
  CAMLIDLDLL := camlidldll
endif
export CAMLIDLDLL

ifndef NOIDLHEADER
  MAYBE_IDL_HEADER := -header
endif
export NOIDLHEADER

export NO_CUSTOM

ifndef CAMLP4
  CAMLP4 := camlp4
endif
export CAMLP4

ifndef REAL_OCAMLFIND
  ifdef PACKS
    ifndef CREATE_LIB
      ifdef THREADS
	PACKS += threads
      endif
    endif
    empty :=
    space := $(empty) $(empty)
    comma := ,
    ifdef PREDS
      PRE_OCAML_FIND_PREDICATES := $(subst $(space),$(comma),$(PREDS))
      PRE_OCAML_FIND_PACKAGES := $(subst $(space),$(comma),$(PACKS))
      OCAML_FIND_PREDICATES := -predicates $(PRE_OCAML_FIND_PREDICATES)
  #    OCAML_DEP_PREDICATES := -syntax $(PRE_OCAML_FIND_PREDICATES)
      OCAML_FIND_PACKAGES := $(OCAML_FIND_PREDICATES) -package $(PRE_OCAML_FIND_PACKAGES)
      OCAML_DEP_PACKAGES := $(OCAML_DEP_PREDICATES) -package $(PRE_OCAML_FIND_PACKAGES)
    else
      OCAML_FIND_PACKAGES := -package $(subst $(space),$(comma),$(PACKS))
      OCAML_DEP_PACKAGES :=
    endif
    OCAML_FIND_LINKPKG := -linkpkg
    REAL_OCAMLFIND := $(OCAMLFIND)
  endif
endif

export OCAML_FIND_PACKAGES
export OCAML_DEP_PACKAGES
export OCAML_FIND_LINKPKG
export REAL_OCAMLFIND

ifndef OCAMLDOC
  OCAMLDOC := ocamldoc
endif
export OCAMLDOC

ifndef LATEX
  LATEX := latex
endif
export LATEX

ifndef DVIPS
  DVIPS := dvips
endif
export DVIPS

ifndef PS2PDF
  PS2PDF := ps2pdf
endif
export PS2PDF

ifndef OCAMLMAKEFILE
  OCAMLMAKEFILE := OCamlMakefile
endif
export OCAMLMAKEFILE

ifndef OCAMLLIBPATH
  OCAMLLIBPATH := \
    $(shell $(OCAMLC) 2>/dev/null -where || echo /usr/local/lib/ocaml)
endif
export OCAMLLIBPATH

ifndef OCAML_LIB_INSTALL
  OCAML_LIB_INSTALL := $(OCAMLLIBPATH)/contrib
endif
export OCAML_LIB_INSTALL

###########################################################################

####################  change following sections only if
####################    you know what you are doing!

# delete target files when a build command fails
.PHONY: .DELETE_ON_ERROR
.DELETE_ON_ERROR:

# for pedants using "--warn-undefined-variables"
export MAYBE_IDL
export REAL_RESULT
export CAMLIDLFLAGS
export THREAD_FLAG
export RES_CLIB
export MAKEDLL
export ANNOT_FLAG
export C_OXRIDL
export SUBPROJS
export CFLAGS_WIN32
export CPPFLAGS_WIN32

INCFLAGS :=

SHELL := /bin/sh

MLDEPDIR := ._d
BCDIDIR  := ._bcdi
NCDIDIR  := ._ncdi

FILTER_EXTNS := %.mli %.ml %.mll %.mly %.idl %.oxridl %.c %.m %.$(EXT_CXX) %.rep %.zog %.glade

FILTERED     := $(filter $(FILTER_EXTNS), $(SOURCES))
SOURCE_DIRS  := $(filter-out ./, $(sort $(dir $(FILTERED))))

FILTERED_REP := $(filter %.rep, $(FILTERED))
DEP_REP      := $(FILTERED_REP:%.rep=$(MLDEPDIR)/%.d)
AUTO_REP     := $(FILTERED_REP:.rep=.ml)

FILTERED_ZOG := $(filter %.zog, $(FILTERED))
DEP_ZOG      := $(FILTERED_ZOG:%.zog=$(MLDEPDIR)/%.d)
AUTO_ZOG     := $(FILTERED_ZOG:.zog=.ml)

FILTERED_GLADE := $(filter %.glade, $(FILTERED))
DEP_GLADE      := $(FILTERED_GLADE:%.glade=$(MLDEPDIR)/%.d)
AUTO_GLADE     := $(FILTERED_GLADE:.glade=.ml)

FILTERED_ML  := $(filter %.ml, $(FILTERED))
DEP_ML       := $(FILTERED_ML:%.ml=$(MLDEPDIR)/%.d)

FILTERED_MLI := $(filter %.mli, $(FILTERED))
DEP_MLI      := $(FILTERED_MLI:.mli=.di)

FILTERED_MLL := $(filter %.mll, $(FILTERED))
DEP_MLL      := $(FILTERED_MLL:%.mll=$(MLDEPDIR)/%.d)
AUTO_MLL     := $(FILTERED_MLL:.mll=.ml)

FILTERED_MLY := $(filter %.mly, $(FILTERED))
DEP_MLY      := $(FILTERED_MLY:%.mly=$(MLDEPDIR)/%.d) $(FILTERED_MLY:.mly=.di)
AUTO_MLY     := $(FILTERED_MLY:.mly=.mli) $(FILTERED_MLY:.mly=.ml)

FILTERED_IDL := $(filter %.idl, $(FILTERED))
DEP_IDL      := $(FILTERED_IDL:%.idl=$(MLDEPDIR)/%.d) $(FILTERED_IDL:.idl=.di)
C_IDL        := $(FILTERED_IDL:%.idl=%_stubs.c)
ifndef NOIDLHEADER
 C_IDL += $(FILTERED_IDL:.idl=.h)
endif
OBJ_C_IDL    := $(FILTERED_IDL:%.idl=%_stubs.$(EXT_OBJ))
AUTO_IDL     := $(FILTERED_IDL:.idl=.mli) $(FILTERED_IDL:.idl=.ml) $(C_IDL)

FILTERED_OXRIDL := $(filter %.oxridl, $(FILTERED))
DEP_OXRIDL      := $(FILTERED_OXRIDL:%.oxridl=$(MLDEPDIR)/%.d) $(FILTERED_OXRIDL:.oxridl=.di)
AUTO_OXRIDL     := $(FILTERED_OXRIDL:.oxridl=.mli) $(FILTERED_OXRIDL:.oxridl=.ml) $(C_OXRIDL)

FILTERED_C_CXX := $(filter %.c %.m %.$(EXT_CXX), $(FILTERED))
OBJ_C_CXX      := $(FILTERED_C_CXX:.c=.$(EXT_OBJ))
OBJ_C_CXX      := $(OBJ_C_CXX:.m=.$(EXT_OBJ))
OBJ_C_CXX      := $(OBJ_C_CXX:.$(EXT_CXX)=.$(EXT_OBJ))

PRE_TARGETS  += $(AUTO_MLL) $(AUTO_MLY) $(AUTO_IDL) $(AUTO_OXRIDL) $(AUTO_ZOG) $(AUTO_REP) $(AUTO_GLADE)

ALL_DEPS     := $(DEP_ML) $(DEP_MLI) $(DEP_MLL) $(DEP_MLY) $(DEP_IDL) $(DEP_OXRIDL) $(DEP_ZOG) $(DEP_REP) $(DEP_GLADE)

MLDEPS       := $(filter %.d, $(ALL_DEPS))
MLIDEPS      := $(filter %.di, $(ALL_DEPS))
BCDEPIS      := $(MLIDEPS:%.di=$(BCDIDIR)/%.di)
NCDEPIS      := $(MLIDEPS:%.di=$(NCDIDIR)/%.di)

ALLML        := $(filter %.mli %.ml %.mll %.mly %.idl %.oxridl %.rep %.zog %.glade, $(FILTERED))

IMPLO_INTF   := $(ALLML:%.mli=%.mli.__)
IMPLO_INTF   := $(foreach file, $(IMPLO_INTF), \
                  $(basename $(file)).cmi $(basename $(file)).cmo)
IMPLO_INTF   := $(filter-out %.mli.cmo, $(IMPLO_INTF))
IMPLO_INTF   := $(IMPLO_INTF:%.mli.cmi=%.cmi)

IMPLX_INTF   := $(IMPLO_INTF:.cmo=.cmx)

INTF         := $(filter %.cmi, $(IMPLO_INTF))
IMPL_CMO     := $(filter %.cmo, $(IMPLO_INTF))
IMPL_CMX     := $(IMPL_CMO:.cmo=.cmx)
IMPL_ASM     := $(IMPL_CMO:.cmo=.asm)
IMPL_S       := $(IMPL_CMO:.cmo=.s)

OBJ_LINK     := $(OBJ_C_IDL) $(OBJ_C_CXX)
OBJ_FILES    := $(IMPL_CMO:.cmo=.$(EXT_OBJ)) $(OBJ_LINK)

EXECS        := $(addsuffix $(EXE), \
                            $(sort $(TOPRESULT) $(BCRESULT) $(NCRESULT)))
ifdef WIN32
  EXECS      += $(BCRESULT).dll $(NCRESULT).dll
endif

CLIB_BASE    := $(RESULT)$(RES_CLIB_SUF)
ifneq ($(strip $(OBJ_LINK)),)
  RES_CLIB     := lib$(CLIB_BASE).$(EXT_LIB)
endif

ifdef WIN32
DLLSONAME := dll$(CLIB_BASE).dll
else
DLLSONAME := dll$(CLIB_BASE).so
endif

NONEXECS     := $(INTF) $(IMPL_CMO) $(IMPL_CMX) $(IMPL_ASM) $(IMPL_S) \
		$(OBJ_FILES) $(PRE_TARGETS) $(BCRESULT).cma $(NCRESULT).cmxa \
		$(NCRESULT).$(EXT_LIB) $(BCRESULT).cmi $(BCRESULT).cmo \
		$(NCRESULT).cmi $(NCRESULT).cmx $(NCRESULT).$(EXT_OBJ) \
		$(RES_CLIB) $(IMPL_CMO:.cmo=.annot) \
		$(LIB_PACK_NAME).cmi $(LIB_PACK_NAME).cmo $(LIB_PACK_NAME).cmx \
		$(LIB_PACK_NAME).$(EXT_OBJ)

ifndef STATIC
  NONEXECS += $(DLLSONAME)
endif

ifndef LIBINSTALL_FILES
  LIBINSTALL_FILES := $(RESULT).mli $(RESULT).cmi $(RESULT).cma \
		      $(RESULT).cmxa $(RESULT).$(EXT_LIB) $(RES_CLIB)
  ifndef STATIC
    ifneq ($(strip $(OBJ_LINK)),)
      LIBINSTALL_FILES += $(DLLSONAME)
    endif
  endif
endif

export LIBINSTALL_FILES

ifdef WIN32
  # some extra stuff is created while linking DLLs
  NONEXECS   += $(BCRESULT).$(EXT_LIB) $(BCRESULT).exp $(NCRESULT).exp $(CLIB_BASE).exp $(CLIB_BASE).lib
endif

TARGETS      := $(EXECS) $(NONEXECS)

# If there are IDL-files
ifneq ($(strip $(FILTERED_IDL)),)
  MAYBE_IDL := -cclib -lcamlidl
endif

ifdef USE_CAMLP4
  CAMLP4PATH := \
    $(shell $(CAMLP4) -where 2>/dev/null || echo /usr/local/lib/camlp4)
  INCFLAGS := -I $(CAMLP4PATH)
  CINCFLAGS := -I$(CAMLP4PATH)
endif

INCFLAGS := $(INCFLAGS) $(INCDIRS:%=-I %) $(SOURCE_DIRS:%=-I %) $(OCAML_DEFAULT_DIRS:%=-I %)
CINCFLAGS += $(SOURCE_DIRS:%=-I%) $(INCDIRS:%=-I%) $(OCAML_DEFAULT_DIRS:%=-I%)

ifndef MSVC
  CLIBFLAGS += $(SOURCE_DIRS:%=-L%) $(LIBDIRS:%=-L%) \
               $(EXTLIBDIRS:%=-L%) $(OCAML_DEFAULT_DIRS:%=-L%)

  ifeq ($(ELF_RPATH), yes)
    CLIBFLAGS += $(EXTLIBDIRS:%=-Wl,$(RPATH_FLAG)%)
  endif
endif

ifndef PROFILING
  INTF_OCAMLC := $(OCAMLC)
else
  ifndef THREADS
    INTF_OCAMLC := $(OCAMLCP) -p $(OCAMLCPFLAGS)
  else
    # OCaml does not support profiling byte code
    # with threads (yet), therefore we force an error.
    ifndef REAL_OCAMLC
      $(error Profiling of multithreaded byte code not yet supported by OCaml)
    endif
    INTF_OCAMLC := $(OCAMLC)
  endif
endif

ifndef MSVC
  COMMON_LDFLAGS := $(LDFLAGS:%=-ccopt %) $(SOURCE_DIRS:%=-ccopt -L%) \
		    $(LIBDIRS:%=-ccopt -L%) $(EXTLIBDIRS:%=-ccopt -L%) \
		    $(EXTLIBDIRS:%=-ccopt -Wl $(OCAML_DEFAULT_DIRS:%=-ccopt -L%))

  ifeq ($(ELF_RPATH),yes)
    COMMON_LDFLAGS += $(EXTLIBDIRS:%=-ccopt -Wl,$(RPATH_FLAG)%)
  endif
else
  COMMON_LDFLAGS := -ccopt "/link -NODEFAULTLIB:LIBC $(LDFLAGS:%=%) $(SOURCE_DIRS:%=-LIBPATH:%) \
		    $(LIBDIRS:%=-LIBPATH:%) $(EXTLIBDIRS:%=-LIBPATH:%) \
		    $(OCAML_DEFAULT_DIRS:%=-LIBPATH:%) "
endif

CLIBS_OPTS := $(CLIBS:%=-cclib -l%) $(CFRAMEWORKS:%=-cclib '-framework %')
ifdef MSVC
  ifndef STATIC
  # MSVC libraries do not have 'lib' prefix
  CLIBS_OPTS := $(CLIBS:%=-cclib %.lib)
  endif
endif

ifneq ($(strip $(OBJ_LINK)),)
  ifdef CREATE_LIB
    OBJS_LIBS := -cclib -l$(CLIB_BASE) $(CLIBS_OPTS) $(MAYBE_IDL)
  else
    OBJS_LIBS := $(OBJ_LINK) $(CLIBS_OPTS) $(MAYBE_IDL)
  endif
else
  OBJS_LIBS := $(CLIBS_OPTS) $(MAYBE_IDL)
endif

ifdef LIB_PACK_NAME
  FOR_PACK_NAME := $(shell echo $(LIB_PACK_NAME) | awk '{print toupper(substr($$0,1,1))substr($$0,2)}')
endif

# If we have to make byte-code
ifndef REAL_OCAMLC
  BYTE_OCAML := y

  # EXTRADEPS is added dependencies we have to insert for all
  # executable files we generate.  Ideally it should be all of the
  # libraries we use, but it's hard to find the ones that get searched on
  # the path since I don't know the paths built into the compiler, so
  # just include the ones with slashes in their names.
  EXTRADEPS := $(addsuffix .cma,$(foreach i,$(LIBS),$(if $(findstring /,$(i)),$(i))))


  ifndef LIB_PACK_NAME
    SPECIAL_OCAMLFLAGS := $(OCAMLBCFLAGS)
  else
    SPECIAL_OCAMLFLAGS := -for-pack $(FOR_PACK_NAME) $(OCAMLBCFLAGS)
  endif

  REAL_OCAMLC := $(INTF_OCAMLC)

  REAL_IMPL := $(IMPL_CMO)
  REAL_IMPL_INTF := $(IMPLO_INTF)
  IMPL_SUF := .cmo

  DEPFLAGS  :=
  MAKE_DEPS := $(MLDEPS) $(BCDEPIS)

  ifdef CREATE_LIB
    override CFLAGS := $(PIC_CFLAGS) $(CFLAGS)
    override CPPFLAGS := $(PIC_CPPFLAGS) $(CPPFLAGS)
    ifndef STATIC
      ifneq ($(strip $(OBJ_LINK)),)
	MAKEDLL := $(DLLSONAME)
	ALL_LDFLAGS := -dllib $(DLLSONAME)
      endif
    endif
  endif

  ifndef NO_CUSTOM
    ifneq "$(strip $(OBJ_LINK) $(THREADS) $(MAYBE_IDL) $(CLIBS) $(CFRAMEWORKS))" ""
      ALL_LDFLAGS += -custom
    endif
  endif

  ALL_LDFLAGS += $(INCFLAGS) $(OCAMLLDFLAGS) $(OCAMLBLDFLAGS) \
                 $(COMMON_LDFLAGS) $(LIBS:%=%.cma)
  CAMLIDLDLLFLAGS :=

  ifdef THREADS
    ifdef VMTHREADS
      THREAD_FLAG := -vmthread
    else
      THREAD_FLAG := -thread
    endif
    ALL_LDFLAGS := $(THREAD_FLAG) $(ALL_LDFLAGS)
    ifndef CREATE_LIB
      ifndef REAL_OCAMLFIND
        ALL_LDFLAGS := $(ALL_LDFLAGS)
      endif
    endif
  endif

# we have to make native-code
else
  EXTRADEPS := $(addsuffix .cmxa,$(foreach i,$(LIBS),$(if $(findstring /,$(i)),$(i))))
  ifndef PROFILING
    SPECIAL_OCAMLFLAGS := $(OCAMLNCFLAGS)
    PLDFLAGS :=
  else
    SPECIAL_OCAMLFLAGS := -p $(OCAMLNCFLAGS)
    PLDFLAGS := -p
  endif

  ifndef LIB_PACK_NAME
    SPECIAL_OCAMLFLAGS := $(OCAMLNCFLAGS)
  else
    SPECIAL_OCAMLFLAGS := -for-pack $(FOR_PACK_NAME) $(OCAMLNCFLAGS)
  endif
  REAL_IMPL := $(IMPL_CMX)
  REAL_IMPL_INTF := $(IMPLX_INTF)
  IMPL_SUF := .cmx

  override CPPFLAGS := -DNATIVE_CODE $(CPPFLAGS)

  DEPFLAGS  := -native
  MAKE_DEPS := $(MLDEPS) $(NCDEPIS)

  ALL_LDFLAGS := $(PLDFLAGS) $(INCFLAGS) $(OCAMLLDFLAGS) \
                 $(OCAMLNLDFLAGS) $(COMMON_LDFLAGS)
  CAMLIDLDLLFLAGS := -opt

  ifndef CREATE_LIB
    ALL_LDFLAGS += $(LIBS:%=%.cmxa)
  else
    override CFLAGS := $(PIC_CFLAGS) $(CFLAGS)
    override CPPFLAGS := $(PIC_CPPFLAGS) $(CPPFLAGS)
  endif

  ifdef THREADS
    THREAD_FLAG := -thread
    ALL_LDFLAGS := $(THREAD_FLAG) $(ALL_LDFLAGS)
    ifndef CREATE_LIB
      ifndef REAL_OCAMLFIND
        ALL_LDFLAGS := $(ALL_LDFLAGS)
      endif
    endif
  endif
endif

export MAKE_DEPS

ifdef ANNOTATE
  ANNOT_FLAG := -annot
else
endif

ALL_OCAMLCFLAGS := $(THREAD_FLAG) $(ANNOT_FLAG) $(OCAMLFLAGS) \
                   $(INCFLAGS) $(SPECIAL_OCAMLFLAGS)

ifdef make_deps
  -include $(MAKE_DEPS)
  PRE_TARGETS :=
endif

###########################################################################
# USER RULES

# Call "OCamlMakefile QUIET=" to get rid of all of the @'s.
QUIET=@

# generates byte-code (default)
byte-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT) \
				REAL_RESULT="$(BCRESULT)" make_deps=yes
bc:	byte-code

byte-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(BCRESULT)" make_deps=yes
bcnl:	byte-code-nolink

top:			$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(TOPRESULT) \
				REAL_RESULT="$(BCRESULT)" make_deps=yes

# generates native-code

native-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(NCRESULT) \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				make_deps=yes
nc:	native-code

native-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				make_deps=yes
ncnl:	native-code-nolink

# generates byte-code libraries
byte-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).cma \
				REAL_RESULT="$(BCRESULT)" \
				CREATE_LIB=yes \
				make_deps=yes
bcl:	byte-code-library

# generates native-code libraries
native-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).cmxa \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				CREATE_LIB=yes \
				make_deps=yes
ncl:	native-code-library

ifdef WIN32
# generates byte-code dll
byte-code-dll:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).dll \
				REAL_RESULT="$(BCRESULT)" \
				make_deps=yes
bcd:	byte-code-dll

# generates native-code dll
native-code-dll:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).dll \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				make_deps=yes
ncd:	native-code-dll
endif

# generates byte-code with debugging information
debug-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT) \
				REAL_RESULT="$(BCRESULT)" make_deps=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dc:	debug-code

debug-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(BCRESULT)" make_deps=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dcnl:	debug-code-nolink

# generates byte-code with debugging information (native code)
debug-native-code:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(NCRESULT) \
				REAL_RESULT="$(NCRESULT)" make_deps=yes \
				REAL_OCAMLC="$(OCAMLOPT)" \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dnc:	debug-native-code

debug-native-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(NCRESULT)" make_deps=yes \
				REAL_OCAMLC="$(OCAMLOPT)" \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dncnl:	debug-native-code-nolink

# generates byte-code libraries with debugging information
debug-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).cma \
				REAL_RESULT="$(BCRESULT)" make_deps=yes \
				CREATE_LIB=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dcl:	debug-code-library

# generates byte-code libraries with debugging information (native code)
debug-native-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).cmxa \
				REAL_RESULT="$(NCRESULT)" make_deps=yes \
				REAL_OCAMLC="$(OCAMLOPT)" \
				CREATE_LIB=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dncl:	debug-native-code-library

# generates byte-code for profiling
profiling-byte-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT) \
				REAL_RESULT="$(BCRESULT)" PROFILING="y" \
				make_deps=yes
pbc:	profiling-byte-code

# generates native-code

profiling-native-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(NCRESULT) \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				PROFILING="y" \
				make_deps=yes
pnc:	profiling-native-code

# generates byte-code libraries
profiling-byte-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).cma \
				REAL_RESULT="$(BCRESULT)" PROFILING="y" \
				CREATE_LIB=yes \
				make_deps=yes
pbcl:	profiling-byte-code-library

# generates native-code libraries
profiling-native-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).cmxa \
				REAL_RESULT="$(NCRESULT)" PROFILING="y" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				CREATE_LIB=yes \
				make_deps=yes
pncl:	profiling-native-code-library

# packs byte-code objects
pack-byte-code:			$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT).cmo \
				REAL_RESULT="$(BCRESULT)" \
				PACK_LIB=yes make_deps=yes
pabc:	pack-byte-code

# packs native-code objects
pack-native-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(NCRESULT).cmx $(NCRESULT).$(EXT_OBJ) \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				PACK_LIB=yes make_deps=yes
panc:	pack-native-code

# generates HTML-documentation
htdoc:	$(DOC_DIR)/$(RESULT)/html/index.html

# generates Latex-documentation
ladoc:	$(DOC_DIR)/$(RESULT)/latex/doc.tex

# generates PostScript-documentation
psdoc:	$(DOC_DIR)/$(RESULT)/latex/doc.ps

# generates PDF-documentation
pdfdoc:	$(DOC_DIR)/$(RESULT)/latex/doc.pdf

# generates all supported forms of documentation
doc: htdoc ladoc psdoc pdfdoc

###########################################################################
# LOW LEVEL RULES

$(REAL_RESULT):		$(REAL_IMPL_INTF) $(OBJ_LINK) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) \
				$(OCAML_FIND_PACKAGES) $(OCAML_FIND_LINKPKG) \
				$(OBJS_LIBS) $(ALL_LDFLAGS) -o $@$(EXE) \
				$(REAL_IMPL)

nolink:			$(REAL_IMPL_INTF) $(OBJ_LINK)

ifdef WIN32
$(REAL_RESULT).dll:	$(REAL_IMPL_INTF) $(OBJ_LINK)
			$(CAMLIDLDLL) $(CAMLIDLDLLFLAGS) $(OBJ_LINK) $(CLIBS) \
				-o $@ $(REAL_IMPL)
endif

%$(TOPSUFFIX):		$(REAL_IMPL_INTF) $(OBJ_LINK) $(EXTRADEPS)
			$(REAL_OCAMLFIND) $(OCAMLMKTOP) \
				$(OCAML_FIND_PACKAGES) $(OCAML_FIND_LINKPKG) \
				$(OBJS_LIBS) $(ALL_LDFLAGS) -o $@$(EXE) \
				$(REAL_IMPL)

.SUFFIXES:		.mli .ml .cmi .cmo .cmx .cma .cmxa .$(EXT_OBJ) \
                        .mly .di .d .$(EXT_LIB) .idl %.oxridl .c .m .$(EXT_CXX) .h .so \
                        .rep .zog .glade

ifndef STATIC
ifdef MINGW
# From OCaml 3.11.0, ocamlmklib is available on windows
OCAMLMLIB_EXISTS = $(shell which $(OCAMLMKLIB))
ifeq ($(strip $(OCAMLMLIB_EXISTS)),)
$(DLLSONAME):		$(OBJ_LINK)
			$(CC) $(CFLAGS) $(CFLAGS_WIN32) $(OBJ_LINK) -shared -o $@ \
			$(wildcard $(foreach dir,$(LIBDIRS),$(CLIBS:%=$(dir)/lib%.a))) \
			 '$(OCAMLLIBPATH)/ocamlrun.a' \
			-Wl,--whole-archive \
			-Wl,--export-all-symbols \
			-Wl,--allow-multiple-definition \
			-Wl,--enable-auto-import
else
$(DLLSONAME):		$(OBJ_LINK)
			$(OCAMLMKLIB) $(INCFLAGS) $(CLIBFLAGS) \
				-o $(CLIB_BASE) $(OBJ_LINK) $(CLIBS:%=-l%) \
				$(CFRAMEWORKS:%=-framework %) \
				$(OCAMLMKLIB_FLAGS)
endif
else
ifdef MSVC
$(DLLSONAME):		$(OBJ_LINK)
			link /NOLOGO /DLL /OUT:$@ $(OBJ_LINK) \
			 $(wildcard $(foreach dir,$(LIBDIRS),$(CLIBS:%=$(dir)/%.lib))) \
			 '$(OCAMLLIBPATH)/ocamlrun.lib'

else
$(DLLSONAME):		$(OBJ_LINK)
			$(OCAMLMKLIB) $(INCFLAGS) $(CLIBFLAGS) \
				-o $(CLIB_BASE) $(OBJ_LINK) $(CLIBS:%=-l%) $(CFRAMEWORKS:%=-framework %) \
				$(OCAMLMKLIB_FLAGS)
endif
endif
endif

ifndef LIB_PACK_NAME
$(RESULT).cma:		$(REAL_IMPL_INTF) $(MAKEDLL) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) -a $(OBJS_LIBS) $(ALL_LDFLAGS) -o $@ $(REAL_IMPL)

$(RESULT).cmxa $(RESULT).$(EXT_LIB):	$(REAL_IMPL_INTF) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(OCAMLOPT) -a $(OBJS_LIBS) $(ALL_LDFLAGS) -o $@ $(REAL_IMPL)
else
# Packing a bytecode library
LIB_PACK_NAME_MLI = $(wildcard $(LIB_PACK_NAME).mli)
ifeq ($(LIB_PACK_NAME_MLI),)
LIB_PACK_NAME_CMI = $(LIB_PACK_NAME).cmi
else
# $(LIB_PACK_NAME).mli exists, it likely depends on other compiled interfaces
LIB_PACK_NAME_CMI =
$(LIB_PACK_NAME).cmi: $(REAL_IMPL_INTF)
endif
ifdef BYTE_OCAML
$(LIB_PACK_NAME_CMI) $(LIB_PACK_NAME).cmo: $(REAL_IMPL_INTF)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) -pack -o $(LIB_PACK_NAME).cmo $(OCAMLLDFLAGS) $(REAL_IMPL)
# Packing into a unit which can be transformed into a library
# Remember the .ml's must have been compiled with -for-pack $(LIB_PACK_NAME)
else
$(LIB_PACK_NAME_CMI) $(LIB_PACK_NAME).cmx: $(REAL_IMPL_INTF)
			$(REAL_OCAMLFIND) $(OCAMLOPT) -pack -o $(LIB_PACK_NAME).cmx  $(OCAMLLDFLAGS) $(REAL_IMPL)
endif

$(RESULT).cma:		$(LIB_PACK_NAME).cmi $(LIB_PACK_NAME).cmo $(MAKEDLL) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) -a $(OBJS_LIBS) $(ALL_LDFLAGS) -o $@ $(LIB_PACK_NAME).cmo

$(RESULT).cmxa $(RESULT).$(EXT_LIB):	$(LIB_PACK_NAME).cmi $(LIB_PACK_NAME).cmx $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(OCAMLOPT) -a $(OBJS_LIBS) $(filter-out -custom, $(ALL_LDFLAGS)) -o $@ $(LIB_PACK_NAME).cmx
endif

$(RES_CLIB): 		$(OBJ_LINK)
ifndef MSVC
  ifneq ($(strip $(OBJ_LINK)),)
		      $(AR) rcs $@ $(OBJ_LINK)
  endif
else
  ifneq ($(strip $(OBJ_LINK)),)
			lib -nologo -debugtype:cv -out:$(RES_CLIB) $(OBJ_LINK)
  endif
endif

%.cmi:	%.mli $(EXTRADEPS)
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			  $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			else \
			    $(ECHO) $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp \"$$pp $(PPFLAGS)\" $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			    $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp "$$pp $(PPFLAGS)" $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			fi

%.cmi: %$(IMPL_SUF);

%$(IMPL_SUF) %.$(EXT_OBJ):	%.ml $(EXTRADEPS)
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(ALL_OCAMLCFLAGS) $<; \
			  $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(ALL_OCAMLCFLAGS) $<; \
			else \
			  $(ECHO) $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp \"$$pp $(PPFLAGS)\" $(ALL_OCAMLCFLAGS) $<; \
			  $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp "$$pp $(PPFLAGS)" $(ALL_OCAMLCFLAGS) $<; \
			fi

.PRECIOUS:		%.ml
%.ml:			%.mll
			$(OCAMLLEX) $(LFLAGS) $<

.PRECIOUS:              %.ml %.mli
%.ml %.mli:             %.mly
			$(OCAMLYACC) $(YFLAGS) $<
			$(QUIET)pp=`sed -n -e 's/.*(\*pp \([^*]*\) \*).*/\1/p;q' $<`; \
			if [ ! -z "$$pp" ]; then \
			  mv $*.ml $*.ml.temporary; \
			  echo "(*pp $$pp $(PPFLAGS)*)" > $*.ml; \
			  cat $*.ml.temporary >> $*.ml; \
			  rm $*.ml.temporary; \
			  mv $*.mli $*.mli.temporary; \
			  echo "(*pp $$pp $(PPFLAGS)*)" > $*.mli; \
			  cat $*.mli.temporary >> $*.mli; \
			  rm $*.mli.temporary; \
			fi


.PRECIOUS:		%.ml
%.ml:			%.rep
			$(CAMELEON_REPORT) $(CAMELEON_REPORT_FLAGS) -gen $<

.PRECIOUS:		%.ml
%.ml:			%.zog
			$(CAMELEON_ZOGGY)  $(CAMELEON_ZOGGY_FLAGS) -impl $< > $@

.PRECIOUS:		%.ml
%.ml:			%.glade
			$(OCAML_GLADECC)  $(OCAML_GLADECC_FLAGS) $< > $@

.PRECIOUS:		%.ml %.mli
%.ml %.mli:		%.oxridl
			$(OXRIDL) $<

.PRECIOUS:		%.ml %.mli %_stubs.c %.h
%.ml %.mli %_stubs.c %.h:		%.idl
			$(CAMLIDL) $(MAYBE_IDL_HEADER) $(IDLFLAGS) \
				$(CAMLIDLFLAGS) $<
			$(QUIET)if [ $(NOIDLHEADER) ]; then touch $*.h; fi

%.$(EXT_OBJ):	%.c
			$(OCAMLC) -c -cc "$(CC)" -ccopt "$(CFLAGS) \
				$(CPPFLAGS) $(CPPFLAGS_WIN32) \
				$(CFLAGS_WIN32) $(CINCFLAGS) $(CFLAG_O)$@ " $<

%.$(EXT_OBJ):	%.m
			$(CC) -c $(CFLAGS) $(CINCFLAGS) $(CPPFLAGS) \
				-I'$(OCAMLLIBPATH)' \
				$< $(CFLAG_O)$@

%.$(EXT_OBJ): %.$(EXT_CXX)
			$(CXX) -c $(CXXFLAGS) $(CINCFLAGS) $(CPPFLAGS) \
				-I'$(OCAMLLIBPATH)' \
				$< $(CFLAG_O)$@

$(MLDEPDIR)/%.d:	%.ml
			$(QUIET)if [ ! -d $(@D) ]; then mkdir -p $(@D); fi
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				$(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				$(INCFLAGS) $< > $@; \
			else \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				-pp \"$$pp $(PPFLAGS)\" $(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				-pp "$$pp $(PPFLAGS)" $(INCFLAGS) $< > $@; \
			fi

$(BCDIDIR)/%.di $(NCDIDIR)/%.di:	%.mli
			$(QUIET)if [ ! -d $(@D) ]; then mkdir -p $(@D); fi
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) $(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) $(INCFLAGS) $< > $@; \
			else \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) \
			    -pp \"$$pp $(PPFLAGS)\" $(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) \
			    -pp "$$pp $(PPFLAGS)" $(INCFLAGS) $< > $@; \
			fi

$(DOC_DIR)/$(RESULT)/html:
	mkdir -p $@

$(DOC_DIR)/$(RESULT)/html/index.html: $(DOC_DIR)/$(RESULT)/html $(DOC_FILES)
	rm -rf $</*
	$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $(FIRST_DOC_FILE)`; \
	if [ -z "$$pp" ]; then \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -html -d $< $(OCAMLDOCFLAGS) $(INCFLAGS) $(DOC_FILES); \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -html -d $< $(OCAMLDOCFLAGS) $(INCFLAGS) $(DOC_FILES); \
	else \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp \"$$pp $(PPFLAGS)\" -html -d $< $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES); \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp "$$pp $(PPFLAGS)" -html -d $< $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES); \
	fi

$(DOC_DIR)/$(RESULT)/latex:
	mkdir -p $@

$(DOC_DIR)/$(RESULT)/latex/doc.tex: $(DOC_DIR)/$(RESULT)/latex $(DOC_FILES)
	rm -rf $</*
	$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $(FIRST_DOC_FILE)`; \
	if [ -z "$$pp" ]; then \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -latex $(OCAMLDOCFLAGS) $(INCFLAGS) \
	  	$(DOC_FILES) -o $@; \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -latex $(OCAMLDOCFLAGS) $(INCFLAGS) $(DOC_FILES) \
	  	-o $@; \
	else \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp \"$$pp $(PPFLAGS)\" -latex $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES) -o $@; \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp "$$pp $(PPFLAGS)" -latex $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES) -o $@; \
	fi

$(DOC_DIR)/$(RESULT)/latex/doc.ps: $(DOC_DIR)/$(RESULT)/latex/doc.tex
	cd $(DOC_DIR)/$(RESULT)/latex && \
	  $(LATEX) doc.tex && \
	  $(LATEX) doc.tex && \
	  $(DVIPS) $(DVIPSFLAGS) doc.dvi -o $(@F)

$(DOC_DIR)/$(RESULT)/latex/doc.pdf: $(DOC_DIR)/$(RESULT)/latex/doc.ps
	cd $(DOC_DIR)/$(RESULT)/latex && $(PS2PDF) $(<F)

define make_subproj
.PHONY:
subproj_$(1):
	$$(eval $$(call PROJ_$(1)))
	$(QUIET)if [ "$(SUBTARGET)" != "all" ]; then \
	  $(MAKE) -f $(OCAMLMAKEFILE) $(SUBTARGET); \
	fi
endef

$(foreach subproj,$(SUBPROJS),$(eval $(call make_subproj,$(subproj))))

.PHONY:
subprojs: $(SUBPROJS:%=subproj_%)

###########################################################################
# (UN)INSTALL RULES FOR LIBRARIES

.PHONY: libinstall
libinstall:	all
	$(QUIET)printf "\nInstalling library with ocamlfind\n"
	$(OCAMLFIND) install $(OCAMLFIND_INSTFLAGS) $(RESULT) META $(LIBINSTALL_FILES)
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: libinstall-byte-code
libinstall-byte-code:	all
	$(QUIET)printf "\nInstalling byte-code library with ocamlfind\n"
	$(OCAMLFIND) install $(OCAMLFIND_INSTFLAGS) $(RESULT) META \
	  $(filter-out $(RESULT).$(EXT_LIB) $(RESULT).cmxa, $(LIBINSTALL_FILES))
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: libinstall-native-code
libinstall-native-code:	all
	$(QUIET)printf "\nInstalling native-code library with ocamlfind\n"
	$(OCAMLFIND) install $(OCAMLFIND_INSTFLAGS) $(RESULT) META \
	  $(filter-out $(DLLSONAME) $(RESULT).cma, $(LIBINSTALL_FILES))
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: libuninstall
libuninstall:
	$(QUIET)printf "\nUninstalling library with ocamlfind\n"
	$(OCAMLFIND) remove $(OCAMLFIND_INSTFLAGS) $(RESULT)
	$(QUIET)printf "\nUninstallation successful.\n"

.PHONY: rawinstall
rawinstall:	all
	$(QUIET)printf "\nInstalling library to: $(OCAML_LIB_INSTALL)\n"
	-install -d $(OCAML_LIB_INSTALL)
	for i in $(LIBINSTALL_FILES); do \
	  if [ -f $$i ]; then \
	    install -c -m 0644 $$i $(OCAML_LIB_INSTALL); \
	  fi; \
	done
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: rawuninstall
rawuninstall:
	$(QUIET)printf "\nUninstalling library from: $(OCAML_LIB_INSTALL)\n"
	cd $(OCAML_LIB_INSTALL) && rm $(notdir $(LIBINSTALL_FILES))
	$(QUIET)printf "\nUninstallation successful.\n"

###########################################################################
# MAINTENANCE RULES

.PHONY:	clean
clean::
	rm -f $(TARGETS) $(TRASH)
	rm -rf $(BCDIDIR) $(NCDIDIR) $(MLDEPDIR)

.PHONY:	cleanup
cleanup::
	rm -f $(NONEXECS) $(TRASH)
	rm -rf $(BCDIDIR) $(NCDIDIR) $(MLDEPDIR)

.PHONY: clean-doc
clean-doc::
	rm -rf $(DOC_DIR)/$(RESULT)

.PHONY: clean-all
clean-all:: clean clean-doc

.PHONY: nobackup
nobackup:
	rm -f *.bak *~ *.dup
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CamlPDF
=======

CamlPDF is an OCaml library for reading, writing and modifying PDF files. It is
the basis of the commercial "CPDF" command line tool, which is available at
[http://www.coherentpdf.com/](http://www.coherentpdf.com/).

License
---

Copyright Coherent Graphics Ltd 2007 - 2021. Released under the LGPL with
special linking exception. See "LICENSE" for details.

To Build
---

If downloading from Github, obtain the correct source. This means choosing the
tag for a particular version, such as "v2.4". The head of the master branch
is unstable.

1. Run "make". This will build camlpdf.a, camlpdf.cma, camlpdf.cmxa and the
   documentation (in doc/camlpdf/html).

2. If your environment has "ocamlfind", "make install" will install the
   library. Otherwise, use the built outputs as you will.

Documentation
---

The API documentation, which is built by the makefile in doc/camlpdf/html, can
also be accessed online at
[http://www.coherentpdf.com/camlpdf](http://www.coherentpdf.com/camlpdf).

The file introduction-to-camlpdf.pdf will help the beginner.

Some level of knowledge of the PDF file format itself, which is large, may be
required. The standard texts are the author's book:

[http://shop.oreilly.com/product/0636920021483.do](http://shop.oreilly.com/product/0636920021483.do)

and the ISO standard for PDF:

[http://www.adobe.com/devnet/pdf/pdf_reference.html](http://www.adobe.com/devnet/pdf/pdf_reference.html)

Acknowledgments
---

The file miniz.c is a (very slightly modified) version of the miniz.c zlib
implementation by Rich Geldreich, available here:

[http://code.google.com/p/miniz/](http://code.google.com/p/miniz/)

The files flatestubs.c, pdfflate.ml and pdfflate.mli are a slightly modified
version of some parts of CamlZip by Xavier Leroy. The originals are available
here:

[http://pauillac.inria.fr/~xleroy/software.html](http://pauillac.inria.fr/~xleroy/software.html)

The file rijndael-alg-fst.c was written by Vincent Rijmen, Antoon Bosselaers
and Paulo Barreto.

OCamlMakefile was written by Markus Mottl. It is available here:

[http://bitbucket.org/mmottl/ocaml-makefile](http://bitbucket.org/mmottl/ocaml-makefile)

These works are also released under the LGPL with special linking exception, as
described in LICENCE.
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export PACKS = camlpdf
export OCAMLBCFLAGS = -g -w -3
export OCAMLNCFLAGS = -g -w -3
export OCAMLLDFLAGS = -g

define PROJ_pdfhello
  SOURCES=pdfhello.ml
  RESULT=pdfhello
endef
export PROJ_pdfhello

define PROJ_pdfdecomp
  SOURCES=pdfdecomp.ml
  RESULT=pdfdecomp
endef
export PROJ_pdfdecomp

define PROJ_pdfmerge
  SOURCES=pdfmergeexample.ml
  RESULT=pdfmergeexample
endef
export PROJ_pdfmerge

define PROJ_pdfdraft
  SOURCES=pdfdraft.ml
  RESULT=pdfdraft
endef
export PROJ_pdfdraft

define PROJ_pdftest
  SOURCES=pdftest.ml
  RESULT=pdftest
endef
export PROJ_pdftest

define PROJ_pdfencrypt
  SOURCES=pdfencrypt.ml
  RESULT=pdfencrypt
endef
export PROJ_pdfencrypt

ifndef SUBPROJS
  export SUBPROJS = pdfhello pdfdecomp pdfmerge pdfdraft pdftest pdfencrypt
endif

all: native-code

%:
	@make -f OCamlMakefile subprojs SUBTARGET=$@
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###########################################################################
#                              OCamlMakefile
#                  Copyright (C) 1999-  Markus Mottl
#
#                             For updates see:
#                http://www.ocaml.info/home/ocaml_sources.html
#
###########################################################################

# Modified by damien for .glade.ml compilation

# Set these variables to the names of the sources to be processed and
# the result variable. Order matters during linkage!

ifndef SOURCES
  SOURCES := foo.ml
endif
export SOURCES

ifndef RES_CLIB_SUF
  RES_CLIB_SUF := _stubs
endif
export RES_CLIB_SUF

ifndef RESULT
  RESULT := foo
endif
export RESULT := $(strip $(RESULT))

export LIB_PACK_NAME

ifndef DOC_FILES
  DOC_FILES := $(filter %.mli, $(SOURCES))
endif
export DOC_FILES
FIRST_DOC_FILE := $(firstword $(DOC_FILES))

export BCSUFFIX
export NCSUFFIX

ifndef TOPSUFFIX
  TOPSUFFIX := .top
endif
export TOPSUFFIX

# Eventually set include- and library-paths, libraries to link,
# additional compilation-, link- and ocamlyacc-flags
# Path- and library information needs not be written with "-I" and such...
# Define THREADS if you need it, otherwise leave it unset (same for
# USE_CAMLP4)!

export THREADS
export VMTHREADS
export ANNOTATE
export USE_CAMLP4

export INCDIRS
export LIBDIRS
export EXTLIBDIRS
export RESULTDEPS
export OCAML_DEFAULT_DIRS

export LIBS
export CLIBS
export CFRAMEWORKS

export OCAMLFLAGS
export OCAMLNCFLAGS
export OCAMLBCFLAGS

export OCAMLLDFLAGS
export OCAMLNLDFLAGS
export OCAMLBLDFLAGS

export OCAMLMKLIB_FLAGS

ifndef OCAMLCPFLAGS
  OCAMLCPFLAGS := a
endif
export OCAMLCPFLAGS

ifndef DOC_DIR
  DOC_DIR := doc
endif
export DOC_DIR

export PPFLAGS

export LFLAGS
export YFLAGS
export IDLFLAGS

export OCAMLDOCFLAGS

export OCAMLFIND_INSTFLAGS

export DVIPSFLAGS

export STATIC

# Add a list of optional trash files that should be deleted by "make clean"
export TRASH

ECHO := echo

ifdef REALLY_QUIET
  export REALLY_QUIET
  ECHO := true
  LFLAGS := $(LFLAGS) -q
  YFLAGS := $(YFLAGS) -q
endif

####################  variables depending on your OCaml-installation

SYSTEM := $(shell ocamlc -config 2>/dev/null | grep system | sed 's/system: //')
    # This may be
    # - mingw
    # - mingw64
    # - win32
    # - cygwin
    # - some other string means Unix
    # - empty means ocamlc does not support -config

ifeq ($(SYSTEM),$(filter $(SYSTEM),mingw mingw64))
  MINGW=1
endif
ifeq ($(SYSTEM),win32)
  MSVC=1
endif

ifdef MINGW
  export MINGW
  WIN32 := 1
  # The default value 'cc' makes 'ocamlc -cc "cc"' raises the error 'The
  # NTVDM CPU has encountered an illegal instruction'.
  ifndef CC
    MNO_CYGWIN := $(shell gcc -Wextra -v --help 2>/dev/null | grep -q '\-mno-cygwin'; echo $$?)
    CC := gcc
  else
    MNO_CYGWIN := $(shell $$CC -Wextra -v --help 2>/dev/null | grep -q '\-mno-cygwin'; echo $$?)
  endif
  # We are compiling with cygwin tools:
  ifeq ($(MNO_CYGWIN),0)
	CFLAGS_WIN32 := -mno-cygwin
  endif
  # The OCaml C header files use this flag:
  CFLAGS += -D__MINGW32__
endif
ifdef MSVC
  export MSVC
  WIN32   := 1
  ifndef STATIC
    CPPFLAGS_WIN32 := -DCAML_DLL
  endif
  CFLAGS_WIN32 += -nologo
  EXT_OBJ := obj
  EXT_LIB := lib
  ifeq ($(CC),gcc)
    # work around GNU Make default value
    ifdef THREADS
      CC := cl -MT
    else
      CC := cl
    endif
  endif
  ifeq ($(CXX),g++)
    # work around GNU Make default value
    CXX := $(CC)
  endif
  CFLAG_O := -Fo
endif
ifdef WIN32
  EXT_CXX := cpp
  EXE     := .exe
endif

ifndef EXT_OBJ
  EXT_OBJ := o
endif
ifndef EXT_LIB
  EXT_LIB := a
endif
ifndef EXT_CXX
  EXT_CXX := cc
endif
ifndef EXE
  EXE := # empty
endif
ifndef CFLAG_O
  CFLAG_O := -o # do not delete this comment (preserves trailing whitespace)!
endif

export CC
export CXX
export CFLAGS
export CXXFLAGS
export LDFLAGS
export CPPFLAGS

ifndef RPATH_FLAG
  ifdef ELF_RPATH_FLAG
    RPATH_FLAG := $(ELF_RPATH_FLAG)
  else
    RPATH_FLAG := -R
  endif
endif
export RPATH_FLAG

ifndef MSVC
ifndef PIC_CFLAGS
  PIC_CFLAGS := -fPIC
endif
ifndef PIC_CPPFLAGS
  PIC_CPPFLAGS := -DPIC
endif
endif

export PIC_CFLAGS
export PIC_CPPFLAGS

BCRESULT  := $(addsuffix $(BCSUFFIX), $(RESULT))
NCRESULT  := $(addsuffix $(NCSUFFIX), $(RESULT))
TOPRESULT := $(addsuffix $(TOPSUFFIX), $(RESULT))

ifndef OCAMLFIND
  OCAMLFIND := ocamlfind
endif
export OCAMLFIND

ifndef OCAML
  OCAML := ocaml
endif
export OCAML

ifndef OCAMLC
  OCAMLC := ocamlc
endif
export OCAMLC

ifndef OCAMLOPT
  OCAMLOPT := ocamlopt
endif
export OCAMLOPT

ifndef OCAMLMKTOP
  OCAMLMKTOP := ocamlmktop
endif
export OCAMLMKTOP

ifndef OCAMLCP
  OCAMLCP := ocamlcp
endif
export OCAMLCP

ifndef OCAMLDEP
  OCAMLDEP := ocamldep
endif
export OCAMLDEP

ifndef OCAMLLEX
  OCAMLLEX := ocamllex
endif
export OCAMLLEX

ifndef OCAMLYACC
  OCAMLYACC := ocamlyacc
endif
export OCAMLYACC

ifndef OCAMLMKLIB
  OCAMLMKLIB := ocamlmklib
endif
export OCAMLMKLIB

ifndef OCAML_GLADECC
  OCAML_GLADECC := lablgladecc2
endif
export OCAML_GLADECC

ifndef OCAML_GLADECC_FLAGS
  OCAML_GLADECC_FLAGS :=
endif
export OCAML_GLADECC_FLAGS

ifndef CAMELEON_REPORT
  CAMELEON_REPORT := report
endif
export CAMELEON_REPORT

ifndef CAMELEON_REPORT_FLAGS
  CAMELEON_REPORT_FLAGS :=
endif
export CAMELEON_REPORT_FLAGS

ifndef CAMELEON_ZOGGY
  CAMELEON_ZOGGY := camlp4o pa_zog.cma pr_o.cmo
endif
export CAMELEON_ZOGGY

ifndef CAMELEON_ZOGGY_FLAGS
  CAMELEON_ZOGGY_FLAGS :=
endif
export CAMELEON_ZOGGY_FLAGS

ifndef OXRIDL
  OXRIDL := oxridl
endif
export OXRIDL

ifndef CAMLIDL
  CAMLIDL := camlidl
endif
export CAMLIDL

ifndef CAMLIDLDLL
  CAMLIDLDLL := camlidldll
endif
export CAMLIDLDLL

ifndef NOIDLHEADER
  MAYBE_IDL_HEADER := -header
endif
export NOIDLHEADER

export NO_CUSTOM

ifndef CAMLP4
  CAMLP4 := camlp4
endif
export CAMLP4

ifndef REAL_OCAMLFIND
  ifdef PACKS
    ifndef CREATE_LIB
      ifdef THREADS
	PACKS += threads
      endif
    endif
    empty :=
    space := $(empty) $(empty)
    comma := ,
    ifdef PREDS
      PRE_OCAML_FIND_PREDICATES := $(subst $(space),$(comma),$(PREDS))
      PRE_OCAML_FIND_PACKAGES := $(subst $(space),$(comma),$(PACKS))
      OCAML_FIND_PREDICATES := -predicates $(PRE_OCAML_FIND_PREDICATES)
  #    OCAML_DEP_PREDICATES := -syntax $(PRE_OCAML_FIND_PREDICATES)
      OCAML_FIND_PACKAGES := $(OCAML_FIND_PREDICATES) -package $(PRE_OCAML_FIND_PACKAGES)
      OCAML_DEP_PACKAGES := $(OCAML_DEP_PREDICATES) -package $(PRE_OCAML_FIND_PACKAGES)
    else
      OCAML_FIND_PACKAGES := -package $(subst $(space),$(comma),$(PACKS))
      OCAML_DEP_PACKAGES :=
    endif
    OCAML_FIND_LINKPKG := -linkpkg
    REAL_OCAMLFIND := $(OCAMLFIND)
  endif
endif

export OCAML_FIND_PACKAGES
export OCAML_DEP_PACKAGES
export OCAML_FIND_LINKPKG
export REAL_OCAMLFIND

ifndef OCAMLDOC
  OCAMLDOC := ocamldoc
endif
export OCAMLDOC

ifndef LATEX
  LATEX := latex
endif
export LATEX

ifndef DVIPS
  DVIPS := dvips
endif
export DVIPS

ifndef PS2PDF
  PS2PDF := ps2pdf
endif
export PS2PDF

ifndef OCAMLMAKEFILE
  OCAMLMAKEFILE := OCamlMakefile
endif
export OCAMLMAKEFILE

ifndef OCAMLLIBPATH
  OCAMLLIBPATH := \
    $(shell $(OCAMLC) 2>/dev/null -where || echo /usr/local/lib/ocaml)
endif
export OCAMLLIBPATH

ifndef OCAML_LIB_INSTALL
  OCAML_LIB_INSTALL := $(OCAMLLIBPATH)/contrib
endif
export OCAML_LIB_INSTALL

###########################################################################

####################  change following sections only if
####################    you know what you are doing!

# delete target files when a build command fails
.PHONY: .DELETE_ON_ERROR
.DELETE_ON_ERROR:

# for pedants using "--warn-undefined-variables"
export MAYBE_IDL
export REAL_RESULT
export CAMLIDLFLAGS
export THREAD_FLAG
export RES_CLIB
export MAKEDLL
export ANNOT_FLAG
export C_OXRIDL
export SUBPROJS
export CFLAGS_WIN32
export CPPFLAGS_WIN32

INCFLAGS :=

SHELL := /bin/sh

MLDEPDIR := ._d
BCDIDIR  := ._bcdi
NCDIDIR  := ._ncdi

FILTER_EXTNS := %.mli %.ml %.mll %.mly %.idl %.oxridl %.c %.m %.$(EXT_CXX) %.rep %.zog %.glade

FILTERED     := $(filter $(FILTER_EXTNS), $(SOURCES))
SOURCE_DIRS  := $(filter-out ./, $(sort $(dir $(FILTERED))))

FILTERED_REP := $(filter %.rep, $(FILTERED))
DEP_REP      := $(FILTERED_REP:%.rep=$(MLDEPDIR)/%.d)
AUTO_REP     := $(FILTERED_REP:.rep=.ml)

FILTERED_ZOG := $(filter %.zog, $(FILTERED))
DEP_ZOG      := $(FILTERED_ZOG:%.zog=$(MLDEPDIR)/%.d)
AUTO_ZOG     := $(FILTERED_ZOG:.zog=.ml)

FILTERED_GLADE := $(filter %.glade, $(FILTERED))
DEP_GLADE      := $(FILTERED_GLADE:%.glade=$(MLDEPDIR)/%.d)
AUTO_GLADE     := $(FILTERED_GLADE:.glade=.ml)

FILTERED_ML  := $(filter %.ml, $(FILTERED))
DEP_ML       := $(FILTERED_ML:%.ml=$(MLDEPDIR)/%.d)

FILTERED_MLI := $(filter %.mli, $(FILTERED))
DEP_MLI      := $(FILTERED_MLI:.mli=.di)

FILTERED_MLL := $(filter %.mll, $(FILTERED))
DEP_MLL      := $(FILTERED_MLL:%.mll=$(MLDEPDIR)/%.d)
AUTO_MLL     := $(FILTERED_MLL:.mll=.ml)

FILTERED_MLY := $(filter %.mly, $(FILTERED))
DEP_MLY      := $(FILTERED_MLY:%.mly=$(MLDEPDIR)/%.d) $(FILTERED_MLY:.mly=.di)
AUTO_MLY     := $(FILTERED_MLY:.mly=.mli) $(FILTERED_MLY:.mly=.ml)

FILTERED_IDL := $(filter %.idl, $(FILTERED))
DEP_IDL      := $(FILTERED_IDL:%.idl=$(MLDEPDIR)/%.d) $(FILTERED_IDL:.idl=.di)
C_IDL        := $(FILTERED_IDL:%.idl=%_stubs.c)
ifndef NOIDLHEADER
 C_IDL += $(FILTERED_IDL:.idl=.h)
endif
OBJ_C_IDL    := $(FILTERED_IDL:%.idl=%_stubs.$(EXT_OBJ))
AUTO_IDL     := $(FILTERED_IDL:.idl=.mli) $(FILTERED_IDL:.idl=.ml) $(C_IDL)

FILTERED_OXRIDL := $(filter %.oxridl, $(FILTERED))
DEP_OXRIDL      := $(FILTERED_OXRIDL:%.oxridl=$(MLDEPDIR)/%.d) $(FILTERED_OXRIDL:.oxridl=.di)
AUTO_OXRIDL     := $(FILTERED_OXRIDL:.oxridl=.mli) $(FILTERED_OXRIDL:.oxridl=.ml) $(C_OXRIDL)

FILTERED_C_CXX := $(filter %.c %.m %.$(EXT_CXX), $(FILTERED))
OBJ_C_CXX      := $(FILTERED_C_CXX:.c=.$(EXT_OBJ))
OBJ_C_CXX      := $(OBJ_C_CXX:.m=.$(EXT_OBJ))
OBJ_C_CXX      := $(OBJ_C_CXX:.$(EXT_CXX)=.$(EXT_OBJ))

PRE_TARGETS  += $(AUTO_MLL) $(AUTO_MLY) $(AUTO_IDL) $(AUTO_OXRIDL) $(AUTO_ZOG) $(AUTO_REP) $(AUTO_GLADE)

ALL_DEPS     := $(DEP_ML) $(DEP_MLI) $(DEP_MLL) $(DEP_MLY) $(DEP_IDL) $(DEP_OXRIDL) $(DEP_ZOG) $(DEP_REP) $(DEP_GLADE)

MLDEPS       := $(filter %.d, $(ALL_DEPS))
MLIDEPS      := $(filter %.di, $(ALL_DEPS))
BCDEPIS      := $(MLIDEPS:%.di=$(BCDIDIR)/%.di)
NCDEPIS      := $(MLIDEPS:%.di=$(NCDIDIR)/%.di)

ALLML        := $(filter %.mli %.ml %.mll %.mly %.idl %.oxridl %.rep %.zog %.glade, $(FILTERED))

IMPLO_INTF   := $(ALLML:%.mli=%.mli.__)
IMPLO_INTF   := $(foreach file, $(IMPLO_INTF), \
                  $(basename $(file)).cmi $(basename $(file)).cmo)
IMPLO_INTF   := $(filter-out %.mli.cmo, $(IMPLO_INTF))
IMPLO_INTF   := $(IMPLO_INTF:%.mli.cmi=%.cmi)

IMPLX_INTF   := $(IMPLO_INTF:.cmo=.cmx)

INTF         := $(filter %.cmi, $(IMPLO_INTF))
IMPL_CMO     := $(filter %.cmo, $(IMPLO_INTF))
IMPL_CMX     := $(IMPL_CMO:.cmo=.cmx)
IMPL_ASM     := $(IMPL_CMO:.cmo=.asm)
IMPL_S       := $(IMPL_CMO:.cmo=.s)

OBJ_LINK     := $(OBJ_C_IDL) $(OBJ_C_CXX)
OBJ_FILES    := $(IMPL_CMO:.cmo=.$(EXT_OBJ)) $(OBJ_LINK)

EXECS        := $(addsuffix $(EXE), \
                            $(sort $(TOPRESULT) $(BCRESULT) $(NCRESULT)))
ifdef WIN32
  EXECS      += $(BCRESULT).dll $(NCRESULT).dll
endif

CLIB_BASE    := $(RESULT)$(RES_CLIB_SUF)
ifneq ($(strip $(OBJ_LINK)),)
  RES_CLIB     := lib$(CLIB_BASE).$(EXT_LIB)
endif

ifdef WIN32
DLLSONAME := dll$(CLIB_BASE).dll
else
DLLSONAME := dll$(CLIB_BASE).so
endif

NONEXECS     := $(INTF) $(IMPL_CMO) $(IMPL_CMX) $(IMPL_ASM) $(IMPL_S) \
		$(OBJ_FILES) $(PRE_TARGETS) $(BCRESULT).cma $(NCRESULT).cmxa \
		$(NCRESULT).$(EXT_LIB) $(BCRESULT).cmi $(BCRESULT).cmo \
		$(NCRESULT).cmi $(NCRESULT).cmx $(NCRESULT).$(EXT_OBJ) \
		$(RES_CLIB) $(IMPL_CMO:.cmo=.annot) \
		$(LIB_PACK_NAME).cmi $(LIB_PACK_NAME).cmo $(LIB_PACK_NAME).cmx \
		$(LIB_PACK_NAME).$(EXT_OBJ)

ifndef STATIC
  NONEXECS += $(DLLSONAME)
endif

ifndef LIBINSTALL_FILES
  LIBINSTALL_FILES := $(RESULT).mli $(RESULT).cmi $(RESULT).cma \
		      $(RESULT).cmxa $(RESULT).$(EXT_LIB) $(RES_CLIB)
  ifndef STATIC
    ifneq ($(strip $(OBJ_LINK)),)
      LIBINSTALL_FILES += $(DLLSONAME)
    endif
  endif
endif

export LIBINSTALL_FILES

ifdef WIN32
  # some extra stuff is created while linking DLLs
  NONEXECS   += $(BCRESULT).$(EXT_LIB) $(BCRESULT).exp $(NCRESULT).exp $(CLIB_BASE).exp $(CLIB_BASE).lib
endif

TARGETS      := $(EXECS) $(NONEXECS)

# If there are IDL-files
ifneq ($(strip $(FILTERED_IDL)),)
  MAYBE_IDL := -cclib -lcamlidl
endif

ifdef USE_CAMLP4
  CAMLP4PATH := \
    $(shell $(CAMLP4) -where 2>/dev/null || echo /usr/local/lib/camlp4)
  INCFLAGS := -I $(CAMLP4PATH)
  CINCFLAGS := -I$(CAMLP4PATH)
endif

INCFLAGS := $(INCFLAGS) $(INCDIRS:%=-I %) $(SOURCE_DIRS:%=-I %) $(OCAML_DEFAULT_DIRS:%=-I %)
CINCFLAGS += $(SOURCE_DIRS:%=-I%) $(INCDIRS:%=-I%) $(OCAML_DEFAULT_DIRS:%=-I%)

ifndef MSVC
  CLIBFLAGS += $(SOURCE_DIRS:%=-L%) $(LIBDIRS:%=-L%) \
               $(EXTLIBDIRS:%=-L%) $(OCAML_DEFAULT_DIRS:%=-L%)

  ifeq ($(ELF_RPATH), yes)
    CLIBFLAGS += $(EXTLIBDIRS:%=-Wl,$(RPATH_FLAG)%)
  endif
endif

ifndef PROFILING
  INTF_OCAMLC := $(OCAMLC)
else
  ifndef THREADS
    INTF_OCAMLC := $(OCAMLCP) -p $(OCAMLCPFLAGS)
  else
    # OCaml does not support profiling byte code
    # with threads (yet), therefore we force an error.
    ifndef REAL_OCAMLC
      $(error Profiling of multithreaded byte code not yet supported by OCaml)
    endif
    INTF_OCAMLC := $(OCAMLC)
  endif
endif

ifndef MSVC
  COMMON_LDFLAGS := $(LDFLAGS:%=-ccopt %) $(SOURCE_DIRS:%=-ccopt -L%) \
		    $(LIBDIRS:%=-ccopt -L%) $(EXTLIBDIRS:%=-ccopt -L%) \
		    $(EXTLIBDIRS:%=-ccopt -Wl $(OCAML_DEFAULT_DIRS:%=-ccopt -L%))

  ifeq ($(ELF_RPATH),yes)
    COMMON_LDFLAGS += $(EXTLIBDIRS:%=-ccopt -Wl,$(RPATH_FLAG)%)
  endif
else
  COMMON_LDFLAGS := -ccopt "/link -NODEFAULTLIB:LIBC $(LDFLAGS:%=%) $(SOURCE_DIRS:%=-LIBPATH:%) \
		    $(LIBDIRS:%=-LIBPATH:%) $(EXTLIBDIRS:%=-LIBPATH:%) \
		    $(OCAML_DEFAULT_DIRS:%=-LIBPATH:%) "
endif

CLIBS_OPTS := $(CLIBS:%=-cclib -l%) $(CFRAMEWORKS:%=-cclib '-framework %')
ifdef MSVC
  ifndef STATIC
  # MSVC libraries do not have 'lib' prefix
  CLIBS_OPTS := $(CLIBS:%=-cclib %.lib)
  endif
endif

ifneq ($(strip $(OBJ_LINK)),)
  ifdef CREATE_LIB
    OBJS_LIBS := -cclib -l$(CLIB_BASE) $(CLIBS_OPTS) $(MAYBE_IDL)
  else
    OBJS_LIBS := $(OBJ_LINK) $(CLIBS_OPTS) $(MAYBE_IDL)
  endif
else
  OBJS_LIBS := $(CLIBS_OPTS) $(MAYBE_IDL)
endif

ifdef LIB_PACK_NAME
  FOR_PACK_NAME := $(shell echo $(LIB_PACK_NAME) | awk '{print toupper(substr($$0,1,1))substr($$0,2)}')
endif

# If we have to make byte-code
ifndef REAL_OCAMLC
  BYTE_OCAML := y

  # EXTRADEPS is added dependencies we have to insert for all
  # executable files we generate.  Ideally it should be all of the
  # libraries we use, but it's hard to find the ones that get searched on
  # the path since I don't know the paths built into the compiler, so
  # just include the ones with slashes in their names.
  EXTRADEPS := $(addsuffix .cma,$(foreach i,$(LIBS),$(if $(findstring /,$(i)),$(i))))


  ifndef LIB_PACK_NAME
    SPECIAL_OCAMLFLAGS := $(OCAMLBCFLAGS)
  else
    SPECIAL_OCAMLFLAGS := -for-pack $(FOR_PACK_NAME) $(OCAMLBCFLAGS)
  endif

  REAL_OCAMLC := $(INTF_OCAMLC)

  REAL_IMPL := $(IMPL_CMO)
  REAL_IMPL_INTF := $(IMPLO_INTF)
  IMPL_SUF := .cmo

  DEPFLAGS  :=
  MAKE_DEPS := $(MLDEPS) $(BCDEPIS)

  ifdef CREATE_LIB
    override CFLAGS := $(PIC_CFLAGS) $(CFLAGS)
    override CPPFLAGS := $(PIC_CPPFLAGS) $(CPPFLAGS)
    ifndef STATIC
      ifneq ($(strip $(OBJ_LINK)),)
	MAKEDLL := $(DLLSONAME)
	ALL_LDFLAGS := -dllib $(DLLSONAME)
      endif
    endif
  endif

  ifndef NO_CUSTOM
    ifneq "$(strip $(OBJ_LINK) $(THREADS) $(MAYBE_IDL) $(CLIBS) $(CFRAMEWORKS))" ""
      ALL_LDFLAGS += -custom
    endif
  endif

  ALL_LDFLAGS += $(INCFLAGS) $(OCAMLLDFLAGS) $(OCAMLBLDFLAGS) \
                 $(COMMON_LDFLAGS) $(LIBS:%=%.cma)
  CAMLIDLDLLFLAGS :=

  ifdef THREADS
    ifdef VMTHREADS
      THREAD_FLAG := -vmthread
    else
      THREAD_FLAG := -thread
    endif
    ALL_LDFLAGS := $(THREAD_FLAG) $(ALL_LDFLAGS)
    ifndef CREATE_LIB
      ifndef REAL_OCAMLFIND
        ALL_LDFLAGS := $(ALL_LDFLAGS)
      endif
    endif
  endif

# we have to make native-code
else
  EXTRADEPS := $(addsuffix .cmxa,$(foreach i,$(LIBS),$(if $(findstring /,$(i)),$(i))))
  ifndef PROFILING
    SPECIAL_OCAMLFLAGS := $(OCAMLNCFLAGS)
    PLDFLAGS :=
  else
    SPECIAL_OCAMLFLAGS := -p $(OCAMLNCFLAGS)
    PLDFLAGS := -p
  endif

  ifndef LIB_PACK_NAME
    SPECIAL_OCAMLFLAGS := $(OCAMLNCFLAGS)
  else
    SPECIAL_OCAMLFLAGS := -for-pack $(FOR_PACK_NAME) $(OCAMLNCFLAGS)
  endif
  REAL_IMPL := $(IMPL_CMX)
  REAL_IMPL_INTF := $(IMPLX_INTF)
  IMPL_SUF := .cmx

  override CPPFLAGS := -DNATIVE_CODE $(CPPFLAGS)

  DEPFLAGS  := -native
  MAKE_DEPS := $(MLDEPS) $(NCDEPIS)

  ALL_LDFLAGS := $(PLDFLAGS) $(INCFLAGS) $(OCAMLLDFLAGS) \
                 $(OCAMLNLDFLAGS) $(COMMON_LDFLAGS)
  CAMLIDLDLLFLAGS := -opt

  ifndef CREATE_LIB
    ALL_LDFLAGS += $(LIBS:%=%.cmxa)
  else
    override CFLAGS := $(PIC_CFLAGS) $(CFLAGS)
    override CPPFLAGS := $(PIC_CPPFLAGS) $(CPPFLAGS)
  endif

  ifdef THREADS
    THREAD_FLAG := -thread
    ALL_LDFLAGS := $(THREAD_FLAG) $(ALL_LDFLAGS)
    ifndef CREATE_LIB
      ifndef REAL_OCAMLFIND
        ALL_LDFLAGS := $(ALL_LDFLAGS)
      endif
    endif
  endif
endif

export MAKE_DEPS

ifdef ANNOTATE
  ANNOT_FLAG := -annot
else
endif

ALL_OCAMLCFLAGS := $(THREAD_FLAG) $(ANNOT_FLAG) $(OCAMLFLAGS) \
                   $(INCFLAGS) $(SPECIAL_OCAMLFLAGS)

ifdef make_deps
  -include $(MAKE_DEPS)
  PRE_TARGETS :=
endif

###########################################################################
# USER RULES

# Call "OCamlMakefile QUIET=" to get rid of all of the @'s.
QUIET=@

# generates byte-code (default)
byte-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT) \
				REAL_RESULT="$(BCRESULT)" make_deps=yes
bc:	byte-code

byte-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(BCRESULT)" make_deps=yes
bcnl:	byte-code-nolink

top:			$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(TOPRESULT) \
				REAL_RESULT="$(BCRESULT)" make_deps=yes

# generates native-code

native-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(NCRESULT) \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				make_deps=yes
nc:	native-code

native-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				make_deps=yes
ncnl:	native-code-nolink

# generates byte-code libraries
byte-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).cma \
				REAL_RESULT="$(BCRESULT)" \
				CREATE_LIB=yes \
				make_deps=yes
bcl:	byte-code-library

# generates native-code libraries
native-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).cmxa \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				CREATE_LIB=yes \
				make_deps=yes
ncl:	native-code-library

ifdef WIN32
# generates byte-code dll
byte-code-dll:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).dll \
				REAL_RESULT="$(BCRESULT)" \
				make_deps=yes
bcd:	byte-code-dll

# generates native-code dll
native-code-dll:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).dll \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				make_deps=yes
ncd:	native-code-dll
endif

# generates byte-code with debugging information
debug-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT) \
				REAL_RESULT="$(BCRESULT)" make_deps=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dc:	debug-code

debug-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(BCRESULT)" make_deps=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dcnl:	debug-code-nolink

# generates byte-code with debugging information (native code)
debug-native-code:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(NCRESULT) \
				REAL_RESULT="$(NCRESULT)" make_deps=yes \
				REAL_OCAMLC="$(OCAMLOPT)" \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dnc:	debug-native-code

debug-native-code-nolink:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) nolink \
				REAL_RESULT="$(NCRESULT)" make_deps=yes \
				REAL_OCAMLC="$(OCAMLOPT)" \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dncnl:	debug-native-code-nolink

# generates byte-code libraries with debugging information
debug-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).cma \
				REAL_RESULT="$(BCRESULT)" make_deps=yes \
				CREATE_LIB=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dcl:	debug-code-library

# generates byte-code libraries with debugging information (native code)
debug-native-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).cmxa \
				REAL_RESULT="$(NCRESULT)" make_deps=yes \
				REAL_OCAMLC="$(OCAMLOPT)" \
				CREATE_LIB=yes \
				OCAMLFLAGS="-g $(OCAMLFLAGS)" \
				OCAMLLDFLAGS="-g $(OCAMLLDFLAGS)"
dncl:	debug-native-code-library

# generates byte-code for profiling
profiling-byte-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT) \
				REAL_RESULT="$(BCRESULT)" PROFILING="y" \
				make_deps=yes
pbc:	profiling-byte-code

# generates native-code

profiling-native-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(NCRESULT) \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				PROFILING="y" \
				make_deps=yes
pnc:	profiling-native-code

# generates byte-code libraries
profiling-byte-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(BCRESULT).cma \
				REAL_RESULT="$(BCRESULT)" PROFILING="y" \
				CREATE_LIB=yes \
				make_deps=yes
pbcl:	profiling-byte-code-library

# generates native-code libraries
profiling-native-code-library:	$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(RES_CLIB) $(NCRESULT).cmxa \
				REAL_RESULT="$(NCRESULT)" PROFILING="y" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				CREATE_LIB=yes \
				make_deps=yes
pncl:	profiling-native-code-library

# packs byte-code objects
pack-byte-code:			$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) $(BCRESULT).cmo \
				REAL_RESULT="$(BCRESULT)" \
				PACK_LIB=yes make_deps=yes
pabc:	pack-byte-code

# packs native-code objects
pack-native-code:		$(PRE_TARGETS)
			$(QUIET)$(MAKE) -r -f $(OCAMLMAKEFILE) \
				$(NCRESULT).cmx $(NCRESULT).$(EXT_OBJ) \
				REAL_RESULT="$(NCRESULT)" \
				REAL_OCAMLC="$(OCAMLOPT)" \
				PACK_LIB=yes make_deps=yes
panc:	pack-native-code

# generates HTML-documentation
htdoc:	$(DOC_DIR)/$(RESULT)/html/index.html

# generates Latex-documentation
ladoc:	$(DOC_DIR)/$(RESULT)/latex/doc.tex

# generates PostScript-documentation
psdoc:	$(DOC_DIR)/$(RESULT)/latex/doc.ps

# generates PDF-documentation
pdfdoc:	$(DOC_DIR)/$(RESULT)/latex/doc.pdf

# generates all supported forms of documentation
doc: htdoc ladoc psdoc pdfdoc

###########################################################################
# LOW LEVEL RULES

$(REAL_RESULT):		$(REAL_IMPL_INTF) $(OBJ_LINK) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) \
				$(OCAML_FIND_PACKAGES) $(OCAML_FIND_LINKPKG) \
				$(OBJS_LIBS) $(ALL_LDFLAGS) -o $@$(EXE) \
				$(REAL_IMPL)

nolink:			$(REAL_IMPL_INTF) $(OBJ_LINK)

ifdef WIN32
$(REAL_RESULT).dll:	$(REAL_IMPL_INTF) $(OBJ_LINK)
			$(CAMLIDLDLL) $(CAMLIDLDLLFLAGS) $(OBJ_LINK) $(CLIBS) \
				-o $@ $(REAL_IMPL)
endif

%$(TOPSUFFIX):		$(REAL_IMPL_INTF) $(OBJ_LINK) $(EXTRADEPS)
			$(REAL_OCAMLFIND) $(OCAMLMKTOP) \
				$(OCAML_FIND_PACKAGES) $(OCAML_FIND_LINKPKG) \
				$(OBJS_LIBS) $(ALL_LDFLAGS) -o $@$(EXE) \
				$(REAL_IMPL)

.SUFFIXES:		.mli .ml .cmi .cmo .cmx .cma .cmxa .$(EXT_OBJ) \
                        .mly .di .d .$(EXT_LIB) .idl %.oxridl .c .m .$(EXT_CXX) .h .so \
                        .rep .zog .glade

ifndef STATIC
ifdef MINGW
# From OCaml 3.11.0, ocamlmklib is available on windows
OCAMLMLIB_EXISTS = $(shell which $(OCAMLMKLIB))
ifeq ($(strip $(OCAMLMLIB_EXISTS)),)
$(DLLSONAME):		$(OBJ_LINK)
			$(CC) $(CFLAGS) $(CFLAGS_WIN32) $(OBJ_LINK) -shared -o $@ \
			$(wildcard $(foreach dir,$(LIBDIRS),$(CLIBS:%=$(dir)/lib%.a))) \
			 '$(OCAMLLIBPATH)/ocamlrun.a' \
			-Wl,--whole-archive \
			-Wl,--export-all-symbols \
			-Wl,--allow-multiple-definition \
			-Wl,--enable-auto-import
else
$(DLLSONAME):		$(OBJ_LINK)
			$(OCAMLMKLIB) $(INCFLAGS) $(CLIBFLAGS) \
				-o $(CLIB_BASE) $(OBJ_LINK) $(CLIBS:%=-l%) \
				$(CFRAMEWORKS:%=-framework %) \
				$(OCAMLMKLIB_FLAGS)
endif
else
ifdef MSVC
$(DLLSONAME):		$(OBJ_LINK)
			link /NOLOGO /DLL /OUT:$@ $(OBJ_LINK) \
			 $(wildcard $(foreach dir,$(LIBDIRS),$(CLIBS:%=$(dir)/%.lib))) \
			 '$(OCAMLLIBPATH)/ocamlrun.lib'

else
$(DLLSONAME):		$(OBJ_LINK)
			$(OCAMLMKLIB) $(INCFLAGS) $(CLIBFLAGS) \
				-o $(CLIB_BASE) $(OBJ_LINK) $(CLIBS:%=-l%) $(CFRAMEWORKS:%=-framework %) \
				$(OCAMLMKLIB_FLAGS)
endif
endif
endif

ifndef LIB_PACK_NAME
$(RESULT).cma:		$(REAL_IMPL_INTF) $(MAKEDLL) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) -a $(OBJS_LIBS) $(ALL_LDFLAGS) -o $@ $(REAL_IMPL)

$(RESULT).cmxa $(RESULT).$(EXT_LIB):	$(REAL_IMPL_INTF) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(OCAMLOPT) -a $(OBJS_LIBS) $(ALL_LDFLAGS) -o $@ $(REAL_IMPL)
else
# Packing a bytecode library
LIB_PACK_NAME_MLI = $(wildcard $(LIB_PACK_NAME).mli)
ifeq ($(LIB_PACK_NAME_MLI),)
LIB_PACK_NAME_CMI = $(LIB_PACK_NAME).cmi
else
# $(LIB_PACK_NAME).mli exists, it likely depends on other compiled interfaces
LIB_PACK_NAME_CMI =
$(LIB_PACK_NAME).cmi: $(REAL_IMPL_INTF)
endif
ifdef BYTE_OCAML
$(LIB_PACK_NAME_CMI) $(LIB_PACK_NAME).cmo: $(REAL_IMPL_INTF)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) -pack -o $(LIB_PACK_NAME).cmo $(OCAMLLDFLAGS) $(REAL_IMPL)
# Packing into a unit which can be transformed into a library
# Remember the .ml's must have been compiled with -for-pack $(LIB_PACK_NAME)
else
$(LIB_PACK_NAME_CMI) $(LIB_PACK_NAME).cmx: $(REAL_IMPL_INTF)
			$(REAL_OCAMLFIND) $(OCAMLOPT) -pack -o $(LIB_PACK_NAME).cmx  $(OCAMLLDFLAGS) $(REAL_IMPL)
endif

$(RESULT).cma:		$(LIB_PACK_NAME).cmi $(LIB_PACK_NAME).cmo $(MAKEDLL) $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(REAL_OCAMLC) -a $(OBJS_LIBS) $(ALL_LDFLAGS) -o $@ $(LIB_PACK_NAME).cmo

$(RESULT).cmxa $(RESULT).$(EXT_LIB):	$(LIB_PACK_NAME).cmi $(LIB_PACK_NAME).cmx $(EXTRADEPS) $(RESULTDEPS)
			$(REAL_OCAMLFIND) $(OCAMLOPT) -a $(OBJS_LIBS) $(filter-out -custom, $(ALL_LDFLAGS)) -o $@ $(LIB_PACK_NAME).cmx
endif

$(RES_CLIB): 		$(OBJ_LINK)
ifndef MSVC
  ifneq ($(strip $(OBJ_LINK)),)
		      $(AR) rcs $@ $(OBJ_LINK)
  endif
else
  ifneq ($(strip $(OBJ_LINK)),)
			lib -nologo -debugtype:cv -out:$(RES_CLIB) $(OBJ_LINK)
  endif
endif

%.cmi:	%.mli $(EXTRADEPS)
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			  $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			else \
			    $(ECHO) $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp \"$$pp $(PPFLAGS)\" $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			    $(REAL_OCAMLFIND) $(INTF_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp "$$pp $(PPFLAGS)" $(THREAD_FLAG) $(ANNOT_FLAG) \
				$(OCAMLFLAGS) $(INCFLAGS) $<; \
			fi

%.cmi: %$(IMPL_SUF);

%$(IMPL_SUF) %.$(EXT_OBJ):	%.ml $(EXTRADEPS)
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(ALL_OCAMLCFLAGS) $<; \
			  $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c $(ALL_OCAMLCFLAGS) $<; \
			else \
			  $(ECHO) $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp \"$$pp $(PPFLAGS)\" $(ALL_OCAMLCFLAGS) $<; \
			  $(REAL_OCAMLFIND) $(REAL_OCAMLC) $(OCAML_FIND_PACKAGES) \
				-c -pp "$$pp $(PPFLAGS)" $(ALL_OCAMLCFLAGS) $<; \
			fi

.PRECIOUS:		%.ml
%.ml:			%.mll
			$(OCAMLLEX) $(LFLAGS) $<

.PRECIOUS:              %.ml %.mli
%.ml %.mli:             %.mly
			$(OCAMLYACC) $(YFLAGS) $<
			$(QUIET)pp=`sed -n -e 's/.*(\*pp \([^*]*\) \*).*/\1/p;q' $<`; \
			if [ ! -z "$$pp" ]; then \
			  mv $*.ml $*.ml.temporary; \
			  echo "(*pp $$pp $(PPFLAGS)*)" > $*.ml; \
			  cat $*.ml.temporary >> $*.ml; \
			  rm $*.ml.temporary; \
			  mv $*.mli $*.mli.temporary; \
			  echo "(*pp $$pp $(PPFLAGS)*)" > $*.mli; \
			  cat $*.mli.temporary >> $*.mli; \
			  rm $*.mli.temporary; \
			fi


.PRECIOUS:		%.ml
%.ml:			%.rep
			$(CAMELEON_REPORT) $(CAMELEON_REPORT_FLAGS) -gen $<

.PRECIOUS:		%.ml
%.ml:			%.zog
			$(CAMELEON_ZOGGY)  $(CAMELEON_ZOGGY_FLAGS) -impl $< > $@

.PRECIOUS:		%.ml
%.ml:			%.glade
			$(OCAML_GLADECC)  $(OCAML_GLADECC_FLAGS) $< > $@

.PRECIOUS:		%.ml %.mli
%.ml %.mli:		%.oxridl
			$(OXRIDL) $<

.PRECIOUS:		%.ml %.mli %_stubs.c %.h
%.ml %.mli %_stubs.c %.h:		%.idl
			$(CAMLIDL) $(MAYBE_IDL_HEADER) $(IDLFLAGS) \
				$(CAMLIDLFLAGS) $<
			$(QUIET)if [ $(NOIDLHEADER) ]; then touch $*.h; fi

%.$(EXT_OBJ):	%.c
			$(OCAMLC) -c -cc "$(CC)" -ccopt "$(CFLAGS) \
				$(CPPFLAGS) $(CPPFLAGS_WIN32) \
				$(CFLAGS_WIN32) $(CINCFLAGS) $(CFLAG_O)$@ " $<

%.$(EXT_OBJ):	%.m
			$(CC) -c $(CFLAGS) $(CINCFLAGS) $(CPPFLAGS) \
				-I'$(OCAMLLIBPATH)' \
				$< $(CFLAG_O)$@

%.$(EXT_OBJ): %.$(EXT_CXX)
			$(CXX) -c $(CXXFLAGS) $(CINCFLAGS) $(CPPFLAGS) \
				-I'$(OCAMLLIBPATH)' \
				$< $(CFLAG_O)$@

$(MLDEPDIR)/%.d:	%.ml
			$(QUIET)if [ ! -d $(@D) ]; then mkdir -p $(@D); fi
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				$(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				$(INCFLAGS) $< > $@; \
			else \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				-pp \"$$pp $(PPFLAGS)\" $(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(OCAML_DEP_PACKAGES) \
				-pp "$$pp $(PPFLAGS)" $(INCFLAGS) $< > $@; \
			fi

$(BCDIDIR)/%.di $(NCDIDIR)/%.di:	%.mli
			$(QUIET)if [ ! -d $(@D) ]; then mkdir -p $(@D); fi
			$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $<`; \
			if [ -z "$$pp" ]; then \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) $(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) $(INCFLAGS) $< > $@; \
			else \
			  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) \
			    -pp \"$$pp $(PPFLAGS)\" $(INCFLAGS) $< \> $@; \
			  $(REAL_OCAMLFIND) $(OCAMLDEP) $(DEPFLAGS) \
			    -pp "$$pp $(PPFLAGS)" $(INCFLAGS) $< > $@; \
			fi

$(DOC_DIR)/$(RESULT)/html:
	mkdir -p $@

$(DOC_DIR)/$(RESULT)/html/index.html: $(DOC_DIR)/$(RESULT)/html $(DOC_FILES)
	rm -rf $</*
	$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $(FIRST_DOC_FILE)`; \
	if [ -z "$$pp" ]; then \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -html -d $< $(OCAMLDOCFLAGS) $(INCFLAGS) $(DOC_FILES); \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -html -d $< $(OCAMLDOCFLAGS) $(INCFLAGS) $(DOC_FILES); \
	else \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp \"$$pp $(PPFLAGS)\" -html -d $< $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES); \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp "$$pp $(PPFLAGS)" -html -d $< $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES); \
	fi

$(DOC_DIR)/$(RESULT)/latex:
	mkdir -p $@

$(DOC_DIR)/$(RESULT)/latex/doc.tex: $(DOC_DIR)/$(RESULT)/latex $(DOC_FILES)
	rm -rf $</*
	$(QUIET)pp=`sed -n -e '/^#/d' -e 's/(\*pp \([^*]*\) \*)/\1/p;q' $(FIRST_DOC_FILE)`; \
	if [ -z "$$pp" ]; then \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -latex $(OCAMLDOCFLAGS) $(INCFLAGS) \
	  	$(DOC_FILES) -o $@; \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -latex $(OCAMLDOCFLAGS) $(INCFLAGS) $(DOC_FILES) \
	  	-o $@; \
	else \
	  $(ECHO) $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp \"$$pp $(PPFLAGS)\" -latex $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES) -o $@; \
	  $(REAL_OCAMLFIND) $(OCAMLDOC) $(OCAML_FIND_PACKAGES) -pp "$$pp $(PPFLAGS)" -latex $(OCAMLDOCFLAGS) \
	  	$(INCFLAGS) $(DOC_FILES) -o $@; \
	fi

$(DOC_DIR)/$(RESULT)/latex/doc.ps: $(DOC_DIR)/$(RESULT)/latex/doc.tex
	cd $(DOC_DIR)/$(RESULT)/latex && \
	  $(LATEX) doc.tex && \
	  $(LATEX) doc.tex && \
	  $(DVIPS) $(DVIPSFLAGS) doc.dvi -o $(@F)

$(DOC_DIR)/$(RESULT)/latex/doc.pdf: $(DOC_DIR)/$(RESULT)/latex/doc.ps
	cd $(DOC_DIR)/$(RESULT)/latex && $(PS2PDF) $(<F)

define make_subproj
.PHONY:
subproj_$(1):
	$$(eval $$(call PROJ_$(1)))
	$(QUIET)if [ "$(SUBTARGET)" != "all" ]; then \
	  $(MAKE) -f $(OCAMLMAKEFILE) $(SUBTARGET); \
	fi
endef

$(foreach subproj,$(SUBPROJS),$(eval $(call make_subproj,$(subproj))))

.PHONY:
subprojs: $(SUBPROJS:%=subproj_%)

###########################################################################
# (UN)INSTALL RULES FOR LIBRARIES

.PHONY: libinstall
libinstall:	all
	$(QUIET)printf "\nInstalling library with ocamlfind\n"
	$(OCAMLFIND) install $(OCAMLFIND_INSTFLAGS) $(RESULT) META $(LIBINSTALL_FILES)
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: libinstall-byte-code
libinstall-byte-code:	all
	$(QUIET)printf "\nInstalling byte-code library with ocamlfind\n"
	$(OCAMLFIND) install $(OCAMLFIND_INSTFLAGS) $(RESULT) META \
	  $(filter-out $(RESULT).$(EXT_LIB) $(RESULT).cmxa, $(LIBINSTALL_FILES))
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: libinstall-native-code
libinstall-native-code:	all
	$(QUIET)printf "\nInstalling native-code library with ocamlfind\n"
	$(OCAMLFIND) install $(OCAMLFIND_INSTFLAGS) $(RESULT) META \
	  $(filter-out $(DLLSONAME) $(RESULT).cma, $(LIBINSTALL_FILES))
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: libuninstall
libuninstall:
	$(QUIET)printf "\nUninstalling library with ocamlfind\n"
	$(OCAMLFIND) remove $(OCAMLFIND_INSTFLAGS) $(RESULT)
	$(QUIET)printf "\nUninstallation successful.\n"

.PHONY: rawinstall
rawinstall:	all
	$(QUIET)printf "\nInstalling library to: $(OCAML_LIB_INSTALL)\n"
	-install -d $(OCAML_LIB_INSTALL)
	for i in $(LIBINSTALL_FILES); do \
	  if [ -f $$i ]; then \
	    install -c -m 0644 $$i $(OCAML_LIB_INSTALL); \
	  fi; \
	done
	$(QUIET)printf "\nInstallation successful.\n"

.PHONY: rawuninstall
rawuninstall:
	$(QUIET)printf "\nUninstalling library from: $(OCAML_LIB_INSTALL)\n"
	cd $(OCAML_LIB_INSTALL) && rm $(notdir $(LIBINSTALL_FILES))
	$(QUIET)printf "\nUninstallation successful.\n"

###########################################################################
# MAINTENANCE RULES

.PHONY:	clean
clean::
	rm -f $(TARGETS) $(TRASH)
	rm -rf $(BCDIDIR) $(NCDIDIR) $(MLDEPDIR)

.PHONY:	cleanup
cleanup::
	rm -f $(NONEXECS) $(TRASH)
	rm -rf $(BCDIDIR) $(NCDIDIR) $(MLDEPDIR)

.PHONY: clean-doc
clean-doc::
	rm -rf $(DOC_DIR)/$(RESULT)

.PHONY: clean-all
clean-all:: clean clean-doc

.PHONY: nobackup
nobackup:
	rm -f *.bak *~ *.dup
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camlpdf-2.4/examples/pdfdecomp.ml

(* pdfdecomp a.pdf b.pdf decompresses all streams in a.pdf writing the result
to b.pdf. *)
match Array.to_list Sys.argv with
| [_; in_file; out_file] ->
    begin try
      let pdf = Pdfread.pdf_of_file None None in_file in
        Pdf.iter_stream (Pdfcodec.decode_pdfstream_until_unknown pdf) pdf;
        Pdfwrite.pdf_to_file pdf out_file
    with
      err ->
        Printf.printf "Failed to decompress file.\n%s\n\n" (Printexc.to_string err);
        exit 1
    end
| _ ->
    print_string "Syntax: pdfdecomp <input> <output>\n\n"; exit 1







camlpdf-2.4/examples/pdfdraft.ml

(* Make a PDF suitable for draft printing by replacing its images by crossed
boxes. Usage: pdfdraft input.pdf output.pdf *)
open Pdfutil

(* Predicate on an xobject: true if an image xobject. *)
let isimage pdf (_, xobj) =
  Pdf.lookup_direct pdf "/Subtype" xobj = Some (Pdf.Name "/Image")

(* Given a set of resources for a page, and the name of a resource, determine if
that name refers to an image xobject. *)
let xobject_isimage pdf resources name =
  match resources with
  | Pdf.Dictionary _ ->
      begin match Pdf.lookup_direct pdf "/XObject" resources with
      | Some xobjects ->
          isimage pdf ("", Pdf.lookup_fail "xobject not there" pdf name xobjects)
      | _ -> false
      end
  | _ -> failwith "bad resources"

(* Remove any image xobjects from a set of resources. *)
let remove_image_xobjects pdf resources =
  match resources with
  | Pdf.Dictionary res ->
      begin match Pdf.lookup_direct pdf "/XObject" resources with
      | Some (Pdf.Dictionary xobjects) ->
          Pdf.Dictionary
            (replace "/XObject" (Pdf.Dictionary (lose (isimage pdf) xobjects)) res)
      | _ -> resources
      end
  | _ -> failwith "bad resources"

(* The subsitute for an image. *)
let substitute =
  rev
    [Pdfops.Op_q;
     Pdfops.Op_w 0.;
     Pdfops.Op_G 0.;
     Pdfops.Op_re (0., 0., 1., 1.);
     Pdfops.Op_m (0., 0.);
     Pdfops.Op_l (1., 1.);
     Pdfops.Op_m (0., 1.);
     Pdfops.Op_l (1., 0.);
     Pdfops.Op_S;
     Pdfops.Op_Q]

(* Remove references to images from a graphics stream. *)
let rec remove_images_stream pdf resources prev = function
  | [] -> rev prev
  | (Pdfops.Op_Do name) as h::t ->
      if xobject_isimage pdf resources name
        then remove_images_stream pdf resources (substitute @ prev) t
        else remove_images_stream pdf resources (h::prev) t
  | Pdfops.InlineImage _::t ->
      remove_images_stream pdf resources (substitute @ prev) t
  | h::t ->
      remove_images_stream pdf resources (h::prev) t

(* Remove images from a page. *)
let remove_images_page pdf page =
  let content' =
    remove_images_stream pdf page.Pdfpage.resources []
       (Pdfops.parse_operators pdf page.Pdfpage.resources page.Pdfpage.content)
  in
    {page with
      Pdfpage.content =
        (let stream = Pdfops.stream_of_ops content' in
          Pdfcodec.encode_pdfstream pdf Pdfcodec.Flate stream;
          [stream]);
      Pdfpage.resources =
        remove_image_xobjects pdf page.Pdfpage.resources}

(* Remove images from all pages in a document. *)
let remove_images pdf =
  let pages = Pdfpage.pages_of_pagetree pdf in
    let pages' = map (remove_images_page pdf) pages in
      let pdf, pagetree_num = Pdfpage.add_pagetree pages' pdf in
        let pdf = Pdfpage.add_root pagetree_num [] pdf in
          Pdf.remove_unreferenced pdf;
          pdf

(* Read command line arguments and call [remove_images] *)
let _ =
  match Array.to_list Sys.argv with
  | [_; in_file; out_file] ->
      begin try
        let ch = open_in_bin in_file in
          let pdf = Pdfread.pdf_of_channel None None ch in
            Pdfwrite.pdf_to_file (remove_images pdf) out_file;
            close_in ch
      with
        err ->
          Printf.printf "Failed to produce output.\n%s\n\n" (Printexc.to_string err);
          exit 1
      end
  | _ ->
      print_string "Syntax: pdfdraft <input> <output>\n\n"; exit 1








camlpdf-2.4/examples/pdfencrypt.ml

(* Encrypt a PDF file. Syntax is pdfencrypt in.pdf out.pdf ownerpassword. The
user password is blank. The permissions applied are NoEdit and NoPrint *)
open Pdfutil

(* Read command line arguments and call [decrypt_pdf] *)
let _ =
  let pw, in_file, out_file =
    match Array.to_list Sys.argv with
    | [_; in_file; out_file; pw] -> pw, in_file, out_file
    | _ ->
      print_string "Syntax: pdfencrypt <input> <output> <owner-password>\n\n"; exit 1
  in
    begin try
      let pdf = Pdfread.pdf_of_file None None in_file
      and encryption =
        {Pdfwrite.encryption_method = Pdfwrite.AES128bit false;
         Pdfwrite.owner_password = pw;
         Pdfwrite.user_password = "";
         Pdfwrite.permissions = [Pdfcrypt.NoEdit; Pdfcrypt.NoPrint]}
      in
        Pdfwrite.pdf_to_file_options false (Some encryption) false pdf out_file
    with
      err ->
        Printf.printf "Failed to produce output.\n%s\n\n" (Printexc.to_string err);
        exit 1
    end








camlpdf-2.4/examples/pdfhello.ml

(* We build a font dictionary for one of the 14 standard PostScript fonts,
(which are supported by all PDF readers), make a graphics stream using the
Pdfops module, build a PDF document in memory and then write it to hello.pdf *)

let font =
  Pdf.Dictionary
    [("/Type", Pdf.Name "/Font");
     ("/Subtype", Pdf.Name "/Type1");
     ("/BaseFont", Pdf.Name "/Times-Italic")]
and ops =
  [Pdfops.Op_cm (Pdftransform.matrix_of_transform [Pdftransform.Translate (50., 770.)]);
   Pdfops.Op_BT;
   Pdfops.Op_Tf ("/F0", 36.);
   Pdfops.Op_Tj "Hello, World!";
   Pdfops.Op_ET]
in
  let page =
    {(Pdfpage.blankpage Pdfpaper.a4) with
        Pdfpage.content = [Pdfops.stream_of_ops ops];
        Pdfpage.resources = Pdf.Dictionary [("/Font", Pdf.Dictionary [("/F0", font)])]}
  in
    let pdf, pageroot = Pdfpage.add_pagetree [page] (Pdf.empty ()) in
      let pdf = Pdfpage.add_root pageroot [] pdf in
        Pdfwrite.pdf_to_file pdf "hello.pdf"








camlpdf-2.4/examples/pdfmergeexample.ml

(* pdfmergeexample a.pdf b.pdf c.pdf appends b.pdf to a.pdf and writes to
c.pdf. This is written from scratch, rather than relying on the PdfMerge *)
open Pdfutil

(* We read all the files, read their pages and concatenate them, dealing with
clashing object numbers. We then build a new page tree, and build the output PDF
document, with a new root and trailer dictionary. We then remove any unreferenced
objects, and write to file. *)
let merge_pdfs pdfs out_name =
  let pdfs = Pdf.renumber_pdfs pdfs
  and minor' = fold_left max 0 (map (fun p -> p.Pdf.minor) pdfs) in
    let pages = flatten (map Pdfpage.pages_of_pagetree pdfs)
    and pdf = ref (Pdf.empty ()) in
      iter (Pdf.objiter (fun k v -> ignore (Pdf.addobj_given_num !pdf (k, v)))) pdfs;
      let pdf, pagetree_num = Pdfpage.add_pagetree pages !pdf in
        let pdf = Pdfpage.add_root pagetree_num [] pdf in
          let pdf = {pdf with Pdf.major = 1; Pdf.minor = minor'} in
            Pdf.remove_unreferenced pdf;
            pdf

(* Read command line arguments, read files, call merge_pdfs, write result. *)
let _ =
  let in_names, out_name =
    match rev (tl (Array.to_list Sys.argv)) with
    | h::t::t' -> rev (t::t'), h
    | _ -> print_string "Syntax: pdfmerge <inputs> <output>\n\n"; exit 1
  in
    try
      let pdfs = map (Pdfread.pdf_of_file None None) in_names in
        let result = merge_pdfs pdfs out_name in
          Pdfwrite.pdf_to_file result out_name
    with
      err ->
        Printf.printf "Failed to merge files.\n%s\n\n" (Printexc.to_string err);
        exit 1
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(* pdftest in.pdf out.pdf reads, lexes, parses a document in.pdf and its
graphics streams, then writes it to out.pdf.  *)
open Pdfutil

let _ =
  let in_name, out_name =
    match tl (Array.to_list Sys.argv) with
    | [i; o] -> (i, o)
    | _ -> print_string "Syntax: pdftest <input> <output>\n\n"; exit 1
  in
    try
      let pdf = Pdfread.pdf_of_file None None in_name in
        if Pdfcrypt.is_encrypted pdf then failwith "File is encrypted.";
        let pages = Pdfpage.pages_of_pagetree pdf in
          let pages' = 
            map 
              (fun page ->
                let ops = Pdfops.parse_operators pdf page.Pdfpage.resources page.Pdfpage.content in
                  {page with Pdfpage.content = [Pdfops.stream_of_ops ops]})
              pages
          in
            let pdf = Pdfpage.change_pages true pdf pages' in
              Pdf.remove_unreferenced pdf;
              Pdfwrite.pdf_to_file pdf out_name
    with
      err ->
        Printf.printf "Test failed:\n%s\n\n" (Printexc.to_string err);
        exit 1
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/* Modifed minutely for CamlPDF*/

/***********************************************************************/
/*                                                                     */
/*                      The CamlZip library                            */
/*                                                                     */
/*            Xavier Leroy, projet Cristal, INRIA Rocquencourt         */
/*                                                                     */
/*  Copyright 2001 Institut National de Recherche en Informatique et   */
/*  en Automatique.  All rights reserved.  This file is distributed    */
/*  under the terms of the GNU Library General Public License, with    */
/*  the special exception on linking described in file LICENSE.        */
/*                                                                     */
/***********************************************************************/

/* $Id: zlibstubs.c,v 1.3 2006/04/04 08:29:07 xleroy Exp $ */

/* Stub code to interface with Zlib */

#include "miniz.c" //Modified to use miniz.c rather than zlib 

#include <stdint.h>

#include <caml/mlvalues.h>
#include <caml/alloc.h>
#include <caml/callback.h>
#include <caml/fail.h>
#include <caml/memory.h>

#define ZStream_val(v) ((mz_stream *) (v))

static const value * camlpdf_camlzip_error_exn = NULL;

static void camlpdf_camlzip_error(char * fn, value vzs)
{
  char * msg;
  value s1 = Val_unit, s2 = Val_unit, bucket = Val_unit;

  msg = ZStream_val(vzs)->msg;
  if (msg == NULL) msg = "";
  if (camlpdf_camlzip_error_exn == NULL) {
    camlpdf_camlzip_error_exn = caml_named_value("Pdfflate.Error");
    if (camlpdf_camlzip_error_exn == NULL)
      invalid_argument("Exception Pdfflate.Error not initialized");
  }
  Begin_roots3(s1, s2, bucket);
    s1 = copy_string(fn);
    s2 = copy_string(msg);
    bucket = alloc_small(3, 0);
    Field(bucket, 0) = *camlpdf_camlzip_error_exn;
    Field(bucket, 1) = s1;
    Field(bucket, 2) = s2;
  End_roots();
  mlraise(bucket);
}

static value camlpdf_camlzip_new_stream(void)
{
  value res = alloc((sizeof(mz_stream) + sizeof(value) - 1) / sizeof(value),
                    Abstract_tag);
  ZStream_val(res)->zalloc = NULL;
  ZStream_val(res)->zfree = NULL;
  ZStream_val(res)->opaque = NULL;
  ZStream_val(res)->next_in = NULL;
  ZStream_val(res)->next_out = NULL;
  return res;
}

value camlpdf_camlzip_deflateInit(value vlevel, value expect_header)
{
  value vzs = camlpdf_camlzip_new_stream();
  if (mz_deflateInit2(ZStream_val(vzs),
                   Int_val(vlevel),
                   MZ_DEFLATED,
                   Bool_val(expect_header) ? 15 : -15,
                   8,
                   MZ_DEFAULT_STRATEGY) != MZ_OK)
    camlpdf_camlzip_error("Zlib.deflateInit", vzs);
  return vzs;
}

static int camlpdf_camlzip_flush_table[] = 
{ MZ_NO_FLUSH, MZ_SYNC_FLUSH, MZ_FULL_FLUSH, MZ_FINISH };

value camlpdf_camlzip_deflate(value vzs, value srcbuf, value srcpos, value srclen,
                      value dstbuf, value dstpos, value dstlen,
                      value vflush)
{
  mz_stream * zs = ZStream_val(vzs);
  int retcode;
  long used_in, used_out;
  value res;

  zs->next_in = &Byte_u(srcbuf, Long_val(srcpos));
  zs->avail_in = Long_val(srclen);
  zs->next_out = &Byte_u(dstbuf, Long_val(dstpos));
  zs->avail_out = Long_val(dstlen);
  retcode = mz_deflate(zs, camlpdf_camlzip_flush_table[Int_val(vflush)]);
  if (retcode < 0) camlpdf_camlzip_error("Zlib.deflate", vzs);
  used_in = Long_val(srclen) - zs->avail_in;
  used_out = Long_val(dstlen) - zs->avail_out;
  zs->next_in = NULL;         /* not required, but cleaner */
  zs->next_out = NULL;        /* (avoid dangling pointers into Caml heap) */
  res = alloc_small(3, 0);
  Field(res, 0) = Val_bool(retcode == MZ_STREAM_END);
  Field(res, 1) = Val_int(used_in);
  Field(res, 2) = Val_int(used_out);
  return res;
}

value camlpdf_camlzip_deflate_bytecode(value * arg, int nargs)
{
  return camlpdf_camlzip_deflate(arg[0], arg[1], arg[2], arg[3],
                         arg[4], arg[5], arg[6], arg[7]);
}

value camlpdf_camlzip_deflateEnd(value vzs)
{
  if (mz_deflateEnd(ZStream_val(vzs)) != MZ_OK)
    camlpdf_camlzip_error("Zlib.deflateEnd", vzs);
  return Val_unit;
}

/* CamlZIP now treats Z_BUF_ERROR as non-fatal. However, this can lead to lack
 * of progress on some malformed streams (at least with miniz.c -- maybe not
 * zlib. So we have this hack. */
int camlpdf_buf_error_count;

value camlpdf_camlzip_inflateInit(value expect_header)
{
  camlpdf_buf_error_count = 0;
  value vzs = camlpdf_camlzip_new_stream();
  if (mz_inflateInit2(ZStream_val(vzs),
                   Bool_val(expect_header) ? 15 : -15) != MZ_OK)
    camlpdf_camlzip_error("Zlib.inflateInit", vzs);
  return vzs;
}

value camlpdf_camlzip_inflate(value vzs, value srcbuf, value srcpos, value srclen,
                      value dstbuf, value dstpos, value dstlen,
                      value vflush)
{
  mz_stream * zs = ZStream_val(vzs);
  int retcode;
  long used_in, used_out;
  value res;

  zs->next_in = &Byte_u(srcbuf, Long_val(srcpos));
  zs->avail_in = Long_val(srclen);
  zs->next_out = &Byte_u(dstbuf, Long_val(dstpos));
  zs->avail_out = Long_val(dstlen);
  retcode = mz_inflate(zs, camlpdf_camlzip_flush_table[Int_val(vflush)]);
  if (retcode == MZ_BUF_ERROR) camlpdf_buf_error_count += 1; else camlpdf_buf_error_count = 0;
  if (retcode < 0 && retcode != MZ_BUF_ERROR ||
      retcode == MZ_BUF_ERROR && camlpdf_buf_error_count > 1 ||
      retcode == MZ_NEED_DICT)
    camlpdf_camlzip_error("Zlib.inflate", vzs);
  used_in = Long_val(srclen) - zs->avail_in;
  used_out = Long_val(dstlen) - zs->avail_out;
  zs->next_in = NULL;           /* not required, but cleaner */
  zs->next_out = NULL;          /* (avoid dangling pointers into Caml heap) */
  res = caml_alloc_small(3, 0);
  Field(res, 0) = Val_bool(retcode == MZ_STREAM_END);
  Field(res, 1) = Val_int(used_in);
  Field(res, 2) = Val_int(used_out);
  return res;
}

value camlpdf_camlzip_inflate_bytecode(value * arg, int nargs)
{
  return camlpdf_camlzip_inflate(arg[0], arg[1], arg[2], arg[3],
                         arg[4], arg[5], arg[6], arg[7]);
}

value camlpdf_camlzip_inflateEnd(value vzs)
{
  if (mz_inflateEnd(ZStream_val(vzs)) != MZ_OK)
    camlpdf_camlzip_error("Zlib.inflateEnd", vzs);
  return Val_unit;
}

value camlpdf_camlzip_update_crc32(value crc, value buf, value pos, value len)
{
  return copy_int32(mz_crc32((uint32_t) Int32_val(crc), 
                          &Byte_u(buf, Long_val(pos)),
                          Long_val(len)));
}
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A First Program



You will require ocamlfind to be installed on your system. It comes with any modern
installation of OCaml.



To build CamlPDF, navigate to the source directory and type



make



You can then install CamlPDF:



make install



As an alternative, you may use the OPAM package manager, if you have it installed:



opam install camlpdf



To build the examples, navigate to the examples folder and type



make



Now run a simple example to build the file hello.pdf



./pdfhello



Now we can enter the top level:



ocaml
Objective Caml



# #use "topfind";;
- : unit = ()
Findlib has been successfully loaded. Additional directives:



#require "package";; to load a package
#list;; to list the available packages
#camlp4o;; to load camlp4 (standard syntax)
#camlp4r;; to load camlp4 (revised syntax)
#predicates "p,q,...";; to set these predicates
Topfind.reset();; to force that packages will be



reloaded
#thread;; to enable threads



- : unit = ()
# #require "camlpdf";;
/Users/john/.opam/4.00.1/lib/ocaml/unix.cma: loaded
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/Users/john/.opam/4.00.1/lib/ocaml/bigarray.cma: loaded
/Users/john/.opam/4.00.1/lib/camlpdf: added to search path
/Users/john/.opam/4.00.1/lib/camlpdf/camlpdf.cma: loaded



#



The Pdfread module allows us to load PDF files into memory. The raw PDF data is parsed
into a structured OCaml value of type Pdf.pdfdoc:



# let pdf = Pdfread.pdf_of_file None None "hello.pdf";;
val pdf : Pdf.t =



{Pdf.major = 1; Pdf.minor = 1; Pdf.root = 2;
Pdf.objects =
{Pdf.maxobjnum = 4; Pdf.parse = Some <fun>;
Pdf.pdfobjects = <abstr>;
Pdf.object_stream_ids = <abstr>};



Pdf.trailerdict =
Pdf.Dictionary
[("/Root", Pdf.Indirect 2);
("/ID",
Pdf.Array
[Pdf.String "?W???`??w\r?\001??";
Pdf.String "?W???`??w\r?\001??"]);



("/Size", Pdf.Integer 4)]}



Looking at the parts of the Pdf.t record type:



• Pdf.major and Pdf.minor - the parts of the PDF version number. Here, PDF Version 1.1



• Pdf.root - the object number of the ’root object’ of the PDF (A PDF is a directed graph
of objects, indexed by number)



• Pdf.objects - the PDF objects



• Pdf.trailerdict - the trailer dictionary. This is a distinguished PDF object containing a
number of commonly used per-file items. Pdf.trailerdict has type Pdf.pdfobject, which
represents all possible PDF data.



Diversion: A Look at hello.pdf



Here is the contents of the file hello.pdf, as you might see it in a text editor, annotated
with some explanatory comments.
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%PDF-1.1 Header
%%$ˆ@
1 0 obj Object 1. . .
<< /Type /Pages /Kids [ 3 0 R ] /Count 1 >> . . . which is the catalogue of pages
endobj
2 0 obj This object is a stream, which is a dictionary plus some binary data
<< /Length 102 >>
stream Usually compressed, but plain here for ease of reading
1.000000 0.000000 0.000000 1.000000 50.000000 770.000000 cm
BT /F0 36.000000 Tf (Hello, World!) Tj ET The page content, a bit like PostScript
endstream
endobj
3 0 obj The page object,
<< /Type /Page



/Parent 1 0 R The syntax ”1 0 R” means a reference to Object 1
/Resources



<< /Font The font dictionary
<< /F0
<< /Type /Font /Subtype /Type1 /BaseFont /Times-Italic >>



>> >>
/MediaBox [ 0.000000 0.000000 595.275591 841.889764 ] The page dimensions
/Rotate 0
/Contents [ 2 0 R ] >> Reference to contents in object 2



endobj
4 0 obj
<< /Type /Catalog /Pages 1 0 R >> The root object
endobj
xref The cross-reference table, listing the byte offsets of each object for random access.
0 5
0000000000 65535 f
0000000015 00000 n
0000000074 00000 n
0000000227 00000 n
0000000449 00000 n
trailer The trailer dictionary
<< /Size 5 /Root 4 0 R /ID [ (:.]ZŁzE) (:.?ZŁzE) ] >>
startxref
498 The trailer
%%EOF



Saving the Document



The Pdf.t data type is a record of mutable values. Let’s change the PDF Version number and
write the file.



# pdf.Pdf.minor <- 2;;
- : unit = ()
# Pdfwrite.pdf_to_file pdf "hello2.pdf";;
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- : unit = ()



Next Steps



The objects in a PDF document are of type Pdf.pdfobject:



type stream = Stream data. Either in memory or still in the file
| Got of Utility.bytestream
| ToGet of Pdfio.input * int * int input, offset, length



type pdfobject =
| Null
| Boolean of bool
| Integer of int
| Real of float
| String of string
| Name of string
| Array of pdfobject list
| Dictionary of (string * pdfobject) list
| Stream of (pdfobject * stream) ref Stream data (see above)
| Indirect of int A reference to another object



For instance the PDF object in the file:



3 0 obj
<< /Type /Page



/Parent 1 0 R
/MediaBox [ 0.000000 0.000000 595.275591 841.889764 ]
/Rotate 0
/Contents [ 2 0 R ]



>>
end



is represented as object number 3 with the Pdf.t instance:



Dictionary
["/Type", Name "/Page";
"/Parent", Indirect 1;
"/MediaBox",



Array [Real 0.; Real 0.; Real 595.275591; Real 841.889764];
"/Rotate", Integer 0;
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"/Contents", Array [Indirect 2]]



Working with Pages



Introduce a command to show the current document, using whatever command opens (or
updates) a PDF view on your system:



let show pdf =
Pdfwrite.pdf_to_file pdf "temp.pdf";
ignore (Sys.command "open temp.pdf");; Customize here



The Pdfpage module deals with PDF pages. We can get the list of pages from a document:



# let pages = Pdfpage.pages_of_pagetree pdf;;
val pages : Pdfpage.t list =



[{Pdfpage.content = [Pdf.Indirect 4];
Pdfpage.mediabox =
Pdf.Array
[Pdf.Integer 0; Pdf.Integer 0; Pdf.Real 595.275590551;
Pdf.Real 841.88976378];



Pdfpage.resources =
Pdf.Dictionary
[("/Font",
Pdf.Dictionary
[("/F0",
Pdf.Dictionary
[("/Type", Pdf.Name "/Font");
("/Subtype", Pdf.Name "/Type1");
("/BaseFont", Pdf.Name "/Times-Italic")])])];



Pdfpage.rotate =
Pdfpage.Rotate0; Pdfpage.rest = Pdf.Dictionary []}]



Each page is a record containing five things:



• Pdfpage.content An ordered list of pdf objects representing the one or more streams
containing the graphical data for the page.



• Pdfpage.mediabox The page dimensions



• Pdfpage.resources The resources dictionary for a page, which contains the fonts,
colour spaces and so on for the page.



• Pdfpage.rotate The viewing rotation for the page.



• Pdfpage.rest The rest of the page dictionary (i.e that which has not been separated
into the items above).



5











Let’s change the viewing rotation to 90 degrees:



# let page = {(List.hd pages) with Pdfpage.rotate = Pdfpage.Rotate90};;
val page : Pdfpage.t = ...
# let pdf = Pdfpage.change_pages false pdf [page];;
val pdf : Pdf.t = ...
# show pdf;;
- : unit



Now change the rotation back: we’re going to work with graphics next, and the viewing
roation would confuse:



# let page = List.hd pages;;
val page : Pdfpage.t = ...
# let pdf = Pdfpage.change_pages false pdf [page];;
val pdf : Pdf.t = ...
# show pdf;;
- : unit



Graphics and Text



The Pdfops module represents the graphical content of each page, which is formed of
PostScript-like operators which draw the page. Let’s get the operator list from the page:



# let ops =
Pdfops.parse_operators
pdf page.Pdfpage.resources page.Pdfpage.content;;



val ops : Pdfops.t list =
[Pdfops.Op_cm
{Transform.a = 1.; Transform.b = 0.;
Transform.c = 0.; Transform.d = 1.;
Transform.e = 50.; Transform.f = 770.};



Pdfops.Op_BT;
Pdfops.Op_Tf ("/F0", 36.);
Pdfops.Op_Tj "Hello, World!";
Pdfops.Op_ET]



The Op cm operator alters the graphics matrix to position the text. Op BT and Op ET mark
the beginning and end of a text section. Op Tf chooses 36pt Times Italic (which is font F0 in
the page’s font dictionary in its resources) and Op Tj paints the text.



Let’s add operators to underline the text – Op m to move, Op l to draw a line and Op S
to stroke the path. We calculate the width of the underline using the Pdfstandard14 and
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Pdftext modules to get the raw width of the string in millipoints, adjusting for font size
and converting to points.



# let width =
Pdfstandard14.textwidth false Pdftext.TimesItalic "Hello, World!";;



val width : int = 5555



# let actual_width = float width *. 36. /. 1000.;;
val actual_width : float = 199.98



# let ops' =
ops @
[Pdfops.Op_m (0., 0.);
Pdfops.Op_l (actual_width, 0.);
Pdfops.Op_S];;



val ops' : Pdfops.t list = ...



and make the new content stream:



# let stream = Pdfops.stream_of_ops ops';;
val stream : Pdf.pdfobject =



Pdf.Stream
{contents =
(Pdf.Dictionary [("/Length", Pdf.Integer 72)], Pdf.Got <abstr>)}



and add it to the page, and replace the page in the PDF.



# let page' = {page with Pdfpage.content = [stream]};;
val page' : Pdfpage.t = ...



# let pdf = Pdfpage.change_pages false pdf [page'];;
val pdf : Pdf.t = ...



and show it:



# show pdf;;
- : unit ()
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Next Steps



CamlPDF is a large piece of software. A good way to get to know it is to study the examples
shipped with CamlPDF:



pdfhello.ml Build a ”Hello, World!” PDF from scratch
pdfdecomp.ml Command line utility to decompress a PDF
pdfmerge.ml Command line utility to merge PDF files
pdfdraft.ml Command line utility to make draft documents
pdftest.ml Reads and interprets a file to test CamlPDF’s major functionality
pdfencrypt.ml Command line utility to encrypt a PDF file



Summary of CamlPDF modules:



Module Description
Pdfutil General Functions.
Pdfio Generic Input/Ouput from/to channels, strings, files etc.
Pdftransform Affine Transformations in Two Dimensions
Pdfunits Units and Unit Conversion
Pdfpaper Media Sizes
Pdf Representing PDF Files in Memory
Pdfcrypt Decrypting PDF files
Pdfflate Interface to miniz.c via Zlib-like functions.
Pdfcodec Encoding and Decoding PDF Streams
Pdfwrite Writing PDF Files
Pdfgenlex A very fast lexer for very basic tokens.
Pdfread Reading PDF Files
Pdfjpeg PDF Jpeg Support
Pdfops Parsing PDF Graphics Streams
Pdfdest Destinations
Pdfmarks Bookmarks
Pdfpagelabels Page Labels
Pdfpage Page-level functionality
Pdfannot Annotations
Pdffun Parsing and Evaluating PDF Functions.
Pdfspace Colour Spaces
Pdfimage Extract Images.
Pdfafm Parse Adobe Font Metrics files
Pdfafmdata AFM Data for the standard 14 fonts
Pdfglyphlist Glyph Lists
Pdftext Parsing fonts and extracting text from content streams and PDF strings
Pdfstandard14 Standard PDF Fonts
Pdfgraphics Structured Graphics.
Pdfshapes Basic Shapes
Pdfdate Representing and Parsing PDF Dates
Pdfocg Optional Content Groups.
Pdfcff Convert a CFF Type 1 Font to a Type 3 Font.
Pdftype1 Convert an PostScript Type 1 Font to a Type 3 Font.
Pdftruetype Convert a TrueType font to a Type 3 Font.
Pdftype0 Type 0 font support
Pdfmerge Merge PDF files, optionally rotating some pages.



The HTML documentation for CamlPDF is built in doc/html/camlpdf when CamlPDF
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is built.



Further Reading



The author’s book is a suitable introduction to the PDF file format:
http://shop.oreilly.com/product/0636920021483.do



For any serious work, you will need the PDF Reference Manual
http://www.adobe.com/devnet/acrobat/pdfs/PDF32000_2008.pdf



For an introduction to OCaml, the author’s book is available:
http://ocaml-book.com or at Amazon.com
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\section*{A First Program}
You will require \texttt{ocamlfind} to be installed on your system. It comes with any modern installation of OCaml.

To build \textsf{CamlPDF}, navigate to the source directory and type
\begin{framed}
\verb!make!
\end{framed}

\noindent You can then install \textsf{CamlPDF}:
\begin{framed}
\verb!make install!
\end{framed}

\noindent As an alternative, you may use the \texttt{OPAM} package manager, if you have it installed:
\begin{framed}
\verb!opam install camlpdf!
\end{framed}

\noindent To build the examples, navigate to the examples folder and type
\begin{framed}
\verb!make!
\end{framed}
\noindent Now run a simple example to build the file \verb!hello.pdf!
\begin{framed}
\verb!./pdfhello!
\end{framed}
\noindent Now we can enter the top level:
\begin{framed}
\begin{verbatim}
ocaml
        Objective Caml
# #use "topfind";;
- : unit = ()
Findlib has been successfully loaded. Additional directives:
  #require "package";;      to load a package
  #list;;                   to list the available packages
  #camlp4o;;                to load camlp4 (standard syntax)
  #camlp4r;;                to load camlp4 (revised syntax)
  #predicates "p,q,...";;   to set these predicates
  Topfind.reset();;         to force that packages will be
reloaded
  #thread;;                 to enable threads

- : unit = ()
# #require "camlpdf";;
/Users/john/.opam/4.00.1/lib/ocaml/unix.cma: loaded
/Users/john/.opam/4.00.1/lib/ocaml/bigarray.cma: loaded
/Users/john/.opam/4.00.1/lib/camlpdf: added to search path
/Users/john/.opam/4.00.1/lib/camlpdf/camlpdf.cma: loaded

#
\end{verbatim}
\end{framed}
\noindent The \textsf{Pdfread} module allows us to load PDF files into memory. The raw PDF data is parsed into a structured OCaml value of type \textsf{Pdf.pdfdoc}:
\begin{framed}
\begin{verbatim}
# let pdf = Pdfread.pdf_of_file None None "hello.pdf";;
val pdf : Pdf.t =
  {Pdf.major = 1; Pdf.minor = 1; Pdf.root = 2;
   Pdf.objects =
    {Pdf.maxobjnum = 4; Pdf.parse = Some <fun>;
     Pdf.pdfobjects = <abstr>;
     Pdf.object_stream_ids = <abstr>};
   Pdf.trailerdict =
    Pdf.Dictionary
     [("/Root", Pdf.Indirect 2);
      ("/ID",
       Pdf.Array
        [Pdf.String "?W???`??w\r?\001??٫";
         Pdf.String "?W???`??w\r?\001??٫"]);
      ("/Size", Pdf.Integer 4)]}
\end{verbatim}
\end{framed}
\noindent Looking at the parts of the \textsf{Pdf.t} record type:
\begin{itemize}
\item \textsf{Pdf.major} and \textsf{Pdf.minor} - the parts of the PDF version number. Here, PDF Version 1.1
\item \textsf{Pdf.root} - the object number of the 'root object' of the PDF (A PDF is a directed graph of objects, indexed by number)
\item \textsf{Pdf.objects} - the PDF objects
\item \textsf{Pdf.trailerdict} - the trailer dictionary. This is a distinguished PDF object containing a number of commonly used per-file items. \textsf{Pdf.trailerdict} has type \textsf{Pdf.pdfobject}, which represents all possible PDF data.
\end{itemize}

\section*{Diversion: A Look at hello.pdf}
Here is the contents of the file \texttt{hello.pdf}, as you might see it in a text editor, annotated with some explanatory comments.
\begin{framed}
\noindent\small\verb!%PDF-1.1! \textit{Header}\\
\noindent\small\verb!%%$^@!\\
\noindent\small\verb!1 0 obj! \textit{Object 1\ldots}\\
\noindent\small\verb!<< /Type /Pages /Kids [ 3 0 R ] /Count 1 >>! \textit{\ldots which is the catalogue of pages}\\
\noindent\small\verb!endobj!\\
\noindent\small\verb!2 0 obj! \textit{This object is a stream, which is a dictionary plus some binary data}\\
\noindent\small\verb!<< /Length 102 >>!\\
\noindent\small\verb!stream! \textit{Usually compressed, but plain here for ease of reading}\\
\noindent\small\verb!1.000000 0.000000 0.000000 1.000000 50.000000 770.000000 cm!\\
\noindent\small\verb$BT /F0 36.000000 Tf (Hello, World!) Tj ET $\textit{The page content, a bit like PostScript}\\
\noindent\small\verb!endstream!\\
\noindent\small\verb!endobj!\\
\noindent\small\verb!3 0 obj! \textit{The page object, }\\
\noindent\small\verb!<< /Type /Page!\\
\noindent\small\verb!   /Parent 1 0 R! \textit{The syntax "1 0 R" means a reference to Object 1}\\ 
\noindent\small\verb!   /Resources!\\
\noindent\small\verb!      << /Font! \textit{The font dictionary}\\
\noindent\small\verb!            << /F0!\\
\noindent\small\verb!              << /Type /Font /Subtype /Type1 /BaseFont /Times-Italic >>!\\
\noindent\small\verb!            >> >>!\\
\noindent\small\verb!   /MediaBox [ 0.000000 0.000000 595.275591 841.889764 ]! \textit{The page dimensions}\\
\noindent\small\verb!   /Rotate 0!\\
\noindent\small\verb!   /Contents [ 2 0 R ] >>! \textit{Reference to contents in object 2}\\
\noindent\small\verb!endobj!\\
\noindent\small\verb!4 0 obj!\\
\noindent\small\verb!<< /Type /Catalog /Pages 1 0 R >>! \textit{The root object}\\
\noindent\small\verb!endobj!\\
\noindent\small\verb!xref! \textit{The cross-reference table, listing the byte offsets of each object for random access.}\\
\noindent\small\verb!0 5 !\\
\noindent\small\verb!0000000000 65535 f !\\
\noindent\small\verb!0000000015 00000 n !\\
\noindent\small\verb!0000000074 00000 n !\\
\noindent\small\verb!0000000227 00000 n !\\
\noindent\small\verb!0000000449 00000 n !\\
\noindent\small\verb!trailer! \textit{The trailer dictionary}\\
\noindent\small\verb!<< /Size 5 /Root 4 0 R /ID [ (ñ:.]Z�zÆ¢ßÙÇE) (ñ:.?Z�zÆ¢ßÙÇE) ] >>!\\
\noindent\small\verb!startxref!\\
\noindent\small\verb!498! \textit{The trailer}\\
\noindent\small\verb!%%EOF!\\
\end{framed}
\section*{Saving the Document}
The \textsf{Pdf.t} data type is a record of mutable values. Let's change the PDF Version number and write the file.
\begin{framed}
\begin{verbatim}
# pdf.Pdf.minor <- 2;;
- : unit = ()
# Pdfwrite.pdf_to_file pdf "hello2.pdf";;
- : unit = ()
\end{verbatim}
\end{framed}
\section*{Next Steps}
The objects in a PDF document are of type \textsf{Pdf.pdfobject}:
\begin{framed}
\noindent\verb!type stream =! \textit{Stream data. Either in memory or still in the file}\\
\verb!  | Got of Utility.bytestream!\\
\verb!  | ToGet of Pdfio.input * int * int! \textit{input, offset, length}\\
\verb!!\\
\verb!type pdfobject =!\\
\verb!  | Null!\\
\verb!  | Boolean of bool!\\
\verb!  | Integer of int!\\
\verb!  | Real of float!\\
\verb!  | String of string!\\
\verb!  | Name of string!\\
\verb!  | Array of pdfobject list!\\
\verb!  | Dictionary of (string * pdfobject) list!\\
\verb!  | Stream of (pdfobject * stream) ref! \textit{Stream data (see above)}\\
\verb!  | Indirect of int! \textit{A reference to another object}\\
\end{framed}

\noindent For instance the PDF object in the file:

\begin{framed}
\begin{verbatim}
3 0 obj
<< /Type /Page
   /Parent 1 0 R
   /MediaBox [ 0.000000 0.000000 595.275591 841.889764 ]
   /Rotate 0
   /Contents [ 2 0 R ]
>>
end
\end{verbatim}
\end{framed}

\noindent is represented as object number 3 with the Pdf.t instance:
\begin{framed}
\small\begin{verbatim}
Dictionary
  ["/Type", Name "/Page";
   "/Parent", Indirect 1;
   "/MediaBox",
       Array [Real 0.; Real 0.; Real 595.275591; Real 841.889764];
   "/Rotate", Integer 0;
   "/Contents", Array [Indirect 2]]
\end{verbatim}
\end{framed}

\section*{Working with Pages}
Introduce a command to show the current document, using whatever command opens (or updates) a PDF view on your system:
\begin{framed}
\noindent\verb!let show pdf =!\\
\verb!  Pdfwrite.pdf_to_file pdf "temp.pdf";!\\
\verb!  ignore (Sys.command "open temp.pdf");;! \textit{Customize here}\\
\end{framed}

\noindent The \textsf{Pdfpage} module deals with PDF pages. We can get the list of pages from a document:
\begin{framed}
\small\begin{verbatim}
# let pages = Pdfpage.pages_of_pagetree pdf;;
val pages : Pdfpage.t list =
  [{Pdfpage.content = [Pdf.Indirect 4];
    Pdfpage.mediabox =
     Pdf.Array
      [Pdf.Integer 0; Pdf.Integer 0; Pdf.Real 595.275590551;
       Pdf.Real 841.88976378];
    Pdfpage.resources =
     Pdf.Dictionary
      [("/Font",
        Pdf.Dictionary
         [("/F0",
           Pdf.Dictionary
            [("/Type", Pdf.Name "/Font");
             ("/Subtype", Pdf.Name "/Type1");
             ("/BaseFont", Pdf.Name "/Times-Italic")])])];
    Pdfpage.rotate =
      Pdfpage.Rotate0; Pdfpage.rest = Pdf.Dictionary []}]
\end{verbatim}
\end{framed}
\noindent Each page is a record containing five things:
\begin{itemize}
\item \textsf{Pdfpage.content} An ordered list of pdf objects representing the one or more streams containing the graphical data for the page.
\item \textsf{Pdfpage.mediabox} The page dimensions
\item \textsf{Pdfpage.resources} The resources dictionary for a page, which contains the fonts, colour spaces and so on for the page.
\item \textsf{Pdfpage.rotate} The viewing rotation for the page.
\item \textsf{Pdfpage.rest} The rest of the page dictionary (i.e that which has not been separated into the items above).
\end{itemize}
Let's change the viewing rotation to 90 degrees:
\begin{framed}
\small\begin{verbatim}
# let page = {(List.hd pages) with Pdfpage.rotate = Pdfpage.Rotate90};;
val page : Pdfpage.t = ...
# let pdf = Pdfpage.change_pages false pdf [page];;
val pdf : Pdf.t = ...
# show pdf;;
- : unit
\end{verbatim}
\end{framed}
\noindent Now change the rotation back: we're going to work with graphics next, and the viewing roation would confuse:
\begin{framed}
\small\begin{verbatim}
# let page = List.hd pages;;
val page : Pdfpage.t = ...
# let pdf = Pdfpage.change_pages false pdf [page];;
val pdf : Pdf.t = ...
# show pdf;;
- : unit
\end{verbatim}
\end{framed}
\section*{Graphics and Text}
The \textsf{Pdfops} module represents the graphical content of each page, which is formed of PostScript-like operators which draw the page. Let's get the operator list from the page:
\begin{framed}
\small\begin{verbatim}
# let ops =
    Pdfops.parse_operators
      pdf page.Pdfpage.resources page.Pdfpage.content;;
val ops : Pdfops.t list =
  [Pdfops.Op_cm
    {Transform.a = 1.; Transform.b = 0.;
     Transform.c = 0.; Transform.d = 1.;
     Transform.e = 50.; Transform.f = 770.};
   Pdfops.Op_BT;
   Pdfops.Op_Tf ("/F0", 36.);
   Pdfops.Op_Tj "Hello, World!";
   Pdfops.Op_ET]
\end{verbatim}
\end{framed}
\noindent The \textsf{Op\_cm} operator alters the graphics matrix to position the text. \textsf{Op\_BT} and \textsf{Op\_ET} mark the beginning and end of a text section. \textsf{Op\_Tf} chooses 36pt Times Italic (which is font \textsf{F0} in the page's font dictionary in its resources) and \textsf{Op\_Tj} paints the text.

Let's add operators to underline the text -- \textsf{Op\_m} to move, \textsf{Op\_l} to draw a line and \textsf{Op\_S} to stroke the path. We calculate the width of the underline using the \textsf{Pdfstandard14} and \texttt{Pdftext} modules to get the raw width of the string in millipoints, adjusting for font size and converting to points.

\begin{framed}
\small\begin{verbatim}
# let width =
    Pdfstandard14.textwidth false Pdftext.TimesItalic "Hello, World!";;
val width : int = 5555

# let actual_width = float width *. 36. /. 1000.;;
val actual_width : float = 199.98

# let ops' =
    ops @
      [Pdfops.Op_m (0., 0.);
       Pdfops.Op_l (actual_width, 0.);
       Pdfops.Op_S];;
val ops' : Pdfops.t list = ...
\end{verbatim}
\end{framed}

\noindent and make the new content stream:

\begin{framed}
\small\begin{verbatim}
# let stream = Pdfops.stream_of_ops ops';;
val stream : Pdf.pdfobject =
  Pdf.Stream
   {contents =
     (Pdf.Dictionary [("/Length", Pdf.Integer 72)], Pdf.Got <abstr>)}
\end{verbatim}
\end{framed}

\noindent and add it to the page, and replace the page in the PDF.

\begin{framed}
\small\begin{verbatim}
# let page' = {page with Pdfpage.content = [stream]};;
val page' : Pdfpage.t = ...

# let pdf = Pdfpage.change_pages false pdf [page'];;
val pdf : Pdf.t = ...
\end{verbatim}
\end{framed}

\noindent and show it:

\begin{framed}
\small\begin{verbatim}
# show pdf;;
- : unit ()
\end{verbatim}
\end{framed}

\section*{Next Steps}

\noindent CamlPDF is a large piece of software. A good way to get to know it is to study the examples shipped with \textsf{CamlPDF}:
\smallgap

{\centering\small
\begin{tabular}{ll}
\texttt{pdfhello.ml} & Build a "Hello, World!" PDF from scratch\\
\texttt{pdfdecomp.ml} & Command line utility to decompress a PDF\\
\texttt{pdfmerge.ml} & Command line utility to merge PDF files\\
\texttt{pdfdraft.ml} & Command line utility to make draft documents\\
\texttt{pdftest.ml} & Reads and interprets a file to test CamlPDF's major functionality\\
\texttt{pdfencrypt.ml} & Command line utility to encrypt a PDF file\\
\end{tabular}
}


\smallgap

\noindent Summary of \textsf{CamlPDF} modules:

\smallgap

{\centering\small
\begin{tabular}{lp{10cm}l}
  \textbf{Module} & \textbf{Description} \\
Pdfutil &
General Functions. & \\
Pdfio &
Generic Input/Ouput from/to channels, strings, files etc. & \\
Pdftransform &
Affine Transformations in Two Dimensions &  \\
Pdfunits &
Units and Unit Conversion & \\
Pdfpaper &
Media Sizes & \\
Pdf &
Representing PDF Files in Memory & \\
Pdfcrypt &
Decrypting PDF files & \\
Pdfflate &
Interface to miniz.c via Zlib-like functions. & \\
Pdfcodec &
Encoding and Decoding PDF Streams & \\
Pdfwrite &
Writing PDF Files & \\
Pdfgenlex &
A very fast lexer for very basic tokens. & \\
Pdfread &
Reading PDF Files & \\
Pdfjpeg &
PDF Jpeg Support & \\
Pdfops &
Parsing PDF Graphics Streams & \\
Pdfdest &
Destinations & \\
Pdfmarks &
Bookmarks & \\
Pdfpagelabels &
Page Labels & \\
Pdfpage &
Page-level functionality & \\
Pdfannot &
Annotations & \\
Pdffun &
Parsing and Evaluating PDF Functions. & \\
Pdfspace &
Colour Spaces & \\
Pdfimage &
Extract Images. & \\
Pdfafm &
Parse Adobe Font Metrics files & \\
Pdfafmdata &
AFM Data for the standard 14 fonts & \\ 
Pdfglyphlist &
Glyph Lists & \\
Pdftext &
Parsing fonts and extracting text from content streams and PDF strings & \\
Pdfstandard14 &
Standard PDF Fonts & \\
Pdfgraphics &
Structured Graphics. & \\
Pdfshapes &
Basic Shapes & \\
Pdfdate &
Representing and Parsing PDF Dates & \\
Pdfocg &
Optional Content Groups. & \\
Pdfcff &
Convert a CFF Type 1 Font to a Type 3 Font. & \\
Pdftype1 &
Convert an PostScript Type 1 Font to a Type 3 Font. & \\
Pdftruetype &
Convert a TrueType font to a Type 3 Font. & \\
Pdftype0 &
Type 0 font support & \\
Pdfmerge &
Merge PDF files, optionally rotating some pages. 
 \end{tabular}
}

\smallgap
\noindent The HTML documentation for CamlPDF is built in \texttt{doc/html/camlpdf} when \textsf{CamlPDF} is built.

\smallgap

\section*{Further Reading}
The author's book is a suitable introduction to the PDF file format:\\
\url{http://shop.oreilly.com/product/0636920021483.do}

\vspace{4mm}

\noindent For any serious work, you will need the PDF Reference Manual\\
\url{http://www.adobe.com/devnet/acrobat/pdfs/PDF32000_2008.pdf}

\vspace{4mm}

\noindent For an introduction to OCaml, the author's book is available:\\
\url{http://ocaml-book.com} or at Amazon.com

\backmatter
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/**************************************************************************
 *
 * Copyright 2013-2014 RAD Game Tools and Valve Software
 * Copyright 2010-2014 Rich Geldreich and Tenacious Software LLC
 * All Rights Reserved.
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 *
 **************************************************************************/

#include  "miniz.h"

typedef unsigned char mz_validate_uint16[sizeof(mz_uint16) == 2 ? 1 : -1];
typedef unsigned char mz_validate_uint32[sizeof(mz_uint32) == 4 ? 1 : -1];
typedef unsigned char mz_validate_uint64[sizeof(mz_uint64) == 8 ? 1 : -1];

#ifdef __cplusplus
extern "C" {
#endif

/* ------------------- zlib-style API's */

mz_ulong mz_adler32(mz_ulong adler, const unsigned char *ptr, size_t buf_len)
{
    mz_uint32 i, s1 = (mz_uint32)(adler & 0xffff), s2 = (mz_uint32)(adler >> 16);
    size_t block_len = buf_len % 5552;
    if (!ptr)
        return MZ_ADLER32_INIT;
    while (buf_len)
    {
        for (i = 0; i + 7 < block_len; i += 8, ptr += 8)
        {
            s1 += ptr[0], s2 += s1;
            s1 += ptr[1], s2 += s1;
            s1 += ptr[2], s2 += s1;
            s1 += ptr[3], s2 += s1;
            s1 += ptr[4], s2 += s1;
            s1 += ptr[5], s2 += s1;
            s1 += ptr[6], s2 += s1;
            s1 += ptr[7], s2 += s1;
        }
        for (; i < block_len; ++i)
            s1 += *ptr++, s2 += s1;
        s1 %= 65521U, s2 %= 65521U;
        buf_len -= block_len;
        block_len = 5552;
    }
    return (s2 << 16) + s1;
}

/* Karl Malbrain's compact CRC-32. See "A compact CCITT crc16 and crc32 C implementation that balances processor cache usage against speed": http://www.geocities.com/malbrain/ */
#if 0
    mz_ulong mz_crc32(mz_ulong crc, const mz_uint8 *ptr, size_t buf_len)
    {
        static const mz_uint32 s_crc32[16] = { 0, 0x1db71064, 0x3b6e20c8, 0x26d930ac, 0x76dc4190, 0x6b6b51f4, 0x4db26158, 0x5005713c,
                                               0xedb88320, 0xf00f9344, 0xd6d6a3e8, 0xcb61b38c, 0x9b64c2b0, 0x86d3d2d4, 0xa00ae278, 0xbdbdf21c };
        mz_uint32 crcu32 = (mz_uint32)crc;
        if (!ptr)
            return MZ_CRC32_INIT;
        crcu32 = ~crcu32;
        while (buf_len--)
        {
            mz_uint8 b = *ptr++;
            crcu32 = (crcu32 >> 4) ^ s_crc32[(crcu32 & 0xF) ^ (b & 0xF)];
            crcu32 = (crcu32 >> 4) ^ s_crc32[(crcu32 & 0xF) ^ (b >> 4)];
        }
        return ~crcu32;
    }
#else
/* Faster, but larger CPU cache footprint.
 */
mz_ulong mz_crc32(mz_ulong crc, const mz_uint8 *ptr, size_t buf_len)
{
    static const mz_uint32 s_crc_table[256] =
        {
          0x00000000, 0x77073096, 0xEE0E612C, 0x990951BA, 0x076DC419, 0x706AF48F, 0xE963A535,
          0x9E6495A3, 0x0EDB8832, 0x79DCB8A4, 0xE0D5E91E, 0x97D2D988, 0x09B64C2B, 0x7EB17CBD,
          0xE7B82D07, 0x90BF1D91, 0x1DB71064, 0x6AB020F2, 0xF3B97148, 0x84BE41DE, 0x1ADAD47D,
          0x6DDDE4EB, 0xF4D4B551, 0x83D385C7, 0x136C9856, 0x646BA8C0, 0xFD62F97A, 0x8A65C9EC,
          0x14015C4F, 0x63066CD9, 0xFA0F3D63, 0x8D080DF5, 0x3B6E20C8, 0x4C69105E, 0xD56041E4,
          0xA2677172, 0x3C03E4D1, 0x4B04D447, 0xD20D85FD, 0xA50AB56B, 0x35B5A8FA, 0x42B2986C,
          0xDBBBC9D6, 0xACBCF940, 0x32D86CE3, 0x45DF5C75, 0xDCD60DCF, 0xABD13D59, 0x26D930AC,
          0x51DE003A, 0xC8D75180, 0xBFD06116, 0x21B4F4B5, 0x56B3C423, 0xCFBA9599, 0xB8BDA50F,
          0x2802B89E, 0x5F058808, 0xC60CD9B2, 0xB10BE924, 0x2F6F7C87, 0x58684C11, 0xC1611DAB,
          0xB6662D3D, 0x76DC4190, 0x01DB7106, 0x98D220BC, 0xEFD5102A, 0x71B18589, 0x06B6B51F,
          0x9FBFE4A5, 0xE8B8D433, 0x7807C9A2, 0x0F00F934, 0x9609A88E, 0xE10E9818, 0x7F6A0DBB,
          0x086D3D2D, 0x91646C97, 0xE6635C01, 0x6B6B51F4, 0x1C6C6162, 0x856530D8, 0xF262004E,
          0x6C0695ED, 0x1B01A57B, 0x8208F4C1, 0xF50FC457, 0x65B0D9C6, 0x12B7E950, 0x8BBEB8EA,
          0xFCB9887C, 0x62DD1DDF, 0x15DA2D49, 0x8CD37CF3, 0xFBD44C65, 0x4DB26158, 0x3AB551CE,
          0xA3BC0074, 0xD4BB30E2, 0x4ADFA541, 0x3DD895D7, 0xA4D1C46D, 0xD3D6F4FB, 0x4369E96A,
          0x346ED9FC, 0xAD678846, 0xDA60B8D0, 0x44042D73, 0x33031DE5, 0xAA0A4C5F, 0xDD0D7CC9,
          0x5005713C, 0x270241AA, 0xBE0B1010, 0xC90C2086, 0x5768B525, 0x206F85B3, 0xB966D409,
          0xCE61E49F, 0x5EDEF90E, 0x29D9C998, 0xB0D09822, 0xC7D7A8B4, 0x59B33D17, 0x2EB40D81,
          0xB7BD5C3B, 0xC0BA6CAD, 0xEDB88320, 0x9ABFB3B6, 0x03B6E20C, 0x74B1D29A, 0xEAD54739,
          0x9DD277AF, 0x04DB2615, 0x73DC1683, 0xE3630B12, 0x94643B84, 0x0D6D6A3E, 0x7A6A5AA8,
          0xE40ECF0B, 0x9309FF9D, 0x0A00AE27, 0x7D079EB1, 0xF00F9344, 0x8708A3D2, 0x1E01F268,
          0x6906C2FE, 0xF762575D, 0x806567CB, 0x196C3671, 0x6E6B06E7, 0xFED41B76, 0x89D32BE0,
          0x10DA7A5A, 0x67DD4ACC, 0xF9B9DF6F, 0x8EBEEFF9, 0x17B7BE43, 0x60B08ED5, 0xD6D6A3E8,
          0xA1D1937E, 0x38D8C2C4, 0x4FDFF252, 0xD1BB67F1, 0xA6BC5767, 0x3FB506DD, 0x48B2364B,
          0xD80D2BDA, 0xAF0A1B4C, 0x36034AF6, 0x41047A60, 0xDF60EFC3, 0xA867DF55, 0x316E8EEF,
          0x4669BE79, 0xCB61B38C, 0xBC66831A, 0x256FD2A0, 0x5268E236, 0xCC0C7795, 0xBB0B4703,
          0x220216B9, 0x5505262F, 0xC5BA3BBE, 0xB2BD0B28, 0x2BB45A92, 0x5CB36A04, 0xC2D7FFA7,
          0xB5D0CF31, 0x2CD99E8B, 0x5BDEAE1D, 0x9B64C2B0, 0xEC63F226, 0x756AA39C, 0x026D930A,
          0x9C0906A9, 0xEB0E363F, 0x72076785, 0x05005713, 0x95BF4A82, 0xE2B87A14, 0x7BB12BAE,
          0x0CB61B38, 0x92D28E9B, 0xE5D5BE0D, 0x7CDCEFB7, 0x0BDBDF21, 0x86D3D2D4, 0xF1D4E242,
          0x68DDB3F8, 0x1FDA836E, 0x81BE16CD, 0xF6B9265B, 0x6FB077E1, 0x18B74777, 0x88085AE6,
          0xFF0F6A70, 0x66063BCA, 0x11010B5C, 0x8F659EFF, 0xF862AE69, 0x616BFFD3, 0x166CCF45,
          0xA00AE278, 0xD70DD2EE, 0x4E048354, 0x3903B3C2, 0xA7672661, 0xD06016F7, 0x4969474D,
          0x3E6E77DB, 0xAED16A4A, 0xD9D65ADC, 0x40DF0B66, 0x37D83BF0, 0xA9BCAE53, 0xDEBB9EC5,
          0x47B2CF7F, 0x30B5FFE9, 0xBDBDF21C, 0xCABAC28A, 0x53B39330, 0x24B4A3A6, 0xBAD03605,
          0xCDD70693, 0x54DE5729, 0x23D967BF, 0xB3667A2E, 0xC4614AB8, 0x5D681B02, 0x2A6F2B94,
          0xB40BBE37, 0xC30C8EA1, 0x5A05DF1B, 0x2D02EF8D
        };

    mz_uint32 crc32 = (mz_uint32)crc ^ 0xFFFFFFFF;
    const mz_uint8 *pByte_buf = (const mz_uint8 *)ptr;

    while (buf_len >= 4)
    {
        crc32 = (crc32 >> 8) ^ s_crc_table[(crc32 ^ pByte_buf[0]) & 0xFF];
        crc32 = (crc32 >> 8) ^ s_crc_table[(crc32 ^ pByte_buf[1]) & 0xFF];
        crc32 = (crc32 >> 8) ^ s_crc_table[(crc32 ^ pByte_buf[2]) & 0xFF];
        crc32 = (crc32 >> 8) ^ s_crc_table[(crc32 ^ pByte_buf[3]) & 0xFF];
        pByte_buf += 4;
        buf_len -= 4;
    }

    while (buf_len)
    {
        crc32 = (crc32 >> 8) ^ s_crc_table[(crc32 ^ pByte_buf[0]) & 0xFF];
        ++pByte_buf;
        --buf_len;
    }

    return ~crc32;
}
#endif

void mz_free(void *p)
{
    MZ_FREE(p);
}

void *miniz_def_alloc_func(void *opaque, size_t items, size_t size)
{
    (void)opaque, (void)items, (void)size;
    return MZ_MALLOC(items * size);
}
void miniz_def_free_func(void *opaque, void *address)
{
    (void)opaque, (void)address;
    MZ_FREE(address);
}
void *miniz_def_realloc_func(void *opaque, void *address, size_t items, size_t size)
{
    (void)opaque, (void)address, (void)items, (void)size;
    return MZ_REALLOC(address, items * size);
}

const char *mz_version(void)
{
    return MZ_VERSION;
}

#ifndef MINIZ_NO_ZLIB_APIS

int mz_deflateInit(mz_streamp pStream, int level)
{
    return mz_deflateInit2(pStream, level, MZ_DEFLATED, MZ_DEFAULT_WINDOW_BITS, 9, MZ_DEFAULT_STRATEGY);
}

int mz_deflateInit2(mz_streamp pStream, int level, int method, int window_bits, int mem_level, int strategy)
{
    tdefl_compressor *pComp;
    mz_uint comp_flags = TDEFL_COMPUTE_ADLER32 | tdefl_create_comp_flags_from_zip_params(level, window_bits, strategy);

    if (!pStream)
        return MZ_STREAM_ERROR;
    if ((method != MZ_DEFLATED) || ((mem_level < 1) || (mem_level > 9)) || ((window_bits != MZ_DEFAULT_WINDOW_BITS) && (-window_bits != MZ_DEFAULT_WINDOW_BITS)))
        return MZ_PARAM_ERROR;

    pStream->data_type = 0;
    pStream->adler = MZ_ADLER32_INIT;
    pStream->msg = NULL;
    pStream->reserved = 0;
    pStream->total_in = 0;
    pStream->total_out = 0;
    if (!pStream->zalloc)
        pStream->zalloc = miniz_def_alloc_func;
    if (!pStream->zfree)
        pStream->zfree = miniz_def_free_func;

    pComp = (tdefl_compressor *)pStream->zalloc(pStream->opaque, 1, sizeof(tdefl_compressor));
    if (!pComp)
        return MZ_MEM_ERROR;

    pStream->state = (struct mz_internal_state *)pComp;

    if (tdefl_init(pComp, NULL, NULL, comp_flags) != TDEFL_STATUS_OKAY)
    {
        mz_deflateEnd(pStream);
        return MZ_PARAM_ERROR;
    }

    return MZ_OK;
}

int mz_deflateReset(mz_streamp pStream)
{
    if ((!pStream) || (!pStream->state) || (!pStream->zalloc) || (!pStream->zfree))
        return MZ_STREAM_ERROR;
    pStream->total_in = pStream->total_out = 0;
    tdefl_init((tdefl_compressor *)pStream->state, NULL, NULL, ((tdefl_compressor *)pStream->state)->m_flags);
    return MZ_OK;
}

int mz_deflate(mz_streamp pStream, int flush)
{
    size_t in_bytes, out_bytes;
    mz_ulong orig_total_in, orig_total_out;
    int mz_status = MZ_OK;

    if ((!pStream) || (!pStream->state) || (flush < 0) || (flush > MZ_FINISH) || (!pStream->next_out))
        return MZ_STREAM_ERROR;
    if (!pStream->avail_out)
        return MZ_BUF_ERROR;

    if (flush == MZ_PARTIAL_FLUSH)
        flush = MZ_SYNC_FLUSH;

    if (((tdefl_compressor *)pStream->state)->m_prev_return_status == TDEFL_STATUS_DONE)
        return (flush == MZ_FINISH) ? MZ_STREAM_END : MZ_BUF_ERROR;

    orig_total_in = pStream->total_in;
    orig_total_out = pStream->total_out;
    for (;;)
    {
        tdefl_status defl_status;
        in_bytes = pStream->avail_in;
        out_bytes = pStream->avail_out;

        defl_status = tdefl_compress((tdefl_compressor *)pStream->state, pStream->next_in, &in_bytes, pStream->next_out, &out_bytes, (tdefl_flush)flush);
        pStream->next_in += (mz_uint)in_bytes;
        pStream->avail_in -= (mz_uint)in_bytes;
        pStream->total_in += (mz_uint)in_bytes;
        pStream->adler = tdefl_get_adler32((tdefl_compressor *)pStream->state);

        pStream->next_out += (mz_uint)out_bytes;
        pStream->avail_out -= (mz_uint)out_bytes;
        pStream->total_out += (mz_uint)out_bytes;

        if (defl_status < 0)
        {
            mz_status = MZ_STREAM_ERROR;
            break;
        }
        else if (defl_status == TDEFL_STATUS_DONE)
        {
            mz_status = MZ_STREAM_END;
            break;
        }
        else if (!pStream->avail_out)
            break;
        else if ((!pStream->avail_in) && (flush != MZ_FINISH))
        {
            if ((flush) || (pStream->total_in != orig_total_in) || (pStream->total_out != orig_total_out))
                break;
            return MZ_BUF_ERROR; /* Can't make forward progress without some input.
 */
        }
    }
    return mz_status;
}

int mz_deflateEnd(mz_streamp pStream)
{
    if (!pStream)
        return MZ_STREAM_ERROR;
    if (pStream->state)
    {
        pStream->zfree(pStream->opaque, pStream->state);
        pStream->state = NULL;
    }
    return MZ_OK;
}

mz_ulong mz_deflateBound(mz_streamp pStream, mz_ulong source_len)
{
    (void)pStream;
    /* This is really over conservative. (And lame, but it's actually pretty tricky to compute a true upper bound given the way tdefl's blocking works.) */
    return MZ_MAX(128 + (source_len * 110) / 100, 128 + source_len + ((source_len / (31 * 1024)) + 1) * 5);
}

int mz_compress2(unsigned char *pDest, mz_ulong *pDest_len, const unsigned char *pSource, mz_ulong source_len, int level)
{
    int status;
    mz_stream stream;
    memset(&stream, 0, sizeof(stream));

    /* In case mz_ulong is 64-bits (argh I hate longs). */
    if ((source_len | *pDest_len) > 0xFFFFFFFFU)
        return MZ_PARAM_ERROR;

    stream.next_in = pSource;
    stream.avail_in = (mz_uint32)source_len;
    stream.next_out = pDest;
    stream.avail_out = (mz_uint32)*pDest_len;

    status = mz_deflateInit(&stream, level);
    if (status != MZ_OK)
        return status;

    status = mz_deflate(&stream, MZ_FINISH);
    if (status != MZ_STREAM_END)
    {
        mz_deflateEnd(&stream);
        return (status == MZ_OK) ? MZ_BUF_ERROR : status;
    }

    *pDest_len = stream.total_out;
    return mz_deflateEnd(&stream);
}

int mz_compress(unsigned char *pDest, mz_ulong *pDest_len, const unsigned char *pSource, mz_ulong source_len)
{
    return mz_compress2(pDest, pDest_len, pSource, source_len, MZ_DEFAULT_COMPRESSION);
}

mz_ulong mz_compressBound(mz_ulong source_len)
{
    return mz_deflateBound(NULL, source_len);
}

typedef struct
{
    tinfl_decompressor m_decomp;
    mz_uint m_dict_ofs, m_dict_avail, m_first_call, m_has_flushed;
    int m_window_bits;
    mz_uint8 m_dict[TINFL_LZ_DICT_SIZE];
    tinfl_status m_last_status;
} inflate_state;

int mz_inflateInit2(mz_streamp pStream, int window_bits)
{
    inflate_state *pDecomp;
    if (!pStream)
        return MZ_STREAM_ERROR;
    if ((window_bits != MZ_DEFAULT_WINDOW_BITS) && (-window_bits != MZ_DEFAULT_WINDOW_BITS))
        return MZ_PARAM_ERROR;

    pStream->data_type = 0;
    pStream->adler = 0;
    pStream->msg = NULL;
    pStream->total_in = 0;
    pStream->total_out = 0;
    pStream->reserved = 0;
    if (!pStream->zalloc)
        pStream->zalloc = miniz_def_alloc_func;
    if (!pStream->zfree)
        pStream->zfree = miniz_def_free_func;

    pDecomp = (inflate_state *)pStream->zalloc(pStream->opaque, 1, sizeof(inflate_state));
    if (!pDecomp)
        return MZ_MEM_ERROR;

    pStream->state = (struct mz_internal_state *)pDecomp;

    tinfl_init(&pDecomp->m_decomp);
    pDecomp->m_dict_ofs = 0;
    pDecomp->m_dict_avail = 0;
    pDecomp->m_last_status = TINFL_STATUS_NEEDS_MORE_INPUT;
    pDecomp->m_first_call = 1;
    pDecomp->m_has_flushed = 0;
    pDecomp->m_window_bits = window_bits;

    return MZ_OK;
}

int mz_inflateInit(mz_streamp pStream)
{
    return mz_inflateInit2(pStream, MZ_DEFAULT_WINDOW_BITS);
}

int mz_inflateReset(mz_streamp pStream)
{
    inflate_state *pDecomp;
    if (!pStream)
        return MZ_STREAM_ERROR;

    pStream->data_type = 0;
    pStream->adler = 0;
    pStream->msg = NULL;
    pStream->total_in = 0;
    pStream->total_out = 0;
    pStream->reserved = 0;

    pDecomp = (inflate_state *)pStream->state;

    tinfl_init(&pDecomp->m_decomp);
    pDecomp->m_dict_ofs = 0;
    pDecomp->m_dict_avail = 0;
    pDecomp->m_last_status = TINFL_STATUS_NEEDS_MORE_INPUT;
    pDecomp->m_first_call = 1;
    pDecomp->m_has_flushed = 0;
    /* pDecomp->m_window_bits = window_bits */;

    return MZ_OK;
}

int mz_inflate(mz_streamp pStream, int flush)
{
    inflate_state *pState;
    mz_uint n, first_call, decomp_flags = TINFL_FLAG_COMPUTE_ADLER32;
    size_t in_bytes, out_bytes, orig_avail_in;
    tinfl_status status;

    if ((!pStream) || (!pStream->state))
        return MZ_STREAM_ERROR;
    if (flush == MZ_PARTIAL_FLUSH)
        flush = MZ_SYNC_FLUSH;
    if ((flush) && (flush != MZ_SYNC_FLUSH) && (flush != MZ_FINISH))
        return MZ_STREAM_ERROR;

    pState = (inflate_state *)pStream->state;
    if (pState->m_window_bits > 0)
        decomp_flags |= TINFL_FLAG_PARSE_ZLIB_HEADER;
    orig_avail_in = pStream->avail_in;

    first_call = pState->m_first_call;
    pState->m_first_call = 0;
    if (pState->m_last_status < 0)
        return MZ_DATA_ERROR;

    if (pState->m_has_flushed && (flush != MZ_FINISH))
        return MZ_STREAM_ERROR;
    pState->m_has_flushed |= (flush == MZ_FINISH);

    if ((flush == MZ_FINISH) && (first_call))
    {
        /* MZ_FINISH on the first call implies that the input and output buffers are large enough to hold the entire compressed/decompressed file. */
        decomp_flags |= TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF;
        in_bytes = pStream->avail_in;
        out_bytes = pStream->avail_out;
        status = tinfl_decompress(&pState->m_decomp, pStream->next_in, &in_bytes, pStream->next_out, pStream->next_out, &out_bytes, decomp_flags);
        pState->m_last_status = status;
        pStream->next_in += (mz_uint)in_bytes;
        pStream->avail_in -= (mz_uint)in_bytes;
        pStream->total_in += (mz_uint)in_bytes;
        pStream->adler = tinfl_get_adler32(&pState->m_decomp);
        pStream->next_out += (mz_uint)out_bytes;
        pStream->avail_out -= (mz_uint)out_bytes;
        pStream->total_out += (mz_uint)out_bytes;

        if (status < 0)
            return MZ_DATA_ERROR;
        else if (status != TINFL_STATUS_DONE)
        {
            pState->m_last_status = TINFL_STATUS_FAILED;
            return MZ_BUF_ERROR;
        }
        return MZ_STREAM_END;
    }
    /* flush != MZ_FINISH then we must assume there's more input. */
    if (flush != MZ_FINISH)
        decomp_flags |= TINFL_FLAG_HAS_MORE_INPUT;

    if (pState->m_dict_avail)
    {
        n = MZ_MIN(pState->m_dict_avail, pStream->avail_out);
        memcpy(pStream->next_out, pState->m_dict + pState->m_dict_ofs, n);
        pStream->next_out += n;
        pStream->avail_out -= n;
        pStream->total_out += n;
        pState->m_dict_avail -= n;
        pState->m_dict_ofs = (pState->m_dict_ofs + n) & (TINFL_LZ_DICT_SIZE - 1);
        return ((pState->m_last_status == TINFL_STATUS_DONE) && (!pState->m_dict_avail)) ? MZ_STREAM_END : MZ_OK;
    }

    for (;;)
    {
        in_bytes = pStream->avail_in;
        out_bytes = TINFL_LZ_DICT_SIZE - pState->m_dict_ofs;

        status = tinfl_decompress(&pState->m_decomp, pStream->next_in, &in_bytes, pState->m_dict, pState->m_dict + pState->m_dict_ofs, &out_bytes, decomp_flags);
        pState->m_last_status = status;

        pStream->next_in += (mz_uint)in_bytes;
        pStream->avail_in -= (mz_uint)in_bytes;
        pStream->total_in += (mz_uint)in_bytes;
        pStream->adler = tinfl_get_adler32(&pState->m_decomp);

        pState->m_dict_avail = (mz_uint)out_bytes;

        n = MZ_MIN(pState->m_dict_avail, pStream->avail_out);
        memcpy(pStream->next_out, pState->m_dict + pState->m_dict_ofs, n);
        pStream->next_out += n;
        pStream->avail_out -= n;
        pStream->total_out += n;
        pState->m_dict_avail -= n;
        pState->m_dict_ofs = (pState->m_dict_ofs + n) & (TINFL_LZ_DICT_SIZE - 1);

        if (status < 0)
            return MZ_DATA_ERROR; /* Stream is corrupted (there could be some uncompressed data left in the output dictionary - oh well). */
        else if ((status == TINFL_STATUS_NEEDS_MORE_INPUT) && (!orig_avail_in))
            return MZ_BUF_ERROR; /* Signal caller that we can't make forward progress without supplying more input or by setting flush to MZ_FINISH. */
        else if (flush == MZ_FINISH)
        {
            /* The output buffer MUST be large to hold the remaining uncompressed data when flush==MZ_FINISH. */
            if (status == TINFL_STATUS_DONE)
                return pState->m_dict_avail ? MZ_BUF_ERROR : MZ_STREAM_END;
            /* status here must be TINFL_STATUS_HAS_MORE_OUTPUT, which means there's at least 1 more byte on the way. If there's no more room left in the output buffer then something is wrong. */
            else if (!pStream->avail_out)
                return MZ_BUF_ERROR;
        }
        else if ((status == TINFL_STATUS_DONE) || (!pStream->avail_in) || (!pStream->avail_out) || (pState->m_dict_avail))
            break;
    }

    return ((status == TINFL_STATUS_DONE) && (!pState->m_dict_avail)) ? MZ_STREAM_END : MZ_OK;
}

int mz_inflateEnd(mz_streamp pStream)
{
    if (!pStream)
        return MZ_STREAM_ERROR;
    if (pStream->state)
    {
        pStream->zfree(pStream->opaque, pStream->state);
        pStream->state = NULL;
    }
    return MZ_OK;
}

int mz_uncompress(unsigned char *pDest, mz_ulong *pDest_len, const unsigned char *pSource, mz_ulong source_len)
{
    mz_stream stream;
    int status;
    memset(&stream, 0, sizeof(stream));

    /* In case mz_ulong is 64-bits (argh I hate longs). */
    if ((source_len | *pDest_len) > 0xFFFFFFFFU)
        return MZ_PARAM_ERROR;

    stream.next_in = pSource;
    stream.avail_in = (mz_uint32)source_len;
    stream.next_out = pDest;
    stream.avail_out = (mz_uint32)*pDest_len;

    status = mz_inflateInit(&stream);
    if (status != MZ_OK)
        return status;

    status = mz_inflate(&stream, MZ_FINISH);
    if (status != MZ_STREAM_END)
    {
        mz_inflateEnd(&stream);
        return ((status == MZ_BUF_ERROR) && (!stream.avail_in)) ? MZ_DATA_ERROR : status;
    }
    *pDest_len = stream.total_out;

    return mz_inflateEnd(&stream);
}

const char *mz_error(int err)
{
    static struct
    {
        int m_err;
        const char *m_pDesc;
    } s_error_descs[] =
        {
          { MZ_OK, "" }, { MZ_STREAM_END, "stream end" }, { MZ_NEED_DICT, "need dictionary" }, { MZ_ERRNO, "file error" }, { MZ_STREAM_ERROR, "stream error" }, { MZ_DATA_ERROR, "data error" }, { MZ_MEM_ERROR, "out of memory" }, { MZ_BUF_ERROR, "buf error" }, { MZ_VERSION_ERROR, "version error" }, { MZ_PARAM_ERROR, "parameter error" }
        };
    mz_uint i;
    for (i = 0; i < sizeof(s_error_descs) / sizeof(s_error_descs[0]); ++i)
        if (s_error_descs[i].m_err == err)
            return s_error_descs[i].m_pDesc;
    return NULL;
}

#endif /*MINIZ_NO_ZLIB_APIS */

#ifdef __cplusplus
}
#endif

/*
  This is free and unencumbered software released into the public domain.

  Anyone is free to copy, modify, publish, use, compile, sell, or
  distribute this software, either in source code form or as a compiled
  binary, for any purpose, commercial or non-commercial, and by any
  means.

  In jurisdictions that recognize copyright laws, the author or authors
  of this software dedicate any and all copyright interest in the
  software to the public domain. We make this dedication for the benefit
  of the public at large and to the detriment of our heirs and
  successors. We intend this dedication to be an overt act of
  relinquishment in perpetuity of all present and future rights to this
  software under copyright law.

  THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
  EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
  MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
  IN NO EVENT SHALL THE AUTHORS BE LIABLE FOR ANY CLAIM, DAMAGES OR
  OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
  ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
  OTHER DEALINGS IN THE SOFTWARE.

  For more information, please refer to <http://unlicense.org/>
*/
/**************************************************************************
 *
 * Copyright 2013-2014 RAD Game Tools and Valve Software
 * Copyright 2010-2014 Rich Geldreich and Tenacious Software LLC
 * All Rights Reserved.
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 *
 **************************************************************************/




#ifdef __cplusplus
extern "C" {
#endif

/* ------------------- Low-level Compression (independent from all decompression API's) */

/* Purposely making these tables static for faster init and thread safety. */
static const mz_uint16 s_tdefl_len_sym[256] =
    {
      257, 258, 259, 260, 261, 262, 263, 264, 265, 265, 266, 266, 267, 267, 268, 268, 269, 269, 269, 269, 270, 270, 270, 270, 271, 271, 271, 271, 272, 272, 272, 272,
      273, 273, 273, 273, 273, 273, 273, 273, 274, 274, 274, 274, 274, 274, 274, 274, 275, 275, 275, 275, 275, 275, 275, 275, 276, 276, 276, 276, 276, 276, 276, 276,
      277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 277, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278, 278,
      279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 279, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280, 280,
      281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281, 281,
      282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282, 282,
      283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283, 283,
      284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 284, 285
    };

static const mz_uint8 s_tdefl_len_extra[256] =
    {
      0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3,
      4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4,
      5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5,
      5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 0
    };

static const mz_uint8 s_tdefl_small_dist_sym[512] =
    {
      0, 1, 2, 3, 4, 4, 5, 5, 6, 6, 6, 6, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11,
      11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 13,
      13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14,
      14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14,
      14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15,
      15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16,
      16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16,
      16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16,
      16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17,
      17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17,
      17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17,
      17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17
    };

static const mz_uint8 s_tdefl_small_dist_extra[512] =
    {
      0, 0, 0, 0, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 5, 5, 5, 5, 5, 5, 5, 5,
      5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
      6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
      6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
      7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
      7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
      7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
      7, 7, 7, 7, 7, 7, 7, 7
    };

static const mz_uint8 s_tdefl_large_dist_sym[128] =
    {
      0, 0, 18, 19, 20, 20, 21, 21, 22, 22, 22, 22, 23, 23, 23, 23, 24, 24, 24, 24, 24, 24, 24, 24, 25, 25, 25, 25, 25, 25, 25, 25, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26,
      26, 26, 26, 26, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 27, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28,
      28, 28, 28, 28, 28, 28, 28, 28, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29, 29
    };

static const mz_uint8 s_tdefl_large_dist_extra[128] =
    {
      0, 0, 8, 8, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12,
      12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13,
      13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13
    };

/* Radix sorts tdefl_sym_freq[] array by 16-bit key m_key. Returns ptr to sorted values. */
typedef struct
{
    mz_uint16 m_key, m_sym_index;
} tdefl_sym_freq;
static tdefl_sym_freq *tdefl_radix_sort_syms(mz_uint num_syms, tdefl_sym_freq *pSyms0, tdefl_sym_freq *pSyms1)
{
    mz_uint32 total_passes = 2, pass_shift, pass, i, hist[256 * 2];
    tdefl_sym_freq *pCur_syms = pSyms0, *pNew_syms = pSyms1;
    MZ_CLEAR_OBJ(hist);
    for (i = 0; i < num_syms; i++)
    {
        mz_uint freq = pSyms0[i].m_key;
        hist[freq & 0xFF]++;
        hist[256 + ((freq >> 8) & 0xFF)]++;
    }
    while ((total_passes > 1) && (num_syms == hist[(total_passes - 1) * 256]))
        total_passes--;
    for (pass_shift = 0, pass = 0; pass < total_passes; pass++, pass_shift += 8)
    {
        const mz_uint32 *pHist = &hist[pass << 8];
        mz_uint offsets[256], cur_ofs = 0;
        for (i = 0; i < 256; i++)
        {
            offsets[i] = cur_ofs;
            cur_ofs += pHist[i];
        }
        for (i = 0; i < num_syms; i++)
            pNew_syms[offsets[(pCur_syms[i].m_key >> pass_shift) & 0xFF]++] = pCur_syms[i];
        {
            tdefl_sym_freq *t = pCur_syms;
            pCur_syms = pNew_syms;
            pNew_syms = t;
        }
    }
    return pCur_syms;
}

/* tdefl_calculate_minimum_redundancy() originally written by: Alistair Moffat, alistair@cs.mu.oz.au, Jyrki Katajainen, jyrki@diku.dk, November 1996. */
static void tdefl_calculate_minimum_redundancy(tdefl_sym_freq *A, int n)
{
    int root, leaf, next, avbl, used, dpth;
    if (n == 0)
        return;
    else if (n == 1)
    {
        A[0].m_key = 1;
        return;
    }
    A[0].m_key += A[1].m_key;
    root = 0;
    leaf = 2;
    for (next = 1; next < n - 1; next++)
    {
        if (leaf >= n || A[root].m_key < A[leaf].m_key)
        {
            A[next].m_key = A[root].m_key;
            A[root++].m_key = (mz_uint16)next;
        }
        else
            A[next].m_key = A[leaf++].m_key;
        if (leaf >= n || (root < next && A[root].m_key < A[leaf].m_key))
        {
            A[next].m_key = (mz_uint16)(A[next].m_key + A[root].m_key);
            A[root++].m_key = (mz_uint16)next;
        }
        else
            A[next].m_key = (mz_uint16)(A[next].m_key + A[leaf++].m_key);
    }
    A[n - 2].m_key = 0;
    for (next = n - 3; next >= 0; next--)
        A[next].m_key = A[A[next].m_key].m_key + 1;
    avbl = 1;
    used = dpth = 0;
    root = n - 2;
    next = n - 1;
    while (avbl > 0)
    {
        while (root >= 0 && (int)A[root].m_key == dpth)
        {
            used++;
            root--;
        }
        while (avbl > used)
        {
            A[next--].m_key = (mz_uint16)(dpth);
            avbl--;
        }
        avbl = 2 * used;
        dpth++;
        used = 0;
    }
}

/* Limits canonical Huffman code table's max code size. */
enum
{
    TDEFL_MAX_SUPPORTED_HUFF_CODESIZE = 32
};
static void tdefl_huffman_enforce_max_code_size(int *pNum_codes, int code_list_len, int max_code_size)
{
    int i;
    mz_uint32 total = 0;
    if (code_list_len <= 1)
        return;
    for (i = max_code_size + 1; i <= TDEFL_MAX_SUPPORTED_HUFF_CODESIZE; i++)
        pNum_codes[max_code_size] += pNum_codes[i];
    for (i = max_code_size; i > 0; i--)
        total += (((mz_uint32)pNum_codes[i]) << (max_code_size - i));
    while (total != (1UL << max_code_size))
    {
        pNum_codes[max_code_size]--;
        for (i = max_code_size - 1; i > 0; i--)
            if (pNum_codes[i])
            {
                pNum_codes[i]--;
                pNum_codes[i + 1] += 2;
                break;
            }
        total--;
    }
}

static void tdefl_optimize_huffman_table(tdefl_compressor *d, int table_num, int table_len, int code_size_limit, int static_table)
{
    int i, j, l, num_codes[1 + TDEFL_MAX_SUPPORTED_HUFF_CODESIZE];
    mz_uint next_code[TDEFL_MAX_SUPPORTED_HUFF_CODESIZE + 1];
    MZ_CLEAR_OBJ(num_codes);
    if (static_table)
    {
        for (i = 0; i < table_len; i++)
            num_codes[d->m_huff_code_sizes[table_num][i]]++;
    }
    else
    {
        tdefl_sym_freq syms0[TDEFL_MAX_HUFF_SYMBOLS], syms1[TDEFL_MAX_HUFF_SYMBOLS], *pSyms;
        int num_used_syms = 0;
        const mz_uint16 *pSym_count = &d->m_huff_count[table_num][0];
        for (i = 0; i < table_len; i++)
            if (pSym_count[i])
            {
                syms0[num_used_syms].m_key = (mz_uint16)pSym_count[i];
                syms0[num_used_syms++].m_sym_index = (mz_uint16)i;
            }

        pSyms = tdefl_radix_sort_syms(num_used_syms, syms0, syms1);
        tdefl_calculate_minimum_redundancy(pSyms, num_used_syms);

        for (i = 0; i < num_used_syms; i++)
            num_codes[pSyms[i].m_key]++;

        tdefl_huffman_enforce_max_code_size(num_codes, num_used_syms, code_size_limit);

        MZ_CLEAR_OBJ(d->m_huff_code_sizes[table_num]);
        MZ_CLEAR_OBJ(d->m_huff_codes[table_num]);
        for (i = 1, j = num_used_syms; i <= code_size_limit; i++)
            for (l = num_codes[i]; l > 0; l--)
                d->m_huff_code_sizes[table_num][pSyms[--j].m_sym_index] = (mz_uint8)(i);
    }

    next_code[1] = 0;
    for (j = 0, i = 2; i <= code_size_limit; i++)
        next_code[i] = j = ((j + num_codes[i - 1]) << 1);

    for (i = 0; i < table_len; i++)
    {
        mz_uint rev_code = 0, code, code_size;
        if ((code_size = d->m_huff_code_sizes[table_num][i]) == 0)
            continue;
        code = next_code[code_size]++;
        for (l = code_size; l > 0; l--, code >>= 1)
            rev_code = (rev_code << 1) | (code & 1);
        d->m_huff_codes[table_num][i] = (mz_uint16)rev_code;
    }
}

#define TDEFL_PUT_BITS(b, l)                                       \
    do                                                             \
    {                                                              \
        mz_uint bits = b;                                          \
        mz_uint len = l;                                           \
        MZ_ASSERT(bits <= ((1U << len) - 1U));                     \
        d->m_bit_buffer |= (bits << d->m_bits_in);                 \
        d->m_bits_in += len;                                       \
        while (d->m_bits_in >= 8)                                  \
        {                                                          \
            if (d->m_pOutput_buf < d->m_pOutput_buf_end)           \
                *d->m_pOutput_buf++ = (mz_uint8)(d->m_bit_buffer); \
            d->m_bit_buffer >>= 8;                                 \
            d->m_bits_in -= 8;                                     \
        }                                                          \
    }                                                              \
    MZ_MACRO_END

#define TDEFL_RLE_PREV_CODE_SIZE()                                                                                       \
    {                                                                                                                    \
        if (rle_repeat_count)                                                                                            \
        {                                                                                                                \
            if (rle_repeat_count < 3)                                                                                    \
            {                                                                                                            \
                d->m_huff_count[2][prev_code_size] = (mz_uint16)(d->m_huff_count[2][prev_code_size] + rle_repeat_count); \
                while (rle_repeat_count--)                                                                               \
                    packed_code_sizes[num_packed_code_sizes++] = prev_code_size;                                         \
            }                                                                                                            \
            else                                                                                                         \
            {                                                                                                            \
                d->m_huff_count[2][16] = (mz_uint16)(d->m_huff_count[2][16] + 1);                                        \
                packed_code_sizes[num_packed_code_sizes++] = 16;                                                         \
                packed_code_sizes[num_packed_code_sizes++] = (mz_uint8)(rle_repeat_count - 3);                           \
            }                                                                                                            \
            rle_repeat_count = 0;                                                                                        \
        }                                                                                                                \
    }

#define TDEFL_RLE_ZERO_CODE_SIZE()                                                         \
    {                                                                                      \
        if (rle_z_count)                                                                   \
        {                                                                                  \
            if (rle_z_count < 3)                                                           \
            {                                                                              \
                d->m_huff_count[2][0] = (mz_uint16)(d->m_huff_count[2][0] + rle_z_count);  \
                while (rle_z_count--)                                                      \
                    packed_code_sizes[num_packed_code_sizes++] = 0;                        \
            }                                                                              \
            else if (rle_z_count <= 10)                                                    \
            {                                                                              \
                d->m_huff_count[2][17] = (mz_uint16)(d->m_huff_count[2][17] + 1);          \
                packed_code_sizes[num_packed_code_sizes++] = 17;                           \
                packed_code_sizes[num_packed_code_sizes++] = (mz_uint8)(rle_z_count - 3);  \
            }                                                                              \
            else                                                                           \
            {                                                                              \
                d->m_huff_count[2][18] = (mz_uint16)(d->m_huff_count[2][18] + 1);          \
                packed_code_sizes[num_packed_code_sizes++] = 18;                           \
                packed_code_sizes[num_packed_code_sizes++] = (mz_uint8)(rle_z_count - 11); \
            }                                                                              \
            rle_z_count = 0;                                                               \
        }                                                                                  \
    }

static mz_uint8 s_tdefl_packed_code_size_syms_swizzle[] = { 16, 17, 18, 0, 8, 7, 9, 6, 10, 5, 11, 4, 12, 3, 13, 2, 14, 1, 15 };

static void tdefl_start_dynamic_block(tdefl_compressor *d)
{
    int num_lit_codes, num_dist_codes, num_bit_lengths;
    mz_uint i, total_code_sizes_to_pack, num_packed_code_sizes, rle_z_count, rle_repeat_count, packed_code_sizes_index;
    mz_uint8 code_sizes_to_pack[TDEFL_MAX_HUFF_SYMBOLS_0 + TDEFL_MAX_HUFF_SYMBOLS_1], packed_code_sizes[TDEFL_MAX_HUFF_SYMBOLS_0 + TDEFL_MAX_HUFF_SYMBOLS_1], prev_code_size = 0xFF;

    d->m_huff_count[0][256] = 1;

    tdefl_optimize_huffman_table(d, 0, TDEFL_MAX_HUFF_SYMBOLS_0, 15, MZ_FALSE);
    tdefl_optimize_huffman_table(d, 1, TDEFL_MAX_HUFF_SYMBOLS_1, 15, MZ_FALSE);

    for (num_lit_codes = 286; num_lit_codes > 257; num_lit_codes--)
        if (d->m_huff_code_sizes[0][num_lit_codes - 1])
            break;
    for (num_dist_codes = 30; num_dist_codes > 1; num_dist_codes--)
        if (d->m_huff_code_sizes[1][num_dist_codes - 1])
            break;

    memcpy(code_sizes_to_pack, &d->m_huff_code_sizes[0][0], num_lit_codes);
    memcpy(code_sizes_to_pack + num_lit_codes, &d->m_huff_code_sizes[1][0], num_dist_codes);
    total_code_sizes_to_pack = num_lit_codes + num_dist_codes;
    num_packed_code_sizes = 0;
    rle_z_count = 0;
    rle_repeat_count = 0;

    memset(&d->m_huff_count[2][0], 0, sizeof(d->m_huff_count[2][0]) * TDEFL_MAX_HUFF_SYMBOLS_2);
    for (i = 0; i < total_code_sizes_to_pack; i++)
    {
        mz_uint8 code_size = code_sizes_to_pack[i];
        if (!code_size)
        {
            TDEFL_RLE_PREV_CODE_SIZE();
            if (++rle_z_count == 138)
            {
                TDEFL_RLE_ZERO_CODE_SIZE();
            }
        }
        else
        {
            TDEFL_RLE_ZERO_CODE_SIZE();
            if (code_size != prev_code_size)
            {
                TDEFL_RLE_PREV_CODE_SIZE();
                d->m_huff_count[2][code_size] = (mz_uint16)(d->m_huff_count[2][code_size] + 1);
                packed_code_sizes[num_packed_code_sizes++] = code_size;
            }
            else if (++rle_repeat_count == 6)
            {
                TDEFL_RLE_PREV_CODE_SIZE();
            }
        }
        prev_code_size = code_size;
    }
    if (rle_repeat_count)
    {
        TDEFL_RLE_PREV_CODE_SIZE();
    }
    else
    {
        TDEFL_RLE_ZERO_CODE_SIZE();
    }

    tdefl_optimize_huffman_table(d, 2, TDEFL_MAX_HUFF_SYMBOLS_2, 7, MZ_FALSE);

    TDEFL_PUT_BITS(2, 2);

    TDEFL_PUT_BITS(num_lit_codes - 257, 5);
    TDEFL_PUT_BITS(num_dist_codes - 1, 5);

    for (num_bit_lengths = 18; num_bit_lengths >= 0; num_bit_lengths--)
        if (d->m_huff_code_sizes[2][s_tdefl_packed_code_size_syms_swizzle[num_bit_lengths]])
            break;
    num_bit_lengths = MZ_MAX(4, (num_bit_lengths + 1));
    TDEFL_PUT_BITS(num_bit_lengths - 4, 4);
    for (i = 0; (int)i < num_bit_lengths; i++)
        TDEFL_PUT_BITS(d->m_huff_code_sizes[2][s_tdefl_packed_code_size_syms_swizzle[i]], 3);

    for (packed_code_sizes_index = 0; packed_code_sizes_index < num_packed_code_sizes;)
    {
        mz_uint code = packed_code_sizes[packed_code_sizes_index++];
        MZ_ASSERT(code < TDEFL_MAX_HUFF_SYMBOLS_2);
        TDEFL_PUT_BITS(d->m_huff_codes[2][code], d->m_huff_code_sizes[2][code]);
        if (code >= 16)
            TDEFL_PUT_BITS(packed_code_sizes[packed_code_sizes_index++], "\02\03\07"[code - 16]);
    }
}

static void tdefl_start_static_block(tdefl_compressor *d)
{
    mz_uint i;
    mz_uint8 *p = &d->m_huff_code_sizes[0][0];

    for (i = 0; i <= 143; ++i)
        *p++ = 8;
    for (; i <= 255; ++i)
        *p++ = 9;
    for (; i <= 279; ++i)
        *p++ = 7;
    for (; i <= 287; ++i)
        *p++ = 8;

    memset(d->m_huff_code_sizes[1], 5, 32);

    tdefl_optimize_huffman_table(d, 0, 288, 15, MZ_TRUE);
    tdefl_optimize_huffman_table(d, 1, 32, 15, MZ_TRUE);

    TDEFL_PUT_BITS(1, 2);
}

static const mz_uint mz_bitmasks[17] = { 0x0000, 0x0001, 0x0003, 0x0007, 0x000F, 0x001F, 0x003F, 0x007F, 0x00FF, 0x01FF, 0x03FF, 0x07FF, 0x0FFF, 0x1FFF, 0x3FFF, 0x7FFF, 0xFFFF };

#if MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN && MINIZ_HAS_64BIT_REGISTERS
static mz_bool tdefl_compress_lz_codes(tdefl_compressor *d)
{
    mz_uint flags;
    mz_uint8 *pLZ_codes;
    mz_uint8 *pOutput_buf = d->m_pOutput_buf;
    mz_uint8 *pLZ_code_buf_end = d->m_pLZ_code_buf;
    mz_uint64 bit_buffer = d->m_bit_buffer;
    mz_uint bits_in = d->m_bits_in;

#define TDEFL_PUT_BITS_FAST(b, l)                    \
    {                                                \
        bit_buffer |= (((mz_uint64)(b)) << bits_in); \
        bits_in += (l);                              \
    }

    flags = 1;
    for (pLZ_codes = d->m_lz_code_buf; pLZ_codes < pLZ_code_buf_end; flags >>= 1)
    {
        if (flags == 1)
            flags = *pLZ_codes++ | 0x100;

        if (flags & 1)
        {
            mz_uint s0, s1, n0, n1, sym, num_extra_bits;
            mz_uint match_len = pLZ_codes[0], match_dist = *(const mz_uint16 *)(pLZ_codes + 1);
            pLZ_codes += 3;

            MZ_ASSERT(d->m_huff_code_sizes[0][s_tdefl_len_sym[match_len]]);
            TDEFL_PUT_BITS_FAST(d->m_huff_codes[0][s_tdefl_len_sym[match_len]], d->m_huff_code_sizes[0][s_tdefl_len_sym[match_len]]);
            TDEFL_PUT_BITS_FAST(match_len & mz_bitmasks[s_tdefl_len_extra[match_len]], s_tdefl_len_extra[match_len]);

            /* This sequence coaxes MSVC into using cmov's vs. jmp's. */
            s0 = s_tdefl_small_dist_sym[match_dist & 511];
            n0 = s_tdefl_small_dist_extra[match_dist & 511];
            s1 = s_tdefl_large_dist_sym[match_dist >> 8];
            n1 = s_tdefl_large_dist_extra[match_dist >> 8];
            sym = (match_dist < 512) ? s0 : s1;
            num_extra_bits = (match_dist < 512) ? n0 : n1;

            MZ_ASSERT(d->m_huff_code_sizes[1][sym]);
            TDEFL_PUT_BITS_FAST(d->m_huff_codes[1][sym], d->m_huff_code_sizes[1][sym]);
            TDEFL_PUT_BITS_FAST(match_dist & mz_bitmasks[num_extra_bits], num_extra_bits);
        }
        else
        {
            mz_uint lit = *pLZ_codes++;
            MZ_ASSERT(d->m_huff_code_sizes[0][lit]);
            TDEFL_PUT_BITS_FAST(d->m_huff_codes[0][lit], d->m_huff_code_sizes[0][lit]);

            if (((flags & 2) == 0) && (pLZ_codes < pLZ_code_buf_end))
            {
                flags >>= 1;
                lit = *pLZ_codes++;
                MZ_ASSERT(d->m_huff_code_sizes[0][lit]);
                TDEFL_PUT_BITS_FAST(d->m_huff_codes[0][lit], d->m_huff_code_sizes[0][lit]);

                if (((flags & 2) == 0) && (pLZ_codes < pLZ_code_buf_end))
                {
                    flags >>= 1;
                    lit = *pLZ_codes++;
                    MZ_ASSERT(d->m_huff_code_sizes[0][lit]);
                    TDEFL_PUT_BITS_FAST(d->m_huff_codes[0][lit], d->m_huff_code_sizes[0][lit]);
                }
            }
        }

        if (pOutput_buf >= d->m_pOutput_buf_end)
            return MZ_FALSE;

        *(mz_uint64 *)pOutput_buf = bit_buffer;
        pOutput_buf += (bits_in >> 3);
        bit_buffer >>= (bits_in & ~7);
        bits_in &= 7;
    }

#undef TDEFL_PUT_BITS_FAST

    d->m_pOutput_buf = pOutput_buf;
    d->m_bits_in = 0;
    d->m_bit_buffer = 0;

    while (bits_in)
    {
        mz_uint32 n = MZ_MIN(bits_in, 16);
        TDEFL_PUT_BITS((mz_uint)bit_buffer & mz_bitmasks[n], n);
        bit_buffer >>= n;
        bits_in -= n;
    }

    TDEFL_PUT_BITS(d->m_huff_codes[0][256], d->m_huff_code_sizes[0][256]);

    return (d->m_pOutput_buf < d->m_pOutput_buf_end);
}
#else
static mz_bool tdefl_compress_lz_codes(tdefl_compressor *d)
{
    mz_uint flags;
    mz_uint8 *pLZ_codes;

    flags = 1;
    for (pLZ_codes = d->m_lz_code_buf; pLZ_codes < d->m_pLZ_code_buf; flags >>= 1)
    {
        if (flags == 1)
            flags = *pLZ_codes++ | 0x100;
        if (flags & 1)
        {
            mz_uint sym, num_extra_bits;
            mz_uint match_len = pLZ_codes[0], match_dist = (pLZ_codes[1] | (pLZ_codes[2] << 8));
            pLZ_codes += 3;

            MZ_ASSERT(d->m_huff_code_sizes[0][s_tdefl_len_sym[match_len]]);
            TDEFL_PUT_BITS(d->m_huff_codes[0][s_tdefl_len_sym[match_len]], d->m_huff_code_sizes[0][s_tdefl_len_sym[match_len]]);
            TDEFL_PUT_BITS(match_len & mz_bitmasks[s_tdefl_len_extra[match_len]], s_tdefl_len_extra[match_len]);

            if (match_dist < 512)
            {
                sym = s_tdefl_small_dist_sym[match_dist];
                num_extra_bits = s_tdefl_small_dist_extra[match_dist];
            }
            else
            {
                sym = s_tdefl_large_dist_sym[match_dist >> 8];
                num_extra_bits = s_tdefl_large_dist_extra[match_dist >> 8];
            }
            MZ_ASSERT(d->m_huff_code_sizes[1][sym]);
            TDEFL_PUT_BITS(d->m_huff_codes[1][sym], d->m_huff_code_sizes[1][sym]);
            TDEFL_PUT_BITS(match_dist & mz_bitmasks[num_extra_bits], num_extra_bits);
        }
        else
        {
            mz_uint lit = *pLZ_codes++;
            MZ_ASSERT(d->m_huff_code_sizes[0][lit]);
            TDEFL_PUT_BITS(d->m_huff_codes[0][lit], d->m_huff_code_sizes[0][lit]);
        }
    }

    TDEFL_PUT_BITS(d->m_huff_codes[0][256], d->m_huff_code_sizes[0][256]);

    return (d->m_pOutput_buf < d->m_pOutput_buf_end);
}
#endif /* MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN && MINIZ_HAS_64BIT_REGISTERS */

static mz_bool tdefl_compress_block(tdefl_compressor *d, mz_bool static_block)
{
    if (static_block)
        tdefl_start_static_block(d);
    else
        tdefl_start_dynamic_block(d);
    return tdefl_compress_lz_codes(d);
}

static int tdefl_flush_block(tdefl_compressor *d, int flush)
{
    mz_uint saved_bit_buf, saved_bits_in;
    mz_uint8 *pSaved_output_buf;
    mz_bool comp_block_succeeded = MZ_FALSE;
    int n, use_raw_block = ((d->m_flags & TDEFL_FORCE_ALL_RAW_BLOCKS) != 0) && (d->m_lookahead_pos - d->m_lz_code_buf_dict_pos) <= d->m_dict_size;
    mz_uint8 *pOutput_buf_start = ((d->m_pPut_buf_func == NULL) && ((*d->m_pOut_buf_size - d->m_out_buf_ofs) >= TDEFL_OUT_BUF_SIZE)) ? ((mz_uint8 *)d->m_pOut_buf + d->m_out_buf_ofs) : d->m_output_buf;

    d->m_pOutput_buf = pOutput_buf_start;
    d->m_pOutput_buf_end = d->m_pOutput_buf + TDEFL_OUT_BUF_SIZE - 16;

    MZ_ASSERT(!d->m_output_flush_remaining);
    d->m_output_flush_ofs = 0;
    d->m_output_flush_remaining = 0;

    *d->m_pLZ_flags = (mz_uint8)(*d->m_pLZ_flags >> d->m_num_flags_left);
    d->m_pLZ_code_buf -= (d->m_num_flags_left == 8);

    if ((d->m_flags & TDEFL_WRITE_ZLIB_HEADER) && (!d->m_block_index))
    {
        TDEFL_PUT_BITS(0x78, 8);
        TDEFL_PUT_BITS(0x01, 8);
    }

    TDEFL_PUT_BITS(flush == TDEFL_FINISH, 1);

    pSaved_output_buf = d->m_pOutput_buf;
    saved_bit_buf = d->m_bit_buffer;
    saved_bits_in = d->m_bits_in;

    if (!use_raw_block)
        comp_block_succeeded = tdefl_compress_block(d, (d->m_flags & TDEFL_FORCE_ALL_STATIC_BLOCKS) || (d->m_total_lz_bytes < 48));

    /* If the block gets expanded, forget the current contents of the output buffer and send a raw block instead. */
    if (((use_raw_block) || ((d->m_total_lz_bytes) && ((d->m_pOutput_buf - pSaved_output_buf + 1U) >= d->m_total_lz_bytes))) &&
        ((d->m_lookahead_pos - d->m_lz_code_buf_dict_pos) <= d->m_dict_size))
    {
        mz_uint i;
        d->m_pOutput_buf = pSaved_output_buf;
        d->m_bit_buffer = saved_bit_buf, d->m_bits_in = saved_bits_in;
        TDEFL_PUT_BITS(0, 2);
        if (d->m_bits_in)
        {
            TDEFL_PUT_BITS(0, 8 - d->m_bits_in);
        }
        for (i = 2; i; --i, d->m_total_lz_bytes ^= 0xFFFF)
        {
            TDEFL_PUT_BITS(d->m_total_lz_bytes & 0xFFFF, 16);
        }
        for (i = 0; i < d->m_total_lz_bytes; ++i)
        {
            TDEFL_PUT_BITS(d->m_dict[(d->m_lz_code_buf_dict_pos + i) & TDEFL_LZ_DICT_SIZE_MASK], 8);
        }
    }
    /* Check for the extremely unlikely (if not impossible) case of the compressed block not fitting into the output buffer when using dynamic codes. */
    else if (!comp_block_succeeded)
    {
        d->m_pOutput_buf = pSaved_output_buf;
        d->m_bit_buffer = saved_bit_buf, d->m_bits_in = saved_bits_in;
        tdefl_compress_block(d, MZ_TRUE);
    }

    if (flush)
    {
        if (flush == TDEFL_FINISH)
        {
            if (d->m_bits_in)
            {
                TDEFL_PUT_BITS(0, 8 - d->m_bits_in);
            }
            if (d->m_flags & TDEFL_WRITE_ZLIB_HEADER)
            {
                mz_uint i, a = d->m_adler32;
                for (i = 0; i < 4; i++)
                {
                    TDEFL_PUT_BITS((a >> 24) & 0xFF, 8);
                    a <<= 8;
                }
            }
        }
        else
        {
            mz_uint i, z = 0;
            TDEFL_PUT_BITS(0, 3);
            if (d->m_bits_in)
            {
                TDEFL_PUT_BITS(0, 8 - d->m_bits_in);
            }
            for (i = 2; i; --i, z ^= 0xFFFF)
            {
                TDEFL_PUT_BITS(z & 0xFFFF, 16);
            }
        }
    }

    MZ_ASSERT(d->m_pOutput_buf < d->m_pOutput_buf_end);

    memset(&d->m_huff_count[0][0], 0, sizeof(d->m_huff_count[0][0]) * TDEFL_MAX_HUFF_SYMBOLS_0);
    memset(&d->m_huff_count[1][0], 0, sizeof(d->m_huff_count[1][0]) * TDEFL_MAX_HUFF_SYMBOLS_1);

    d->m_pLZ_code_buf = d->m_lz_code_buf + 1;
    d->m_pLZ_flags = d->m_lz_code_buf;
    d->m_num_flags_left = 8;
    d->m_lz_code_buf_dict_pos += d->m_total_lz_bytes;
    d->m_total_lz_bytes = 0;
    d->m_block_index++;

    if ((n = (int)(d->m_pOutput_buf - pOutput_buf_start)) != 0)
    {
        if (d->m_pPut_buf_func)
        {
            *d->m_pIn_buf_size = d->m_pSrc - (const mz_uint8 *)d->m_pIn_buf;
            if (!(*d->m_pPut_buf_func)(d->m_output_buf, n, d->m_pPut_buf_user))
                return (d->m_prev_return_status = TDEFL_STATUS_PUT_BUF_FAILED);
        }
        else if (pOutput_buf_start == d->m_output_buf)
        {
            int bytes_to_copy = (int)MZ_MIN((size_t)n, (size_t)(*d->m_pOut_buf_size - d->m_out_buf_ofs));
            memcpy((mz_uint8 *)d->m_pOut_buf + d->m_out_buf_ofs, d->m_output_buf, bytes_to_copy);
            d->m_out_buf_ofs += bytes_to_copy;
            if ((n -= bytes_to_copy) != 0)
            {
                d->m_output_flush_ofs = bytes_to_copy;
                d->m_output_flush_remaining = n;
            }
        }
        else
        {
            d->m_out_buf_ofs += n;
        }
    }

    return d->m_output_flush_remaining;
}

#if MINIZ_USE_UNALIGNED_LOADS_AND_STORES
#ifdef MINIZ_UNALIGNED_USE_MEMCPY
static mz_uint16 TDEFL_READ_UNALIGNED_WORD(const mz_uint8* p)
{
	mz_uint16 ret;
	memcpy(&ret, p, sizeof(mz_uint16));
	return ret;
}
static mz_uint16 TDEFL_READ_UNALIGNED_WORD2(const mz_uint16* p)
{
	mz_uint16 ret;
	memcpy(&ret, p, sizeof(mz_uint16));
	return ret;
}
#else
#define TDEFL_READ_UNALIGNED_WORD(p) *(const mz_uint16 *)(p)
#define TDEFL_READ_UNALIGNED_WORD2(p) *(const mz_uint16 *)(p)
#endif
static MZ_FORCEINLINE void tdefl_find_match(tdefl_compressor *d, mz_uint lookahead_pos, mz_uint max_dist, mz_uint max_match_len, mz_uint *pMatch_dist, mz_uint *pMatch_len)
{
    mz_uint dist, pos = lookahead_pos & TDEFL_LZ_DICT_SIZE_MASK, match_len = *pMatch_len, probe_pos = pos, next_probe_pos, probe_len;
    mz_uint num_probes_left = d->m_max_probes[match_len >= 32];
    const mz_uint16 *s = (const mz_uint16 *)(d->m_dict + pos), *p, *q;
    mz_uint16 c01 = TDEFL_READ_UNALIGNED_WORD(&d->m_dict[pos + match_len - 1]), s01 = TDEFL_READ_UNALIGNED_WORD2(s);
    MZ_ASSERT(max_match_len <= TDEFL_MAX_MATCH_LEN);
    if (max_match_len <= match_len)
        return;
    for (;;)
    {
        for (;;)
        {
            if (--num_probes_left == 0)
                return;
#define TDEFL_PROBE                                                                             \
    next_probe_pos = d->m_next[probe_pos];                                                      \
    if ((!next_probe_pos) || ((dist = (mz_uint16)(lookahead_pos - next_probe_pos)) > max_dist)) \
        return;                                                                                 \
    probe_pos = next_probe_pos & TDEFL_LZ_DICT_SIZE_MASK;                                       \
    if (TDEFL_READ_UNALIGNED_WORD(&d->m_dict[probe_pos + match_len - 1]) == c01)                \
        break;
            TDEFL_PROBE;
            TDEFL_PROBE;
            TDEFL_PROBE;
        }
        if (!dist)
            break;
        q = (const mz_uint16 *)(d->m_dict + probe_pos);
        if (TDEFL_READ_UNALIGNED_WORD2(q) != s01)
            continue;
        p = s;
        probe_len = 32;
        do
        {
        } while ((TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) && (TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) &&
                 (TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) && (TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) && (--probe_len > 0));
        if (!probe_len)
        {
            *pMatch_dist = dist;
            *pMatch_len = MZ_MIN(max_match_len, (mz_uint)TDEFL_MAX_MATCH_LEN);
            break;
        }
        else if ((probe_len = ((mz_uint)(p - s) * 2) + (mz_uint)(*(const mz_uint8 *)p == *(const mz_uint8 *)q)) > match_len)
        {
            *pMatch_dist = dist;
            if ((*pMatch_len = match_len = MZ_MIN(max_match_len, probe_len)) == max_match_len)
                break;
            c01 = TDEFL_READ_UNALIGNED_WORD(&d->m_dict[pos + match_len - 1]);
        }
    }
}
#else
static MZ_FORCEINLINE void tdefl_find_match(tdefl_compressor *d, mz_uint lookahead_pos, mz_uint max_dist, mz_uint max_match_len, mz_uint *pMatch_dist, mz_uint *pMatch_len)
{
    mz_uint dist, pos = lookahead_pos & TDEFL_LZ_DICT_SIZE_MASK, match_len = *pMatch_len, probe_pos = pos, next_probe_pos, probe_len;
    mz_uint num_probes_left = d->m_max_probes[match_len >= 32];
    const mz_uint8 *s = d->m_dict + pos, *p, *q;
    mz_uint8 c0 = d->m_dict[pos + match_len], c1 = d->m_dict[pos + match_len - 1];
    MZ_ASSERT(max_match_len <= TDEFL_MAX_MATCH_LEN);
    if (max_match_len <= match_len)
        return;
    for (;;)
    {
        for (;;)
        {
            if (--num_probes_left == 0)
                return;
#define TDEFL_PROBE                                                                               \
    next_probe_pos = d->m_next[probe_pos];                                                        \
    if ((!next_probe_pos) || ((dist = (mz_uint16)(lookahead_pos - next_probe_pos)) > max_dist))   \
        return;                                                                                   \
    probe_pos = next_probe_pos & TDEFL_LZ_DICT_SIZE_MASK;                                         \
    if ((d->m_dict[probe_pos + match_len] == c0) && (d->m_dict[probe_pos + match_len - 1] == c1)) \
        break;
            TDEFL_PROBE;
            TDEFL_PROBE;
            TDEFL_PROBE;
        }
        if (!dist)
            break;
        p = s;
        q = d->m_dict + probe_pos;
        for (probe_len = 0; probe_len < max_match_len; probe_len++)
            if (*p++ != *q++)
                break;
        if (probe_len > match_len)
        {
            *pMatch_dist = dist;
            if ((*pMatch_len = match_len = probe_len) == max_match_len)
                return;
            c0 = d->m_dict[pos + match_len];
            c1 = d->m_dict[pos + match_len - 1];
        }
    }
}
#endif /* #if MINIZ_USE_UNALIGNED_LOADS_AND_STORES */

#if MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN
#ifdef MINIZ_UNALIGNED_USE_MEMCPY
static mz_uint32 TDEFL_READ_UNALIGNED_WORD32(const mz_uint8* p)
{
	mz_uint32 ret;
	memcpy(&ret, p, sizeof(mz_uint32));
	return ret;
}
#else
#define TDEFL_READ_UNALIGNED_WORD32(p) *(const mz_uint32 *)(p)
#endif
static mz_bool tdefl_compress_fast(tdefl_compressor *d)
{
    /* Faster, minimally featured LZRW1-style match+parse loop with better register utilization. Intended for applications where raw throughput is valued more highly than ratio. */
    mz_uint lookahead_pos = d->m_lookahead_pos, lookahead_size = d->m_lookahead_size, dict_size = d->m_dict_size, total_lz_bytes = d->m_total_lz_bytes, num_flags_left = d->m_num_flags_left;
    mz_uint8 *pLZ_code_buf = d->m_pLZ_code_buf, *pLZ_flags = d->m_pLZ_flags;
    mz_uint cur_pos = lookahead_pos & TDEFL_LZ_DICT_SIZE_MASK;

    while ((d->m_src_buf_left) || ((d->m_flush) && (lookahead_size)))
    {
        const mz_uint TDEFL_COMP_FAST_LOOKAHEAD_SIZE = 4096;
        mz_uint dst_pos = (lookahead_pos + lookahead_size) & TDEFL_LZ_DICT_SIZE_MASK;
        mz_uint num_bytes_to_process = (mz_uint)MZ_MIN(d->m_src_buf_left, TDEFL_COMP_FAST_LOOKAHEAD_SIZE - lookahead_size);
        d->m_src_buf_left -= num_bytes_to_process;
        lookahead_size += num_bytes_to_process;

        while (num_bytes_to_process)
        {
            mz_uint32 n = MZ_MIN(TDEFL_LZ_DICT_SIZE - dst_pos, num_bytes_to_process);
            memcpy(d->m_dict + dst_pos, d->m_pSrc, n);
            if (dst_pos < (TDEFL_MAX_MATCH_LEN - 1))
                memcpy(d->m_dict + TDEFL_LZ_DICT_SIZE + dst_pos, d->m_pSrc, MZ_MIN(n, (TDEFL_MAX_MATCH_LEN - 1) - dst_pos));
            d->m_pSrc += n;
            dst_pos = (dst_pos + n) & TDEFL_LZ_DICT_SIZE_MASK;
            num_bytes_to_process -= n;
        }

        dict_size = MZ_MIN(TDEFL_LZ_DICT_SIZE - lookahead_size, dict_size);
        if ((!d->m_flush) && (lookahead_size < TDEFL_COMP_FAST_LOOKAHEAD_SIZE))
            break;

        while (lookahead_size >= 4)
        {
            mz_uint cur_match_dist, cur_match_len = 1;
            mz_uint8 *pCur_dict = d->m_dict + cur_pos;
            mz_uint first_trigram = TDEFL_READ_UNALIGNED_WORD32(pCur_dict) & 0xFFFFFF;
            mz_uint hash = (first_trigram ^ (first_trigram >> (24 - (TDEFL_LZ_HASH_BITS - 8)))) & TDEFL_LEVEL1_HASH_SIZE_MASK;
            mz_uint probe_pos = d->m_hash[hash];
            d->m_hash[hash] = (mz_uint16)lookahead_pos;

            if (((cur_match_dist = (mz_uint16)(lookahead_pos - probe_pos)) <= dict_size) && ((TDEFL_READ_UNALIGNED_WORD32(d->m_dict + (probe_pos &= TDEFL_LZ_DICT_SIZE_MASK)) & 0xFFFFFF) == first_trigram))
            {
                const mz_uint16 *p = (const mz_uint16 *)pCur_dict;
                const mz_uint16 *q = (const mz_uint16 *)(d->m_dict + probe_pos);
                mz_uint32 probe_len = 32;
                do
                {
                } while ((TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) && (TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) &&
                         (TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) && (TDEFL_READ_UNALIGNED_WORD2(++p) == TDEFL_READ_UNALIGNED_WORD2(++q)) && (--probe_len > 0));
                cur_match_len = ((mz_uint)(p - (const mz_uint16 *)pCur_dict) * 2) + (mz_uint)(*(const mz_uint8 *)p == *(const mz_uint8 *)q);
                if (!probe_len)
                    cur_match_len = cur_match_dist ? TDEFL_MAX_MATCH_LEN : 0;

                if ((cur_match_len < TDEFL_MIN_MATCH_LEN) || ((cur_match_len == TDEFL_MIN_MATCH_LEN) && (cur_match_dist >= 8U * 1024U)))
                {
                    cur_match_len = 1;
                    *pLZ_code_buf++ = (mz_uint8)first_trigram;
                    *pLZ_flags = (mz_uint8)(*pLZ_flags >> 1);
                    d->m_huff_count[0][(mz_uint8)first_trigram]++;
                }
                else
                {
                    mz_uint32 s0, s1;
                    cur_match_len = MZ_MIN(cur_match_len, lookahead_size);

                    MZ_ASSERT((cur_match_len >= TDEFL_MIN_MATCH_LEN) && (cur_match_dist >= 1) && (cur_match_dist <= TDEFL_LZ_DICT_SIZE));

                    cur_match_dist--;

                    pLZ_code_buf[0] = (mz_uint8)(cur_match_len - TDEFL_MIN_MATCH_LEN);
#ifdef MINIZ_UNALIGNED_USE_MEMCPY
					memcpy(&pLZ_code_buf[1], &cur_match_dist, sizeof(cur_match_dist));
#else
                    *(mz_uint16 *)(&pLZ_code_buf[1]) = (mz_uint16)cur_match_dist;
#endif
                    pLZ_code_buf += 3;
                    *pLZ_flags = (mz_uint8)((*pLZ_flags >> 1) | 0x80);

                    s0 = s_tdefl_small_dist_sym[cur_match_dist & 511];
                    s1 = s_tdefl_large_dist_sym[cur_match_dist >> 8];
                    d->m_huff_count[1][(cur_match_dist < 512) ? s0 : s1]++;

                    d->m_huff_count[0][s_tdefl_len_sym[cur_match_len - TDEFL_MIN_MATCH_LEN]]++;
                }
            }
            else
            {
                *pLZ_code_buf++ = (mz_uint8)first_trigram;
                *pLZ_flags = (mz_uint8)(*pLZ_flags >> 1);
                d->m_huff_count[0][(mz_uint8)first_trigram]++;
            }

            if (--num_flags_left == 0)
            {
                num_flags_left = 8;
                pLZ_flags = pLZ_code_buf++;
            }

            total_lz_bytes += cur_match_len;
            lookahead_pos += cur_match_len;
            dict_size = MZ_MIN(dict_size + cur_match_len, (mz_uint)TDEFL_LZ_DICT_SIZE);
            cur_pos = (cur_pos + cur_match_len) & TDEFL_LZ_DICT_SIZE_MASK;
            MZ_ASSERT(lookahead_size >= cur_match_len);
            lookahead_size -= cur_match_len;

            if (pLZ_code_buf > &d->m_lz_code_buf[TDEFL_LZ_CODE_BUF_SIZE - 8])
            {
                int n;
                d->m_lookahead_pos = lookahead_pos;
                d->m_lookahead_size = lookahead_size;
                d->m_dict_size = dict_size;
                d->m_total_lz_bytes = total_lz_bytes;
                d->m_pLZ_code_buf = pLZ_code_buf;
                d->m_pLZ_flags = pLZ_flags;
                d->m_num_flags_left = num_flags_left;
                if ((n = tdefl_flush_block(d, 0)) != 0)
                    return (n < 0) ? MZ_FALSE : MZ_TRUE;
                total_lz_bytes = d->m_total_lz_bytes;
                pLZ_code_buf = d->m_pLZ_code_buf;
                pLZ_flags = d->m_pLZ_flags;
                num_flags_left = d->m_num_flags_left;
            }
        }

        while (lookahead_size)
        {
            mz_uint8 lit = d->m_dict[cur_pos];

            total_lz_bytes++;
            *pLZ_code_buf++ = lit;
            *pLZ_flags = (mz_uint8)(*pLZ_flags >> 1);
            if (--num_flags_left == 0)
            {
                num_flags_left = 8;
                pLZ_flags = pLZ_code_buf++;
            }

            d->m_huff_count[0][lit]++;

            lookahead_pos++;
            dict_size = MZ_MIN(dict_size + 1, (mz_uint)TDEFL_LZ_DICT_SIZE);
            cur_pos = (cur_pos + 1) & TDEFL_LZ_DICT_SIZE_MASK;
            lookahead_size--;

            if (pLZ_code_buf > &d->m_lz_code_buf[TDEFL_LZ_CODE_BUF_SIZE - 8])
            {
                int n;
                d->m_lookahead_pos = lookahead_pos;
                d->m_lookahead_size = lookahead_size;
                d->m_dict_size = dict_size;
                d->m_total_lz_bytes = total_lz_bytes;
                d->m_pLZ_code_buf = pLZ_code_buf;
                d->m_pLZ_flags = pLZ_flags;
                d->m_num_flags_left = num_flags_left;
                if ((n = tdefl_flush_block(d, 0)) != 0)
                    return (n < 0) ? MZ_FALSE : MZ_TRUE;
                total_lz_bytes = d->m_total_lz_bytes;
                pLZ_code_buf = d->m_pLZ_code_buf;
                pLZ_flags = d->m_pLZ_flags;
                num_flags_left = d->m_num_flags_left;
            }
        }
    }

    d->m_lookahead_pos = lookahead_pos;
    d->m_lookahead_size = lookahead_size;
    d->m_dict_size = dict_size;
    d->m_total_lz_bytes = total_lz_bytes;
    d->m_pLZ_code_buf = pLZ_code_buf;
    d->m_pLZ_flags = pLZ_flags;
    d->m_num_flags_left = num_flags_left;
    return MZ_TRUE;
}
#endif /* MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN */

static MZ_FORCEINLINE void tdefl_record_literal(tdefl_compressor *d, mz_uint8 lit)
{
    d->m_total_lz_bytes++;
    *d->m_pLZ_code_buf++ = lit;
    *d->m_pLZ_flags = (mz_uint8)(*d->m_pLZ_flags >> 1);
    if (--d->m_num_flags_left == 0)
    {
        d->m_num_flags_left = 8;
        d->m_pLZ_flags = d->m_pLZ_code_buf++;
    }
    d->m_huff_count[0][lit]++;
}

static MZ_FORCEINLINE void tdefl_record_match(tdefl_compressor *d, mz_uint match_len, mz_uint match_dist)
{
    mz_uint32 s0, s1;

    MZ_ASSERT((match_len >= TDEFL_MIN_MATCH_LEN) && (match_dist >= 1) && (match_dist <= TDEFL_LZ_DICT_SIZE));

    d->m_total_lz_bytes += match_len;

    d->m_pLZ_code_buf[0] = (mz_uint8)(match_len - TDEFL_MIN_MATCH_LEN);

    match_dist -= 1;
    d->m_pLZ_code_buf[1] = (mz_uint8)(match_dist & 0xFF);
    d->m_pLZ_code_buf[2] = (mz_uint8)(match_dist >> 8);
    d->m_pLZ_code_buf += 3;

    *d->m_pLZ_flags = (mz_uint8)((*d->m_pLZ_flags >> 1) | 0x80);
    if (--d->m_num_flags_left == 0)
    {
        d->m_num_flags_left = 8;
        d->m_pLZ_flags = d->m_pLZ_code_buf++;
    }

    s0 = s_tdefl_small_dist_sym[match_dist & 511];
    s1 = s_tdefl_large_dist_sym[(match_dist >> 8) & 127];
    d->m_huff_count[1][(match_dist < 512) ? s0 : s1]++;

    if (match_len >= TDEFL_MIN_MATCH_LEN)
        d->m_huff_count[0][s_tdefl_len_sym[match_len - TDEFL_MIN_MATCH_LEN]]++;
}

static mz_bool tdefl_compress_normal(tdefl_compressor *d)
{
    const mz_uint8 *pSrc = d->m_pSrc;
    size_t src_buf_left = d->m_src_buf_left;
    tdefl_flush flush = d->m_flush;

    while ((src_buf_left) || ((flush) && (d->m_lookahead_size)))
    {
        mz_uint len_to_move, cur_match_dist, cur_match_len, cur_pos;
        /* Update dictionary and hash chains. Keeps the lookahead size equal to TDEFL_MAX_MATCH_LEN. */
        if ((d->m_lookahead_size + d->m_dict_size) >= (TDEFL_MIN_MATCH_LEN - 1))
        {
            mz_uint dst_pos = (d->m_lookahead_pos + d->m_lookahead_size) & TDEFL_LZ_DICT_SIZE_MASK, ins_pos = d->m_lookahead_pos + d->m_lookahead_size - 2;
            mz_uint hash = (d->m_dict[ins_pos & TDEFL_LZ_DICT_SIZE_MASK] << TDEFL_LZ_HASH_SHIFT) ^ d->m_dict[(ins_pos + 1) & TDEFL_LZ_DICT_SIZE_MASK];
            mz_uint num_bytes_to_process = (mz_uint)MZ_MIN(src_buf_left, TDEFL_MAX_MATCH_LEN - d->m_lookahead_size);
            const mz_uint8 *pSrc_end = pSrc + num_bytes_to_process;
            src_buf_left -= num_bytes_to_process;
            d->m_lookahead_size += num_bytes_to_process;
            while (pSrc != pSrc_end)
            {
                mz_uint8 c = *pSrc++;
                d->m_dict[dst_pos] = c;
                if (dst_pos < (TDEFL_MAX_MATCH_LEN - 1))
                    d->m_dict[TDEFL_LZ_DICT_SIZE + dst_pos] = c;
                hash = ((hash << TDEFL_LZ_HASH_SHIFT) ^ c) & (TDEFL_LZ_HASH_SIZE - 1);
                d->m_next[ins_pos & TDEFL_LZ_DICT_SIZE_MASK] = d->m_hash[hash];
                d->m_hash[hash] = (mz_uint16)(ins_pos);
                dst_pos = (dst_pos + 1) & TDEFL_LZ_DICT_SIZE_MASK;
                ins_pos++;
            }
        }
        else
        {
            while ((src_buf_left) && (d->m_lookahead_size < TDEFL_MAX_MATCH_LEN))
            {
                mz_uint8 c = *pSrc++;
                mz_uint dst_pos = (d->m_lookahead_pos + d->m_lookahead_size) & TDEFL_LZ_DICT_SIZE_MASK;
                src_buf_left--;
                d->m_dict[dst_pos] = c;
                if (dst_pos < (TDEFL_MAX_MATCH_LEN - 1))
                    d->m_dict[TDEFL_LZ_DICT_SIZE + dst_pos] = c;
                if ((++d->m_lookahead_size + d->m_dict_size) >= TDEFL_MIN_MATCH_LEN)
                {
                    mz_uint ins_pos = d->m_lookahead_pos + (d->m_lookahead_size - 1) - 2;
                    mz_uint hash = ((d->m_dict[ins_pos & TDEFL_LZ_DICT_SIZE_MASK] << (TDEFL_LZ_HASH_SHIFT * 2)) ^ (d->m_dict[(ins_pos + 1) & TDEFL_LZ_DICT_SIZE_MASK] << TDEFL_LZ_HASH_SHIFT) ^ c) & (TDEFL_LZ_HASH_SIZE - 1);
                    d->m_next[ins_pos & TDEFL_LZ_DICT_SIZE_MASK] = d->m_hash[hash];
                    d->m_hash[hash] = (mz_uint16)(ins_pos);
                }
            }
        }
        d->m_dict_size = MZ_MIN(TDEFL_LZ_DICT_SIZE - d->m_lookahead_size, d->m_dict_size);
        if ((!flush) && (d->m_lookahead_size < TDEFL_MAX_MATCH_LEN))
            break;

        /* Simple lazy/greedy parsing state machine. */
        len_to_move = 1;
        cur_match_dist = 0;
        cur_match_len = d->m_saved_match_len ? d->m_saved_match_len : (TDEFL_MIN_MATCH_LEN - 1);
        cur_pos = d->m_lookahead_pos & TDEFL_LZ_DICT_SIZE_MASK;
        if (d->m_flags & (TDEFL_RLE_MATCHES | TDEFL_FORCE_ALL_RAW_BLOCKS))
        {
            if ((d->m_dict_size) && (!(d->m_flags & TDEFL_FORCE_ALL_RAW_BLOCKS)))
            {
                mz_uint8 c = d->m_dict[(cur_pos - 1) & TDEFL_LZ_DICT_SIZE_MASK];
                cur_match_len = 0;
                while (cur_match_len < d->m_lookahead_size)
                {
                    if (d->m_dict[cur_pos + cur_match_len] != c)
                        break;
                    cur_match_len++;
                }
                if (cur_match_len < TDEFL_MIN_MATCH_LEN)
                    cur_match_len = 0;
                else
                    cur_match_dist = 1;
            }
        }
        else
        {
            tdefl_find_match(d, d->m_lookahead_pos, d->m_dict_size, d->m_lookahead_size, &cur_match_dist, &cur_match_len);
        }
        if (((cur_match_len == TDEFL_MIN_MATCH_LEN) && (cur_match_dist >= 8U * 1024U)) || (cur_pos == cur_match_dist) || ((d->m_flags & TDEFL_FILTER_MATCHES) && (cur_match_len <= 5)))
        {
            cur_match_dist = cur_match_len = 0;
        }
        if (d->m_saved_match_len)
        {
            if (cur_match_len > d->m_saved_match_len)
            {
                tdefl_record_literal(d, (mz_uint8)d->m_saved_lit);
                if (cur_match_len >= 128)
                {
                    tdefl_record_match(d, cur_match_len, cur_match_dist);
                    d->m_saved_match_len = 0;
                    len_to_move = cur_match_len;
                }
                else
                {
                    d->m_saved_lit = d->m_dict[cur_pos];
                    d->m_saved_match_dist = cur_match_dist;
                    d->m_saved_match_len = cur_match_len;
                }
            }
            else
            {
                tdefl_record_match(d, d->m_saved_match_len, d->m_saved_match_dist);
                len_to_move = d->m_saved_match_len - 1;
                d->m_saved_match_len = 0;
            }
        }
        else if (!cur_match_dist)
            tdefl_record_literal(d, d->m_dict[MZ_MIN(cur_pos, sizeof(d->m_dict) - 1)]);
        else if ((d->m_greedy_parsing) || (d->m_flags & TDEFL_RLE_MATCHES) || (cur_match_len >= 128))
        {
            tdefl_record_match(d, cur_match_len, cur_match_dist);
            len_to_move = cur_match_len;
        }
        else
        {
            d->m_saved_lit = d->m_dict[MZ_MIN(cur_pos, sizeof(d->m_dict) - 1)];
            d->m_saved_match_dist = cur_match_dist;
            d->m_saved_match_len = cur_match_len;
        }
        /* Move the lookahead forward by len_to_move bytes. */
        d->m_lookahead_pos += len_to_move;
        MZ_ASSERT(d->m_lookahead_size >= len_to_move);
        d->m_lookahead_size -= len_to_move;
        d->m_dict_size = MZ_MIN(d->m_dict_size + len_to_move, (mz_uint)TDEFL_LZ_DICT_SIZE);
        /* Check if it's time to flush the current LZ codes to the internal output buffer. */
        if ((d->m_pLZ_code_buf > &d->m_lz_code_buf[TDEFL_LZ_CODE_BUF_SIZE - 8]) ||
            ((d->m_total_lz_bytes > 31 * 1024) && (((((mz_uint)(d->m_pLZ_code_buf - d->m_lz_code_buf) * 115) >> 7) >= d->m_total_lz_bytes) || (d->m_flags & TDEFL_FORCE_ALL_RAW_BLOCKS))))
        {
            int n;
            d->m_pSrc = pSrc;
            d->m_src_buf_left = src_buf_left;
            if ((n = tdefl_flush_block(d, 0)) != 0)
                return (n < 0) ? MZ_FALSE : MZ_TRUE;
        }
    }

    d->m_pSrc = pSrc;
    d->m_src_buf_left = src_buf_left;
    return MZ_TRUE;
}

static tdefl_status tdefl_flush_output_buffer(tdefl_compressor *d)
{
    if (d->m_pIn_buf_size)
    {
        *d->m_pIn_buf_size = d->m_pSrc - (const mz_uint8 *)d->m_pIn_buf;
    }

    if (d->m_pOut_buf_size)
    {
        size_t n = MZ_MIN(*d->m_pOut_buf_size - d->m_out_buf_ofs, d->m_output_flush_remaining);
        memcpy((mz_uint8 *)d->m_pOut_buf + d->m_out_buf_ofs, d->m_output_buf + d->m_output_flush_ofs, n);
        d->m_output_flush_ofs += (mz_uint)n;
        d->m_output_flush_remaining -= (mz_uint)n;
        d->m_out_buf_ofs += n;

        *d->m_pOut_buf_size = d->m_out_buf_ofs;
    }

    return (d->m_finished && !d->m_output_flush_remaining) ? TDEFL_STATUS_DONE : TDEFL_STATUS_OKAY;
}

tdefl_status tdefl_compress(tdefl_compressor *d, const void *pIn_buf, size_t *pIn_buf_size, void *pOut_buf, size_t *pOut_buf_size, tdefl_flush flush)
{
    if (!d)
    {
        if (pIn_buf_size)
            *pIn_buf_size = 0;
        if (pOut_buf_size)
            *pOut_buf_size = 0;
        return TDEFL_STATUS_BAD_PARAM;
    }

    d->m_pIn_buf = pIn_buf;
    d->m_pIn_buf_size = pIn_buf_size;
    d->m_pOut_buf = pOut_buf;
    d->m_pOut_buf_size = pOut_buf_size;
    d->m_pSrc = (const mz_uint8 *)(pIn_buf);
    d->m_src_buf_left = pIn_buf_size ? *pIn_buf_size : 0;
    d->m_out_buf_ofs = 0;
    d->m_flush = flush;

    if (((d->m_pPut_buf_func != NULL) == ((pOut_buf != NULL) || (pOut_buf_size != NULL))) || (d->m_prev_return_status != TDEFL_STATUS_OKAY) ||
        (d->m_wants_to_finish && (flush != TDEFL_FINISH)) || (pIn_buf_size && *pIn_buf_size && !pIn_buf) || (pOut_buf_size && *pOut_buf_size && !pOut_buf))
    {
        if (pIn_buf_size)
            *pIn_buf_size = 0;
        if (pOut_buf_size)
            *pOut_buf_size = 0;
        return (d->m_prev_return_status = TDEFL_STATUS_BAD_PARAM);
    }
    d->m_wants_to_finish |= (flush == TDEFL_FINISH);

    if ((d->m_output_flush_remaining) || (d->m_finished))
        return (d->m_prev_return_status = tdefl_flush_output_buffer(d));

#if MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN
    if (((d->m_flags & TDEFL_MAX_PROBES_MASK) == 1) &&
        ((d->m_flags & TDEFL_GREEDY_PARSING_FLAG) != 0) &&
        ((d->m_flags & (TDEFL_FILTER_MATCHES | TDEFL_FORCE_ALL_RAW_BLOCKS | TDEFL_RLE_MATCHES)) == 0))
    {
        if (!tdefl_compress_fast(d))
            return d->m_prev_return_status;
    }
    else
#endif /* #if MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN */
    {
        if (!tdefl_compress_normal(d))
            return d->m_prev_return_status;
    }

    if ((d->m_flags & (TDEFL_WRITE_ZLIB_HEADER | TDEFL_COMPUTE_ADLER32)) && (pIn_buf))
        d->m_adler32 = (mz_uint32)mz_adler32(d->m_adler32, (const mz_uint8 *)pIn_buf, d->m_pSrc - (const mz_uint8 *)pIn_buf);

    if ((flush) && (!d->m_lookahead_size) && (!d->m_src_buf_left) && (!d->m_output_flush_remaining))
    {
        if (tdefl_flush_block(d, flush) < 0)
            return d->m_prev_return_status;
        d->m_finished = (flush == TDEFL_FINISH);
        if (flush == TDEFL_FULL_FLUSH)
        {
            MZ_CLEAR_OBJ(d->m_hash);
            MZ_CLEAR_OBJ(d->m_next);
            d->m_dict_size = 0;
        }
    }

    return (d->m_prev_return_status = tdefl_flush_output_buffer(d));
}

tdefl_status tdefl_compress_buffer(tdefl_compressor *d, const void *pIn_buf, size_t in_buf_size, tdefl_flush flush)
{
    MZ_ASSERT(d->m_pPut_buf_func);
    return tdefl_compress(d, pIn_buf, &in_buf_size, NULL, NULL, flush);
}

tdefl_status tdefl_init(tdefl_compressor *d, tdefl_put_buf_func_ptr pPut_buf_func, void *pPut_buf_user, int flags)
{
    d->m_pPut_buf_func = pPut_buf_func;
    d->m_pPut_buf_user = pPut_buf_user;
    d->m_flags = (mz_uint)(flags);
    d->m_max_probes[0] = 1 + ((flags & 0xFFF) + 2) / 3;
    d->m_greedy_parsing = (flags & TDEFL_GREEDY_PARSING_FLAG) != 0;
    d->m_max_probes[1] = 1 + (((flags & 0xFFF) >> 2) + 2) / 3;
    if (!(flags & TDEFL_NONDETERMINISTIC_PARSING_FLAG))
        MZ_CLEAR_OBJ(d->m_hash);
    d->m_lookahead_pos = d->m_lookahead_size = d->m_dict_size = d->m_total_lz_bytes = d->m_lz_code_buf_dict_pos = d->m_bits_in = 0;
    d->m_output_flush_ofs = d->m_output_flush_remaining = d->m_finished = d->m_block_index = d->m_bit_buffer = d->m_wants_to_finish = 0;
    d->m_pLZ_code_buf = d->m_lz_code_buf + 1;
    d->m_pLZ_flags = d->m_lz_code_buf;
    d->m_num_flags_left = 8;
    d->m_pOutput_buf = d->m_output_buf;
    d->m_pOutput_buf_end = d->m_output_buf;
    d->m_prev_return_status = TDEFL_STATUS_OKAY;
    d->m_saved_match_dist = d->m_saved_match_len = d->m_saved_lit = 0;
    d->m_adler32 = 1;
    d->m_pIn_buf = NULL;
    d->m_pOut_buf = NULL;
    d->m_pIn_buf_size = NULL;
    d->m_pOut_buf_size = NULL;
    d->m_flush = TDEFL_NO_FLUSH;
    d->m_pSrc = NULL;
    d->m_src_buf_left = 0;
    d->m_out_buf_ofs = 0;
    if (!(flags & TDEFL_NONDETERMINISTIC_PARSING_FLAG))
        MZ_CLEAR_OBJ(d->m_dict);
    memset(&d->m_huff_count[0][0], 0, sizeof(d->m_huff_count[0][0]) * TDEFL_MAX_HUFF_SYMBOLS_0);
    memset(&d->m_huff_count[1][0], 0, sizeof(d->m_huff_count[1][0]) * TDEFL_MAX_HUFF_SYMBOLS_1);
    return TDEFL_STATUS_OKAY;
}

tdefl_status tdefl_get_prev_return_status(tdefl_compressor *d)
{
    return d->m_prev_return_status;
}

mz_uint32 tdefl_get_adler32(tdefl_compressor *d)
{
    return d->m_adler32;
}

mz_bool tdefl_compress_mem_to_output(const void *pBuf, size_t buf_len, tdefl_put_buf_func_ptr pPut_buf_func, void *pPut_buf_user, int flags)
{
    tdefl_compressor *pComp;
    mz_bool succeeded;
    if (((buf_len) && (!pBuf)) || (!pPut_buf_func))
        return MZ_FALSE;
    pComp = (tdefl_compressor *)MZ_MALLOC(sizeof(tdefl_compressor));
    if (!pComp)
        return MZ_FALSE;
    succeeded = (tdefl_init(pComp, pPut_buf_func, pPut_buf_user, flags) == TDEFL_STATUS_OKAY);
    succeeded = succeeded && (tdefl_compress_buffer(pComp, pBuf, buf_len, TDEFL_FINISH) == TDEFL_STATUS_DONE);
    MZ_FREE(pComp);
    return succeeded;
}

typedef struct
{
    size_t m_size, m_capacity;
    mz_uint8 *m_pBuf;
    mz_bool m_expandable;
} tdefl_output_buffer;

static mz_bool tdefl_output_buffer_putter(const void *pBuf, int len, void *pUser)
{
    tdefl_output_buffer *p = (tdefl_output_buffer *)pUser;
    size_t new_size = p->m_size + len;
    if (new_size > p->m_capacity)
    {
        size_t new_capacity = p->m_capacity;
        mz_uint8 *pNew_buf;
        if (!p->m_expandable)
            return MZ_FALSE;
        do
        {
            new_capacity = MZ_MAX(128U, new_capacity << 1U);
        } while (new_size > new_capacity);
        pNew_buf = (mz_uint8 *)MZ_REALLOC(p->m_pBuf, new_capacity);
        if (!pNew_buf)
            return MZ_FALSE;
        p->m_pBuf = pNew_buf;
        p->m_capacity = new_capacity;
    }
    memcpy((mz_uint8 *)p->m_pBuf + p->m_size, pBuf, len);
    p->m_size = new_size;
    return MZ_TRUE;
}

void *tdefl_compress_mem_to_heap(const void *pSrc_buf, size_t src_buf_len, size_t *pOut_len, int flags)
{
    tdefl_output_buffer out_buf;
    MZ_CLEAR_OBJ(out_buf);
    if (!pOut_len)
        return MZ_FALSE;
    else
        *pOut_len = 0;
    out_buf.m_expandable = MZ_TRUE;
    if (!tdefl_compress_mem_to_output(pSrc_buf, src_buf_len, tdefl_output_buffer_putter, &out_buf, flags))
        return NULL;
    *pOut_len = out_buf.m_size;
    return out_buf.m_pBuf;
}

size_t tdefl_compress_mem_to_mem(void *pOut_buf, size_t out_buf_len, const void *pSrc_buf, size_t src_buf_len, int flags)
{
    tdefl_output_buffer out_buf;
    MZ_CLEAR_OBJ(out_buf);
    if (!pOut_buf)
        return 0;
    out_buf.m_pBuf = (mz_uint8 *)pOut_buf;
    out_buf.m_capacity = out_buf_len;
    if (!tdefl_compress_mem_to_output(pSrc_buf, src_buf_len, tdefl_output_buffer_putter, &out_buf, flags))
        return 0;
    return out_buf.m_size;
}

static const mz_uint s_tdefl_num_probes[11] = { 0, 1, 6, 32, 16, 32, 128, 256, 512, 768, 1500 };

/* level may actually range from [0,10] (10 is a "hidden" max level, where we want a bit more compression and it's fine if throughput to fall off a cliff on some files). */
mz_uint tdefl_create_comp_flags_from_zip_params(int level, int window_bits, int strategy)
{
    mz_uint comp_flags = s_tdefl_num_probes[(level >= 0) ? MZ_MIN(10, level) : MZ_DEFAULT_LEVEL] | ((level <= 3) ? TDEFL_GREEDY_PARSING_FLAG : 0);
    if (window_bits > 0)
        comp_flags |= TDEFL_WRITE_ZLIB_HEADER;

    if (!level)
        comp_flags |= TDEFL_FORCE_ALL_RAW_BLOCKS;
    else if (strategy == MZ_FILTERED)
        comp_flags |= TDEFL_FILTER_MATCHES;
    else if (strategy == MZ_HUFFMAN_ONLY)
        comp_flags &= ~TDEFL_MAX_PROBES_MASK;
    else if (strategy == MZ_FIXED)
        comp_flags |= TDEFL_FORCE_ALL_STATIC_BLOCKS;
    else if (strategy == MZ_RLE)
        comp_flags |= TDEFL_RLE_MATCHES;

    return comp_flags;
}

#ifdef _MSC_VER
#pragma warning(push)
#pragma warning(disable : 4204) /* nonstandard extension used : non-constant aggregate initializer (also supported by GNU C and C99, so no big deal) */
#endif

/* Simple PNG writer function by Alex Evans, 2011. Released into the public domain: https://gist.github.com/908299, more context at
 http://altdevblogaday.org/2011/04/06/a-smaller-jpg-encoder/.
 This is actually a modification of Alex's original code so PNG files generated by this function pass pngcheck. */
void *tdefl_write_image_to_png_file_in_memory_ex(const void *pImage, int w, int h, int num_chans, size_t *pLen_out, mz_uint level, mz_bool flip)
{
    /* Using a local copy of this array here in case MINIZ_NO_ZLIB_APIS was defined. */
    static const mz_uint s_tdefl_png_num_probes[11] = { 0, 1, 6, 32, 16, 32, 128, 256, 512, 768, 1500 };
    tdefl_compressor *pComp = (tdefl_compressor *)MZ_MALLOC(sizeof(tdefl_compressor));
    tdefl_output_buffer out_buf;
    int i, bpl = w * num_chans, y, z;
    mz_uint32 c;
    *pLen_out = 0;
    if (!pComp)
        return NULL;
    MZ_CLEAR_OBJ(out_buf);
    out_buf.m_expandable = MZ_TRUE;
    out_buf.m_capacity = 57 + MZ_MAX(64, (1 + bpl) * h);
    if (NULL == (out_buf.m_pBuf = (mz_uint8 *)MZ_MALLOC(out_buf.m_capacity)))
    {
        MZ_FREE(pComp);
        return NULL;
    }
    /* write dummy header */
    for (z = 41; z; --z)
        tdefl_output_buffer_putter(&z, 1, &out_buf);
    /* compress image data */
    tdefl_init(pComp, tdefl_output_buffer_putter, &out_buf, s_tdefl_png_num_probes[MZ_MIN(10, level)] | TDEFL_WRITE_ZLIB_HEADER);
    for (y = 0; y < h; ++y)
    {
        tdefl_compress_buffer(pComp, &z, 1, TDEFL_NO_FLUSH);
        tdefl_compress_buffer(pComp, (mz_uint8 *)pImage + (flip ? (h - 1 - y) : y) * bpl, bpl, TDEFL_NO_FLUSH);
    }
    if (tdefl_compress_buffer(pComp, NULL, 0, TDEFL_FINISH) != TDEFL_STATUS_DONE)
    {
        MZ_FREE(pComp);
        MZ_FREE(out_buf.m_pBuf);
        return NULL;
    }
    /* write real header */
    *pLen_out = out_buf.m_size - 41;
    {
        static const mz_uint8 chans[] = { 0x00, 0x00, 0x04, 0x02, 0x06 };
        mz_uint8 pnghdr[41] = { 0x89, 0x50, 0x4e, 0x47, 0x0d,
                                0x0a, 0x1a, 0x0a, 0x00, 0x00,
                                0x00, 0x0d, 0x49, 0x48, 0x44,
                                0x52, 0x00, 0x00, 0x00, 0x00,
                                0x00, 0x00, 0x00, 0x00, 0x08,
                                0x00, 0x00, 0x00, 0x00, 0x00,
                                0x00, 0x00, 0x00, 0x00, 0x00,
                                0x00, 0x00, 0x49, 0x44, 0x41,
                                0x54 };
        pnghdr[18] = (mz_uint8)(w >> 8);
        pnghdr[19] = (mz_uint8)w;
        pnghdr[22] = (mz_uint8)(h >> 8);
        pnghdr[23] = (mz_uint8)h;
        pnghdr[25] = chans[num_chans];
        pnghdr[33] = (mz_uint8)(*pLen_out >> 24);
        pnghdr[34] = (mz_uint8)(*pLen_out >> 16);
        pnghdr[35] = (mz_uint8)(*pLen_out >> 8);
        pnghdr[36] = (mz_uint8)*pLen_out;
        c = (mz_uint32)mz_crc32(MZ_CRC32_INIT, pnghdr + 12, 17);
        for (i = 0; i < 4; ++i, c <<= 8)
            ((mz_uint8 *)(pnghdr + 29))[i] = (mz_uint8)(c >> 24);
        memcpy(out_buf.m_pBuf, pnghdr, 41);
    }
    /* write footer (IDAT CRC-32, followed by IEND chunk) */
    if (!tdefl_output_buffer_putter("\0\0\0\0\0\0\0\0\x49\x45\x4e\x44\xae\x42\x60\x82", 16, &out_buf))
    {
        *pLen_out = 0;
        MZ_FREE(pComp);
        MZ_FREE(out_buf.m_pBuf);
        return NULL;
    }
    c = (mz_uint32)mz_crc32(MZ_CRC32_INIT, out_buf.m_pBuf + 41 - 4, *pLen_out + 4);
    for (i = 0; i < 4; ++i, c <<= 8)
        (out_buf.m_pBuf + out_buf.m_size - 16)[i] = (mz_uint8)(c >> 24);
    /* compute final size of file, grab compressed data buffer and return */
    *pLen_out += 57;
    MZ_FREE(pComp);
    return out_buf.m_pBuf;
}
void *tdefl_write_image_to_png_file_in_memory(const void *pImage, int w, int h, int num_chans, size_t *pLen_out)
{
    /* Level 6 corresponds to TDEFL_DEFAULT_MAX_PROBES or MZ_DEFAULT_LEVEL (but we can't depend on MZ_DEFAULT_LEVEL being available in case the zlib API's where #defined out) */
    return tdefl_write_image_to_png_file_in_memory_ex(pImage, w, h, num_chans, pLen_out, 6, MZ_FALSE);
}

#ifndef MINIZ_NO_MALLOC
/* Allocate the tdefl_compressor and tinfl_decompressor structures in C so that */
/* non-C language bindings to tdefL_ and tinfl_ API don't need to worry about */
/* structure size and allocation mechanism. */
tdefl_compressor *tdefl_compressor_alloc()
{
    return (tdefl_compressor *)MZ_MALLOC(sizeof(tdefl_compressor));
}

void tdefl_compressor_free(tdefl_compressor *pComp)
{
    MZ_FREE(pComp);
}
#endif

#ifdef _MSC_VER
#pragma warning(pop)
#endif

#ifdef __cplusplus
}
#endif
/**************************************************************************
 *
 * Copyright 2013-2014 RAD Game Tools and Valve Software
 * Copyright 2010-2014 Rich Geldreich and Tenacious Software LLC
 * All Rights Reserved.
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 *
 **************************************************************************/



#ifdef __cplusplus
extern "C" {
#endif

/* ------------------- Low-level Decompression (completely independent from all compression API's) */

#define TINFL_MEMCPY(d, s, l) memcpy(d, s, l)
#define TINFL_MEMSET(p, c, l) memset(p, c, l)

#define TINFL_CR_BEGIN  \
    switch (r->m_state) \
    {                   \
        case 0:
#define TINFL_CR_RETURN(state_index, result) \
    do                                       \
    {                                        \
        status = result;                     \
        r->m_state = state_index;            \
        goto common_exit;                    \
        case state_index:;                   \
    }                                        \
    MZ_MACRO_END
#define TINFL_CR_RETURN_FOREVER(state_index, result) \
    do                                               \
    {                                                \
        for (;;)                                     \
        {                                            \
            TINFL_CR_RETURN(state_index, result);    \
        }                                            \
    }                                                \
    MZ_MACRO_END
#define TINFL_CR_FINISH }

#define TINFL_GET_BYTE(state_index, c)                                                                                                                           \
    do                                                                                                                                                           \
    {                                                                                                                                                            \
        while (pIn_buf_cur >= pIn_buf_end)                                                                                                                       \
        {                                                                                                                                                        \
            TINFL_CR_RETURN(state_index, (decomp_flags & TINFL_FLAG_HAS_MORE_INPUT) ? TINFL_STATUS_NEEDS_MORE_INPUT : TINFL_STATUS_FAILED_CANNOT_MAKE_PROGRESS); \
        }                                                                                                                                                        \
        c = *pIn_buf_cur++;                                                                                                                                      \
    }                                                                                                                                                            \
    MZ_MACRO_END

#define TINFL_NEED_BITS(state_index, n)                \
    do                                                 \
    {                                                  \
        mz_uint c;                                     \
        TINFL_GET_BYTE(state_index, c);                \
        bit_buf |= (((tinfl_bit_buf_t)c) << num_bits); \
        num_bits += 8;                                 \
    } while (num_bits < (mz_uint)(n))
#define TINFL_SKIP_BITS(state_index, n)      \
    do                                       \
    {                                        \
        if (num_bits < (mz_uint)(n))         \
        {                                    \
            TINFL_NEED_BITS(state_index, n); \
        }                                    \
        bit_buf >>= (n);                     \
        num_bits -= (n);                     \
    }                                        \
    MZ_MACRO_END
#define TINFL_GET_BITS(state_index, b, n)    \
    do                                       \
    {                                        \
        if (num_bits < (mz_uint)(n))         \
        {                                    \
            TINFL_NEED_BITS(state_index, n); \
        }                                    \
        b = bit_buf & ((1 << (n)) - 1);      \
        bit_buf >>= (n);                     \
        num_bits -= (n);                     \
    }                                        \
    MZ_MACRO_END

/* TINFL_HUFF_BITBUF_FILL() is only used rarely, when the number of bytes remaining in the input buffer falls below 2. */
/* It reads just enough bytes from the input stream that are needed to decode the next Huffman code (and absolutely no more). It works by trying to fully decode a */
/* Huffman code by using whatever bits are currently present in the bit buffer. If this fails, it reads another byte, and tries again until it succeeds or until the */
/* bit buffer contains >=15 bits (deflate's max. Huffman code size). */
#define TINFL_HUFF_BITBUF_FILL(state_index, pHuff)                             \
    do                                                                         \
    {                                                                          \
        temp = (pHuff)->m_look_up[bit_buf & (TINFL_FAST_LOOKUP_SIZE - 1)];     \
        if (temp >= 0)                                                         \
        {                                                                      \
            code_len = temp >> 9;                                              \
            if ((code_len) && (num_bits >= code_len))                          \
                break;                                                         \
        }                                                                      \
        else if (num_bits > TINFL_FAST_LOOKUP_BITS)                            \
        {                                                                      \
            code_len = TINFL_FAST_LOOKUP_BITS;                                 \
            do                                                                 \
            {                                                                  \
                temp = (pHuff)->m_tree[~temp + ((bit_buf >> code_len++) & 1)]; \
            } while ((temp < 0) && (num_bits >= (code_len + 1)));              \
            if (temp >= 0)                                                     \
                break;                                                         \
        }                                                                      \
        TINFL_GET_BYTE(state_index, c);                                        \
        bit_buf |= (((tinfl_bit_buf_t)c) << num_bits);                         \
        num_bits += 8;                                                         \
    } while (num_bits < 15);

/* TINFL_HUFF_DECODE() decodes the next Huffman coded symbol. It's more complex than you would initially expect because the zlib API expects the decompressor to never read */
/* beyond the final byte of the deflate stream. (In other words, when this macro wants to read another byte from the input, it REALLY needs another byte in order to fully */
/* decode the next Huffman code.) Handling this properly is particularly important on raw deflate (non-zlib) streams, which aren't followed by a byte aligned adler-32. */
/* The slow path is only executed at the very end of the input buffer. */
/* v1.16: The original macro handled the case at the very end of the passed-in input buffer, but we also need to handle the case where the user passes in 1+zillion bytes */
/* following the deflate data and our non-conservative read-ahead path won't kick in here on this code. This is much trickier. */
#define TINFL_HUFF_DECODE(state_index, sym, pHuff)                                                                                  \
    do                                                                                                                              \
    {                                                                                                                               \
        int temp;                                                                                                                   \
        mz_uint code_len, c;                                                                                                        \
        if (num_bits < 15)                                                                                                          \
        {                                                                                                                           \
            if ((pIn_buf_end - pIn_buf_cur) < 2)                                                                                    \
            {                                                                                                                       \
                TINFL_HUFF_BITBUF_FILL(state_index, pHuff);                                                                         \
            }                                                                                                                       \
            else                                                                                                                    \
            {                                                                                                                       \
                bit_buf |= (((tinfl_bit_buf_t)pIn_buf_cur[0]) << num_bits) | (((tinfl_bit_buf_t)pIn_buf_cur[1]) << (num_bits + 8)); \
                pIn_buf_cur += 2;                                                                                                   \
                num_bits += 16;                                                                                                     \
            }                                                                                                                       \
        }                                                                                                                           \
        if ((temp = (pHuff)->m_look_up[bit_buf & (TINFL_FAST_LOOKUP_SIZE - 1)]) >= 0)                                               \
            code_len = temp >> 9, temp &= 511;                                                                                      \
        else                                                                                                                        \
        {                                                                                                                           \
            code_len = TINFL_FAST_LOOKUP_BITS;                                                                                      \
            do                                                                                                                      \
            {                                                                                                                       \
                temp = (pHuff)->m_tree[~temp + ((bit_buf >> code_len++) & 1)];                                                      \
            } while (temp < 0);                                                                                                     \
        }                                                                                                                           \
        sym = temp;                                                                                                                 \
        bit_buf >>= code_len;                                                                                                       \
        num_bits -= code_len;                                                                                                       \
    }                                                                                                                               \
    MZ_MACRO_END

tinfl_status tinfl_decompress(tinfl_decompressor *r, const mz_uint8 *pIn_buf_next, size_t *pIn_buf_size, mz_uint8 *pOut_buf_start, mz_uint8 *pOut_buf_next, size_t *pOut_buf_size, const mz_uint32 decomp_flags)
{
    static const int s_length_base[31] = { 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 17, 19, 23, 27, 31, 35, 43, 51, 59, 67, 83, 99, 115, 131, 163, 195, 227, 258, 0, 0 };
    static const int s_length_extra[31] = { 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 2, 2, 2, 2, 3, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 0, 0, 0 };
    static const int s_dist_base[32] = { 1, 2, 3, 4, 5, 7, 9, 13, 17, 25, 33, 49, 65, 97, 129, 193, 257, 385, 513, 769, 1025, 1537, 2049, 3073, 4097, 6145, 8193, 12289, 16385, 24577, 0, 0 };
    static const int s_dist_extra[32] = { 0, 0, 0, 0, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 10, 10, 11, 11, 12, 12, 13, 13 };
    static const mz_uint8 s_length_dezigzag[19] = { 16, 17, 18, 0, 8, 7, 9, 6, 10, 5, 11, 4, 12, 3, 13, 2, 14, 1, 15 };
    static const int s_min_table_sizes[3] = { 257, 1, 4 };

    tinfl_status status = TINFL_STATUS_FAILED;
    mz_uint32 num_bits, dist, counter, num_extra;
    tinfl_bit_buf_t bit_buf;
    const mz_uint8 *pIn_buf_cur = pIn_buf_next, *const pIn_buf_end = pIn_buf_next + *pIn_buf_size;
    mz_uint8 *pOut_buf_cur = pOut_buf_next, *const pOut_buf_end = pOut_buf_next + *pOut_buf_size;
    size_t out_buf_size_mask = (decomp_flags & TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF) ? (size_t)-1 : ((pOut_buf_next - pOut_buf_start) + *pOut_buf_size) - 1, dist_from_out_buf_start;

    /* Ensure the output buffer's size is a power of 2, unless the output buffer is large enough to hold the entire output file (in which case it doesn't matter). */
    if (((out_buf_size_mask + 1) & out_buf_size_mask) || (pOut_buf_next < pOut_buf_start))
    {
        *pIn_buf_size = *pOut_buf_size = 0;
        return TINFL_STATUS_BAD_PARAM;
    }

    num_bits = r->m_num_bits;
    bit_buf = r->m_bit_buf;
    dist = r->m_dist;
    counter = r->m_counter;
    num_extra = r->m_num_extra;
    dist_from_out_buf_start = r->m_dist_from_out_buf_start;
    TINFL_CR_BEGIN

    bit_buf = num_bits = dist = counter = num_extra = r->m_zhdr0 = r->m_zhdr1 = 0;
    r->m_z_adler32 = r->m_check_adler32 = 1;
    if (decomp_flags & TINFL_FLAG_PARSE_ZLIB_HEADER)
    {
        TINFL_GET_BYTE(1, r->m_zhdr0);
        TINFL_GET_BYTE(2, r->m_zhdr1);
        counter = (((r->m_zhdr0 * 256 + r->m_zhdr1) % 31 != 0) || (r->m_zhdr1 & 32) || ((r->m_zhdr0 & 15) != 8));
        if (!(decomp_flags & TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF))
            counter |= (((1U << (8U + (r->m_zhdr0 >> 4))) > 32768U) || ((out_buf_size_mask + 1) < (size_t)(1U << (8U + (r->m_zhdr0 >> 4)))));
        if (counter)
        {
            TINFL_CR_RETURN_FOREVER(36, TINFL_STATUS_FAILED);
        }
    }

    do
    {
        TINFL_GET_BITS(3, r->m_final, 3);
        r->m_type = r->m_final >> 1;
        if (r->m_type == 0)
        {
            TINFL_SKIP_BITS(5, num_bits & 7);
            for (counter = 0; counter < 4; ++counter)
            {
                if (num_bits)
                    TINFL_GET_BITS(6, r->m_raw_header[counter], 8);
                else
                    TINFL_GET_BYTE(7, r->m_raw_header[counter]);
            }
            if ((counter = (r->m_raw_header[0] | (r->m_raw_header[1] << 8))) != (mz_uint)(0xFFFF ^ (r->m_raw_header[2] | (r->m_raw_header[3] << 8))))
            {
                TINFL_CR_RETURN_FOREVER(39, TINFL_STATUS_FAILED);
            }
            while ((counter) && (num_bits))
            {
                TINFL_GET_BITS(51, dist, 8);
                while (pOut_buf_cur >= pOut_buf_end)
                {
                    TINFL_CR_RETURN(52, TINFL_STATUS_HAS_MORE_OUTPUT);
                }
                *pOut_buf_cur++ = (mz_uint8)dist;
                counter--;
            }
            while (counter)
            {
                size_t n;
                while (pOut_buf_cur >= pOut_buf_end)
                {
                    TINFL_CR_RETURN(9, TINFL_STATUS_HAS_MORE_OUTPUT);
                }
                while (pIn_buf_cur >= pIn_buf_end)
                {
                    TINFL_CR_RETURN(38, (decomp_flags & TINFL_FLAG_HAS_MORE_INPUT) ? TINFL_STATUS_NEEDS_MORE_INPUT : TINFL_STATUS_FAILED_CANNOT_MAKE_PROGRESS);
                }
                n = MZ_MIN(MZ_MIN((size_t)(pOut_buf_end - pOut_buf_cur), (size_t)(pIn_buf_end - pIn_buf_cur)), counter);
                TINFL_MEMCPY(pOut_buf_cur, pIn_buf_cur, n);
                pIn_buf_cur += n;
                pOut_buf_cur += n;
                counter -= (mz_uint)n;
            }
        }
        else if (r->m_type == 3)
        {
            TINFL_CR_RETURN_FOREVER(10, TINFL_STATUS_FAILED);
        }
        else
        {
            if (r->m_type == 1)
            {
                mz_uint8 *p = r->m_tables[0].m_code_size;
                mz_uint i;
                r->m_table_sizes[0] = 288;
                r->m_table_sizes[1] = 32;
                TINFL_MEMSET(r->m_tables[1].m_code_size, 5, 32);
                for (i = 0; i <= 143; ++i)
                    *p++ = 8;
                for (; i <= 255; ++i)
                    *p++ = 9;
                for (; i <= 279; ++i)
                    *p++ = 7;
                for (; i <= 287; ++i)
                    *p++ = 8;
            }
            else
            {
                for (counter = 0; counter < 3; counter++)
                {
                    TINFL_GET_BITS(11, r->m_table_sizes[counter], "\05\05\04"[counter]);
                    r->m_table_sizes[counter] += s_min_table_sizes[counter];
                }
                MZ_CLEAR_OBJ(r->m_tables[2].m_code_size);
                for (counter = 0; counter < r->m_table_sizes[2]; counter++)
                {
                    mz_uint s;
                    TINFL_GET_BITS(14, s, 3);
                    r->m_tables[2].m_code_size[s_length_dezigzag[counter]] = (mz_uint8)s;
                }
                r->m_table_sizes[2] = 19;
            }
            for (; (int)r->m_type >= 0; r->m_type--)
            {
                int tree_next, tree_cur;
                tinfl_huff_table *pTable;
                mz_uint i, j, used_syms, total, sym_index, next_code[17], total_syms[16];
                pTable = &r->m_tables[r->m_type];
                MZ_CLEAR_OBJ(total_syms);
                MZ_CLEAR_OBJ(pTable->m_look_up);
                MZ_CLEAR_OBJ(pTable->m_tree);
                for (i = 0; i < r->m_table_sizes[r->m_type]; ++i)
                    total_syms[pTable->m_code_size[i]]++;
                used_syms = 0, total = 0;
                next_code[0] = next_code[1] = 0;
                for (i = 1; i <= 15; ++i)
                {
                    used_syms += total_syms[i];
                    next_code[i + 1] = (total = ((total + total_syms[i]) << 1));
                }
                if ((65536 != total) && (used_syms > 1))
                {
                    TINFL_CR_RETURN_FOREVER(35, TINFL_STATUS_FAILED);
                }
                for (tree_next = -1, sym_index = 0; sym_index < r->m_table_sizes[r->m_type]; ++sym_index)
                {
                    mz_uint rev_code = 0, l, cur_code, code_size = pTable->m_code_size[sym_index];
                    if (!code_size)
                        continue;
                    cur_code = next_code[code_size]++;
                    for (l = code_size; l > 0; l--, cur_code >>= 1)
                        rev_code = (rev_code << 1) | (cur_code & 1);
                    if (code_size <= TINFL_FAST_LOOKUP_BITS)
                    {
                        mz_int16 k = (mz_int16)((code_size << 9) | sym_index);
                        while (rev_code < TINFL_FAST_LOOKUP_SIZE)
                        {
                            pTable->m_look_up[rev_code] = k;
                            rev_code += (1 << code_size);
                        }
                        continue;
                    }
                    if (0 == (tree_cur = pTable->m_look_up[rev_code & (TINFL_FAST_LOOKUP_SIZE - 1)]))
                    {
                        pTable->m_look_up[rev_code & (TINFL_FAST_LOOKUP_SIZE - 1)] = (mz_int16)tree_next;
                        tree_cur = tree_next;
                        tree_next -= 2;
                    }
                    rev_code >>= (TINFL_FAST_LOOKUP_BITS - 1);
                    for (j = code_size; j > (TINFL_FAST_LOOKUP_BITS + 1); j--)
                    {
                        tree_cur -= ((rev_code >>= 1) & 1);
                        if (!pTable->m_tree[-tree_cur - 1])
                        {
                            pTable->m_tree[-tree_cur - 1] = (mz_int16)tree_next;
                            tree_cur = tree_next;
                            tree_next -= 2;
                        }
                        else
                            tree_cur = pTable->m_tree[-tree_cur - 1];
                    }
                    tree_cur -= ((rev_code >>= 1) & 1);
                    pTable->m_tree[-tree_cur - 1] = (mz_int16)sym_index;
                }
                if (r->m_type == 2)
                {
                    for (counter = 0; counter < (r->m_table_sizes[0] + r->m_table_sizes[1]);)
                    {
                        mz_uint s;
                        TINFL_HUFF_DECODE(16, dist, &r->m_tables[2]);
                        if (dist < 16)
                        {
                            r->m_len_codes[counter++] = (mz_uint8)dist;
                            continue;
                        }
                        if ((dist == 16) && (!counter))
                        {
                            TINFL_CR_RETURN_FOREVER(17, TINFL_STATUS_FAILED);
                        }
                        num_extra = "\02\03\07"[dist - 16];
                        TINFL_GET_BITS(18, s, num_extra);
                        s += "\03\03\013"[dist - 16];
                        TINFL_MEMSET(r->m_len_codes + counter, (dist == 16) ? r->m_len_codes[counter - 1] : 0, s);
                        counter += s;
                    }
                    if ((r->m_table_sizes[0] + r->m_table_sizes[1]) != counter)
                    {
                        TINFL_CR_RETURN_FOREVER(21, TINFL_STATUS_FAILED);
                    }
                    TINFL_MEMCPY(r->m_tables[0].m_code_size, r->m_len_codes, r->m_table_sizes[0]);
                    TINFL_MEMCPY(r->m_tables[1].m_code_size, r->m_len_codes + r->m_table_sizes[0], r->m_table_sizes[1]);
                }
            }
            for (;;)
            {
                mz_uint8 *pSrc;
                for (;;)
                {
                    if (((pIn_buf_end - pIn_buf_cur) < 4) || ((pOut_buf_end - pOut_buf_cur) < 2))
                    {
                        TINFL_HUFF_DECODE(23, counter, &r->m_tables[0]);
                        if (counter >= 256)
                            break;
                        while (pOut_buf_cur >= pOut_buf_end)
                        {
                            TINFL_CR_RETURN(24, TINFL_STATUS_HAS_MORE_OUTPUT);
                        }
                        *pOut_buf_cur++ = (mz_uint8)counter;
                    }
                    else
                    {
                        int sym2;
                        mz_uint code_len;
#if TINFL_USE_64BIT_BITBUF
                        if (num_bits < 30)
                        {
                            bit_buf |= (((tinfl_bit_buf_t)MZ_READ_LE32(pIn_buf_cur)) << num_bits);
                            pIn_buf_cur += 4;
                            num_bits += 32;
                        }
#else
                        if (num_bits < 15)
                        {
                            bit_buf |= (((tinfl_bit_buf_t)MZ_READ_LE16(pIn_buf_cur)) << num_bits);
                            pIn_buf_cur += 2;
                            num_bits += 16;
                        }
#endif
                        if ((sym2 = r->m_tables[0].m_look_up[bit_buf & (TINFL_FAST_LOOKUP_SIZE - 1)]) >= 0)
                            code_len = sym2 >> 9;
                        else
                        {
                            code_len = TINFL_FAST_LOOKUP_BITS;
                            do
                            {
                                sym2 = r->m_tables[0].m_tree[~sym2 + ((bit_buf >> code_len++) & 1)];
                            } while (sym2 < 0);
                        }
                        counter = sym2;
                        bit_buf >>= code_len;
                        num_bits -= code_len;
                        if (counter & 256)
                            break;

#if !TINFL_USE_64BIT_BITBUF
                        if (num_bits < 15)
                        {
                            bit_buf |= (((tinfl_bit_buf_t)MZ_READ_LE16(pIn_buf_cur)) << num_bits);
                            pIn_buf_cur += 2;
                            num_bits += 16;
                        }
#endif
                        if ((sym2 = r->m_tables[0].m_look_up[bit_buf & (TINFL_FAST_LOOKUP_SIZE - 1)]) >= 0)
                            code_len = sym2 >> 9;
                        else
                        {
                            code_len = TINFL_FAST_LOOKUP_BITS;
                            do
                            {
                                sym2 = r->m_tables[0].m_tree[~sym2 + ((bit_buf >> code_len++) & 1)];
                            } while (sym2 < 0);
                        }
                        bit_buf >>= code_len;
                        num_bits -= code_len;

                        pOut_buf_cur[0] = (mz_uint8)counter;
                        if (sym2 & 256)
                        {
                            pOut_buf_cur++;
                            counter = sym2;
                            break;
                        }
                        pOut_buf_cur[1] = (mz_uint8)sym2;
                        pOut_buf_cur += 2;
                    }
                }
                if ((counter &= 511) == 256)
                    break;

                num_extra = s_length_extra[counter - 257];
                counter = s_length_base[counter - 257];
                if (num_extra)
                {
                    mz_uint extra_bits;
                    TINFL_GET_BITS(25, extra_bits, num_extra);
                    counter += extra_bits;
                }

                TINFL_HUFF_DECODE(26, dist, &r->m_tables[1]);
                num_extra = s_dist_extra[dist];
                dist = s_dist_base[dist];
                if (num_extra)
                {
                    mz_uint extra_bits;
                    TINFL_GET_BITS(27, extra_bits, num_extra);
                    dist += extra_bits;
                }

                dist_from_out_buf_start = pOut_buf_cur - pOut_buf_start;
                if ((dist > dist_from_out_buf_start) && (decomp_flags & TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF))
                {
                    TINFL_CR_RETURN_FOREVER(37, TINFL_STATUS_FAILED);
                }

                pSrc = pOut_buf_start + ((dist_from_out_buf_start - dist) & out_buf_size_mask);

                if ((MZ_MAX(pOut_buf_cur, pSrc) + counter) > pOut_buf_end)
                {
                    while (counter--)
                    {
                        while (pOut_buf_cur >= pOut_buf_end)
                        {
                            TINFL_CR_RETURN(53, TINFL_STATUS_HAS_MORE_OUTPUT);
                        }
                        *pOut_buf_cur++ = pOut_buf_start[(dist_from_out_buf_start++ - dist) & out_buf_size_mask];
                    }
                    continue;
                }
#if MINIZ_USE_UNALIGNED_LOADS_AND_STORES
                else if ((counter >= 9) && (counter <= dist))
                {
                    const mz_uint8 *pSrc_end = pSrc + (counter & ~7);
                    do
                    {
#ifdef MINIZ_UNALIGNED_USE_MEMCPY
						memcpy(pOut_buf_cur, pSrc, sizeof(mz_uint32)*2);
#else
                        ((mz_uint32 *)pOut_buf_cur)[0] = ((const mz_uint32 *)pSrc)[0];
                        ((mz_uint32 *)pOut_buf_cur)[1] = ((const mz_uint32 *)pSrc)[1];
#endif
                        pOut_buf_cur += 8;
                    } while ((pSrc += 8) < pSrc_end);
                    if ((counter &= 7) < 3)
                    {
                        if (counter)
                        {
                            pOut_buf_cur[0] = pSrc[0];
                            if (counter > 1)
                                pOut_buf_cur[1] = pSrc[1];
                            pOut_buf_cur += counter;
                        }
                        continue;
                    }
                }
#endif
                while(counter>2)
                {
                    pOut_buf_cur[0] = pSrc[0];
                    pOut_buf_cur[1] = pSrc[1];
                    pOut_buf_cur[2] = pSrc[2];
                    pOut_buf_cur += 3;
                    pSrc += 3;
					counter -= 3;
                }
                if (counter > 0)
                {
                    pOut_buf_cur[0] = pSrc[0];
                    if (counter > 1)
                        pOut_buf_cur[1] = pSrc[1];
                    pOut_buf_cur += counter;
                }
            }
        }
    } while (!(r->m_final & 1));

    /* Ensure byte alignment and put back any bytes from the bitbuf if we've looked ahead too far on gzip, or other Deflate streams followed by arbitrary data. */
    /* I'm being super conservative here. A number of simplifications can be made to the byte alignment part, and the Adler32 check shouldn't ever need to worry about reading from the bitbuf now. */
    TINFL_SKIP_BITS(32, num_bits & 7);
    while ((pIn_buf_cur > pIn_buf_next) && (num_bits >= 8))
    {
        --pIn_buf_cur;
        num_bits -= 8;
    }
    bit_buf &= (tinfl_bit_buf_t)((((mz_uint64)1) << num_bits) - (mz_uint64)1);
    MZ_ASSERT(!num_bits); /* if this assert fires then we've read beyond the end of non-deflate/zlib streams with following data (such as gzip streams). */

    if (decomp_flags & TINFL_FLAG_PARSE_ZLIB_HEADER)
    {
        for (counter = 0; counter < 4; ++counter)
        {
            mz_uint s;
            if (num_bits)
                TINFL_GET_BITS(41, s, 8);
            else
                TINFL_GET_BYTE(42, s);
            r->m_z_adler32 = (r->m_z_adler32 << 8) | s;
        }
    }
    TINFL_CR_RETURN_FOREVER(34, TINFL_STATUS_DONE);

    TINFL_CR_FINISH

common_exit:
    /* As long as we aren't telling the caller that we NEED more input to make forward progress: */
    /* Put back any bytes from the bitbuf in case we've looked ahead too far on gzip, or other Deflate streams followed by arbitrary data. */
    /* We need to be very careful here to NOT push back any bytes we definitely know we need to make forward progress, though, or we'll lock the caller up into an inf loop. */
    if ((status != TINFL_STATUS_NEEDS_MORE_INPUT) && (status != TINFL_STATUS_FAILED_CANNOT_MAKE_PROGRESS))
    {
        while ((pIn_buf_cur > pIn_buf_next) && (num_bits >= 8))
        {
            --pIn_buf_cur;
            num_bits -= 8;
        }
    }
    r->m_num_bits = num_bits;
    r->m_bit_buf = bit_buf & (tinfl_bit_buf_t)((((mz_uint64)1) << num_bits) - (mz_uint64)1);
    r->m_dist = dist;
    r->m_counter = counter;
    r->m_num_extra = num_extra;
    r->m_dist_from_out_buf_start = dist_from_out_buf_start;
    *pIn_buf_size = pIn_buf_cur - pIn_buf_next;
    *pOut_buf_size = pOut_buf_cur - pOut_buf_next;
    if ((decomp_flags & (TINFL_FLAG_PARSE_ZLIB_HEADER | TINFL_FLAG_COMPUTE_ADLER32)) && (status >= 0))
    {
        const mz_uint8 *ptr = pOut_buf_next;
        size_t buf_len = *pOut_buf_size;
        mz_uint32 i, s1 = r->m_check_adler32 & 0xffff, s2 = r->m_check_adler32 >> 16;
        size_t block_len = buf_len % 5552;
        while (buf_len)
        {
            for (i = 0; i + 7 < block_len; i += 8, ptr += 8)
            {
                s1 += ptr[0], s2 += s1;
                s1 += ptr[1], s2 += s1;
                s1 += ptr[2], s2 += s1;
                s1 += ptr[3], s2 += s1;
                s1 += ptr[4], s2 += s1;
                s1 += ptr[5], s2 += s1;
                s1 += ptr[6], s2 += s1;
                s1 += ptr[7], s2 += s1;
            }
            for (; i < block_len; ++i)
                s1 += *ptr++, s2 += s1;
            s1 %= 65521U, s2 %= 65521U;
            buf_len -= block_len;
            block_len = 5552;
        }
        r->m_check_adler32 = (s2 << 16) + s1;
        if ((status == TINFL_STATUS_DONE) && (decomp_flags & TINFL_FLAG_PARSE_ZLIB_HEADER) && (r->m_check_adler32 != r->m_z_adler32))
            status = TINFL_STATUS_ADLER32_MISMATCH;
    }
    return status;
}

/* Higher level helper functions. */
void *tinfl_decompress_mem_to_heap(const void *pSrc_buf, size_t src_buf_len, size_t *pOut_len, int flags)
{
    tinfl_decompressor decomp;
    void *pBuf = NULL, *pNew_buf;
    size_t src_buf_ofs = 0, out_buf_capacity = 0;
    *pOut_len = 0;
    tinfl_init(&decomp);
    for (;;)
    {
        size_t src_buf_size = src_buf_len - src_buf_ofs, dst_buf_size = out_buf_capacity - *pOut_len, new_out_buf_capacity;
        tinfl_status status = tinfl_decompress(&decomp, (const mz_uint8 *)pSrc_buf + src_buf_ofs, &src_buf_size, (mz_uint8 *)pBuf, pBuf ? (mz_uint8 *)pBuf + *pOut_len : NULL, &dst_buf_size,
                                               (flags & ~TINFL_FLAG_HAS_MORE_INPUT) | TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF);
        if ((status < 0) || (status == TINFL_STATUS_NEEDS_MORE_INPUT))
        {
            MZ_FREE(pBuf);
            *pOut_len = 0;
            return NULL;
        }
        src_buf_ofs += src_buf_size;
        *pOut_len += dst_buf_size;
        if (status == TINFL_STATUS_DONE)
            break;
        new_out_buf_capacity = out_buf_capacity * 2;
        if (new_out_buf_capacity < 128)
            new_out_buf_capacity = 128;
        pNew_buf = MZ_REALLOC(pBuf, new_out_buf_capacity);
        if (!pNew_buf)
        {
            MZ_FREE(pBuf);
            *pOut_len = 0;
            return NULL;
        }
        pBuf = pNew_buf;
        out_buf_capacity = new_out_buf_capacity;
    }
    return pBuf;
}

size_t tinfl_decompress_mem_to_mem(void *pOut_buf, size_t out_buf_len, const void *pSrc_buf, size_t src_buf_len, int flags)
{
    tinfl_decompressor decomp;
    tinfl_status status;
    tinfl_init(&decomp);
    status = tinfl_decompress(&decomp, (const mz_uint8 *)pSrc_buf, &src_buf_len, (mz_uint8 *)pOut_buf, (mz_uint8 *)pOut_buf, &out_buf_len, (flags & ~TINFL_FLAG_HAS_MORE_INPUT) | TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF);
    return (status != TINFL_STATUS_DONE) ? TINFL_DECOMPRESS_MEM_TO_MEM_FAILED : out_buf_len;
}

int tinfl_decompress_mem_to_callback(const void *pIn_buf, size_t *pIn_buf_size, tinfl_put_buf_func_ptr pPut_buf_func, void *pPut_buf_user, int flags)
{
    int result = 0;
    tinfl_decompressor decomp;
    mz_uint8 *pDict = (mz_uint8 *)MZ_MALLOC(TINFL_LZ_DICT_SIZE);
    size_t in_buf_ofs = 0, dict_ofs = 0;
    if (!pDict)
        return TINFL_STATUS_FAILED;
    tinfl_init(&decomp);
    for (;;)
    {
        size_t in_buf_size = *pIn_buf_size - in_buf_ofs, dst_buf_size = TINFL_LZ_DICT_SIZE - dict_ofs;
        tinfl_status status = tinfl_decompress(&decomp, (const mz_uint8 *)pIn_buf + in_buf_ofs, &in_buf_size, pDict, pDict + dict_ofs, &dst_buf_size,
                                               (flags & ~(TINFL_FLAG_HAS_MORE_INPUT | TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF)));
        in_buf_ofs += in_buf_size;
        if ((dst_buf_size) && (!(*pPut_buf_func)(pDict + dict_ofs, (int)dst_buf_size, pPut_buf_user)))
            break;
        if (status != TINFL_STATUS_HAS_MORE_OUTPUT)
        {
            result = (status == TINFL_STATUS_DONE);
            break;
        }
        dict_ofs = (dict_ofs + dst_buf_size) & (TINFL_LZ_DICT_SIZE - 1);
    }
    MZ_FREE(pDict);
    *pIn_buf_size = in_buf_ofs;
    return result;
}

#ifndef MINIZ_NO_MALLOC
tinfl_decompressor *tinfl_decompressor_alloc()
{
    tinfl_decompressor *pDecomp = (tinfl_decompressor *)MZ_MALLOC(sizeof(tinfl_decompressor));
    if (pDecomp)
        tinfl_init(pDecomp);
    return pDecomp;
}

void tinfl_decompressor_free(tinfl_decompressor *pDecomp)
{
    MZ_FREE(pDecomp);
}
#endif

#ifdef __cplusplus
}
#endif
/**************************************************************************
 *
 * Copyright 2013-2014 RAD Game Tools and Valve Software
 * Copyright 2010-2014 Rich Geldreich and Tenacious Software LLC
 * Copyright 2016 Martin Raiber
 * All Rights Reserved.
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 *
 **************************************************************************/


#ifndef MINIZ_NO_ARCHIVE_APIS

#ifdef __cplusplus
extern "C" {
#endif

/* ------------------- .ZIP archive reading */

#ifdef MINIZ_NO_STDIO
#define MZ_FILE void *
#else
#include <sys/stat.h>

#if defined(_MSC_VER) || defined(__MINGW64__)
static FILE *mz_fopen(const char *pFilename, const char *pMode)
{
    FILE *pFile = NULL;
    fopen_s(&pFile, pFilename, pMode);
    return pFile;
}
static FILE *mz_freopen(const char *pPath, const char *pMode, FILE *pStream)
{
    FILE *pFile = NULL;
    if (freopen_s(&pFile, pPath, pMode, pStream))
        return NULL;
    return pFile;
}
#ifndef MINIZ_NO_TIME
#include <sys/utime.h>
#endif
#define MZ_FOPEN mz_fopen
#define MZ_FCLOSE fclose
#define MZ_FREAD fread
#define MZ_FWRITE fwrite
#define MZ_FTELL64 _ftelli64
#define MZ_FSEEK64 _fseeki64
#define MZ_FILE_STAT_STRUCT _stat64
#define MZ_FILE_STAT _stat64
#define MZ_FFLUSH fflush
#define MZ_FREOPEN mz_freopen
#define MZ_DELETE_FILE remove
#elif defined(__MINGW32__)
#ifndef MINIZ_NO_TIME
#include <sys/utime.h>
#endif
#define MZ_FOPEN(f, m) fopen(f, m)
#define MZ_FCLOSE fclose
#define MZ_FREAD fread
#define MZ_FWRITE fwrite
#define MZ_FTELL64 ftello64
#define MZ_FSEEK64 fseeko64
#define MZ_FILE_STAT_STRUCT _stat
#define MZ_FILE_STAT _stat
#define MZ_FFLUSH fflush
#define MZ_FREOPEN(f, m, s) freopen(f, m, s)
#define MZ_DELETE_FILE remove
#elif defined(__TINYC__)
#ifndef MINIZ_NO_TIME
#include <sys/utime.h>
#endif
#define MZ_FOPEN(f, m) fopen(f, m)
#define MZ_FCLOSE fclose
#define MZ_FREAD fread
#define MZ_FWRITE fwrite
#define MZ_FTELL64 ftell
#define MZ_FSEEK64 fseek
#define MZ_FILE_STAT_STRUCT stat
#define MZ_FILE_STAT stat
#define MZ_FFLUSH fflush
#define MZ_FREOPEN(f, m, s) freopen(f, m, s)
#define MZ_DELETE_FILE remove
#elif defined(__GNUC__) && defined(_LARGEFILE64_SOURCE)
#ifndef MINIZ_NO_TIME
#include <utime.h>
#endif
#define MZ_FOPEN(f, m) fopen64(f, m)
#define MZ_FCLOSE fclose
#define MZ_FREAD fread
#define MZ_FWRITE fwrite
#define MZ_FTELL64 ftello64
#define MZ_FSEEK64 fseeko64
#define MZ_FILE_STAT_STRUCT stat64
#define MZ_FILE_STAT stat64
#define MZ_FFLUSH fflush
#define MZ_FREOPEN(p, m, s) freopen64(p, m, s)
#define MZ_DELETE_FILE remove
#elif defined(__APPLE__)
#ifndef MINIZ_NO_TIME
#include <utime.h>
#endif
#define MZ_FOPEN(f, m) fopen(f, m)
#define MZ_FCLOSE fclose
#define MZ_FREAD fread
#define MZ_FWRITE fwrite
#define MZ_FTELL64 ftello
#define MZ_FSEEK64 fseeko
#define MZ_FILE_STAT_STRUCT stat
#define MZ_FILE_STAT stat
#define MZ_FFLUSH fflush
#define MZ_FREOPEN(p, m, s) freopen(p, m, s)
#define MZ_DELETE_FILE remove

#else
#pragma message("Using fopen, ftello, fseeko, stat() etc. path for file I/O - this path may not support large files.")
#ifndef MINIZ_NO_TIME
#include <utime.h>
#endif
#define MZ_FOPEN(f, m) fopen(f, m)
#define MZ_FCLOSE fclose
#define MZ_FREAD fread
#define MZ_FWRITE fwrite
#ifdef __STRICT_ANSI__
#define MZ_FTELL64 ftell
#define MZ_FSEEK64 fseek
#else
#define MZ_FTELL64 ftello
#define MZ_FSEEK64 fseeko
#endif
#define MZ_FILE_STAT_STRUCT stat
#define MZ_FILE_STAT stat
#define MZ_FFLUSH fflush
#define MZ_FREOPEN(f, m, s) freopen(f, m, s)
#define MZ_DELETE_FILE remove
#endif /* #ifdef _MSC_VER */
#endif /* #ifdef MINIZ_NO_STDIO */

#define MZ_TOLOWER(c) ((((c) >= 'A') && ((c) <= 'Z')) ? ((c) - 'A' + 'a') : (c))

/* Various ZIP archive enums. To completely avoid cross platform compiler alignment and platform endian issues, miniz.c doesn't use structs for any of this stuff. */
enum
{
    /* ZIP archive identifiers and record sizes */
    MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIG = 0x06054b50,
    MZ_ZIP_CENTRAL_DIR_HEADER_SIG = 0x02014b50,
    MZ_ZIP_LOCAL_DIR_HEADER_SIG = 0x04034b50,
    MZ_ZIP_LOCAL_DIR_HEADER_SIZE = 30,
    MZ_ZIP_CENTRAL_DIR_HEADER_SIZE = 46,
    MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE = 22,

    /* ZIP64 archive identifier and record sizes */
    MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIG = 0x06064b50,
    MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIG = 0x07064b50,
    MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE = 56,
    MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE = 20,
    MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID = 0x0001,
    MZ_ZIP_DATA_DESCRIPTOR_ID = 0x08074b50,
    MZ_ZIP_DATA_DESCRIPTER_SIZE64 = 24,
    MZ_ZIP_DATA_DESCRIPTER_SIZE32 = 16,

    /* Central directory header record offsets */
    MZ_ZIP_CDH_SIG_OFS = 0,
    MZ_ZIP_CDH_VERSION_MADE_BY_OFS = 4,
    MZ_ZIP_CDH_VERSION_NEEDED_OFS = 6,
    MZ_ZIP_CDH_BIT_FLAG_OFS = 8,
    MZ_ZIP_CDH_METHOD_OFS = 10,
    MZ_ZIP_CDH_FILE_TIME_OFS = 12,
    MZ_ZIP_CDH_FILE_DATE_OFS = 14,
    MZ_ZIP_CDH_CRC32_OFS = 16,
    MZ_ZIP_CDH_COMPRESSED_SIZE_OFS = 20,
    MZ_ZIP_CDH_DECOMPRESSED_SIZE_OFS = 24,
    MZ_ZIP_CDH_FILENAME_LEN_OFS = 28,
    MZ_ZIP_CDH_EXTRA_LEN_OFS = 30,
    MZ_ZIP_CDH_COMMENT_LEN_OFS = 32,
    MZ_ZIP_CDH_DISK_START_OFS = 34,
    MZ_ZIP_CDH_INTERNAL_ATTR_OFS = 36,
    MZ_ZIP_CDH_EXTERNAL_ATTR_OFS = 38,
    MZ_ZIP_CDH_LOCAL_HEADER_OFS = 42,

    /* Local directory header offsets */
    MZ_ZIP_LDH_SIG_OFS = 0,
    MZ_ZIP_LDH_VERSION_NEEDED_OFS = 4,
    MZ_ZIP_LDH_BIT_FLAG_OFS = 6,
    MZ_ZIP_LDH_METHOD_OFS = 8,
    MZ_ZIP_LDH_FILE_TIME_OFS = 10,
    MZ_ZIP_LDH_FILE_DATE_OFS = 12,
    MZ_ZIP_LDH_CRC32_OFS = 14,
    MZ_ZIP_LDH_COMPRESSED_SIZE_OFS = 18,
    MZ_ZIP_LDH_DECOMPRESSED_SIZE_OFS = 22,
    MZ_ZIP_LDH_FILENAME_LEN_OFS = 26,
    MZ_ZIP_LDH_EXTRA_LEN_OFS = 28,
    MZ_ZIP_LDH_BIT_FLAG_HAS_LOCATOR = 1 << 3,

    /* End of central directory offsets */
    MZ_ZIP_ECDH_SIG_OFS = 0,
    MZ_ZIP_ECDH_NUM_THIS_DISK_OFS = 4,
    MZ_ZIP_ECDH_NUM_DISK_CDIR_OFS = 6,
    MZ_ZIP_ECDH_CDIR_NUM_ENTRIES_ON_DISK_OFS = 8,
    MZ_ZIP_ECDH_CDIR_TOTAL_ENTRIES_OFS = 10,
    MZ_ZIP_ECDH_CDIR_SIZE_OFS = 12,
    MZ_ZIP_ECDH_CDIR_OFS_OFS = 16,
    MZ_ZIP_ECDH_COMMENT_SIZE_OFS = 20,

    /* ZIP64 End of central directory locator offsets */
    MZ_ZIP64_ECDL_SIG_OFS = 0,                    /* 4 bytes */
    MZ_ZIP64_ECDL_NUM_DISK_CDIR_OFS = 4,          /* 4 bytes */
    MZ_ZIP64_ECDL_REL_OFS_TO_ZIP64_ECDR_OFS = 8,  /* 8 bytes */
    MZ_ZIP64_ECDL_TOTAL_NUMBER_OF_DISKS_OFS = 16, /* 4 bytes */

    /* ZIP64 End of central directory header offsets */
    MZ_ZIP64_ECDH_SIG_OFS = 0,                       /* 4 bytes */
    MZ_ZIP64_ECDH_SIZE_OF_RECORD_OFS = 4,            /* 8 bytes */
    MZ_ZIP64_ECDH_VERSION_MADE_BY_OFS = 12,          /* 2 bytes */
    MZ_ZIP64_ECDH_VERSION_NEEDED_OFS = 14,           /* 2 bytes */
    MZ_ZIP64_ECDH_NUM_THIS_DISK_OFS = 16,            /* 4 bytes */
    MZ_ZIP64_ECDH_NUM_DISK_CDIR_OFS = 20,            /* 4 bytes */
    MZ_ZIP64_ECDH_CDIR_NUM_ENTRIES_ON_DISK_OFS = 24, /* 8 bytes */
    MZ_ZIP64_ECDH_CDIR_TOTAL_ENTRIES_OFS = 32,       /* 8 bytes */
    MZ_ZIP64_ECDH_CDIR_SIZE_OFS = 40,                /* 8 bytes */
    MZ_ZIP64_ECDH_CDIR_OFS_OFS = 48,                 /* 8 bytes */
    MZ_ZIP_VERSION_MADE_BY_DOS_FILESYSTEM_ID = 0,
    MZ_ZIP_DOS_DIR_ATTRIBUTE_BITFLAG = 0x10,
    MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_IS_ENCRYPTED = 1,
    MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_COMPRESSED_PATCH_FLAG = 32,
    MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_USES_STRONG_ENCRYPTION = 64,
    MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_LOCAL_DIR_IS_MASKED = 8192,
    MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_UTF8 = 1 << 11
};

typedef struct
{
    void *m_p;
    size_t m_size, m_capacity;
    mz_uint m_element_size;
} mz_zip_array;

struct mz_zip_internal_state_tag
{
    mz_zip_array m_central_dir;
    mz_zip_array m_central_dir_offsets;
    mz_zip_array m_sorted_central_dir_offsets;

    /* The flags passed in when the archive is initially opened. */
    uint32_t m_init_flags;

    /* MZ_TRUE if the archive has a zip64 end of central directory headers, etc. */
    mz_bool m_zip64;

    /* MZ_TRUE if we found zip64 extended info in the central directory (m_zip64 will also be slammed to true too, even if we didn't find a zip64 end of central dir header, etc.) */
    mz_bool m_zip64_has_extended_info_fields;

    /* These fields are used by the file, FILE, memory, and memory/heap read/write helpers. */
    MZ_FILE *m_pFile;
    mz_uint64 m_file_archive_start_ofs;

    void *m_pMem;
    size_t m_mem_size;
    size_t m_mem_capacity;
};

#define MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(array_ptr, element_size) (array_ptr)->m_element_size = element_size

#if defined(DEBUG) || defined(_DEBUG) || defined(NDEBUG)
static MZ_FORCEINLINE mz_uint mz_zip_array_range_check(const mz_zip_array *pArray, mz_uint index)
{
    MZ_ASSERT(index < pArray->m_size);
    return index;
}
#define MZ_ZIP_ARRAY_ELEMENT(array_ptr, element_type, index) ((element_type *)((array_ptr)->m_p))[mz_zip_array_range_check(array_ptr, index)]
#else
#define MZ_ZIP_ARRAY_ELEMENT(array_ptr, element_type, index) ((element_type *)((array_ptr)->m_p))[index]
#endif

static MZ_FORCEINLINE void mz_zip_array_init(mz_zip_array *pArray, mz_uint32 element_size)
{
    memset(pArray, 0, sizeof(mz_zip_array));
    pArray->m_element_size = element_size;
}

static MZ_FORCEINLINE void mz_zip_array_clear(mz_zip_archive *pZip, mz_zip_array *pArray)
{
    pZip->m_pFree(pZip->m_pAlloc_opaque, pArray->m_p);
    memset(pArray, 0, sizeof(mz_zip_array));
}

static mz_bool mz_zip_array_ensure_capacity(mz_zip_archive *pZip, mz_zip_array *pArray, size_t min_new_capacity, mz_uint growing)
{
    void *pNew_p;
    size_t new_capacity = min_new_capacity;
    MZ_ASSERT(pArray->m_element_size);
    if (pArray->m_capacity >= min_new_capacity)
        return MZ_TRUE;
    if (growing)
    {
        new_capacity = MZ_MAX(1, pArray->m_capacity);
        while (new_capacity < min_new_capacity)
            new_capacity *= 2;
    }
    if (NULL == (pNew_p = pZip->m_pRealloc(pZip->m_pAlloc_opaque, pArray->m_p, pArray->m_element_size, new_capacity)))
        return MZ_FALSE;
    pArray->m_p = pNew_p;
    pArray->m_capacity = new_capacity;
    return MZ_TRUE;
}

static MZ_FORCEINLINE mz_bool mz_zip_array_reserve(mz_zip_archive *pZip, mz_zip_array *pArray, size_t new_capacity, mz_uint growing)
{
    if (new_capacity > pArray->m_capacity)
    {
        if (!mz_zip_array_ensure_capacity(pZip, pArray, new_capacity, growing))
            return MZ_FALSE;
    }
    return MZ_TRUE;
}

static MZ_FORCEINLINE mz_bool mz_zip_array_resize(mz_zip_archive *pZip, mz_zip_array *pArray, size_t new_size, mz_uint growing)
{
    if (new_size > pArray->m_capacity)
    {
        if (!mz_zip_array_ensure_capacity(pZip, pArray, new_size, growing))
            return MZ_FALSE;
    }
    pArray->m_size = new_size;
    return MZ_TRUE;
}

static MZ_FORCEINLINE mz_bool mz_zip_array_ensure_room(mz_zip_archive *pZip, mz_zip_array *pArray, size_t n)
{
    return mz_zip_array_reserve(pZip, pArray, pArray->m_size + n, MZ_TRUE);
}

static MZ_FORCEINLINE mz_bool mz_zip_array_push_back(mz_zip_archive *pZip, mz_zip_array *pArray, const void *pElements, size_t n)
{
    size_t orig_size = pArray->m_size;
    if (!mz_zip_array_resize(pZip, pArray, orig_size + n, MZ_TRUE))
        return MZ_FALSE;
    if (n > 0)
        memcpy((mz_uint8 *)pArray->m_p + orig_size * pArray->m_element_size, pElements, n * pArray->m_element_size);
    return MZ_TRUE;
}

#ifndef MINIZ_NO_TIME
static MZ_TIME_T mz_zip_dos_to_time_t(int dos_time, int dos_date)
{
    struct tm tm;
    memset(&tm, 0, sizeof(tm));
    tm.tm_isdst = -1;
    tm.tm_year = ((dos_date >> 9) & 127) + 1980 - 1900;
    tm.tm_mon = ((dos_date >> 5) & 15) - 1;
    tm.tm_mday = dos_date & 31;
    tm.tm_hour = (dos_time >> 11) & 31;
    tm.tm_min = (dos_time >> 5) & 63;
    tm.tm_sec = (dos_time << 1) & 62;
    return mktime(&tm);
}

#ifndef MINIZ_NO_ARCHIVE_WRITING_APIS
static void mz_zip_time_t_to_dos_time(MZ_TIME_T time, mz_uint16 *pDOS_time, mz_uint16 *pDOS_date)
{
#ifdef _MSC_VER
    struct tm tm_struct;
    struct tm *tm = &tm_struct;
    errno_t err = localtime_s(tm, &time);
    if (err)
    {
        *pDOS_date = 0;
        *pDOS_time = 0;
        return;
    }
#else
    struct tm *tm = localtime(&time);
#endif /* #ifdef _MSC_VER */

    *pDOS_time = (mz_uint16)(((tm->tm_hour) << 11) + ((tm->tm_min) << 5) + ((tm->tm_sec) >> 1));
    *pDOS_date = (mz_uint16)(((tm->tm_year + 1900 - 1980) << 9) + ((tm->tm_mon + 1) << 5) + tm->tm_mday);
}
#endif /* MINIZ_NO_ARCHIVE_WRITING_APIS */

#ifndef MINIZ_NO_STDIO
#ifndef MINIZ_NO_ARCHIVE_WRITING_APIS
static mz_bool mz_zip_get_file_modified_time(const char *pFilename, MZ_TIME_T *pTime)
{
    struct MZ_FILE_STAT_STRUCT file_stat;

    /* On Linux with x86 glibc, this call will fail on large files (I think >= 0x80000000 bytes) unless you compiled with _LARGEFILE64_SOURCE. Argh. */
    if (MZ_FILE_STAT(pFilename, &file_stat) != 0)
        return MZ_FALSE;

    *pTime = file_stat.st_mtime;

    return MZ_TRUE;
}
#endif /* #ifndef MINIZ_NO_ARCHIVE_WRITING_APIS*/

static mz_bool mz_zip_set_file_times(const char *pFilename, MZ_TIME_T access_time, MZ_TIME_T modified_time)
{
    struct utimbuf t;

    memset(&t, 0, sizeof(t));
    t.actime = access_time;
    t.modtime = modified_time;

    return !utime(pFilename, &t);
}
#endif /* #ifndef MINIZ_NO_STDIO */
#endif /* #ifndef MINIZ_NO_TIME */

static MZ_FORCEINLINE mz_bool mz_zip_set_error(mz_zip_archive *pZip, mz_zip_error err_num)
{
    if (pZip)
        pZip->m_last_error = err_num;
    return MZ_FALSE;
}

static mz_bool mz_zip_reader_init_internal(mz_zip_archive *pZip, mz_uint flags)
{
    (void)flags;
    if ((!pZip) || (pZip->m_pState) || (pZip->m_zip_mode != MZ_ZIP_MODE_INVALID))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!pZip->m_pAlloc)
        pZip->m_pAlloc = miniz_def_alloc_func;
    if (!pZip->m_pFree)
        pZip->m_pFree = miniz_def_free_func;
    if (!pZip->m_pRealloc)
        pZip->m_pRealloc = miniz_def_realloc_func;

    pZip->m_archive_size = 0;
    pZip->m_central_directory_file_ofs = 0;
    pZip->m_total_files = 0;
    pZip->m_last_error = MZ_ZIP_NO_ERROR;

    if (NULL == (pZip->m_pState = (mz_zip_internal_state *)pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, sizeof(mz_zip_internal_state))))
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

    memset(pZip->m_pState, 0, sizeof(mz_zip_internal_state));
    MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(&pZip->m_pState->m_central_dir, sizeof(mz_uint8));
    MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(&pZip->m_pState->m_central_dir_offsets, sizeof(mz_uint32));
    MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(&pZip->m_pState->m_sorted_central_dir_offsets, sizeof(mz_uint32));
    pZip->m_pState->m_init_flags = flags;
    pZip->m_pState->m_zip64 = MZ_FALSE;
    pZip->m_pState->m_zip64_has_extended_info_fields = MZ_FALSE;

    pZip->m_zip_mode = MZ_ZIP_MODE_READING;

    return MZ_TRUE;
}

static MZ_FORCEINLINE mz_bool mz_zip_reader_filename_less(const mz_zip_array *pCentral_dir_array, const mz_zip_array *pCentral_dir_offsets, mz_uint l_index, mz_uint r_index)
{
    const mz_uint8 *pL = &MZ_ZIP_ARRAY_ELEMENT(pCentral_dir_array, mz_uint8, MZ_ZIP_ARRAY_ELEMENT(pCentral_dir_offsets, mz_uint32, l_index)), *pE;
    const mz_uint8 *pR = &MZ_ZIP_ARRAY_ELEMENT(pCentral_dir_array, mz_uint8, MZ_ZIP_ARRAY_ELEMENT(pCentral_dir_offsets, mz_uint32, r_index));
    mz_uint l_len = MZ_READ_LE16(pL + MZ_ZIP_CDH_FILENAME_LEN_OFS), r_len = MZ_READ_LE16(pR + MZ_ZIP_CDH_FILENAME_LEN_OFS);
    mz_uint8 l = 0, r = 0;
    pL += MZ_ZIP_CENTRAL_DIR_HEADER_SIZE;
    pR += MZ_ZIP_CENTRAL_DIR_HEADER_SIZE;
    pE = pL + MZ_MIN(l_len, r_len);
    while (pL < pE)
    {
        if ((l = MZ_TOLOWER(*pL)) != (r = MZ_TOLOWER(*pR)))
            break;
        pL++;
        pR++;
    }
    return (pL == pE) ? (l_len < r_len) : (l < r);
}

#define MZ_SWAP_UINT32(a, b) \
    do                       \
    {                        \
        mz_uint32 t = a;     \
        a = b;               \
        b = t;               \
    }                        \
    MZ_MACRO_END

/* Heap sort of lowercased filenames, used to help accelerate plain central directory searches by mz_zip_reader_locate_file(). (Could also use qsort(), but it could allocate memory.) */
static void mz_zip_reader_sort_central_dir_offsets_by_filename(mz_zip_archive *pZip)
{
    mz_zip_internal_state *pState = pZip->m_pState;
    const mz_zip_array *pCentral_dir_offsets = &pState->m_central_dir_offsets;
    const mz_zip_array *pCentral_dir = &pState->m_central_dir;
    mz_uint32 *pIndices;
    mz_uint32 start, end;
    const mz_uint32 size = pZip->m_total_files;

    if (size <= 1U)
        return;

    pIndices = &MZ_ZIP_ARRAY_ELEMENT(&pState->m_sorted_central_dir_offsets, mz_uint32, 0);

    start = (size - 2U) >> 1U;
    for (;;)
    {
        mz_uint64 child, root = start;
        for (;;)
        {
            if ((child = (root << 1U) + 1U) >= size)
                break;
            child += (((child + 1U) < size) && (mz_zip_reader_filename_less(pCentral_dir, pCentral_dir_offsets, pIndices[child], pIndices[child + 1U])));
            if (!mz_zip_reader_filename_less(pCentral_dir, pCentral_dir_offsets, pIndices[root], pIndices[child]))
                break;
            MZ_SWAP_UINT32(pIndices[root], pIndices[child]);
            root = child;
        }
        if (!start)
            break;
        start--;
    }

    end = size - 1;
    while (end > 0)
    {
        mz_uint64 child, root = 0;
        MZ_SWAP_UINT32(pIndices[end], pIndices[0]);
        for (;;)
        {
            if ((child = (root << 1U) + 1U) >= end)
                break;
            child += (((child + 1U) < end) && mz_zip_reader_filename_less(pCentral_dir, pCentral_dir_offsets, pIndices[child], pIndices[child + 1U]));
            if (!mz_zip_reader_filename_less(pCentral_dir, pCentral_dir_offsets, pIndices[root], pIndices[child]))
                break;
            MZ_SWAP_UINT32(pIndices[root], pIndices[child]);
            root = child;
        }
        end--;
    }
}

static mz_bool mz_zip_reader_locate_header_sig(mz_zip_archive *pZip, mz_uint32 record_sig, mz_uint32 record_size, mz_int64 *pOfs)
{
    mz_int64 cur_file_ofs;
    mz_uint32 buf_u32[4096 / sizeof(mz_uint32)];
    mz_uint8 *pBuf = (mz_uint8 *)buf_u32;

    /* Basic sanity checks - reject files which are too small */
    if (pZip->m_archive_size < record_size)
        return MZ_FALSE;

    /* Find the record by scanning the file from the end towards the beginning. */
    cur_file_ofs = MZ_MAX((mz_int64)pZip->m_archive_size - (mz_int64)sizeof(buf_u32), 0);
    for (;;)
    {
        int i, n = (int)MZ_MIN(sizeof(buf_u32), pZip->m_archive_size - cur_file_ofs);

        if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pBuf, n) != (mz_uint)n)
            return MZ_FALSE;

        for (i = n - 4; i >= 0; --i)
        {
            mz_uint s = MZ_READ_LE32(pBuf + i);
            if (s == record_sig)
            {
                if ((pZip->m_archive_size - (cur_file_ofs + i)) >= record_size)
                    break;
            }
        }

        if (i >= 0)
        {
            cur_file_ofs += i;
            break;
        }

        /* Give up if we've searched the entire file, or we've gone back "too far" (~64kb) */
        if ((!cur_file_ofs) || ((pZip->m_archive_size - cur_file_ofs) >= (MZ_UINT16_MAX + record_size)))
            return MZ_FALSE;

        cur_file_ofs = MZ_MAX(cur_file_ofs - (sizeof(buf_u32) - 3), 0);
    }

    *pOfs = cur_file_ofs;
    return MZ_TRUE;
}

static mz_bool mz_zip_reader_read_central_dir(mz_zip_archive *pZip, mz_uint flags)
{
    mz_uint cdir_size = 0, cdir_entries_on_this_disk = 0, num_this_disk = 0, cdir_disk_index = 0;
    mz_uint64 cdir_ofs = 0;
    mz_int64 cur_file_ofs = 0;
    const mz_uint8 *p;

    mz_uint32 buf_u32[4096 / sizeof(mz_uint32)];
    mz_uint8 *pBuf = (mz_uint8 *)buf_u32;
    mz_bool sort_central_dir = ((flags & MZ_ZIP_FLAG_DO_NOT_SORT_CENTRAL_DIRECTORY) == 0);
    mz_uint32 zip64_end_of_central_dir_locator_u32[(MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pZip64_locator = (mz_uint8 *)zip64_end_of_central_dir_locator_u32;

    mz_uint32 zip64_end_of_central_dir_header_u32[(MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pZip64_end_of_central_dir = (mz_uint8 *)zip64_end_of_central_dir_header_u32;

    mz_uint64 zip64_end_of_central_dir_ofs = 0;

    /* Basic sanity checks - reject files which are too small, and check the first 4 bytes of the file to make sure a local header is there. */
    if (pZip->m_archive_size < MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_NOT_AN_ARCHIVE);

    if (!mz_zip_reader_locate_header_sig(pZip, MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIG, MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE, &cur_file_ofs))
        return mz_zip_set_error(pZip, MZ_ZIP_FAILED_FINDING_CENTRAL_DIR);

    /* Read and verify the end of central directory record. */
    if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pBuf, MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE) != MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

    if (MZ_READ_LE32(pBuf + MZ_ZIP_ECDH_SIG_OFS) != MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIG)
        return mz_zip_set_error(pZip, MZ_ZIP_NOT_AN_ARCHIVE);

    if (cur_file_ofs >= (MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE + MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE))
    {
        if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs - MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE, pZip64_locator, MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE) == MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE)
        {
            if (MZ_READ_LE32(pZip64_locator + MZ_ZIP64_ECDL_SIG_OFS) == MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIG)
            {
                zip64_end_of_central_dir_ofs = MZ_READ_LE64(pZip64_locator + MZ_ZIP64_ECDL_REL_OFS_TO_ZIP64_ECDR_OFS);
                if (zip64_end_of_central_dir_ofs > (pZip->m_archive_size - MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE))
                    return mz_zip_set_error(pZip, MZ_ZIP_NOT_AN_ARCHIVE);

                if (pZip->m_pRead(pZip->m_pIO_opaque, zip64_end_of_central_dir_ofs, pZip64_end_of_central_dir, MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE) == MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE)
                {
                    if (MZ_READ_LE32(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_SIG_OFS) == MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIG)
                    {
                        pZip->m_pState->m_zip64 = MZ_TRUE;
                    }
                }
            }
        }
    }

    pZip->m_total_files = MZ_READ_LE16(pBuf + MZ_ZIP_ECDH_CDIR_TOTAL_ENTRIES_OFS);
    cdir_entries_on_this_disk = MZ_READ_LE16(pBuf + MZ_ZIP_ECDH_CDIR_NUM_ENTRIES_ON_DISK_OFS);
    num_this_disk = MZ_READ_LE16(pBuf + MZ_ZIP_ECDH_NUM_THIS_DISK_OFS);
    cdir_disk_index = MZ_READ_LE16(pBuf + MZ_ZIP_ECDH_NUM_DISK_CDIR_OFS);
    cdir_size = MZ_READ_LE32(pBuf + MZ_ZIP_ECDH_CDIR_SIZE_OFS);
    cdir_ofs = MZ_READ_LE32(pBuf + MZ_ZIP_ECDH_CDIR_OFS_OFS);

    if (pZip->m_pState->m_zip64)
    {
        mz_uint32 zip64_total_num_of_disks = MZ_READ_LE32(pZip64_locator + MZ_ZIP64_ECDL_TOTAL_NUMBER_OF_DISKS_OFS);
        mz_uint64 zip64_cdir_total_entries = MZ_READ_LE64(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_CDIR_TOTAL_ENTRIES_OFS);
        mz_uint64 zip64_cdir_total_entries_on_this_disk = MZ_READ_LE64(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_CDIR_NUM_ENTRIES_ON_DISK_OFS);
        mz_uint64 zip64_size_of_end_of_central_dir_record = MZ_READ_LE64(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_SIZE_OF_RECORD_OFS);
        mz_uint64 zip64_size_of_central_directory = MZ_READ_LE64(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_CDIR_SIZE_OFS);

        if (zip64_size_of_end_of_central_dir_record < (MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE - 12))
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

        if (zip64_total_num_of_disks != 1U)
            return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_MULTIDISK);

        /* Check for miniz's practical limits */
        if (zip64_cdir_total_entries > MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);

        pZip->m_total_files = (mz_uint32)zip64_cdir_total_entries;

        if (zip64_cdir_total_entries_on_this_disk > MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);

        cdir_entries_on_this_disk = (mz_uint32)zip64_cdir_total_entries_on_this_disk;

        /* Check for miniz's current practical limits (sorry, this should be enough for millions of files) */
        if (zip64_size_of_central_directory > MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_CDIR_SIZE);

        cdir_size = (mz_uint32)zip64_size_of_central_directory;

        num_this_disk = MZ_READ_LE32(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_NUM_THIS_DISK_OFS);

        cdir_disk_index = MZ_READ_LE32(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_NUM_DISK_CDIR_OFS);

        cdir_ofs = MZ_READ_LE64(pZip64_end_of_central_dir + MZ_ZIP64_ECDH_CDIR_OFS_OFS);
    }

    if (pZip->m_total_files != cdir_entries_on_this_disk)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_MULTIDISK);

    if (((num_this_disk | cdir_disk_index) != 0) && ((num_this_disk != 1) || (cdir_disk_index != 1)))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_MULTIDISK);

    if (cdir_size < pZip->m_total_files * MZ_ZIP_CENTRAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    if ((cdir_ofs + (mz_uint64)cdir_size) > pZip->m_archive_size)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    pZip->m_central_directory_file_ofs = cdir_ofs;

    if (pZip->m_total_files)
    {
        mz_uint i, n;
        /* Read the entire central directory into a heap block, and allocate another heap block to hold the unsorted central dir file record offsets, and possibly another to hold the sorted indices. */
        if ((!mz_zip_array_resize(pZip, &pZip->m_pState->m_central_dir, cdir_size, MZ_FALSE)) ||
            (!mz_zip_array_resize(pZip, &pZip->m_pState->m_central_dir_offsets, pZip->m_total_files, MZ_FALSE)))
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

        if (sort_central_dir)
        {
            if (!mz_zip_array_resize(pZip, &pZip->m_pState->m_sorted_central_dir_offsets, pZip->m_total_files, MZ_FALSE))
                return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        if (pZip->m_pRead(pZip->m_pIO_opaque, cdir_ofs, pZip->m_pState->m_central_dir.m_p, cdir_size) != cdir_size)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

        /* Now create an index into the central directory file records, do some basic sanity checking on each record */
        p = (const mz_uint8 *)pZip->m_pState->m_central_dir.m_p;
        for (n = cdir_size, i = 0; i < pZip->m_total_files; ++i)
        {
            mz_uint total_header_size, disk_index, bit_flags, filename_size, ext_data_size;
            mz_uint64 comp_size, decomp_size, local_header_ofs;

            if ((n < MZ_ZIP_CENTRAL_DIR_HEADER_SIZE) || (MZ_READ_LE32(p) != MZ_ZIP_CENTRAL_DIR_HEADER_SIG))
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

            MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_central_dir_offsets, mz_uint32, i) = (mz_uint32)(p - (const mz_uint8 *)pZip->m_pState->m_central_dir.m_p);

            if (sort_central_dir)
                MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_sorted_central_dir_offsets, mz_uint32, i) = i;

            comp_size = MZ_READ_LE32(p + MZ_ZIP_CDH_COMPRESSED_SIZE_OFS);
            decomp_size = MZ_READ_LE32(p + MZ_ZIP_CDH_DECOMPRESSED_SIZE_OFS);
            local_header_ofs = MZ_READ_LE32(p + MZ_ZIP_CDH_LOCAL_HEADER_OFS);
            filename_size = MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS);
            ext_data_size = MZ_READ_LE16(p + MZ_ZIP_CDH_EXTRA_LEN_OFS);

            if ((!pZip->m_pState->m_zip64_has_extended_info_fields) &&
                (ext_data_size) &&
                (MZ_MAX(MZ_MAX(comp_size, decomp_size), local_header_ofs) == MZ_UINT32_MAX))
            {
                /* Attempt to find zip64 extended information field in the entry's extra data */
                mz_uint32 extra_size_remaining = ext_data_size;

                if (extra_size_remaining)
                {
					const mz_uint8 *pExtra_data;
					void* buf = NULL;

					if (MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + filename_size + ext_data_size > n)
					{
						buf = MZ_MALLOC(ext_data_size);
						if(buf==NULL)
							return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

						if (pZip->m_pRead(pZip->m_pIO_opaque, cdir_ofs + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + filename_size, buf, ext_data_size) != ext_data_size)
						{
							MZ_FREE(buf);
							return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
						}

						pExtra_data = (mz_uint8*)buf;
					}
					else
					{
						pExtra_data = p + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + filename_size;
					}

                    do
                    {
                        mz_uint32 field_id;
                        mz_uint32 field_data_size;

						if (extra_size_remaining < (sizeof(mz_uint16) * 2))
						{
							MZ_FREE(buf);
							return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
						}

                        field_id = MZ_READ_LE16(pExtra_data);
                        field_data_size = MZ_READ_LE16(pExtra_data + sizeof(mz_uint16));

						if ((field_data_size + sizeof(mz_uint16) * 2) > extra_size_remaining)
						{
							MZ_FREE(buf);
							return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
						}

                        if (field_id == MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID)
                        {
                            /* Ok, the archive didn't have any zip64 headers but it uses a zip64 extended information field so mark it as zip64 anyway (this can occur with infozip's zip util when it reads compresses files from stdin). */
                            pZip->m_pState->m_zip64 = MZ_TRUE;
                            pZip->m_pState->m_zip64_has_extended_info_fields = MZ_TRUE;
                            break;
                        }

                        pExtra_data += sizeof(mz_uint16) * 2 + field_data_size;
                        extra_size_remaining = extra_size_remaining - sizeof(mz_uint16) * 2 - field_data_size;
                    } while (extra_size_remaining);

					MZ_FREE(buf);
                }
            }

            /* I've seen archives that aren't marked as zip64 that uses zip64 ext data, argh */
            if ((comp_size != MZ_UINT32_MAX) && (decomp_size != MZ_UINT32_MAX))
            {
                if (((!MZ_READ_LE32(p + MZ_ZIP_CDH_METHOD_OFS)) && (decomp_size != comp_size)) || (decomp_size && !comp_size))
                    return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
            }

            disk_index = MZ_READ_LE16(p + MZ_ZIP_CDH_DISK_START_OFS);
            if ((disk_index == MZ_UINT16_MAX) || ((disk_index != num_this_disk) && (disk_index != 1)))
                return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_MULTIDISK);

            if (comp_size != MZ_UINT32_MAX)
            {
                if (((mz_uint64)MZ_READ_LE32(p + MZ_ZIP_CDH_LOCAL_HEADER_OFS) + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + comp_size) > pZip->m_archive_size)
                    return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
            }

            bit_flags = MZ_READ_LE16(p + MZ_ZIP_CDH_BIT_FLAG_OFS);
            if (bit_flags & MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_LOCAL_DIR_IS_MASKED)
                return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_ENCRYPTION);

            if ((total_header_size = MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS) + MZ_READ_LE16(p + MZ_ZIP_CDH_EXTRA_LEN_OFS) + MZ_READ_LE16(p + MZ_ZIP_CDH_COMMENT_LEN_OFS)) > n)
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

            n -= total_header_size;
            p += total_header_size;
        }
    }

    if (sort_central_dir)
        mz_zip_reader_sort_central_dir_offsets_by_filename(pZip);

    return MZ_TRUE;
}

void mz_zip_zero_struct(mz_zip_archive *pZip)
{
    if (pZip)
        MZ_CLEAR_OBJ(*pZip);
}

static mz_bool mz_zip_reader_end_internal(mz_zip_archive *pZip, mz_bool set_last_error)
{
    mz_bool status = MZ_TRUE;

    if (!pZip)
        return MZ_FALSE;

    if ((!pZip->m_pState) || (!pZip->m_pAlloc) || (!pZip->m_pFree) || (pZip->m_zip_mode != MZ_ZIP_MODE_READING))
    {
        if (set_last_error)
            pZip->m_last_error = MZ_ZIP_INVALID_PARAMETER;

        return MZ_FALSE;
    }

    if (pZip->m_pState)
    {
        mz_zip_internal_state *pState = pZip->m_pState;
        pZip->m_pState = NULL;

        mz_zip_array_clear(pZip, &pState->m_central_dir);
        mz_zip_array_clear(pZip, &pState->m_central_dir_offsets);
        mz_zip_array_clear(pZip, &pState->m_sorted_central_dir_offsets);

#ifndef MINIZ_NO_STDIO
        if (pState->m_pFile)
        {
            if (pZip->m_zip_type == MZ_ZIP_TYPE_FILE)
            {
                if (MZ_FCLOSE(pState->m_pFile) == EOF)
                {
                    if (set_last_error)
                        pZip->m_last_error = MZ_ZIP_FILE_CLOSE_FAILED;
                    status = MZ_FALSE;
                }
            }
            pState->m_pFile = NULL;
        }
#endif /* #ifndef MINIZ_NO_STDIO */

        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
    }
    pZip->m_zip_mode = MZ_ZIP_MODE_INVALID;

    return status;
}

mz_bool mz_zip_reader_end(mz_zip_archive *pZip)
{
    return mz_zip_reader_end_internal(pZip, MZ_TRUE);
}
mz_bool mz_zip_reader_init(mz_zip_archive *pZip, mz_uint64 size, mz_uint flags)
{
    if ((!pZip) || (!pZip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!mz_zip_reader_init_internal(pZip, flags))
        return MZ_FALSE;

    pZip->m_zip_type = MZ_ZIP_TYPE_USER;
    pZip->m_archive_size = size;

    if (!mz_zip_reader_read_central_dir(pZip, flags))
    {
        mz_zip_reader_end_internal(pZip, MZ_FALSE);
        return MZ_FALSE;
    }

    return MZ_TRUE;
}

static size_t mz_zip_mem_read_func(void *pOpaque, mz_uint64 file_ofs, void *pBuf, size_t n)
{
    mz_zip_archive *pZip = (mz_zip_archive *)pOpaque;
    size_t s = (file_ofs >= pZip->m_archive_size) ? 0 : (size_t)MZ_MIN(pZip->m_archive_size - file_ofs, n);
    memcpy(pBuf, (const mz_uint8 *)pZip->m_pState->m_pMem + file_ofs, s);
    return s;
}

mz_bool mz_zip_reader_init_mem(mz_zip_archive *pZip, const void *pMem, size_t size, mz_uint flags)
{
    if (!pMem)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (size < MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_NOT_AN_ARCHIVE);

    if (!mz_zip_reader_init_internal(pZip, flags))
        return MZ_FALSE;

    pZip->m_zip_type = MZ_ZIP_TYPE_MEMORY;
    pZip->m_archive_size = size;
    pZip->m_pRead = mz_zip_mem_read_func;
    pZip->m_pIO_opaque = pZip;
    pZip->m_pNeeds_keepalive = NULL;

#ifdef __cplusplus
    pZip->m_pState->m_pMem = const_cast<void *>(pMem);
#else
    pZip->m_pState->m_pMem = (void *)pMem;
#endif

    pZip->m_pState->m_mem_size = size;

    if (!mz_zip_reader_read_central_dir(pZip, flags))
    {
        mz_zip_reader_end_internal(pZip, MZ_FALSE);
        return MZ_FALSE;
    }

    return MZ_TRUE;
}

#ifndef MINIZ_NO_STDIO
static size_t mz_zip_file_read_func(void *pOpaque, mz_uint64 file_ofs, void *pBuf, size_t n)
{
    mz_zip_archive *pZip = (mz_zip_archive *)pOpaque;
    mz_int64 cur_ofs = MZ_FTELL64(pZip->m_pState->m_pFile);

    file_ofs += pZip->m_pState->m_file_archive_start_ofs;

    if (((mz_int64)file_ofs < 0) || (((cur_ofs != (mz_int64)file_ofs)) && (MZ_FSEEK64(pZip->m_pState->m_pFile, (mz_int64)file_ofs, SEEK_SET))))
        return 0;

    return MZ_FREAD(pBuf, 1, n, pZip->m_pState->m_pFile);
}

mz_bool mz_zip_reader_init_file(mz_zip_archive *pZip, const char *pFilename, mz_uint32 flags)
{
    return mz_zip_reader_init_file_v2(pZip, pFilename, flags, 0, 0);
}

mz_bool mz_zip_reader_init_file_v2(mz_zip_archive *pZip, const char *pFilename, mz_uint flags, mz_uint64 file_start_ofs, mz_uint64 archive_size)
{
    mz_uint64 file_size;
    MZ_FILE *pFile;

    if ((!pZip) || (!pFilename) || ((archive_size) && (archive_size < MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pFile = MZ_FOPEN(pFilename, "rb");
    if (!pFile)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_OPEN_FAILED);

    file_size = archive_size;
    if (!file_size)
    {
        if (MZ_FSEEK64(pFile, 0, SEEK_END))
        {
            MZ_FCLOSE(pFile);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_SEEK_FAILED);
        }

        file_size = MZ_FTELL64(pFile);
    }

    /* TODO: Better sanity check archive_size and the # of actual remaining bytes */

    if (file_size < MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)
    {
	MZ_FCLOSE(pFile);
        return mz_zip_set_error(pZip, MZ_ZIP_NOT_AN_ARCHIVE);
    }

    if (!mz_zip_reader_init_internal(pZip, flags))
    {
        MZ_FCLOSE(pFile);
        return MZ_FALSE;
    }

    pZip->m_zip_type = MZ_ZIP_TYPE_FILE;
    pZip->m_pRead = mz_zip_file_read_func;
    pZip->m_pIO_opaque = pZip;
    pZip->m_pState->m_pFile = pFile;
    pZip->m_archive_size = file_size;
    pZip->m_pState->m_file_archive_start_ofs = file_start_ofs;

    if (!mz_zip_reader_read_central_dir(pZip, flags))
    {
        mz_zip_reader_end_internal(pZip, MZ_FALSE);
        return MZ_FALSE;
    }

    return MZ_TRUE;
}

mz_bool mz_zip_reader_init_cfile(mz_zip_archive *pZip, MZ_FILE *pFile, mz_uint64 archive_size, mz_uint flags)
{
    mz_uint64 cur_file_ofs;

    if ((!pZip) || (!pFile))
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_OPEN_FAILED);

    cur_file_ofs = MZ_FTELL64(pFile);

    if (!archive_size)
    {
        if (MZ_FSEEK64(pFile, 0, SEEK_END))
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_SEEK_FAILED);

        archive_size = MZ_FTELL64(pFile) - cur_file_ofs;

        if (archive_size < MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)
            return mz_zip_set_error(pZip, MZ_ZIP_NOT_AN_ARCHIVE);
    }

    if (!mz_zip_reader_init_internal(pZip, flags))
        return MZ_FALSE;

    pZip->m_zip_type = MZ_ZIP_TYPE_CFILE;
    pZip->m_pRead = mz_zip_file_read_func;

    pZip->m_pIO_opaque = pZip;
    pZip->m_pState->m_pFile = pFile;
    pZip->m_archive_size = archive_size;
    pZip->m_pState->m_file_archive_start_ofs = cur_file_ofs;

    if (!mz_zip_reader_read_central_dir(pZip, flags))
    {
        mz_zip_reader_end_internal(pZip, MZ_FALSE);
        return MZ_FALSE;
    }

    return MZ_TRUE;
}

#endif /* #ifndef MINIZ_NO_STDIO */

static MZ_FORCEINLINE const mz_uint8 *mz_zip_get_cdh(mz_zip_archive *pZip, mz_uint file_index)
{
    if ((!pZip) || (!pZip->m_pState) || (file_index >= pZip->m_total_files))
        return NULL;
    return &MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_central_dir, mz_uint8, MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_central_dir_offsets, mz_uint32, file_index));
}

mz_bool mz_zip_reader_is_file_encrypted(mz_zip_archive *pZip, mz_uint file_index)
{
    mz_uint m_bit_flag;
    const mz_uint8 *p = mz_zip_get_cdh(pZip, file_index);
    if (!p)
    {
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
        return MZ_FALSE;
    }

    m_bit_flag = MZ_READ_LE16(p + MZ_ZIP_CDH_BIT_FLAG_OFS);
    return (m_bit_flag & (MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_IS_ENCRYPTED | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_USES_STRONG_ENCRYPTION)) != 0;
}

mz_bool mz_zip_reader_is_file_supported(mz_zip_archive *pZip, mz_uint file_index)
{
    mz_uint bit_flag;
    mz_uint method;

    const mz_uint8 *p = mz_zip_get_cdh(pZip, file_index);
    if (!p)
    {
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
        return MZ_FALSE;
    }

    method = MZ_READ_LE16(p + MZ_ZIP_CDH_METHOD_OFS);
    bit_flag = MZ_READ_LE16(p + MZ_ZIP_CDH_BIT_FLAG_OFS);

    if ((method != 0) && (method != MZ_DEFLATED))
    {
        mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_METHOD);
        return MZ_FALSE;
    }

    if (bit_flag & (MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_IS_ENCRYPTED | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_USES_STRONG_ENCRYPTION))
    {
        mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_ENCRYPTION);
        return MZ_FALSE;
    }

    if (bit_flag & MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_COMPRESSED_PATCH_FLAG)
    {
        mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_FEATURE);
        return MZ_FALSE;
    }

    return MZ_TRUE;
}

mz_bool mz_zip_reader_is_file_a_directory(mz_zip_archive *pZip, mz_uint file_index)
{
    mz_uint filename_len, attribute_mapping_id, external_attr;
    const mz_uint8 *p = mz_zip_get_cdh(pZip, file_index);
    if (!p)
    {
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
        return MZ_FALSE;
    }

    filename_len = MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS);
    if (filename_len)
    {
        if (*(p + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + filename_len - 1) == '/')
            return MZ_TRUE;
    }

    /* Bugfix: This code was also checking if the internal attribute was non-zero, which wasn't correct. */
    /* Most/all zip writers (hopefully) set DOS file/directory attributes in the low 16-bits, so check for the DOS directory flag and ignore the source OS ID in the created by field. */
    /* FIXME: Remove this check? Is it necessary - we already check the filename. */
    attribute_mapping_id = MZ_READ_LE16(p + MZ_ZIP_CDH_VERSION_MADE_BY_OFS) >> 8;
    (void)attribute_mapping_id;

    external_attr = MZ_READ_LE32(p + MZ_ZIP_CDH_EXTERNAL_ATTR_OFS);
    if ((external_attr & MZ_ZIP_DOS_DIR_ATTRIBUTE_BITFLAG) != 0)
    {
        return MZ_TRUE;
    }

    return MZ_FALSE;
}

static mz_bool mz_zip_file_stat_internal(mz_zip_archive *pZip, mz_uint file_index, const mz_uint8 *pCentral_dir_header, mz_zip_archive_file_stat *pStat, mz_bool *pFound_zip64_extra_data)
{
    mz_uint n;
    const mz_uint8 *p = pCentral_dir_header;

    if (pFound_zip64_extra_data)
        *pFound_zip64_extra_data = MZ_FALSE;

    if ((!p) || (!pStat))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    /* Extract fields from the central directory record. */
    pStat->m_file_index = file_index;
    pStat->m_central_dir_ofs = MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_central_dir_offsets, mz_uint32, file_index);
    pStat->m_version_made_by = MZ_READ_LE16(p + MZ_ZIP_CDH_VERSION_MADE_BY_OFS);
    pStat->m_version_needed = MZ_READ_LE16(p + MZ_ZIP_CDH_VERSION_NEEDED_OFS);
    pStat->m_bit_flag = MZ_READ_LE16(p + MZ_ZIP_CDH_BIT_FLAG_OFS);
    pStat->m_method = MZ_READ_LE16(p + MZ_ZIP_CDH_METHOD_OFS);
#ifndef MINIZ_NO_TIME
    pStat->m_time = mz_zip_dos_to_time_t(MZ_READ_LE16(p + MZ_ZIP_CDH_FILE_TIME_OFS), MZ_READ_LE16(p + MZ_ZIP_CDH_FILE_DATE_OFS));
#endif
    pStat->m_crc32 = MZ_READ_LE32(p + MZ_ZIP_CDH_CRC32_OFS);
    pStat->m_comp_size = MZ_READ_LE32(p + MZ_ZIP_CDH_COMPRESSED_SIZE_OFS);
    pStat->m_uncomp_size = MZ_READ_LE32(p + MZ_ZIP_CDH_DECOMPRESSED_SIZE_OFS);
    pStat->m_internal_attr = MZ_READ_LE16(p + MZ_ZIP_CDH_INTERNAL_ATTR_OFS);
    pStat->m_external_attr = MZ_READ_LE32(p + MZ_ZIP_CDH_EXTERNAL_ATTR_OFS);
    pStat->m_local_header_ofs = MZ_READ_LE32(p + MZ_ZIP_CDH_LOCAL_HEADER_OFS);

    /* Copy as much of the filename and comment as possible. */
    n = MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS);
    n = MZ_MIN(n, MZ_ZIP_MAX_ARCHIVE_FILENAME_SIZE - 1);
    memcpy(pStat->m_filename, p + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE, n);
    pStat->m_filename[n] = '\0';

    n = MZ_READ_LE16(p + MZ_ZIP_CDH_COMMENT_LEN_OFS);
    n = MZ_MIN(n, MZ_ZIP_MAX_ARCHIVE_FILE_COMMENT_SIZE - 1);
    pStat->m_comment_size = n;
    memcpy(pStat->m_comment, p + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS) + MZ_READ_LE16(p + MZ_ZIP_CDH_EXTRA_LEN_OFS), n);
    pStat->m_comment[n] = '\0';

    /* Set some flags for convienance */
    pStat->m_is_directory = mz_zip_reader_is_file_a_directory(pZip, file_index);
    pStat->m_is_encrypted = mz_zip_reader_is_file_encrypted(pZip, file_index);
    pStat->m_is_supported = mz_zip_reader_is_file_supported(pZip, file_index);

    /* See if we need to read any zip64 extended information fields. */
    /* Confusingly, these zip64 fields can be present even on non-zip64 archives (Debian zip on a huge files from stdin piped to stdout creates them). */
    if (MZ_MAX(MZ_MAX(pStat->m_comp_size, pStat->m_uncomp_size), pStat->m_local_header_ofs) == MZ_UINT32_MAX)
    {
        /* Attempt to find zip64 extended information field in the entry's extra data */
        mz_uint32 extra_size_remaining = MZ_READ_LE16(p + MZ_ZIP_CDH_EXTRA_LEN_OFS);

        if (extra_size_remaining)
        {
            const mz_uint8 *pExtra_data = p + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS);

            do
            {
                mz_uint32 field_id;
                mz_uint32 field_data_size;

                if (extra_size_remaining < (sizeof(mz_uint16) * 2))
                    return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

                field_id = MZ_READ_LE16(pExtra_data);
                field_data_size = MZ_READ_LE16(pExtra_data + sizeof(mz_uint16));

                if ((field_data_size + sizeof(mz_uint16) * 2) > extra_size_remaining)
                    return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

                if (field_id == MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID)
                {
                    const mz_uint8 *pField_data = pExtra_data + sizeof(mz_uint16) * 2;
                    mz_uint32 field_data_remaining = field_data_size;

                    if (pFound_zip64_extra_data)
                        *pFound_zip64_extra_data = MZ_TRUE;

                    if (pStat->m_uncomp_size == MZ_UINT32_MAX)
                    {
                        if (field_data_remaining < sizeof(mz_uint64))
                            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

                        pStat->m_uncomp_size = MZ_READ_LE64(pField_data);
                        pField_data += sizeof(mz_uint64);
                        field_data_remaining -= sizeof(mz_uint64);
                    }

                    if (pStat->m_comp_size == MZ_UINT32_MAX)
                    {
                        if (field_data_remaining < sizeof(mz_uint64))
                            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

                        pStat->m_comp_size = MZ_READ_LE64(pField_data);
                        pField_data += sizeof(mz_uint64);
                        field_data_remaining -= sizeof(mz_uint64);
                    }

                    if (pStat->m_local_header_ofs == MZ_UINT32_MAX)
                    {
                        if (field_data_remaining < sizeof(mz_uint64))
                            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

                        pStat->m_local_header_ofs = MZ_READ_LE64(pField_data);
                        pField_data += sizeof(mz_uint64);
                        field_data_remaining -= sizeof(mz_uint64);
                    }

                    break;
                }

                pExtra_data += sizeof(mz_uint16) * 2 + field_data_size;
                extra_size_remaining = extra_size_remaining - sizeof(mz_uint16) * 2 - field_data_size;
            } while (extra_size_remaining);
        }
    }

    return MZ_TRUE;
}

static MZ_FORCEINLINE mz_bool mz_zip_string_equal(const char *pA, const char *pB, mz_uint len, mz_uint flags)
{
    mz_uint i;
    if (flags & MZ_ZIP_FLAG_CASE_SENSITIVE)
        return 0 == memcmp(pA, pB, len);
    for (i = 0; i < len; ++i)
        if (MZ_TOLOWER(pA[i]) != MZ_TOLOWER(pB[i]))
            return MZ_FALSE;
    return MZ_TRUE;
}

static MZ_FORCEINLINE int mz_zip_filename_compare(const mz_zip_array *pCentral_dir_array, const mz_zip_array *pCentral_dir_offsets, mz_uint l_index, const char *pR, mz_uint r_len)
{
    const mz_uint8 *pL = &MZ_ZIP_ARRAY_ELEMENT(pCentral_dir_array, mz_uint8, MZ_ZIP_ARRAY_ELEMENT(pCentral_dir_offsets, mz_uint32, l_index)), *pE;
    mz_uint l_len = MZ_READ_LE16(pL + MZ_ZIP_CDH_FILENAME_LEN_OFS);
    mz_uint8 l = 0, r = 0;
    pL += MZ_ZIP_CENTRAL_DIR_HEADER_SIZE;
    pE = pL + MZ_MIN(l_len, r_len);
    while (pL < pE)
    {
        if ((l = MZ_TOLOWER(*pL)) != (r = MZ_TOLOWER(*pR)))
            break;
        pL++;
        pR++;
    }
    return (pL == pE) ? (int)(l_len - r_len) : (l - r);
}

static mz_bool mz_zip_locate_file_binary_search(mz_zip_archive *pZip, const char *pFilename, mz_uint32 *pIndex)
{
    mz_zip_internal_state *pState = pZip->m_pState;
    const mz_zip_array *pCentral_dir_offsets = &pState->m_central_dir_offsets;
    const mz_zip_array *pCentral_dir = &pState->m_central_dir;
    mz_uint32 *pIndices = &MZ_ZIP_ARRAY_ELEMENT(&pState->m_sorted_central_dir_offsets, mz_uint32, 0);
    const uint32_t size = pZip->m_total_files;
    const mz_uint filename_len = (mz_uint)strlen(pFilename);

    if (pIndex)
        *pIndex = 0;

    if (size)
    {
        /* yes I could use uint32_t's, but then we would have to add some special case checks in the loop, argh, and */
        /* honestly the major expense here on 32-bit CPU's will still be the filename compare */
        mz_int64 l = 0, h = (mz_int64)size - 1;

        while (l <= h)
        {
            mz_int64 m = l + ((h - l) >> 1);
            uint32_t file_index = pIndices[(uint32_t)m];

            int comp = mz_zip_filename_compare(pCentral_dir, pCentral_dir_offsets, file_index, pFilename, filename_len);
            if (!comp)
            {
                if (pIndex)
                    *pIndex = file_index;
                return MZ_TRUE;
            }
            else if (comp < 0)
                l = m + 1;
            else
                h = m - 1;
        }
    }

    return mz_zip_set_error(pZip, MZ_ZIP_FILE_NOT_FOUND);
}

int mz_zip_reader_locate_file(mz_zip_archive *pZip, const char *pName, const char *pComment, mz_uint flags)
{
    mz_uint32 index;
    if (!mz_zip_reader_locate_file_v2(pZip, pName, pComment, flags, &index))
        return -1;
    else
        return (int)index;
}

mz_bool mz_zip_reader_locate_file_v2(mz_zip_archive *pZip, const char *pName, const char *pComment, mz_uint flags, mz_uint32 *pIndex)
{
    mz_uint file_index;
    size_t name_len, comment_len;

    if (pIndex)
        *pIndex = 0;

    if ((!pZip) || (!pZip->m_pState) || (!pName))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    /* See if we can use a binary search */
    if (((pZip->m_pState->m_init_flags & MZ_ZIP_FLAG_DO_NOT_SORT_CENTRAL_DIRECTORY) == 0) &&
        (pZip->m_zip_mode == MZ_ZIP_MODE_READING) &&
        ((flags & (MZ_ZIP_FLAG_IGNORE_PATH | MZ_ZIP_FLAG_CASE_SENSITIVE)) == 0) && (!pComment) && (pZip->m_pState->m_sorted_central_dir_offsets.m_size))
    {
        return mz_zip_locate_file_binary_search(pZip, pName, pIndex);
    }

    /* Locate the entry by scanning the entire central directory */
    name_len = strlen(pName);
    if (name_len > MZ_UINT16_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    comment_len = pComment ? strlen(pComment) : 0;
    if (comment_len > MZ_UINT16_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    for (file_index = 0; file_index < pZip->m_total_files; file_index++)
    {
        const mz_uint8 *pHeader = &MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_central_dir, mz_uint8, MZ_ZIP_ARRAY_ELEMENT(&pZip->m_pState->m_central_dir_offsets, mz_uint32, file_index));
        mz_uint filename_len = MZ_READ_LE16(pHeader + MZ_ZIP_CDH_FILENAME_LEN_OFS);
        const char *pFilename = (const char *)pHeader + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE;
        if (filename_len < name_len)
            continue;
        if (comment_len)
        {
            mz_uint file_extra_len = MZ_READ_LE16(pHeader + MZ_ZIP_CDH_EXTRA_LEN_OFS), file_comment_len = MZ_READ_LE16(pHeader + MZ_ZIP_CDH_COMMENT_LEN_OFS);
            const char *pFile_comment = pFilename + filename_len + file_extra_len;
            if ((file_comment_len != comment_len) || (!mz_zip_string_equal(pComment, pFile_comment, file_comment_len, flags)))
                continue;
        }
        if ((flags & MZ_ZIP_FLAG_IGNORE_PATH) && (filename_len))
        {
            int ofs = filename_len - 1;
            do
            {
                if ((pFilename[ofs] == '/') || (pFilename[ofs] == '\\') || (pFilename[ofs] == ':'))
                    break;
            } while (--ofs >= 0);
            ofs++;
            pFilename += ofs;
            filename_len -= ofs;
        }
        if ((filename_len == name_len) && (mz_zip_string_equal(pName, pFilename, filename_len, flags)))
        {
            if (pIndex)
                *pIndex = file_index;
            return MZ_TRUE;
        }
    }

    return mz_zip_set_error(pZip, MZ_ZIP_FILE_NOT_FOUND);
}

mz_bool mz_zip_reader_extract_to_mem_no_alloc(mz_zip_archive *pZip, mz_uint file_index, void *pBuf, size_t buf_size, mz_uint flags, void *pUser_read_buf, size_t user_read_buf_size)
{
    int status = TINFL_STATUS_DONE;
    mz_uint64 needed_size, cur_file_ofs, comp_remaining, out_buf_ofs = 0, read_buf_size, read_buf_ofs = 0, read_buf_avail;
    mz_zip_archive_file_stat file_stat;
    void *pRead_buf;
    mz_uint32 local_header_u32[(MZ_ZIP_LOCAL_DIR_HEADER_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pLocal_header = (mz_uint8 *)local_header_u32;
    tinfl_decompressor inflator;

    if ((!pZip) || (!pZip->m_pState) || ((buf_size) && (!pBuf)) || ((user_read_buf_size) && (!pUser_read_buf)) || (!pZip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!mz_zip_reader_file_stat(pZip, file_index, &file_stat))
        return MZ_FALSE;

    /* A directory or zero length file */
    if ((file_stat.m_is_directory) || (!file_stat.m_comp_size))
        return MZ_TRUE;

    /* Encryption and patch files are not supported. */
    if (file_stat.m_bit_flag & (MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_IS_ENCRYPTED | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_USES_STRONG_ENCRYPTION | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_COMPRESSED_PATCH_FLAG))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_ENCRYPTION);

    /* This function only supports decompressing stored and deflate. */
    if ((!(flags & MZ_ZIP_FLAG_COMPRESSED_DATA)) && (file_stat.m_method != 0) && (file_stat.m_method != MZ_DEFLATED))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_METHOD);

    /* Ensure supplied output buffer is large enough. */
    needed_size = (flags & MZ_ZIP_FLAG_COMPRESSED_DATA) ? file_stat.m_comp_size : file_stat.m_uncomp_size;
    if (buf_size < needed_size)
        return mz_zip_set_error(pZip, MZ_ZIP_BUF_TOO_SMALL);

    /* Read and parse the local directory entry. */
    cur_file_ofs = file_stat.m_local_header_ofs;
    if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pLocal_header, MZ_ZIP_LOCAL_DIR_HEADER_SIZE) != MZ_ZIP_LOCAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

    if (MZ_READ_LE32(pLocal_header) != MZ_ZIP_LOCAL_DIR_HEADER_SIG)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    cur_file_ofs += MZ_ZIP_LOCAL_DIR_HEADER_SIZE + MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_FILENAME_LEN_OFS) + MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_EXTRA_LEN_OFS);
    if ((cur_file_ofs + file_stat.m_comp_size) > pZip->m_archive_size)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    if ((flags & MZ_ZIP_FLAG_COMPRESSED_DATA) || (!file_stat.m_method))
    {
        /* The file is stored or the caller has requested the compressed data. */
        if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pBuf, (size_t)needed_size) != needed_size)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
        if ((flags & MZ_ZIP_FLAG_COMPRESSED_DATA) == 0)
        {
            if (mz_crc32(MZ_CRC32_INIT, (const mz_uint8 *)pBuf, (size_t)file_stat.m_uncomp_size) != file_stat.m_crc32)
                return mz_zip_set_error(pZip, MZ_ZIP_CRC_CHECK_FAILED);
        }
#endif

        return MZ_TRUE;
    }

    /* Decompress the file either directly from memory or from a file input buffer. */
    tinfl_init(&inflator);

    if (pZip->m_pState->m_pMem)
    {
        /* Read directly from the archive in memory. */
        pRead_buf = (mz_uint8 *)pZip->m_pState->m_pMem + cur_file_ofs;
        read_buf_size = read_buf_avail = file_stat.m_comp_size;
        comp_remaining = 0;
    }
    else if (pUser_read_buf)
    {
        /* Use a user provided read buffer. */
        if (!user_read_buf_size)
            return MZ_FALSE;
        pRead_buf = (mz_uint8 *)pUser_read_buf;
        read_buf_size = user_read_buf_size;
        read_buf_avail = 0;
        comp_remaining = file_stat.m_comp_size;
    }
    else
    {
        /* Temporarily allocate a read buffer. */
        read_buf_size = MZ_MIN(file_stat.m_comp_size, (mz_uint64)MZ_ZIP_MAX_IO_BUF_SIZE);
        if (((sizeof(size_t) == sizeof(mz_uint32))) && (read_buf_size > 0x7FFFFFFF))
            return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

        if (NULL == (pRead_buf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, (size_t)read_buf_size)))
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

        read_buf_avail = 0;
        comp_remaining = file_stat.m_comp_size;
    }

    do
    {
        /* The size_t cast here should be OK because we've verified that the output buffer is >= file_stat.m_uncomp_size above */
        size_t in_buf_size, out_buf_size = (size_t)(file_stat.m_uncomp_size - out_buf_ofs);
        if ((!read_buf_avail) && (!pZip->m_pState->m_pMem))
        {
            read_buf_avail = MZ_MIN(read_buf_size, comp_remaining);
            if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pRead_buf, (size_t)read_buf_avail) != read_buf_avail)
            {
                status = TINFL_STATUS_FAILED;
                mz_zip_set_error(pZip, MZ_ZIP_DECOMPRESSION_FAILED);
                break;
            }
            cur_file_ofs += read_buf_avail;
            comp_remaining -= read_buf_avail;
            read_buf_ofs = 0;
        }
        in_buf_size = (size_t)read_buf_avail;
        status = tinfl_decompress(&inflator, (mz_uint8 *)pRead_buf + read_buf_ofs, &in_buf_size, (mz_uint8 *)pBuf, (mz_uint8 *)pBuf + out_buf_ofs, &out_buf_size, TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF | (comp_remaining ? TINFL_FLAG_HAS_MORE_INPUT : 0));
        read_buf_avail -= in_buf_size;
        read_buf_ofs += in_buf_size;
        out_buf_ofs += out_buf_size;
    } while (status == TINFL_STATUS_NEEDS_MORE_INPUT);

    if (status == TINFL_STATUS_DONE)
    {
        /* Make sure the entire file was decompressed, and check its CRC. */
        if (out_buf_ofs != file_stat.m_uncomp_size)
        {
            mz_zip_set_error(pZip, MZ_ZIP_UNEXPECTED_DECOMPRESSED_SIZE);
            status = TINFL_STATUS_FAILED;
        }
#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
        else if (mz_crc32(MZ_CRC32_INIT, (const mz_uint8 *)pBuf, (size_t)file_stat.m_uncomp_size) != file_stat.m_crc32)
        {
            mz_zip_set_error(pZip, MZ_ZIP_CRC_CHECK_FAILED);
            status = TINFL_STATUS_FAILED;
        }
#endif
    }

    if ((!pZip->m_pState->m_pMem) && (!pUser_read_buf))
        pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);

    return status == TINFL_STATUS_DONE;
}

mz_bool mz_zip_reader_extract_file_to_mem_no_alloc(mz_zip_archive *pZip, const char *pFilename, void *pBuf, size_t buf_size, mz_uint flags, void *pUser_read_buf, size_t user_read_buf_size)
{
    mz_uint32 file_index;
    if (!mz_zip_reader_locate_file_v2(pZip, pFilename, NULL, flags, &file_index))
        return MZ_FALSE;
    return mz_zip_reader_extract_to_mem_no_alloc(pZip, file_index, pBuf, buf_size, flags, pUser_read_buf, user_read_buf_size);
}

mz_bool mz_zip_reader_extract_to_mem(mz_zip_archive *pZip, mz_uint file_index, void *pBuf, size_t buf_size, mz_uint flags)
{
    return mz_zip_reader_extract_to_mem_no_alloc(pZip, file_index, pBuf, buf_size, flags, NULL, 0);
}

mz_bool mz_zip_reader_extract_file_to_mem(mz_zip_archive *pZip, const char *pFilename, void *pBuf, size_t buf_size, mz_uint flags)
{
    return mz_zip_reader_extract_file_to_mem_no_alloc(pZip, pFilename, pBuf, buf_size, flags, NULL, 0);
}

void *mz_zip_reader_extract_to_heap(mz_zip_archive *pZip, mz_uint file_index, size_t *pSize, mz_uint flags)
{
    mz_uint64 comp_size, uncomp_size, alloc_size;
    const mz_uint8 *p = mz_zip_get_cdh(pZip, file_index);
    void *pBuf;

    if (pSize)
        *pSize = 0;

    if (!p)
    {
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
        return NULL;
    }

    comp_size = MZ_READ_LE32(p + MZ_ZIP_CDH_COMPRESSED_SIZE_OFS);
    uncomp_size = MZ_READ_LE32(p + MZ_ZIP_CDH_DECOMPRESSED_SIZE_OFS);

    alloc_size = (flags & MZ_ZIP_FLAG_COMPRESSED_DATA) ? comp_size : uncomp_size;
    if (((sizeof(size_t) == sizeof(mz_uint32))) && (alloc_size > 0x7FFFFFFF))
    {
        mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);
        return NULL;
    }

    if (NULL == (pBuf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, (size_t)alloc_size)))
    {
        mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        return NULL;
    }

    if (!mz_zip_reader_extract_to_mem(pZip, file_index, pBuf, (size_t)alloc_size, flags))
    {
        pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);
        return NULL;
    }

    if (pSize)
        *pSize = (size_t)alloc_size;
    return pBuf;
}

void *mz_zip_reader_extract_file_to_heap(mz_zip_archive *pZip, const char *pFilename, size_t *pSize, mz_uint flags)
{
    mz_uint32 file_index;
    if (!mz_zip_reader_locate_file_v2(pZip, pFilename, NULL, flags, &file_index))
    {
        if (pSize)
            *pSize = 0;
        return MZ_FALSE;
    }
    return mz_zip_reader_extract_to_heap(pZip, file_index, pSize, flags);
}

mz_bool mz_zip_reader_extract_to_callback(mz_zip_archive *pZip, mz_uint file_index, mz_file_write_func pCallback, void *pOpaque, mz_uint flags)
{
    int status = TINFL_STATUS_DONE;
    mz_uint file_crc32 = MZ_CRC32_INIT;
    mz_uint64 read_buf_size, read_buf_ofs = 0, read_buf_avail, comp_remaining, out_buf_ofs = 0, cur_file_ofs;
    mz_zip_archive_file_stat file_stat;
    void *pRead_buf = NULL;
    void *pWrite_buf = NULL;
    mz_uint32 local_header_u32[(MZ_ZIP_LOCAL_DIR_HEADER_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pLocal_header = (mz_uint8 *)local_header_u32;

    if ((!pZip) || (!pZip->m_pState) || (!pCallback) || (!pZip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!mz_zip_reader_file_stat(pZip, file_index, &file_stat))
        return MZ_FALSE;

    /* A directory or zero length file */
    if ((file_stat.m_is_directory) || (!file_stat.m_comp_size))
        return MZ_TRUE;

    /* Encryption and patch files are not supported. */
    if (file_stat.m_bit_flag & (MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_IS_ENCRYPTED | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_USES_STRONG_ENCRYPTION | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_COMPRESSED_PATCH_FLAG))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_ENCRYPTION);

    /* This function only supports decompressing stored and deflate. */
    if ((!(flags & MZ_ZIP_FLAG_COMPRESSED_DATA)) && (file_stat.m_method != 0) && (file_stat.m_method != MZ_DEFLATED))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_METHOD);

    /* Read and do some minimal validation of the local directory entry (this doesn't crack the zip64 stuff, which we already have from the central dir) */
    cur_file_ofs = file_stat.m_local_header_ofs;
    if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pLocal_header, MZ_ZIP_LOCAL_DIR_HEADER_SIZE) != MZ_ZIP_LOCAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

    if (MZ_READ_LE32(pLocal_header) != MZ_ZIP_LOCAL_DIR_HEADER_SIG)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    cur_file_ofs += MZ_ZIP_LOCAL_DIR_HEADER_SIZE + MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_FILENAME_LEN_OFS) + MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_EXTRA_LEN_OFS);
    if ((cur_file_ofs + file_stat.m_comp_size) > pZip->m_archive_size)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    /* Decompress the file either directly from memory or from a file input buffer. */
    if (pZip->m_pState->m_pMem)
    {
        pRead_buf = (mz_uint8 *)pZip->m_pState->m_pMem + cur_file_ofs;
        read_buf_size = read_buf_avail = file_stat.m_comp_size;
        comp_remaining = 0;
    }
    else
    {
        read_buf_size = MZ_MIN(file_stat.m_comp_size, (mz_uint64)MZ_ZIP_MAX_IO_BUF_SIZE);
        if (NULL == (pRead_buf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, (size_t)read_buf_size)))
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

        read_buf_avail = 0;
        comp_remaining = file_stat.m_comp_size;
    }

    if ((flags & MZ_ZIP_FLAG_COMPRESSED_DATA) || (!file_stat.m_method))
    {
        /* The file is stored or the caller has requested the compressed data. */
        if (pZip->m_pState->m_pMem)
        {
            if (((sizeof(size_t) == sizeof(mz_uint32))) && (file_stat.m_comp_size > MZ_UINT32_MAX))
                return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

            if (pCallback(pOpaque, out_buf_ofs, pRead_buf, (size_t)file_stat.m_comp_size) != file_stat.m_comp_size)
            {
                mz_zip_set_error(pZip, MZ_ZIP_WRITE_CALLBACK_FAILED);
                status = TINFL_STATUS_FAILED;
            }
            else if (!(flags & MZ_ZIP_FLAG_COMPRESSED_DATA))
            {
#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
                file_crc32 = (mz_uint32)mz_crc32(file_crc32, (const mz_uint8 *)pRead_buf, (size_t)file_stat.m_comp_size);
#endif
            }

            cur_file_ofs += file_stat.m_comp_size;
            out_buf_ofs += file_stat.m_comp_size;
            comp_remaining = 0;
        }
        else
        {
            while (comp_remaining)
            {
                read_buf_avail = MZ_MIN(read_buf_size, comp_remaining);
                if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pRead_buf, (size_t)read_buf_avail) != read_buf_avail)
                {
                    mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
                    status = TINFL_STATUS_FAILED;
                    break;
                }

#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
                if (!(flags & MZ_ZIP_FLAG_COMPRESSED_DATA))
                {
                    file_crc32 = (mz_uint32)mz_crc32(file_crc32, (const mz_uint8 *)pRead_buf, (size_t)read_buf_avail);
                }
#endif

                if (pCallback(pOpaque, out_buf_ofs, pRead_buf, (size_t)read_buf_avail) != read_buf_avail)
                {
                    mz_zip_set_error(pZip, MZ_ZIP_WRITE_CALLBACK_FAILED);
                    status = TINFL_STATUS_FAILED;
                    break;
                }

                cur_file_ofs += read_buf_avail;
                out_buf_ofs += read_buf_avail;
                comp_remaining -= read_buf_avail;
            }
        }
    }
    else
    {
        tinfl_decompressor inflator;
        tinfl_init(&inflator);

        if (NULL == (pWrite_buf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, TINFL_LZ_DICT_SIZE)))
        {
            mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
            status = TINFL_STATUS_FAILED;
        }
        else
        {
            do
            {
                mz_uint8 *pWrite_buf_cur = (mz_uint8 *)pWrite_buf + (out_buf_ofs & (TINFL_LZ_DICT_SIZE - 1));
                size_t in_buf_size, out_buf_size = TINFL_LZ_DICT_SIZE - (out_buf_ofs & (TINFL_LZ_DICT_SIZE - 1));
                if ((!read_buf_avail) && (!pZip->m_pState->m_pMem))
                {
                    read_buf_avail = MZ_MIN(read_buf_size, comp_remaining);
                    if (pZip->m_pRead(pZip->m_pIO_opaque, cur_file_ofs, pRead_buf, (size_t)read_buf_avail) != read_buf_avail)
                    {
                        mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
                        status = TINFL_STATUS_FAILED;
                        break;
                    }
                    cur_file_ofs += read_buf_avail;
                    comp_remaining -= read_buf_avail;
                    read_buf_ofs = 0;
                }

                in_buf_size = (size_t)read_buf_avail;
                status = tinfl_decompress(&inflator, (const mz_uint8 *)pRead_buf + read_buf_ofs, &in_buf_size, (mz_uint8 *)pWrite_buf, pWrite_buf_cur, &out_buf_size, comp_remaining ? TINFL_FLAG_HAS_MORE_INPUT : 0);
                read_buf_avail -= in_buf_size;
                read_buf_ofs += in_buf_size;

                if (out_buf_size)
                {
                    if (pCallback(pOpaque, out_buf_ofs, pWrite_buf_cur, out_buf_size) != out_buf_size)
                    {
                        mz_zip_set_error(pZip, MZ_ZIP_WRITE_CALLBACK_FAILED);
                        status = TINFL_STATUS_FAILED;
                        break;
                    }

#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
                    file_crc32 = (mz_uint32)mz_crc32(file_crc32, pWrite_buf_cur, out_buf_size);
#endif
                    if ((out_buf_ofs += out_buf_size) > file_stat.m_uncomp_size)
                    {
                        mz_zip_set_error(pZip, MZ_ZIP_DECOMPRESSION_FAILED);
                        status = TINFL_STATUS_FAILED;
                        break;
                    }
                }
            } while ((status == TINFL_STATUS_NEEDS_MORE_INPUT) || (status == TINFL_STATUS_HAS_MORE_OUTPUT));
        }
    }

    if ((status == TINFL_STATUS_DONE) && (!(flags & MZ_ZIP_FLAG_COMPRESSED_DATA)))
    {
        /* Make sure the entire file was decompressed, and check its CRC. */
        if (out_buf_ofs != file_stat.m_uncomp_size)
        {
            mz_zip_set_error(pZip, MZ_ZIP_UNEXPECTED_DECOMPRESSED_SIZE);
            status = TINFL_STATUS_FAILED;
        }
#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
        else if (file_crc32 != file_stat.m_crc32)
        {
            mz_zip_set_error(pZip, MZ_ZIP_DECOMPRESSION_FAILED);
            status = TINFL_STATUS_FAILED;
        }
#endif
    }

    if (!pZip->m_pState->m_pMem)
        pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);

    if (pWrite_buf)
        pZip->m_pFree(pZip->m_pAlloc_opaque, pWrite_buf);

    return status == TINFL_STATUS_DONE;
}

mz_bool mz_zip_reader_extract_file_to_callback(mz_zip_archive *pZip, const char *pFilename, mz_file_write_func pCallback, void *pOpaque, mz_uint flags)
{
    mz_uint32 file_index;
    if (!mz_zip_reader_locate_file_v2(pZip, pFilename, NULL, flags, &file_index))
        return MZ_FALSE;

    return mz_zip_reader_extract_to_callback(pZip, file_index, pCallback, pOpaque, flags);
}

mz_zip_reader_extract_iter_state* mz_zip_reader_extract_iter_new(mz_zip_archive *pZip, mz_uint file_index, mz_uint flags)
{
    mz_zip_reader_extract_iter_state *pState;
    mz_uint32 local_header_u32[(MZ_ZIP_LOCAL_DIR_HEADER_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pLocal_header = (mz_uint8 *)local_header_u32;

    /* Argument sanity check */
    if ((!pZip) || (!pZip->m_pState))
        return NULL;

    /* Allocate an iterator status structure */
    pState = (mz_zip_reader_extract_iter_state*)pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, sizeof(mz_zip_reader_extract_iter_state));
    if (!pState)
    {
        mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        return NULL;
    }

    /* Fetch file details */
    if (!mz_zip_reader_file_stat(pZip, file_index, &pState->file_stat))
    {
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
        return NULL;
    }

    /* Encryption and patch files are not supported. */
    if (pState->file_stat.m_bit_flag & (MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_IS_ENCRYPTED | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_USES_STRONG_ENCRYPTION | MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_COMPRESSED_PATCH_FLAG))
    {
        mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_ENCRYPTION);
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
        return NULL;
    }

    /* This function only supports decompressing stored and deflate. */
    if ((!(flags & MZ_ZIP_FLAG_COMPRESSED_DATA)) && (pState->file_stat.m_method != 0) && (pState->file_stat.m_method != MZ_DEFLATED))
    {
        mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_METHOD);
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
        return NULL;
    }

    /* Init state - save args */
    pState->pZip = pZip;
    pState->flags = flags;

    /* Init state - reset variables to defaults */
    pState->status = TINFL_STATUS_DONE;
#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
    pState->file_crc32 = MZ_CRC32_INIT;
#endif
    pState->read_buf_ofs = 0;
    pState->out_buf_ofs = 0;
    pState->pRead_buf = NULL;
    pState->pWrite_buf = NULL;
    pState->out_blk_remain = 0;

    /* Read and parse the local directory entry. */
    pState->cur_file_ofs = pState->file_stat.m_local_header_ofs;
    if (pZip->m_pRead(pZip->m_pIO_opaque, pState->cur_file_ofs, pLocal_header, MZ_ZIP_LOCAL_DIR_HEADER_SIZE) != MZ_ZIP_LOCAL_DIR_HEADER_SIZE)
    {
        mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
        return NULL;
    }

    if (MZ_READ_LE32(pLocal_header) != MZ_ZIP_LOCAL_DIR_HEADER_SIG)
    {
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
        return NULL;
    }

    pState->cur_file_ofs += MZ_ZIP_LOCAL_DIR_HEADER_SIZE + MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_FILENAME_LEN_OFS) + MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_EXTRA_LEN_OFS);
    if ((pState->cur_file_ofs + pState->file_stat.m_comp_size) > pZip->m_archive_size)
    {
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
        return NULL;
    }

    /* Decompress the file either directly from memory or from a file input buffer. */
    if (pZip->m_pState->m_pMem)
    {
        pState->pRead_buf = (mz_uint8 *)pZip->m_pState->m_pMem + pState->cur_file_ofs;
        pState->read_buf_size = pState->read_buf_avail = pState->file_stat.m_comp_size;
        pState->comp_remaining = pState->file_stat.m_comp_size;
    }
    else
    {
        if (!((flags & MZ_ZIP_FLAG_COMPRESSED_DATA) || (!pState->file_stat.m_method)))
        {
            /* Decompression required, therefore intermediate read buffer required */
            pState->read_buf_size = MZ_MIN(pState->file_stat.m_comp_size, MZ_ZIP_MAX_IO_BUF_SIZE);
            if (NULL == (pState->pRead_buf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, (size_t)pState->read_buf_size)))
            {
                mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
                pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
                return NULL;
            }
        }
        else
        {
            /* Decompression not required - we will be reading directly into user buffer, no temp buf required */
            pState->read_buf_size = 0;
        }
        pState->read_buf_avail = 0;
        pState->comp_remaining = pState->file_stat.m_comp_size;
    }

    if (!((flags & MZ_ZIP_FLAG_COMPRESSED_DATA) || (!pState->file_stat.m_method)))
    {
        /* Decompression required, init decompressor */
        tinfl_init( &pState->inflator );

        /* Allocate write buffer */
        if (NULL == (pState->pWrite_buf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, TINFL_LZ_DICT_SIZE)))
        {
            mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
            if (pState->pRead_buf)
                pZip->m_pFree(pZip->m_pAlloc_opaque, pState->pRead_buf);
            pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
            return NULL;
        }
    }

    return pState;
}

mz_zip_reader_extract_iter_state* mz_zip_reader_extract_file_iter_new(mz_zip_archive *pZip, const char *pFilename, mz_uint flags)
{
    mz_uint32 file_index;

    /* Locate file index by name */
    if (!mz_zip_reader_locate_file_v2(pZip, pFilename, NULL, flags, &file_index))
        return NULL;

    /* Construct iterator */
    return mz_zip_reader_extract_iter_new(pZip, file_index, flags);
}

size_t mz_zip_reader_extract_iter_read(mz_zip_reader_extract_iter_state* pState, void* pvBuf, size_t buf_size)
{
    size_t copied_to_caller = 0;

    /* Argument sanity check */
    if ((!pState) || (!pState->pZip) || (!pState->pZip->m_pState) || (!pvBuf))
        return 0;

    if ((pState->flags & MZ_ZIP_FLAG_COMPRESSED_DATA) || (!pState->file_stat.m_method))
    {
        /* The file is stored or the caller has requested the compressed data, calc amount to return. */
        copied_to_caller = (size_t)MZ_MIN( buf_size, pState->comp_remaining );

        /* Zip is in memory....or requires reading from a file? */
        if (pState->pZip->m_pState->m_pMem)
        {
            /* Copy data to caller's buffer */
            memcpy( pvBuf, pState->pRead_buf, copied_to_caller );
            pState->pRead_buf = ((mz_uint8*)pState->pRead_buf) + copied_to_caller;
        }
        else
        {
            /* Read directly into caller's buffer */
            if (pState->pZip->m_pRead(pState->pZip->m_pIO_opaque, pState->cur_file_ofs, pvBuf, copied_to_caller) != copied_to_caller)
            {
                /* Failed to read all that was asked for, flag failure and alert user */
                mz_zip_set_error(pState->pZip, MZ_ZIP_FILE_READ_FAILED);
                pState->status = TINFL_STATUS_FAILED;
                copied_to_caller = 0;
            }
        }

#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
        /* Compute CRC if not returning compressed data only */
        if (!(pState->flags & MZ_ZIP_FLAG_COMPRESSED_DATA))
            pState->file_crc32 = (mz_uint32)mz_crc32(pState->file_crc32, (const mz_uint8 *)pvBuf, copied_to_caller);
#endif

        /* Advance offsets, dec counters */
        pState->cur_file_ofs += copied_to_caller;
        pState->out_buf_ofs += copied_to_caller;
        pState->comp_remaining -= copied_to_caller;
    }
    else
    {
        do
        {
            /* Calc ptr to write buffer - given current output pos and block size */
            mz_uint8 *pWrite_buf_cur = (mz_uint8 *)pState->pWrite_buf + (pState->out_buf_ofs & (TINFL_LZ_DICT_SIZE - 1));

            /* Calc max output size - given current output pos and block size */
            size_t in_buf_size, out_buf_size = TINFL_LZ_DICT_SIZE - (pState->out_buf_ofs & (TINFL_LZ_DICT_SIZE - 1));

            if (!pState->out_blk_remain)
            {
                /* Read more data from file if none available (and reading from file) */
                if ((!pState->read_buf_avail) && (!pState->pZip->m_pState->m_pMem))
                {
                    /* Calc read size */
                    pState->read_buf_avail = MZ_MIN(pState->read_buf_size, pState->comp_remaining);
                    if (pState->pZip->m_pRead(pState->pZip->m_pIO_opaque, pState->cur_file_ofs, pState->pRead_buf, (size_t)pState->read_buf_avail) != pState->read_buf_avail)
                    {
                        mz_zip_set_error(pState->pZip, MZ_ZIP_FILE_READ_FAILED);
                        pState->status = TINFL_STATUS_FAILED;
                        break;
                    }

                    /* Advance offsets, dec counters */
                    pState->cur_file_ofs += pState->read_buf_avail;
                    pState->comp_remaining -= pState->read_buf_avail;
                    pState->read_buf_ofs = 0;
                }

                /* Perform decompression */
                in_buf_size = (size_t)pState->read_buf_avail;
                pState->status = tinfl_decompress(&pState->inflator, (const mz_uint8 *)pState->pRead_buf + pState->read_buf_ofs, &in_buf_size, (mz_uint8 *)pState->pWrite_buf, pWrite_buf_cur, &out_buf_size, pState->comp_remaining ? TINFL_FLAG_HAS_MORE_INPUT : 0);
                pState->read_buf_avail -= in_buf_size;
                pState->read_buf_ofs += in_buf_size;

                /* Update current output block size remaining */
                pState->out_blk_remain = out_buf_size;
            }

            if (pState->out_blk_remain)
            {
                /* Calc amount to return. */
                size_t to_copy = MZ_MIN( (buf_size - copied_to_caller), pState->out_blk_remain );

                /* Copy data to caller's buffer */
                memcpy( (uint8_t*)pvBuf + copied_to_caller, pWrite_buf_cur, to_copy );

#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
                /* Perform CRC */
                pState->file_crc32 = (mz_uint32)mz_crc32(pState->file_crc32, pWrite_buf_cur, to_copy);
#endif

                /* Decrement data consumed from block */
                pState->out_blk_remain -= to_copy;

                /* Inc output offset, while performing sanity check */
                if ((pState->out_buf_ofs += to_copy) > pState->file_stat.m_uncomp_size)
                {
                    mz_zip_set_error(pState->pZip, MZ_ZIP_DECOMPRESSION_FAILED);
                    pState->status = TINFL_STATUS_FAILED;
                    break;
                }

                /* Increment counter of data copied to caller */
                copied_to_caller += to_copy;
            }
        } while ( (copied_to_caller < buf_size) && ((pState->status == TINFL_STATUS_NEEDS_MORE_INPUT) || (pState->status == TINFL_STATUS_HAS_MORE_OUTPUT)) );
    }

    /* Return how many bytes were copied into user buffer */
    return copied_to_caller;
}

mz_bool mz_zip_reader_extract_iter_free(mz_zip_reader_extract_iter_state* pState)
{
    int status;

    /* Argument sanity check */
    if ((!pState) || (!pState->pZip) || (!pState->pZip->m_pState))
        return MZ_FALSE;

    /* Was decompression completed and requested? */
    if ((pState->status == TINFL_STATUS_DONE) && (!(pState->flags & MZ_ZIP_FLAG_COMPRESSED_DATA)))
    {
        /* Make sure the entire file was decompressed, and check its CRC. */
        if (pState->out_buf_ofs != pState->file_stat.m_uncomp_size)
        {
            mz_zip_set_error(pState->pZip, MZ_ZIP_UNEXPECTED_DECOMPRESSED_SIZE);
            pState->status = TINFL_STATUS_FAILED;
        }
#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
        else if (pState->file_crc32 != pState->file_stat.m_crc32)
        {
            mz_zip_set_error(pState->pZip, MZ_ZIP_DECOMPRESSION_FAILED);
            pState->status = TINFL_STATUS_FAILED;
        }
#endif
    }

    /* Free buffers */
    if (!pState->pZip->m_pState->m_pMem)
        pState->pZip->m_pFree(pState->pZip->m_pAlloc_opaque, pState->pRead_buf);
    if (pState->pWrite_buf)
        pState->pZip->m_pFree(pState->pZip->m_pAlloc_opaque, pState->pWrite_buf);

    /* Save status */
    status = pState->status;

    /* Free context */
    pState->pZip->m_pFree(pState->pZip->m_pAlloc_opaque, pState);

    return status == TINFL_STATUS_DONE;
}

#ifndef MINIZ_NO_STDIO
static size_t mz_zip_file_write_callback(void *pOpaque, mz_uint64 ofs, const void *pBuf, size_t n)
{
    (void)ofs;

    return MZ_FWRITE(pBuf, 1, n, (MZ_FILE *)pOpaque);
}

mz_bool mz_zip_reader_extract_to_file(mz_zip_archive *pZip, mz_uint file_index, const char *pDst_filename, mz_uint flags)
{
    mz_bool status;
    mz_zip_archive_file_stat file_stat;
    MZ_FILE *pFile;

    if (!mz_zip_reader_file_stat(pZip, file_index, &file_stat))
        return MZ_FALSE;

    if ((file_stat.m_is_directory) || (!file_stat.m_is_supported))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_FEATURE);

    pFile = MZ_FOPEN(pDst_filename, "wb");
    if (!pFile)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_OPEN_FAILED);

    status = mz_zip_reader_extract_to_callback(pZip, file_index, mz_zip_file_write_callback, pFile, flags);

    if (MZ_FCLOSE(pFile) == EOF)
    {
        if (status)
            mz_zip_set_error(pZip, MZ_ZIP_FILE_CLOSE_FAILED);

        status = MZ_FALSE;
    }

#if !defined(MINIZ_NO_TIME) && !defined(MINIZ_NO_STDIO)
    if (status)
        mz_zip_set_file_times(pDst_filename, file_stat.m_time, file_stat.m_time);
#endif

    return status;
}

mz_bool mz_zip_reader_extract_file_to_file(mz_zip_archive *pZip, const char *pArchive_filename, const char *pDst_filename, mz_uint flags)
{
    mz_uint32 file_index;
    if (!mz_zip_reader_locate_file_v2(pZip, pArchive_filename, NULL, flags, &file_index))
        return MZ_FALSE;

    return mz_zip_reader_extract_to_file(pZip, file_index, pDst_filename, flags);
}

mz_bool mz_zip_reader_extract_to_cfile(mz_zip_archive *pZip, mz_uint file_index, MZ_FILE *pFile, mz_uint flags)
{
    mz_zip_archive_file_stat file_stat;

    if (!mz_zip_reader_file_stat(pZip, file_index, &file_stat))
        return MZ_FALSE;

    if ((file_stat.m_is_directory) || (!file_stat.m_is_supported))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_FEATURE);

    return mz_zip_reader_extract_to_callback(pZip, file_index, mz_zip_file_write_callback, pFile, flags);
}

mz_bool mz_zip_reader_extract_file_to_cfile(mz_zip_archive *pZip, const char *pArchive_filename, MZ_FILE *pFile, mz_uint flags)
{
    mz_uint32 file_index;
    if (!mz_zip_reader_locate_file_v2(pZip, pArchive_filename, NULL, flags, &file_index))
        return MZ_FALSE;

    return mz_zip_reader_extract_to_cfile(pZip, file_index, pFile, flags);
}
#endif /* #ifndef MINIZ_NO_STDIO */

static size_t mz_zip_compute_crc32_callback(void *pOpaque, mz_uint64 file_ofs, const void *pBuf, size_t n)
{
    mz_uint32 *p = (mz_uint32 *)pOpaque;
    (void)file_ofs;
    *p = (mz_uint32)mz_crc32(*p, (const mz_uint8 *)pBuf, n);
    return n;
}

mz_bool mz_zip_validate_file(mz_zip_archive *pZip, mz_uint file_index, mz_uint flags)
{
    mz_zip_archive_file_stat file_stat;
    mz_zip_internal_state *pState;
    const mz_uint8 *pCentral_dir_header;
    mz_bool found_zip64_ext_data_in_cdir = MZ_FALSE;
    mz_bool found_zip64_ext_data_in_ldir = MZ_FALSE;
    mz_uint32 local_header_u32[(MZ_ZIP_LOCAL_DIR_HEADER_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pLocal_header = (mz_uint8 *)local_header_u32;
    mz_uint64 local_header_ofs = 0;
    mz_uint32 local_header_filename_len, local_header_extra_len, local_header_crc32;
    mz_uint64 local_header_comp_size, local_header_uncomp_size;
    mz_uint32 uncomp_crc32 = MZ_CRC32_INIT;
    mz_bool has_data_descriptor;
    mz_uint32 local_header_bit_flags;

    mz_zip_array file_data_array;
    mz_zip_array_init(&file_data_array, 1);

    if ((!pZip) || (!pZip->m_pState) || (!pZip->m_pAlloc) || (!pZip->m_pFree) || (!pZip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (file_index > pZip->m_total_files)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pState = pZip->m_pState;

    pCentral_dir_header = mz_zip_get_cdh(pZip, file_index);

    if (!mz_zip_file_stat_internal(pZip, file_index, pCentral_dir_header, &file_stat, &found_zip64_ext_data_in_cdir))
        return MZ_FALSE;

    /* A directory or zero length file */
    if ((file_stat.m_is_directory) || (!file_stat.m_uncomp_size))
        return MZ_TRUE;

    /* Encryption and patch files are not supported. */
    if (file_stat.m_is_encrypted)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_ENCRYPTION);

    /* This function only supports stored and deflate. */
    if ((file_stat.m_method != 0) && (file_stat.m_method != MZ_DEFLATED))
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_METHOD);

    if (!file_stat.m_is_supported)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_FEATURE);

    /* Read and parse the local directory entry. */
    local_header_ofs = file_stat.m_local_header_ofs;
    if (pZip->m_pRead(pZip->m_pIO_opaque, local_header_ofs, pLocal_header, MZ_ZIP_LOCAL_DIR_HEADER_SIZE) != MZ_ZIP_LOCAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

    if (MZ_READ_LE32(pLocal_header) != MZ_ZIP_LOCAL_DIR_HEADER_SIG)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    local_header_filename_len = MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_FILENAME_LEN_OFS);
    local_header_extra_len = MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_EXTRA_LEN_OFS);
    local_header_comp_size = MZ_READ_LE32(pLocal_header + MZ_ZIP_LDH_COMPRESSED_SIZE_OFS);
    local_header_uncomp_size = MZ_READ_LE32(pLocal_header + MZ_ZIP_LDH_DECOMPRESSED_SIZE_OFS);
    local_header_crc32 = MZ_READ_LE32(pLocal_header + MZ_ZIP_LDH_CRC32_OFS);
    local_header_bit_flags = MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_BIT_FLAG_OFS);
    has_data_descriptor = (local_header_bit_flags & 8) != 0;

    if (local_header_filename_len != strlen(file_stat.m_filename))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    if ((local_header_ofs + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + local_header_filename_len + local_header_extra_len + file_stat.m_comp_size) > pZip->m_archive_size)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    if (!mz_zip_array_resize(pZip, &file_data_array, MZ_MAX(local_header_filename_len, local_header_extra_len), MZ_FALSE))
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

    if (local_header_filename_len)
    {
        if (pZip->m_pRead(pZip->m_pIO_opaque, local_header_ofs + MZ_ZIP_LOCAL_DIR_HEADER_SIZE, file_data_array.m_p, local_header_filename_len) != local_header_filename_len)
        {
            mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
            goto handle_failure;
        }

        /* I've seen 1 archive that had the same pathname, but used backslashes in the local dir and forward slashes in the central dir. Do we care about this? For now, this case will fail validation. */
        if (memcmp(file_stat.m_filename, file_data_array.m_p, local_header_filename_len) != 0)
        {
            mz_zip_set_error(pZip, MZ_ZIP_VALIDATION_FAILED);
            goto handle_failure;
        }
    }

    if ((local_header_extra_len) && ((local_header_comp_size == MZ_UINT32_MAX) || (local_header_uncomp_size == MZ_UINT32_MAX)))
    {
        mz_uint32 extra_size_remaining = local_header_extra_len;
        const mz_uint8 *pExtra_data = (const mz_uint8 *)file_data_array.m_p;

        if (pZip->m_pRead(pZip->m_pIO_opaque, local_header_ofs + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + local_header_filename_len, file_data_array.m_p, local_header_extra_len) != local_header_extra_len)
        {
            mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
            goto handle_failure;
        }

        do
        {
            mz_uint32 field_id, field_data_size, field_total_size;

            if (extra_size_remaining < (sizeof(mz_uint16) * 2))
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

            field_id = MZ_READ_LE16(pExtra_data);
            field_data_size = MZ_READ_LE16(pExtra_data + sizeof(mz_uint16));
            field_total_size = field_data_size + sizeof(mz_uint16) * 2;

            if (field_total_size > extra_size_remaining)
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

            if (field_id == MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID)
            {
                const mz_uint8 *pSrc_field_data = pExtra_data + sizeof(mz_uint32);

                if (field_data_size < sizeof(mz_uint64) * 2)
                {
                    mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
                    goto handle_failure;
                }

                local_header_uncomp_size = MZ_READ_LE64(pSrc_field_data);
                local_header_comp_size = MZ_READ_LE64(pSrc_field_data + sizeof(mz_uint64));

                found_zip64_ext_data_in_ldir = MZ_TRUE;
                break;
            }

            pExtra_data += field_total_size;
            extra_size_remaining -= field_total_size;
        } while (extra_size_remaining);
    }

    /* TODO: parse local header extra data when local_header_comp_size is 0xFFFFFFFF! (big_descriptor.zip) */
    /* I've seen zips in the wild with the data descriptor bit set, but proper local header values and bogus data descriptors */
    if ((has_data_descriptor) && (!local_header_comp_size) && (!local_header_crc32))
    {
        mz_uint8 descriptor_buf[32];
        mz_bool has_id;
        const mz_uint8 *pSrc;
        mz_uint32 file_crc32;
        mz_uint64 comp_size = 0, uncomp_size = 0;

        mz_uint32 num_descriptor_uint32s = ((pState->m_zip64) || (found_zip64_ext_data_in_ldir)) ? 6 : 4;

        if (pZip->m_pRead(pZip->m_pIO_opaque, local_header_ofs + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + local_header_filename_len + local_header_extra_len + file_stat.m_comp_size, descriptor_buf, sizeof(mz_uint32) * num_descriptor_uint32s) != (sizeof(mz_uint32) * num_descriptor_uint32s))
        {
            mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
            goto handle_failure;
        }

        has_id = (MZ_READ_LE32(descriptor_buf) == MZ_ZIP_DATA_DESCRIPTOR_ID);
        pSrc = has_id ? (descriptor_buf + sizeof(mz_uint32)) : descriptor_buf;

        file_crc32 = MZ_READ_LE32(pSrc);

        if ((pState->m_zip64) || (found_zip64_ext_data_in_ldir))
        {
            comp_size = MZ_READ_LE64(pSrc + sizeof(mz_uint32));
            uncomp_size = MZ_READ_LE64(pSrc + sizeof(mz_uint32) + sizeof(mz_uint64));
        }
        else
        {
            comp_size = MZ_READ_LE32(pSrc + sizeof(mz_uint32));
            uncomp_size = MZ_READ_LE32(pSrc + sizeof(mz_uint32) + sizeof(mz_uint32));
        }

        if ((file_crc32 != file_stat.m_crc32) || (comp_size != file_stat.m_comp_size) || (uncomp_size != file_stat.m_uncomp_size))
        {
            mz_zip_set_error(pZip, MZ_ZIP_VALIDATION_FAILED);
            goto handle_failure;
        }
    }
    else
    {
        if ((local_header_crc32 != file_stat.m_crc32) || (local_header_comp_size != file_stat.m_comp_size) || (local_header_uncomp_size != file_stat.m_uncomp_size))
        {
            mz_zip_set_error(pZip, MZ_ZIP_VALIDATION_FAILED);
            goto handle_failure;
        }
    }

    mz_zip_array_clear(pZip, &file_data_array);

    if ((flags & MZ_ZIP_FLAG_VALIDATE_HEADERS_ONLY) == 0)
    {
        if (!mz_zip_reader_extract_to_callback(pZip, file_index, mz_zip_compute_crc32_callback, &uncomp_crc32, 0))
            return MZ_FALSE;

        /* 1 more check to be sure, although the extract checks too. */
        if (uncomp_crc32 != file_stat.m_crc32)
        {
            mz_zip_set_error(pZip, MZ_ZIP_VALIDATION_FAILED);
            return MZ_FALSE;
        }
    }

    return MZ_TRUE;

handle_failure:
    mz_zip_array_clear(pZip, &file_data_array);
    return MZ_FALSE;
}

mz_bool mz_zip_validate_archive(mz_zip_archive *pZip, mz_uint flags)
{
    mz_zip_internal_state *pState;
    uint32_t i;

    if ((!pZip) || (!pZip->m_pState) || (!pZip->m_pAlloc) || (!pZip->m_pFree) || (!pZip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pState = pZip->m_pState;

    /* Basic sanity checks */
    if (!pState->m_zip64)
    {
        if (pZip->m_total_files > MZ_UINT16_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);

        if (pZip->m_archive_size > MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);
    }
    else
    {
        if (pZip->m_total_files >= MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);

        if (pState->m_central_dir.m_size >= MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);
    }

    for (i = 0; i < pZip->m_total_files; i++)
    {
        if (MZ_ZIP_FLAG_VALIDATE_LOCATE_FILE_FLAG & flags)
        {
            mz_uint32 found_index;
            mz_zip_archive_file_stat stat;

            if (!mz_zip_reader_file_stat(pZip, i, &stat))
                return MZ_FALSE;

            if (!mz_zip_reader_locate_file_v2(pZip, stat.m_filename, NULL, 0, &found_index))
                return MZ_FALSE;

            /* This check can fail if there are duplicate filenames in the archive (which we don't check for when writing - that's up to the user) */
            if (found_index != i)
                return mz_zip_set_error(pZip, MZ_ZIP_VALIDATION_FAILED);
        }

        if (!mz_zip_validate_file(pZip, i, flags))
            return MZ_FALSE;
    }

    return MZ_TRUE;
}

mz_bool mz_zip_validate_mem_archive(const void *pMem, size_t size, mz_uint flags, mz_zip_error *pErr)
{
    mz_bool success = MZ_TRUE;
    mz_zip_archive zip;
    mz_zip_error actual_err = MZ_ZIP_NO_ERROR;

    if ((!pMem) || (!size))
    {
        if (pErr)
            *pErr = MZ_ZIP_INVALID_PARAMETER;
        return MZ_FALSE;
    }

    mz_zip_zero_struct(&zip);

    if (!mz_zip_reader_init_mem(&zip, pMem, size, flags))
    {
        if (pErr)
            *pErr = zip.m_last_error;
        return MZ_FALSE;
    }

    if (!mz_zip_validate_archive(&zip, flags))
    {
        actual_err = zip.m_last_error;
        success = MZ_FALSE;
    }

    if (!mz_zip_reader_end_internal(&zip, success))
    {
        if (!actual_err)
            actual_err = zip.m_last_error;
        success = MZ_FALSE;
    }

    if (pErr)
        *pErr = actual_err;

    return success;
}

#ifndef MINIZ_NO_STDIO
mz_bool mz_zip_validate_file_archive(const char *pFilename, mz_uint flags, mz_zip_error *pErr)
{
    mz_bool success = MZ_TRUE;
    mz_zip_archive zip;
    mz_zip_error actual_err = MZ_ZIP_NO_ERROR;

    if (!pFilename)
    {
        if (pErr)
            *pErr = MZ_ZIP_INVALID_PARAMETER;
        return MZ_FALSE;
    }

    mz_zip_zero_struct(&zip);

    if (!mz_zip_reader_init_file_v2(&zip, pFilename, flags, 0, 0))
    {
        if (pErr)
            *pErr = zip.m_last_error;
        return MZ_FALSE;
    }

    if (!mz_zip_validate_archive(&zip, flags))
    {
        actual_err = zip.m_last_error;
        success = MZ_FALSE;
    }

    if (!mz_zip_reader_end_internal(&zip, success))
    {
        if (!actual_err)
            actual_err = zip.m_last_error;
        success = MZ_FALSE;
    }

    if (pErr)
        *pErr = actual_err;

    return success;
}
#endif /* #ifndef MINIZ_NO_STDIO */

/* ------------------- .ZIP archive writing */

#ifndef MINIZ_NO_ARCHIVE_WRITING_APIS

static MZ_FORCEINLINE void mz_write_le16(mz_uint8 *p, mz_uint16 v)
{
    p[0] = (mz_uint8)v;
    p[1] = (mz_uint8)(v >> 8);
}
static MZ_FORCEINLINE void mz_write_le32(mz_uint8 *p, mz_uint32 v)
{
    p[0] = (mz_uint8)v;
    p[1] = (mz_uint8)(v >> 8);
    p[2] = (mz_uint8)(v >> 16);
    p[3] = (mz_uint8)(v >> 24);
}
static MZ_FORCEINLINE void mz_write_le64(mz_uint8 *p, mz_uint64 v)
{
    mz_write_le32(p, (mz_uint32)v);
    mz_write_le32(p + sizeof(mz_uint32), (mz_uint32)(v >> 32));
}

#define MZ_WRITE_LE16(p, v) mz_write_le16((mz_uint8 *)(p), (mz_uint16)(v))
#define MZ_WRITE_LE32(p, v) mz_write_le32((mz_uint8 *)(p), (mz_uint32)(v))
#define MZ_WRITE_LE64(p, v) mz_write_le64((mz_uint8 *)(p), (mz_uint64)(v))

static size_t mz_zip_heap_write_func(void *pOpaque, mz_uint64 file_ofs, const void *pBuf, size_t n)
{
    mz_zip_archive *pZip = (mz_zip_archive *)pOpaque;
    mz_zip_internal_state *pState = pZip->m_pState;
    mz_uint64 new_size = MZ_MAX(file_ofs + n, pState->m_mem_size);

    if (!n)
        return 0;

    /* An allocation this big is likely to just fail on 32-bit systems, so don't even go there. */
    if ((sizeof(size_t) == sizeof(mz_uint32)) && (new_size > 0x7FFFFFFF))
    {
        mz_zip_set_error(pZip, MZ_ZIP_FILE_TOO_LARGE);
        return 0;
    }

    if (new_size > pState->m_mem_capacity)
    {
        void *pNew_block;
        size_t new_capacity = MZ_MAX(64, pState->m_mem_capacity);

        while (new_capacity < new_size)
            new_capacity *= 2;

        if (NULL == (pNew_block = pZip->m_pRealloc(pZip->m_pAlloc_opaque, pState->m_pMem, 1, new_capacity)))
        {
            mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
            return 0;
        }

        pState->m_pMem = pNew_block;
        pState->m_mem_capacity = new_capacity;
    }
    memcpy((mz_uint8 *)pState->m_pMem + file_ofs, pBuf, n);
    pState->m_mem_size = (size_t)new_size;
    return n;
}

static mz_bool mz_zip_writer_end_internal(mz_zip_archive *pZip, mz_bool set_last_error)
{
    mz_zip_internal_state *pState;
    mz_bool status = MZ_TRUE;

    if ((!pZip) || (!pZip->m_pState) || (!pZip->m_pAlloc) || (!pZip->m_pFree) || ((pZip->m_zip_mode != MZ_ZIP_MODE_WRITING) && (pZip->m_zip_mode != MZ_ZIP_MODE_WRITING_HAS_BEEN_FINALIZED)))
    {
        if (set_last_error)
            mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
        return MZ_FALSE;
    }

    pState = pZip->m_pState;
    pZip->m_pState = NULL;
    mz_zip_array_clear(pZip, &pState->m_central_dir);
    mz_zip_array_clear(pZip, &pState->m_central_dir_offsets);
    mz_zip_array_clear(pZip, &pState->m_sorted_central_dir_offsets);

#ifndef MINIZ_NO_STDIO
    if (pState->m_pFile)
    {
        if (pZip->m_zip_type == MZ_ZIP_TYPE_FILE)
        {
            if (MZ_FCLOSE(pState->m_pFile) == EOF)
            {
                if (set_last_error)
                    mz_zip_set_error(pZip, MZ_ZIP_FILE_CLOSE_FAILED);
                status = MZ_FALSE;
            }
        }

        pState->m_pFile = NULL;
    }
#endif /* #ifndef MINIZ_NO_STDIO */

    if ((pZip->m_pWrite == mz_zip_heap_write_func) && (pState->m_pMem))
    {
        pZip->m_pFree(pZip->m_pAlloc_opaque, pState->m_pMem);
        pState->m_pMem = NULL;
    }

    pZip->m_pFree(pZip->m_pAlloc_opaque, pState);
    pZip->m_zip_mode = MZ_ZIP_MODE_INVALID;
    return status;
}

mz_bool mz_zip_writer_init_v2(mz_zip_archive *pZip, mz_uint64 existing_size, mz_uint flags)
{
    mz_bool zip64 = (flags & MZ_ZIP_FLAG_WRITE_ZIP64) != 0;

    if ((!pZip) || (pZip->m_pState) || (!pZip->m_pWrite) || (pZip->m_zip_mode != MZ_ZIP_MODE_INVALID))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (flags & MZ_ZIP_FLAG_WRITE_ALLOW_READING)
    {
        if (!pZip->m_pRead)
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
    }

    if (pZip->m_file_offset_alignment)
    {
        /* Ensure user specified file offset alignment is a power of 2. */
        if (pZip->m_file_offset_alignment & (pZip->m_file_offset_alignment - 1))
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
    }

    if (!pZip->m_pAlloc)
        pZip->m_pAlloc = miniz_def_alloc_func;
    if (!pZip->m_pFree)
        pZip->m_pFree = miniz_def_free_func;
    if (!pZip->m_pRealloc)
        pZip->m_pRealloc = miniz_def_realloc_func;

    pZip->m_archive_size = existing_size;
    pZip->m_central_directory_file_ofs = 0;
    pZip->m_total_files = 0;

    if (NULL == (pZip->m_pState = (mz_zip_internal_state *)pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, sizeof(mz_zip_internal_state))))
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

    memset(pZip->m_pState, 0, sizeof(mz_zip_internal_state));

    MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(&pZip->m_pState->m_central_dir, sizeof(mz_uint8));
    MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(&pZip->m_pState->m_central_dir_offsets, sizeof(mz_uint32));
    MZ_ZIP_ARRAY_SET_ELEMENT_SIZE(&pZip->m_pState->m_sorted_central_dir_offsets, sizeof(mz_uint32));

    pZip->m_pState->m_zip64 = zip64;
    pZip->m_pState->m_zip64_has_extended_info_fields = zip64;

    pZip->m_zip_type = MZ_ZIP_TYPE_USER;
    pZip->m_zip_mode = MZ_ZIP_MODE_WRITING;

    return MZ_TRUE;
}

mz_bool mz_zip_writer_init(mz_zip_archive *pZip, mz_uint64 existing_size)
{
    return mz_zip_writer_init_v2(pZip, existing_size, 0);
}

mz_bool mz_zip_writer_init_heap_v2(mz_zip_archive *pZip, size_t size_to_reserve_at_beginning, size_t initial_allocation_size, mz_uint flags)
{
    pZip->m_pWrite = mz_zip_heap_write_func;
    pZip->m_pNeeds_keepalive = NULL;

    if (flags & MZ_ZIP_FLAG_WRITE_ALLOW_READING)
        pZip->m_pRead = mz_zip_mem_read_func;

    pZip->m_pIO_opaque = pZip;

    if (!mz_zip_writer_init_v2(pZip, size_to_reserve_at_beginning, flags))
        return MZ_FALSE;

    pZip->m_zip_type = MZ_ZIP_TYPE_HEAP;

    if (0 != (initial_allocation_size = MZ_MAX(initial_allocation_size, size_to_reserve_at_beginning)))
    {
        if (NULL == (pZip->m_pState->m_pMem = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, initial_allocation_size)))
        {
            mz_zip_writer_end_internal(pZip, MZ_FALSE);
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }
        pZip->m_pState->m_mem_capacity = initial_allocation_size;
    }

    return MZ_TRUE;
}

mz_bool mz_zip_writer_init_heap(mz_zip_archive *pZip, size_t size_to_reserve_at_beginning, size_t initial_allocation_size)
{
    return mz_zip_writer_init_heap_v2(pZip, size_to_reserve_at_beginning, initial_allocation_size, 0);
}

#ifndef MINIZ_NO_STDIO
static size_t mz_zip_file_write_func(void *pOpaque, mz_uint64 file_ofs, const void *pBuf, size_t n)
{
    mz_zip_archive *pZip = (mz_zip_archive *)pOpaque;
    mz_int64 cur_ofs = MZ_FTELL64(pZip->m_pState->m_pFile);

    file_ofs += pZip->m_pState->m_file_archive_start_ofs;

    if (((mz_int64)file_ofs < 0) || (((cur_ofs != (mz_int64)file_ofs)) && (MZ_FSEEK64(pZip->m_pState->m_pFile, (mz_int64)file_ofs, SEEK_SET))))
    {
        mz_zip_set_error(pZip, MZ_ZIP_FILE_SEEK_FAILED);
        return 0;
    }

    return MZ_FWRITE(pBuf, 1, n, pZip->m_pState->m_pFile);
}

mz_bool mz_zip_writer_init_file(mz_zip_archive *pZip, const char *pFilename, mz_uint64 size_to_reserve_at_beginning)
{
    return mz_zip_writer_init_file_v2(pZip, pFilename, size_to_reserve_at_beginning, 0);
}

mz_bool mz_zip_writer_init_file_v2(mz_zip_archive *pZip, const char *pFilename, mz_uint64 size_to_reserve_at_beginning, mz_uint flags)
{
    MZ_FILE *pFile;

    pZip->m_pWrite = mz_zip_file_write_func;
    pZip->m_pNeeds_keepalive = NULL;

    if (flags & MZ_ZIP_FLAG_WRITE_ALLOW_READING)
        pZip->m_pRead = mz_zip_file_read_func;

    pZip->m_pIO_opaque = pZip;

    if (!mz_zip_writer_init_v2(pZip, size_to_reserve_at_beginning, flags))
        return MZ_FALSE;

    if (NULL == (pFile = MZ_FOPEN(pFilename, (flags & MZ_ZIP_FLAG_WRITE_ALLOW_READING) ? "w+b" : "wb")))
    {
        mz_zip_writer_end(pZip);
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_OPEN_FAILED);
    }

    pZip->m_pState->m_pFile = pFile;
    pZip->m_zip_type = MZ_ZIP_TYPE_FILE;

    if (size_to_reserve_at_beginning)
    {
        mz_uint64 cur_ofs = 0;
        char buf[4096];

        MZ_CLEAR_OBJ(buf);

        do
        {
            size_t n = (size_t)MZ_MIN(sizeof(buf), size_to_reserve_at_beginning);
            if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_ofs, buf, n) != n)
            {
                mz_zip_writer_end(pZip);
                return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
            }
            cur_ofs += n;
            size_to_reserve_at_beginning -= n;
        } while (size_to_reserve_at_beginning);
    }

    return MZ_TRUE;
}

mz_bool mz_zip_writer_init_cfile(mz_zip_archive *pZip, MZ_FILE *pFile, mz_uint flags)
{
    pZip->m_pWrite = mz_zip_file_write_func;
    pZip->m_pNeeds_keepalive = NULL;

    if (flags & MZ_ZIP_FLAG_WRITE_ALLOW_READING)
        pZip->m_pRead = mz_zip_file_read_func;

    pZip->m_pIO_opaque = pZip;

    if (!mz_zip_writer_init_v2(pZip, 0, flags))
        return MZ_FALSE;

    pZip->m_pState->m_pFile = pFile;
    pZip->m_pState->m_file_archive_start_ofs = MZ_FTELL64(pZip->m_pState->m_pFile);
    pZip->m_zip_type = MZ_ZIP_TYPE_CFILE;

    return MZ_TRUE;
}
#endif /* #ifndef MINIZ_NO_STDIO */

mz_bool mz_zip_writer_init_from_reader_v2(mz_zip_archive *pZip, const char *pFilename, mz_uint flags)
{
    mz_zip_internal_state *pState;

    if ((!pZip) || (!pZip->m_pState) || (pZip->m_zip_mode != MZ_ZIP_MODE_READING))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (flags & MZ_ZIP_FLAG_WRITE_ZIP64)
    {
        /* We don't support converting a non-zip64 file to zip64 - this seems like more trouble than it's worth. (What about the existing 32-bit data descriptors that could follow the compressed data?) */
        if (!pZip->m_pState->m_zip64)
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
    }

    /* No sense in trying to write to an archive that's already at the support max size */
    if (pZip->m_pState->m_zip64)
    {
        if (pZip->m_total_files == MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }
    else
    {
        if (pZip->m_total_files == MZ_UINT16_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);

        if ((pZip->m_archive_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + MZ_ZIP_LOCAL_DIR_HEADER_SIZE) > MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_TOO_LARGE);
    }

    pState = pZip->m_pState;

    if (pState->m_pFile)
    {
#ifdef MINIZ_NO_STDIO
        (void)pFilename;
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
#else
        if (pZip->m_pIO_opaque != pZip)
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

        if (pZip->m_zip_type == MZ_ZIP_TYPE_FILE)
        {
            if (!pFilename)
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

            /* Archive is being read from stdio and was originally opened only for reading. Try to reopen as writable. */
            if (NULL == (pState->m_pFile = MZ_FREOPEN(pFilename, "r+b", pState->m_pFile)))
            {
                /* The mz_zip_archive is now in a bogus state because pState->m_pFile is NULL, so just close it. */
                mz_zip_reader_end_internal(pZip, MZ_FALSE);
                return mz_zip_set_error(pZip, MZ_ZIP_FILE_OPEN_FAILED);
            }
        }

        pZip->m_pWrite = mz_zip_file_write_func;
        pZip->m_pNeeds_keepalive = NULL;
#endif /* #ifdef MINIZ_NO_STDIO */
    }
    else if (pState->m_pMem)
    {
        /* Archive lives in a memory block. Assume it's from the heap that we can resize using the realloc callback. */
        if (pZip->m_pIO_opaque != pZip)
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

        pState->m_mem_capacity = pState->m_mem_size;
        pZip->m_pWrite = mz_zip_heap_write_func;
        pZip->m_pNeeds_keepalive = NULL;
    }
    /* Archive is being read via a user provided read function - make sure the user has specified a write function too. */
    else if (!pZip->m_pWrite)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    /* Start writing new files at the archive's current central directory location. */
    /* TODO: We could add a flag that lets the user start writing immediately AFTER the existing central dir - this would be safer. */
    pZip->m_archive_size = pZip->m_central_directory_file_ofs;
    pZip->m_central_directory_file_ofs = 0;

    /* Clear the sorted central dir offsets, they aren't useful or maintained now. */
    /* Even though we're now in write mode, files can still be extracted and verified, but file locates will be slow. */
    /* TODO: We could easily maintain the sorted central directory offsets. */
    mz_zip_array_clear(pZip, &pZip->m_pState->m_sorted_central_dir_offsets);

    pZip->m_zip_mode = MZ_ZIP_MODE_WRITING;

    return MZ_TRUE;
}

mz_bool mz_zip_writer_init_from_reader(mz_zip_archive *pZip, const char *pFilename)
{
    return mz_zip_writer_init_from_reader_v2(pZip, pFilename, 0);
}

/* TODO: pArchive_name is a terrible name here! */
mz_bool mz_zip_writer_add_mem(mz_zip_archive *pZip, const char *pArchive_name, const void *pBuf, size_t buf_size, mz_uint level_and_flags)
{
    return mz_zip_writer_add_mem_ex(pZip, pArchive_name, pBuf, buf_size, NULL, 0, level_and_flags, 0, 0);
}

typedef struct
{
    mz_zip_archive *m_pZip;
    mz_uint64 m_cur_archive_file_ofs;
    mz_uint64 m_comp_size;
} mz_zip_writer_add_state;

static mz_bool mz_zip_writer_add_put_buf_callback(const void *pBuf, int len, void *pUser)
{
    mz_zip_writer_add_state *pState = (mz_zip_writer_add_state *)pUser;
    if ((int)pState->m_pZip->m_pWrite(pState->m_pZip->m_pIO_opaque, pState->m_cur_archive_file_ofs, pBuf, len) != len)
        return MZ_FALSE;

    pState->m_cur_archive_file_ofs += len;
    pState->m_comp_size += len;
    return MZ_TRUE;
}

#define MZ_ZIP64_MAX_LOCAL_EXTRA_FIELD_SIZE (sizeof(mz_uint16) * 2 + sizeof(mz_uint64) * 2)
#define MZ_ZIP64_MAX_CENTRAL_EXTRA_FIELD_SIZE (sizeof(mz_uint16) * 2 + sizeof(mz_uint64) * 3)
static mz_uint32 mz_zip_writer_create_zip64_extra_data(mz_uint8 *pBuf, mz_uint64 *pUncomp_size, mz_uint64 *pComp_size, mz_uint64 *pLocal_header_ofs)
{
    mz_uint8 *pDst = pBuf;
    mz_uint32 field_size = 0;

    MZ_WRITE_LE16(pDst + 0, MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID);
    MZ_WRITE_LE16(pDst + 2, 0);
    pDst += sizeof(mz_uint16) * 2;

    if (pUncomp_size)
    {
        MZ_WRITE_LE64(pDst, *pUncomp_size);
        pDst += sizeof(mz_uint64);
        field_size += sizeof(mz_uint64);
    }

    if (pComp_size)
    {
        MZ_WRITE_LE64(pDst, *pComp_size);
        pDst += sizeof(mz_uint64);
        field_size += sizeof(mz_uint64);
    }

    if (pLocal_header_ofs)
    {
        MZ_WRITE_LE64(pDst, *pLocal_header_ofs);
        pDst += sizeof(mz_uint64);
        field_size += sizeof(mz_uint64);
    }

    MZ_WRITE_LE16(pBuf + 2, field_size);

    return (mz_uint32)(pDst - pBuf);
}

static mz_bool mz_zip_writer_create_local_dir_header(mz_zip_archive *pZip, mz_uint8 *pDst, mz_uint16 filename_size, mz_uint16 extra_size, mz_uint64 uncomp_size, mz_uint64 comp_size, mz_uint32 uncomp_crc32, mz_uint16 method, mz_uint16 bit_flags, mz_uint16 dos_time, mz_uint16 dos_date)
{
    (void)pZip;
    memset(pDst, 0, MZ_ZIP_LOCAL_DIR_HEADER_SIZE);
    MZ_WRITE_LE32(pDst + MZ_ZIP_LDH_SIG_OFS, MZ_ZIP_LOCAL_DIR_HEADER_SIG);
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_VERSION_NEEDED_OFS, method ? 20 : 0);
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_BIT_FLAG_OFS, bit_flags);
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_METHOD_OFS, method);
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_FILE_TIME_OFS, dos_time);
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_FILE_DATE_OFS, dos_date);
    MZ_WRITE_LE32(pDst + MZ_ZIP_LDH_CRC32_OFS, uncomp_crc32);
    MZ_WRITE_LE32(pDst + MZ_ZIP_LDH_COMPRESSED_SIZE_OFS, MZ_MIN(comp_size, MZ_UINT32_MAX));
    MZ_WRITE_LE32(pDst + MZ_ZIP_LDH_DECOMPRESSED_SIZE_OFS, MZ_MIN(uncomp_size, MZ_UINT32_MAX));
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_FILENAME_LEN_OFS, filename_size);
    MZ_WRITE_LE16(pDst + MZ_ZIP_LDH_EXTRA_LEN_OFS, extra_size);
    return MZ_TRUE;
}

static mz_bool mz_zip_writer_create_central_dir_header(mz_zip_archive *pZip, mz_uint8 *pDst,
                                                       mz_uint16 filename_size, mz_uint16 extra_size, mz_uint16 comment_size,
                                                       mz_uint64 uncomp_size, mz_uint64 comp_size, mz_uint32 uncomp_crc32,
                                                       mz_uint16 method, mz_uint16 bit_flags, mz_uint16 dos_time, mz_uint16 dos_date,
                                                       mz_uint64 local_header_ofs, mz_uint32 ext_attributes)
{
    (void)pZip;
    memset(pDst, 0, MZ_ZIP_CENTRAL_DIR_HEADER_SIZE);
    MZ_WRITE_LE32(pDst + MZ_ZIP_CDH_SIG_OFS, MZ_ZIP_CENTRAL_DIR_HEADER_SIG);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_VERSION_NEEDED_OFS, method ? 20 : 0);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_BIT_FLAG_OFS, bit_flags);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_METHOD_OFS, method);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_FILE_TIME_OFS, dos_time);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_FILE_DATE_OFS, dos_date);
    MZ_WRITE_LE32(pDst + MZ_ZIP_CDH_CRC32_OFS, uncomp_crc32);
    MZ_WRITE_LE32(pDst + MZ_ZIP_CDH_COMPRESSED_SIZE_OFS, MZ_MIN(comp_size, MZ_UINT32_MAX));
    MZ_WRITE_LE32(pDst + MZ_ZIP_CDH_DECOMPRESSED_SIZE_OFS, MZ_MIN(uncomp_size, MZ_UINT32_MAX));
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_FILENAME_LEN_OFS, filename_size);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_EXTRA_LEN_OFS, extra_size);
    MZ_WRITE_LE16(pDst + MZ_ZIP_CDH_COMMENT_LEN_OFS, comment_size);
    MZ_WRITE_LE32(pDst + MZ_ZIP_CDH_EXTERNAL_ATTR_OFS, ext_attributes);
    MZ_WRITE_LE32(pDst + MZ_ZIP_CDH_LOCAL_HEADER_OFS, MZ_MIN(local_header_ofs, MZ_UINT32_MAX));
    return MZ_TRUE;
}

static mz_bool mz_zip_writer_add_to_central_dir(mz_zip_archive *pZip, const char *pFilename, mz_uint16 filename_size,
                                                const void *pExtra, mz_uint16 extra_size, const void *pComment, mz_uint16 comment_size,
                                                mz_uint64 uncomp_size, mz_uint64 comp_size, mz_uint32 uncomp_crc32,
                                                mz_uint16 method, mz_uint16 bit_flags, mz_uint16 dos_time, mz_uint16 dos_date,
                                                mz_uint64 local_header_ofs, mz_uint32 ext_attributes,
                                                const char *user_extra_data, mz_uint user_extra_data_len)
{
    mz_zip_internal_state *pState = pZip->m_pState;
    mz_uint32 central_dir_ofs = (mz_uint32)pState->m_central_dir.m_size;
    size_t orig_central_dir_size = pState->m_central_dir.m_size;
    mz_uint8 central_dir_header[MZ_ZIP_CENTRAL_DIR_HEADER_SIZE];

    if (!pZip->m_pState->m_zip64)
    {
        if (local_header_ofs > 0xFFFFFFFF)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_TOO_LARGE);
    }

    /* miniz doesn't support central dirs >= MZ_UINT32_MAX bytes yet */
    if (((mz_uint64)pState->m_central_dir.m_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + filename_size + extra_size + user_extra_data_len + comment_size) >= MZ_UINT32_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_CDIR_SIZE);

    if (!mz_zip_writer_create_central_dir_header(pZip, central_dir_header, filename_size, (mz_uint16)(extra_size + user_extra_data_len), comment_size, uncomp_size, comp_size, uncomp_crc32, method, bit_flags, dos_time, dos_date, local_header_ofs, ext_attributes))
        return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

    if ((!mz_zip_array_push_back(pZip, &pState->m_central_dir, central_dir_header, MZ_ZIP_CENTRAL_DIR_HEADER_SIZE)) ||
        (!mz_zip_array_push_back(pZip, &pState->m_central_dir, pFilename, filename_size)) ||
        (!mz_zip_array_push_back(pZip, &pState->m_central_dir, pExtra, extra_size)) ||
        (!mz_zip_array_push_back(pZip, &pState->m_central_dir, user_extra_data, user_extra_data_len)) ||
        (!mz_zip_array_push_back(pZip, &pState->m_central_dir, pComment, comment_size)) ||
        (!mz_zip_array_push_back(pZip, &pState->m_central_dir_offsets, &central_dir_ofs, 1)))
    {
        /* Try to resize the central directory array back into its original state. */
        mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
    }

    return MZ_TRUE;
}

static mz_bool mz_zip_writer_validate_archive_name(const char *pArchive_name)
{
    /* Basic ZIP archive filename validity checks: Valid filenames cannot start with a forward slash, cannot contain a drive letter, and cannot use DOS-style backward slashes. */
    if (*pArchive_name == '/')
        return MZ_FALSE;

    /* Making sure the name does not contain drive letters or DOS style backward slashes is the responsibility of the program using miniz*/

    return MZ_TRUE;
}

static mz_uint mz_zip_writer_compute_padding_needed_for_file_alignment(mz_zip_archive *pZip)
{
    mz_uint32 n;
    if (!pZip->m_file_offset_alignment)
        return 0;
    n = (mz_uint32)(pZip->m_archive_size & (pZip->m_file_offset_alignment - 1));
    return (mz_uint)((pZip->m_file_offset_alignment - n) & (pZip->m_file_offset_alignment - 1));
}

static mz_bool mz_zip_writer_write_zeros(mz_zip_archive *pZip, mz_uint64 cur_file_ofs, mz_uint32 n)
{
    char buf[4096];
    memset(buf, 0, MZ_MIN(sizeof(buf), n));
    while (n)
    {
        mz_uint32 s = MZ_MIN(sizeof(buf), n);
        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_file_ofs, buf, s) != s)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_file_ofs += s;
        n -= s;
    }
    return MZ_TRUE;
}

mz_bool mz_zip_writer_add_mem_ex(mz_zip_archive *pZip, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags,
                                 mz_uint64 uncomp_size, mz_uint32 uncomp_crc32)
{
    return mz_zip_writer_add_mem_ex_v2(pZip, pArchive_name, pBuf, buf_size, pComment, comment_size, level_and_flags, uncomp_size, uncomp_crc32, NULL, NULL, 0, NULL, 0);
}

mz_bool mz_zip_writer_add_mem_ex_v2(mz_zip_archive *pZip, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size,
                                    mz_uint level_and_flags, mz_uint64 uncomp_size, mz_uint32 uncomp_crc32, MZ_TIME_T *last_modified,
                                    const char *user_extra_data, mz_uint user_extra_data_len, const char *user_extra_data_central, mz_uint user_extra_data_central_len)
{
    mz_uint16 method = 0, dos_time = 0, dos_date = 0;
    mz_uint level, ext_attributes = 0, num_alignment_padding_bytes;
    mz_uint64 local_dir_header_ofs = pZip->m_archive_size, cur_archive_file_ofs = pZip->m_archive_size, comp_size = 0;
    size_t archive_name_size;
    mz_uint8 local_dir_header[MZ_ZIP_LOCAL_DIR_HEADER_SIZE];
    tdefl_compressor *pComp = NULL;
    mz_bool store_data_uncompressed;
    mz_zip_internal_state *pState;
    mz_uint8 *pExtra_data = NULL;
    mz_uint32 extra_size = 0;
    mz_uint8 extra_data[MZ_ZIP64_MAX_CENTRAL_EXTRA_FIELD_SIZE];
    mz_uint16 bit_flags = 0;

    if ((int)level_and_flags < 0)
        level_and_flags = MZ_DEFAULT_LEVEL;

    if (uncomp_size || (buf_size && !(level_and_flags & MZ_ZIP_FLAG_COMPRESSED_DATA)))
        bit_flags |= MZ_ZIP_LDH_BIT_FLAG_HAS_LOCATOR;

    if (!(level_and_flags & MZ_ZIP_FLAG_ASCII_FILENAME))
        bit_flags |= MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_UTF8;

    level = level_and_flags & 0xF;
    store_data_uncompressed = ((!level) || (level_and_flags & MZ_ZIP_FLAG_COMPRESSED_DATA));

    if ((!pZip) || (!pZip->m_pState) || (pZip->m_zip_mode != MZ_ZIP_MODE_WRITING) || ((buf_size) && (!pBuf)) || (!pArchive_name) || ((comment_size) && (!pComment)) || (level > MZ_UBER_COMPRESSION))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pState = pZip->m_pState;

    if (pState->m_zip64)
    {
        if (pZip->m_total_files == MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }
    else
    {
        if (pZip->m_total_files == MZ_UINT16_MAX)
        {
            pState->m_zip64 = MZ_TRUE;
            /*return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES); */
        }
        if ((buf_size > 0xFFFFFFFF) || (uncomp_size > 0xFFFFFFFF))
        {
            pState->m_zip64 = MZ_TRUE;
            /*return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE); */
        }
    }

    if ((!(level_and_flags & MZ_ZIP_FLAG_COMPRESSED_DATA)) && (uncomp_size))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!mz_zip_writer_validate_archive_name(pArchive_name))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_FILENAME);

#ifndef MINIZ_NO_TIME
    if (last_modified != NULL)
    {
        mz_zip_time_t_to_dos_time(*last_modified, &dos_time, &dos_date);
    }
    else
    {
        MZ_TIME_T cur_time;
        time(&cur_time);
        mz_zip_time_t_to_dos_time(cur_time, &dos_time, &dos_date);
    }
#endif /* #ifndef MINIZ_NO_TIME */

	if (!(level_and_flags & MZ_ZIP_FLAG_COMPRESSED_DATA))
	{
		uncomp_crc32 = (mz_uint32)mz_crc32(MZ_CRC32_INIT, (const mz_uint8 *)pBuf, buf_size);
		uncomp_size = buf_size;
		if (uncomp_size <= 3)
		{
			level = 0;
			store_data_uncompressed = MZ_TRUE;
		}
	}

    archive_name_size = strlen(pArchive_name);
    if (archive_name_size > MZ_UINT16_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_FILENAME);

    num_alignment_padding_bytes = mz_zip_writer_compute_padding_needed_for_file_alignment(pZip);

    /* miniz doesn't support central dirs >= MZ_UINT32_MAX bytes yet */
    if (((mz_uint64)pState->m_central_dir.m_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + archive_name_size + MZ_ZIP64_MAX_CENTRAL_EXTRA_FIELD_SIZE + comment_size) >= MZ_UINT32_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_CDIR_SIZE);

    if (!pState->m_zip64)
    {
        /* Bail early if the archive would obviously become too large */
        if ((pZip->m_archive_size + num_alignment_padding_bytes + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + archive_name_size 
			+ MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + archive_name_size + comment_size + user_extra_data_len + 
			pState->m_central_dir.m_size + MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE + user_extra_data_central_len
			+ MZ_ZIP_DATA_DESCRIPTER_SIZE32) > 0xFFFFFFFF)
        {
            pState->m_zip64 = MZ_TRUE;
            /*return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE); */
        }
    }

    if ((archive_name_size) && (pArchive_name[archive_name_size - 1] == '/'))
    {
        /* Set DOS Subdirectory attribute bit. */
        ext_attributes |= MZ_ZIP_DOS_DIR_ATTRIBUTE_BITFLAG;

        /* Subdirectories cannot contain data. */
        if ((buf_size) || (uncomp_size))
            return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
    }

    /* Try to do any allocations before writing to the archive, so if an allocation fails the file remains unmodified. (A good idea if we're doing an in-place modification.) */
    if ((!mz_zip_array_ensure_room(pZip, &pState->m_central_dir, MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + archive_name_size + comment_size + (pState->m_zip64 ? MZ_ZIP64_MAX_CENTRAL_EXTRA_FIELD_SIZE : 0))) || (!mz_zip_array_ensure_room(pZip, &pState->m_central_dir_offsets, 1)))
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

    if ((!store_data_uncompressed) && (buf_size))
    {
        if (NULL == (pComp = (tdefl_compressor *)pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, sizeof(tdefl_compressor))))
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
    }

    if (!mz_zip_writer_write_zeros(pZip, cur_archive_file_ofs, num_alignment_padding_bytes))
    {
        pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
        return MZ_FALSE;
    }

    local_dir_header_ofs += num_alignment_padding_bytes;
    if (pZip->m_file_offset_alignment)
    {
        MZ_ASSERT((local_dir_header_ofs & (pZip->m_file_offset_alignment - 1)) == 0);
    }
    cur_archive_file_ofs += num_alignment_padding_bytes;

    MZ_CLEAR_OBJ(local_dir_header);

    if (!store_data_uncompressed || (level_and_flags & MZ_ZIP_FLAG_COMPRESSED_DATA))
    {
        method = MZ_DEFLATED;
    }

    if (pState->m_zip64)
    {
        if (uncomp_size >= MZ_UINT32_MAX || local_dir_header_ofs >= MZ_UINT32_MAX)
        {
            pExtra_data = extra_data;
            extra_size = mz_zip_writer_create_zip64_extra_data(extra_data, (uncomp_size >= MZ_UINT32_MAX) ? &uncomp_size : NULL,
                                                               (uncomp_size >= MZ_UINT32_MAX) ? &comp_size : NULL, (local_dir_header_ofs >= MZ_UINT32_MAX) ? &local_dir_header_ofs : NULL);
        }

        if (!mz_zip_writer_create_local_dir_header(pZip, local_dir_header, (mz_uint16)archive_name_size, (mz_uint16)(extra_size + user_extra_data_len), 0, 0, 0, method, bit_flags, dos_time, dos_date))
            return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, local_dir_header_ofs, local_dir_header, sizeof(local_dir_header)) != sizeof(local_dir_header))
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_archive_file_ofs += sizeof(local_dir_header);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, pArchive_name, archive_name_size) != archive_name_size)
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }
        cur_archive_file_ofs += archive_name_size;

        if (pExtra_data != NULL)
        {
            if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, extra_data, extra_size) != extra_size)
                return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

            cur_archive_file_ofs += extra_size;
        }
    }
    else
    {
        if ((comp_size > MZ_UINT32_MAX) || (cur_archive_file_ofs > MZ_UINT32_MAX))
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);
        if (!mz_zip_writer_create_local_dir_header(pZip, local_dir_header, (mz_uint16)archive_name_size, (mz_uint16)user_extra_data_len, 0, 0, 0, method, bit_flags, dos_time, dos_date))
            return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, local_dir_header_ofs, local_dir_header, sizeof(local_dir_header)) != sizeof(local_dir_header))
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_archive_file_ofs += sizeof(local_dir_header);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, pArchive_name, archive_name_size) != archive_name_size)
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }
        cur_archive_file_ofs += archive_name_size;
    }

	if (user_extra_data_len > 0)
	{
		if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, user_extra_data, user_extra_data_len) != user_extra_data_len)
			return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

		cur_archive_file_ofs += user_extra_data_len;
	}

    if (store_data_uncompressed)
    {
        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, pBuf, buf_size) != buf_size)
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }

        cur_archive_file_ofs += buf_size;
        comp_size = buf_size;
    }
    else if (buf_size)
    {
        mz_zip_writer_add_state state;

        state.m_pZip = pZip;
        state.m_cur_archive_file_ofs = cur_archive_file_ofs;
        state.m_comp_size = 0;

        if ((tdefl_init(pComp, mz_zip_writer_add_put_buf_callback, &state, tdefl_create_comp_flags_from_zip_params(level, -15, MZ_DEFAULT_STRATEGY)) != TDEFL_STATUS_OKAY) ||
            (tdefl_compress_buffer(pComp, pBuf, buf_size, TDEFL_FINISH) != TDEFL_STATUS_DONE))
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
            return mz_zip_set_error(pZip, MZ_ZIP_COMPRESSION_FAILED);
        }

        comp_size = state.m_comp_size;
        cur_archive_file_ofs = state.m_cur_archive_file_ofs;
    }

    pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
    pComp = NULL;

    if (uncomp_size)
    {
        mz_uint8 local_dir_footer[MZ_ZIP_DATA_DESCRIPTER_SIZE64];
        mz_uint32 local_dir_footer_size = MZ_ZIP_DATA_DESCRIPTER_SIZE32;

        MZ_ASSERT(bit_flags & MZ_ZIP_LDH_BIT_FLAG_HAS_LOCATOR);

        MZ_WRITE_LE32(local_dir_footer + 0, MZ_ZIP_DATA_DESCRIPTOR_ID);
        MZ_WRITE_LE32(local_dir_footer + 4, uncomp_crc32);
        if (pExtra_data == NULL)
        {
            if (comp_size > MZ_UINT32_MAX)
                return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);

            MZ_WRITE_LE32(local_dir_footer + 8, comp_size);
            MZ_WRITE_LE32(local_dir_footer + 12, uncomp_size);
        }
        else
        {
            MZ_WRITE_LE64(local_dir_footer + 8, comp_size);
            MZ_WRITE_LE64(local_dir_footer + 16, uncomp_size);
            local_dir_footer_size = MZ_ZIP_DATA_DESCRIPTER_SIZE64;
        }

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, local_dir_footer, local_dir_footer_size) != local_dir_footer_size)
            return MZ_FALSE;

        cur_archive_file_ofs += local_dir_footer_size;
    }

    if (pExtra_data != NULL)
    {
        extra_size = mz_zip_writer_create_zip64_extra_data(extra_data, (uncomp_size >= MZ_UINT32_MAX) ? &uncomp_size : NULL,
                                                           (uncomp_size >= MZ_UINT32_MAX) ? &comp_size : NULL, (local_dir_header_ofs >= MZ_UINT32_MAX) ? &local_dir_header_ofs : NULL);
    }

    if (!mz_zip_writer_add_to_central_dir(pZip, pArchive_name, (mz_uint16)archive_name_size, pExtra_data, (mz_uint16)extra_size, pComment,
                                          comment_size, uncomp_size, comp_size, uncomp_crc32, method, bit_flags, dos_time, dos_date, local_dir_header_ofs, ext_attributes,
                                          user_extra_data_central, user_extra_data_central_len))
        return MZ_FALSE;

    pZip->m_total_files++;
    pZip->m_archive_size = cur_archive_file_ofs;

    return MZ_TRUE;
}

mz_bool mz_zip_writer_add_read_buf_callback(mz_zip_archive *pZip, const char *pArchive_name, mz_file_read_func read_callback, void* callback_opaque, mz_uint64 size_to_add, const MZ_TIME_T *pFile_time, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags,
                                const char *user_extra_data, mz_uint user_extra_data_len, const char *user_extra_data_central, mz_uint user_extra_data_central_len)
{
    mz_uint16 gen_flags = MZ_ZIP_LDH_BIT_FLAG_HAS_LOCATOR;
    mz_uint uncomp_crc32 = MZ_CRC32_INIT, level, num_alignment_padding_bytes;
    mz_uint16 method = 0, dos_time = 0, dos_date = 0, ext_attributes = 0;
    mz_uint64 local_dir_header_ofs, cur_archive_file_ofs = pZip->m_archive_size, uncomp_size = size_to_add, comp_size = 0;
    size_t archive_name_size;
    mz_uint8 local_dir_header[MZ_ZIP_LOCAL_DIR_HEADER_SIZE];
    mz_uint8 *pExtra_data = NULL;
    mz_uint32 extra_size = 0;
    mz_uint8 extra_data[MZ_ZIP64_MAX_CENTRAL_EXTRA_FIELD_SIZE];
    mz_zip_internal_state *pState;
	mz_uint64 file_ofs = 0;

    if (!(level_and_flags & MZ_ZIP_FLAG_ASCII_FILENAME))
        gen_flags |= MZ_ZIP_GENERAL_PURPOSE_BIT_FLAG_UTF8;

    if ((int)level_and_flags < 0)
        level_and_flags = MZ_DEFAULT_LEVEL;
    level = level_and_flags & 0xF;

    /* Sanity checks */
    if ((!pZip) || (!pZip->m_pState) || (pZip->m_zip_mode != MZ_ZIP_MODE_WRITING) || (!pArchive_name) || ((comment_size) && (!pComment)) || (level > MZ_UBER_COMPRESSION))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pState = pZip->m_pState;

    if ((!pState->m_zip64) && (uncomp_size > MZ_UINT32_MAX))
    {
        /* Source file is too large for non-zip64 */
        /*return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE); */
        pState->m_zip64 = MZ_TRUE;
    }

    /* We could support this, but why? */
    if (level_and_flags & MZ_ZIP_FLAG_COMPRESSED_DATA)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!mz_zip_writer_validate_archive_name(pArchive_name))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_FILENAME);

    if (pState->m_zip64)
    {
        if (pZip->m_total_files == MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }
    else
    {
        if (pZip->m_total_files == MZ_UINT16_MAX)
        {
            pState->m_zip64 = MZ_TRUE;
            /*return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES); */
        }
    }

    archive_name_size = strlen(pArchive_name);
    if (archive_name_size > MZ_UINT16_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_FILENAME);

    num_alignment_padding_bytes = mz_zip_writer_compute_padding_needed_for_file_alignment(pZip);

    /* miniz doesn't support central dirs >= MZ_UINT32_MAX bytes yet */
    if (((mz_uint64)pState->m_central_dir.m_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + archive_name_size + MZ_ZIP64_MAX_CENTRAL_EXTRA_FIELD_SIZE + comment_size) >= MZ_UINT32_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_CDIR_SIZE);

    if (!pState->m_zip64)
    {
        /* Bail early if the archive would obviously become too large */
        if ((pZip->m_archive_size + num_alignment_padding_bytes + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + archive_name_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE
			+ archive_name_size + comment_size + user_extra_data_len + pState->m_central_dir.m_size + MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE + 1024
			+ MZ_ZIP_DATA_DESCRIPTER_SIZE32 + user_extra_data_central_len) > 0xFFFFFFFF)
        {
            pState->m_zip64 = MZ_TRUE;
            /*return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE); */
        }
    }

#ifndef MINIZ_NO_TIME
    if (pFile_time)
    {
        mz_zip_time_t_to_dos_time(*pFile_time, &dos_time, &dos_date);
    }
#endif

    if (uncomp_size <= 3)
        level = 0;

    if (!mz_zip_writer_write_zeros(pZip, cur_archive_file_ofs, num_alignment_padding_bytes))
    {
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
    }

    cur_archive_file_ofs += num_alignment_padding_bytes;
    local_dir_header_ofs = cur_archive_file_ofs;

    if (pZip->m_file_offset_alignment)
    {
        MZ_ASSERT((cur_archive_file_ofs & (pZip->m_file_offset_alignment - 1)) == 0);
    }

    if (uncomp_size && level)
    {
        method = MZ_DEFLATED;
    }

    MZ_CLEAR_OBJ(local_dir_header);
    if (pState->m_zip64)
    {
        if (uncomp_size >= MZ_UINT32_MAX || local_dir_header_ofs >= MZ_UINT32_MAX)
        {
            pExtra_data = extra_data;
            extra_size = mz_zip_writer_create_zip64_extra_data(extra_data, (uncomp_size >= MZ_UINT32_MAX) ? &uncomp_size : NULL,
                                                               (uncomp_size >= MZ_UINT32_MAX) ? &comp_size : NULL, (local_dir_header_ofs >= MZ_UINT32_MAX) ? &local_dir_header_ofs : NULL);
        }

        if (!mz_zip_writer_create_local_dir_header(pZip, local_dir_header, (mz_uint16)archive_name_size, (mz_uint16)(extra_size + user_extra_data_len), 0, 0, 0, method, gen_flags, dos_time, dos_date))
            return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, local_dir_header, sizeof(local_dir_header)) != sizeof(local_dir_header))
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_archive_file_ofs += sizeof(local_dir_header);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, pArchive_name, archive_name_size) != archive_name_size)
        {
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }

        cur_archive_file_ofs += archive_name_size;

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, extra_data, extra_size) != extra_size)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_archive_file_ofs += extra_size;
    }
    else
    {
        if ((comp_size > MZ_UINT32_MAX) || (cur_archive_file_ofs > MZ_UINT32_MAX))
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);
        if (!mz_zip_writer_create_local_dir_header(pZip, local_dir_header, (mz_uint16)archive_name_size, (mz_uint16)user_extra_data_len, 0, 0, 0, method, gen_flags, dos_time, dos_date))
            return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, local_dir_header, sizeof(local_dir_header)) != sizeof(local_dir_header))
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_archive_file_ofs += sizeof(local_dir_header);

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, pArchive_name, archive_name_size) != archive_name_size)
        {
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }

        cur_archive_file_ofs += archive_name_size;
    }

    if (user_extra_data_len > 0)
    {
        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, user_extra_data, user_extra_data_len) != user_extra_data_len)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        cur_archive_file_ofs += user_extra_data_len;
    }

    if (uncomp_size)
    {
        mz_uint64 uncomp_remaining = uncomp_size;
        void *pRead_buf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, MZ_ZIP_MAX_IO_BUF_SIZE);
        if (!pRead_buf)
        {
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        if (!level)
        {
            while (uncomp_remaining)
            {
                mz_uint n = (mz_uint)MZ_MIN((mz_uint64)MZ_ZIP_MAX_IO_BUF_SIZE, uncomp_remaining);
                if ((read_callback(callback_opaque, file_ofs, pRead_buf, n) != n) || (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, pRead_buf, n) != n))
                {
                    pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);
                    return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
                }
				file_ofs += n;
                uncomp_crc32 = (mz_uint32)mz_crc32(uncomp_crc32, (const mz_uint8 *)pRead_buf, n);
                uncomp_remaining -= n;
                cur_archive_file_ofs += n;
            }
            comp_size = uncomp_size;
        }
        else
        {
            mz_bool result = MZ_FALSE;
            mz_zip_writer_add_state state;
            tdefl_compressor *pComp = (tdefl_compressor *)pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, sizeof(tdefl_compressor));
            if (!pComp)
            {
                pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);
                return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
            }

            state.m_pZip = pZip;
            state.m_cur_archive_file_ofs = cur_archive_file_ofs;
            state.m_comp_size = 0;

            if (tdefl_init(pComp, mz_zip_writer_add_put_buf_callback, &state, tdefl_create_comp_flags_from_zip_params(level, -15, MZ_DEFAULT_STRATEGY)) != TDEFL_STATUS_OKAY)
            {
                pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);
                pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);
                return mz_zip_set_error(pZip, MZ_ZIP_INTERNAL_ERROR);
            }

            for (;;)
            {
                size_t in_buf_size = (mz_uint32)MZ_MIN(uncomp_remaining, (mz_uint64)MZ_ZIP_MAX_IO_BUF_SIZE);
                tdefl_status status;
                tdefl_flush flush = TDEFL_NO_FLUSH;

                if (read_callback(callback_opaque, file_ofs, pRead_buf, in_buf_size)!= in_buf_size)
                {
                    mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
                    break;
                }

				file_ofs += in_buf_size;
                uncomp_crc32 = (mz_uint32)mz_crc32(uncomp_crc32, (const mz_uint8 *)pRead_buf, in_buf_size);
                uncomp_remaining -= in_buf_size;

                if (pZip->m_pNeeds_keepalive != NULL && pZip->m_pNeeds_keepalive(pZip->m_pIO_opaque))
                    flush = TDEFL_FULL_FLUSH;

                status = tdefl_compress_buffer(pComp, pRead_buf, in_buf_size, uncomp_remaining ? flush : TDEFL_FINISH);
                if (status == TDEFL_STATUS_DONE)
                {
                    result = MZ_TRUE;
                    break;
                }
                else if (status != TDEFL_STATUS_OKAY)
                {
                    mz_zip_set_error(pZip, MZ_ZIP_COMPRESSION_FAILED);
                    break;
                }
            }

            pZip->m_pFree(pZip->m_pAlloc_opaque, pComp);

            if (!result)
            {
                pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);
                return MZ_FALSE;
            }

            comp_size = state.m_comp_size;
            cur_archive_file_ofs = state.m_cur_archive_file_ofs;
        }

        pZip->m_pFree(pZip->m_pAlloc_opaque, pRead_buf);
    }

    {
        mz_uint8 local_dir_footer[MZ_ZIP_DATA_DESCRIPTER_SIZE64];
        mz_uint32 local_dir_footer_size = MZ_ZIP_DATA_DESCRIPTER_SIZE32;

        MZ_WRITE_LE32(local_dir_footer + 0, MZ_ZIP_DATA_DESCRIPTOR_ID);
        MZ_WRITE_LE32(local_dir_footer + 4, uncomp_crc32);
        if (pExtra_data == NULL)
        {
            if (comp_size > MZ_UINT32_MAX)
                return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);

            MZ_WRITE_LE32(local_dir_footer + 8, comp_size);
            MZ_WRITE_LE32(local_dir_footer + 12, uncomp_size);
        }
        else
        {
            MZ_WRITE_LE64(local_dir_footer + 8, comp_size);
            MZ_WRITE_LE64(local_dir_footer + 16, uncomp_size);
            local_dir_footer_size = MZ_ZIP_DATA_DESCRIPTER_SIZE64;
        }

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_archive_file_ofs, local_dir_footer, local_dir_footer_size) != local_dir_footer_size)
            return MZ_FALSE;

        cur_archive_file_ofs += local_dir_footer_size;
    }

    if (pExtra_data != NULL)
    {
        extra_size = mz_zip_writer_create_zip64_extra_data(extra_data, (uncomp_size >= MZ_UINT32_MAX) ? &uncomp_size : NULL,
                                                           (uncomp_size >= MZ_UINT32_MAX) ? &comp_size : NULL, (local_dir_header_ofs >= MZ_UINT32_MAX) ? &local_dir_header_ofs : NULL);
    }

    if (!mz_zip_writer_add_to_central_dir(pZip, pArchive_name, (mz_uint16)archive_name_size, pExtra_data, (mz_uint16)extra_size, pComment, comment_size,
                                          uncomp_size, comp_size, uncomp_crc32, method, gen_flags, dos_time, dos_date, local_dir_header_ofs, ext_attributes,
                                          user_extra_data_central, user_extra_data_central_len))
        return MZ_FALSE;

    pZip->m_total_files++;
    pZip->m_archive_size = cur_archive_file_ofs;

    return MZ_TRUE;
}

#ifndef MINIZ_NO_STDIO

static size_t mz_file_read_func_stdio(void *pOpaque, mz_uint64 file_ofs, void *pBuf, size_t n)
{
	MZ_FILE *pSrc_file = (MZ_FILE *)pOpaque;
	mz_int64 cur_ofs = MZ_FTELL64(pSrc_file);

	if (((mz_int64)file_ofs < 0) || (((cur_ofs != (mz_int64)file_ofs)) && (MZ_FSEEK64(pSrc_file, (mz_int64)file_ofs, SEEK_SET))))
		return 0;

	return MZ_FREAD(pBuf, 1, n, pSrc_file);
}

mz_bool mz_zip_writer_add_cfile(mz_zip_archive *pZip, const char *pArchive_name, MZ_FILE *pSrc_file, mz_uint64 size_to_add, const MZ_TIME_T *pFile_time, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags,
	const char *user_extra_data, mz_uint user_extra_data_len, const char *user_extra_data_central, mz_uint user_extra_data_central_len)
{
	return mz_zip_writer_add_read_buf_callback(pZip, pArchive_name, mz_file_read_func_stdio, pSrc_file, size_to_add, pFile_time, pComment, comment_size, level_and_flags,
		user_extra_data, user_extra_data_len, user_extra_data_central, user_extra_data_central_len);
}

mz_bool mz_zip_writer_add_file(mz_zip_archive *pZip, const char *pArchive_name, const char *pSrc_filename, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags)
{
    MZ_FILE *pSrc_file = NULL;
    mz_uint64 uncomp_size = 0;
    MZ_TIME_T file_modified_time;
    MZ_TIME_T *pFile_time = NULL;
    mz_bool status;

    memset(&file_modified_time, 0, sizeof(file_modified_time));

#if !defined(MINIZ_NO_TIME) && !defined(MINIZ_NO_STDIO)
    pFile_time = &file_modified_time;
    if (!mz_zip_get_file_modified_time(pSrc_filename, &file_modified_time))
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_STAT_FAILED);
#endif

    pSrc_file = MZ_FOPEN(pSrc_filename, "rb");
    if (!pSrc_file)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_OPEN_FAILED);

    MZ_FSEEK64(pSrc_file, 0, SEEK_END);
    uncomp_size = MZ_FTELL64(pSrc_file);
    MZ_FSEEK64(pSrc_file, 0, SEEK_SET);

    status = mz_zip_writer_add_cfile(pZip, pArchive_name, pSrc_file, uncomp_size, pFile_time, pComment, comment_size, level_and_flags, NULL, 0, NULL, 0);

    MZ_FCLOSE(pSrc_file);

    return status;
}
#endif /* #ifndef MINIZ_NO_STDIO */

static mz_bool mz_zip_writer_update_zip64_extension_block(mz_zip_array *pNew_ext, mz_zip_archive *pZip, const mz_uint8 *pExt, uint32_t ext_len, mz_uint64 *pComp_size, mz_uint64 *pUncomp_size, mz_uint64 *pLocal_header_ofs, mz_uint32 *pDisk_start)
{
    /* + 64 should be enough for any new zip64 data */
    if (!mz_zip_array_reserve(pZip, pNew_ext, ext_len + 64, MZ_FALSE))
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

    mz_zip_array_resize(pZip, pNew_ext, 0, MZ_FALSE);

    if ((pUncomp_size) || (pComp_size) || (pLocal_header_ofs) || (pDisk_start))
    {
        mz_uint8 new_ext_block[64];
        mz_uint8 *pDst = new_ext_block;
        mz_write_le16(pDst, MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID);
        mz_write_le16(pDst + sizeof(mz_uint16), 0);
        pDst += sizeof(mz_uint16) * 2;

        if (pUncomp_size)
        {
            mz_write_le64(pDst, *pUncomp_size);
            pDst += sizeof(mz_uint64);
        }

        if (pComp_size)
        {
            mz_write_le64(pDst, *pComp_size);
            pDst += sizeof(mz_uint64);
        }

        if (pLocal_header_ofs)
        {
            mz_write_le64(pDst, *pLocal_header_ofs);
            pDst += sizeof(mz_uint64);
        }

        if (pDisk_start)
        {
            mz_write_le32(pDst, *pDisk_start);
            pDst += sizeof(mz_uint32);
        }

        mz_write_le16(new_ext_block + sizeof(mz_uint16), (mz_uint16)((pDst - new_ext_block) - sizeof(mz_uint16) * 2));

        if (!mz_zip_array_push_back(pZip, pNew_ext, new_ext_block, pDst - new_ext_block))
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
    }

    if ((pExt) && (ext_len))
    {
        mz_uint32 extra_size_remaining = ext_len;
        const mz_uint8 *pExtra_data = pExt;

        do
        {
            mz_uint32 field_id, field_data_size, field_total_size;

            if (extra_size_remaining < (sizeof(mz_uint16) * 2))
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

            field_id = MZ_READ_LE16(pExtra_data);
            field_data_size = MZ_READ_LE16(pExtra_data + sizeof(mz_uint16));
            field_total_size = field_data_size + sizeof(mz_uint16) * 2;

            if (field_total_size > extra_size_remaining)
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

            if (field_id != MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID)
            {
                if (!mz_zip_array_push_back(pZip, pNew_ext, pExtra_data, field_total_size))
                    return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
            }

            pExtra_data += field_total_size;
            extra_size_remaining -= field_total_size;
        } while (extra_size_remaining);
    }

    return MZ_TRUE;
}

/* TODO: This func is now pretty freakin complex due to zip64, split it up? */
mz_bool mz_zip_writer_add_from_zip_reader(mz_zip_archive *pZip, mz_zip_archive *pSource_zip, mz_uint src_file_index)
{
    mz_uint n, bit_flags, num_alignment_padding_bytes, src_central_dir_following_data_size;
    mz_uint64 src_archive_bytes_remaining, local_dir_header_ofs;
    mz_uint64 cur_src_file_ofs, cur_dst_file_ofs;
    mz_uint32 local_header_u32[(MZ_ZIP_LOCAL_DIR_HEADER_SIZE + sizeof(mz_uint32) - 1) / sizeof(mz_uint32)];
    mz_uint8 *pLocal_header = (mz_uint8 *)local_header_u32;
    mz_uint8 new_central_header[MZ_ZIP_CENTRAL_DIR_HEADER_SIZE];
    size_t orig_central_dir_size;
    mz_zip_internal_state *pState;
    void *pBuf;
    const mz_uint8 *pSrc_central_header;
    mz_zip_archive_file_stat src_file_stat;
    mz_uint32 src_filename_len, src_comment_len, src_ext_len;
    mz_uint32 local_header_filename_size, local_header_extra_len;
    mz_uint64 local_header_comp_size, local_header_uncomp_size;
    mz_bool found_zip64_ext_data_in_ldir = MZ_FALSE;

    /* Sanity checks */
    if ((!pZip) || (!pZip->m_pState) || (pZip->m_zip_mode != MZ_ZIP_MODE_WRITING) || (!pSource_zip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pState = pZip->m_pState;

    /* Don't support copying files from zip64 archives to non-zip64, even though in some cases this is possible */
    if ((pSource_zip->m_pState->m_zip64) && (!pZip->m_pState->m_zip64))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    /* Get pointer to the source central dir header and crack it */
    if (NULL == (pSrc_central_header = mz_zip_get_cdh(pSource_zip, src_file_index)))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (MZ_READ_LE32(pSrc_central_header + MZ_ZIP_CDH_SIG_OFS) != MZ_ZIP_CENTRAL_DIR_HEADER_SIG)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    src_filename_len = MZ_READ_LE16(pSrc_central_header + MZ_ZIP_CDH_FILENAME_LEN_OFS);
    src_comment_len = MZ_READ_LE16(pSrc_central_header + MZ_ZIP_CDH_COMMENT_LEN_OFS);
    src_ext_len = MZ_READ_LE16(pSrc_central_header + MZ_ZIP_CDH_EXTRA_LEN_OFS);
    src_central_dir_following_data_size = src_filename_len + src_ext_len + src_comment_len;

    /* TODO: We don't support central dir's >= MZ_UINT32_MAX bytes right now (+32 fudge factor in case we need to add more extra data) */
    if ((pState->m_central_dir.m_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + src_central_dir_following_data_size + 32) >= MZ_UINT32_MAX)
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_CDIR_SIZE);

    num_alignment_padding_bytes = mz_zip_writer_compute_padding_needed_for_file_alignment(pZip);

    if (!pState->m_zip64)
    {
        if (pZip->m_total_files == MZ_UINT16_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }
    else
    {
        /* TODO: Our zip64 support still has some 32-bit limits that may not be worth fixing. */
        if (pZip->m_total_files == MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }

    if (!mz_zip_file_stat_internal(pSource_zip, src_file_index, pSrc_central_header, &src_file_stat, NULL))
        return MZ_FALSE;

    cur_src_file_ofs = src_file_stat.m_local_header_ofs;
    cur_dst_file_ofs = pZip->m_archive_size;

    /* Read the source archive's local dir header */
    if (pSource_zip->m_pRead(pSource_zip->m_pIO_opaque, cur_src_file_ofs, pLocal_header, MZ_ZIP_LOCAL_DIR_HEADER_SIZE) != MZ_ZIP_LOCAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);

    if (MZ_READ_LE32(pLocal_header) != MZ_ZIP_LOCAL_DIR_HEADER_SIG)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);

    cur_src_file_ofs += MZ_ZIP_LOCAL_DIR_HEADER_SIZE;

    /* Compute the total size we need to copy (filename+extra data+compressed data) */
    local_header_filename_size = MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_FILENAME_LEN_OFS);
    local_header_extra_len = MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_EXTRA_LEN_OFS);
    local_header_comp_size = MZ_READ_LE32(pLocal_header + MZ_ZIP_LDH_COMPRESSED_SIZE_OFS);
    local_header_uncomp_size = MZ_READ_LE32(pLocal_header + MZ_ZIP_LDH_DECOMPRESSED_SIZE_OFS);
    src_archive_bytes_remaining = local_header_filename_size + local_header_extra_len + src_file_stat.m_comp_size;

    /* Try to find a zip64 extended information field */
    if ((local_header_extra_len) && ((local_header_comp_size == MZ_UINT32_MAX) || (local_header_uncomp_size == MZ_UINT32_MAX)))
    {
        mz_zip_array file_data_array;
        const mz_uint8 *pExtra_data;
        mz_uint32 extra_size_remaining = local_header_extra_len;

        mz_zip_array_init(&file_data_array, 1);
        if (!mz_zip_array_resize(pZip, &file_data_array, local_header_extra_len, MZ_FALSE))
        {
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        if (pSource_zip->m_pRead(pSource_zip->m_pIO_opaque, src_file_stat.m_local_header_ofs + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + local_header_filename_size, file_data_array.m_p, local_header_extra_len) != local_header_extra_len)
        {
            mz_zip_array_clear(pZip, &file_data_array);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
        }

        pExtra_data = (const mz_uint8 *)file_data_array.m_p;

        do
        {
            mz_uint32 field_id, field_data_size, field_total_size;

            if (extra_size_remaining < (sizeof(mz_uint16) * 2))
            {
                mz_zip_array_clear(pZip, &file_data_array);
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
            }

            field_id = MZ_READ_LE16(pExtra_data);
            field_data_size = MZ_READ_LE16(pExtra_data + sizeof(mz_uint16));
            field_total_size = field_data_size + sizeof(mz_uint16) * 2;

            if (field_total_size > extra_size_remaining)
            {
                mz_zip_array_clear(pZip, &file_data_array);
                return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
            }

            if (field_id == MZ_ZIP64_EXTENDED_INFORMATION_FIELD_HEADER_ID)
            {
                const mz_uint8 *pSrc_field_data = pExtra_data + sizeof(mz_uint32);

                if (field_data_size < sizeof(mz_uint64) * 2)
                {
                    mz_zip_array_clear(pZip, &file_data_array);
                    return mz_zip_set_error(pZip, MZ_ZIP_INVALID_HEADER_OR_CORRUPTED);
                }

                local_header_uncomp_size = MZ_READ_LE64(pSrc_field_data);
                local_header_comp_size = MZ_READ_LE64(pSrc_field_data + sizeof(mz_uint64)); /* may be 0 if there's a descriptor */

                found_zip64_ext_data_in_ldir = MZ_TRUE;
                break;
            }

            pExtra_data += field_total_size;
            extra_size_remaining -= field_total_size;
        } while (extra_size_remaining);

        mz_zip_array_clear(pZip, &file_data_array);
    }

    if (!pState->m_zip64)
    {
        /* Try to detect if the new archive will most likely wind up too big and bail early (+(sizeof(mz_uint32) * 4) is for the optional descriptor which could be present, +64 is a fudge factor). */
        /* We also check when the archive is finalized so this doesn't need to be perfect. */
        mz_uint64 approx_new_archive_size = cur_dst_file_ofs + num_alignment_padding_bytes + MZ_ZIP_LOCAL_DIR_HEADER_SIZE + src_archive_bytes_remaining + (sizeof(mz_uint32) * 4) +
                                            pState->m_central_dir.m_size + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + src_central_dir_following_data_size + MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE + 64;

        if (approx_new_archive_size >= MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);
    }

    /* Write dest archive padding */
    if (!mz_zip_writer_write_zeros(pZip, cur_dst_file_ofs, num_alignment_padding_bytes))
        return MZ_FALSE;

    cur_dst_file_ofs += num_alignment_padding_bytes;

    local_dir_header_ofs = cur_dst_file_ofs;
    if (pZip->m_file_offset_alignment)
    {
        MZ_ASSERT((local_dir_header_ofs & (pZip->m_file_offset_alignment - 1)) == 0);
    }

    /* The original zip's local header+ext block doesn't change, even with zip64, so we can just copy it over to the dest zip */
    if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_dst_file_ofs, pLocal_header, MZ_ZIP_LOCAL_DIR_HEADER_SIZE) != MZ_ZIP_LOCAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

    cur_dst_file_ofs += MZ_ZIP_LOCAL_DIR_HEADER_SIZE;

    /* Copy over the source archive bytes to the dest archive, also ensure we have enough buf space to handle optional data descriptor */
    if (NULL == (pBuf = pZip->m_pAlloc(pZip->m_pAlloc_opaque, 1, (size_t)MZ_MAX(32U, MZ_MIN((mz_uint64)MZ_ZIP_MAX_IO_BUF_SIZE, src_archive_bytes_remaining)))))
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

    while (src_archive_bytes_remaining)
    {
        n = (mz_uint)MZ_MIN((mz_uint64)MZ_ZIP_MAX_IO_BUF_SIZE, src_archive_bytes_remaining);
        if (pSource_zip->m_pRead(pSource_zip->m_pIO_opaque, cur_src_file_ofs, pBuf, n) != n)
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
        }
        cur_src_file_ofs += n;

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_dst_file_ofs, pBuf, n) != n)
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }
        cur_dst_file_ofs += n;

        src_archive_bytes_remaining -= n;
    }

    /* Now deal with the optional data descriptor */
    bit_flags = MZ_READ_LE16(pLocal_header + MZ_ZIP_LDH_BIT_FLAG_OFS);
    if (bit_flags & 8)
    {
        /* Copy data descriptor */
        if ((pSource_zip->m_pState->m_zip64) || (found_zip64_ext_data_in_ldir))
        {
            /* src is zip64, dest must be zip64 */

            /* name			uint32_t's */
            /* id				1 (optional in zip64?) */
            /* crc			1 */
            /* comp_size	2 */
            /* uncomp_size 2 */
            if (pSource_zip->m_pRead(pSource_zip->m_pIO_opaque, cur_src_file_ofs, pBuf, (sizeof(mz_uint32) * 6)) != (sizeof(mz_uint32) * 6))
            {
                pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);
                return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
            }

            n = sizeof(mz_uint32) * ((MZ_READ_LE32(pBuf) == MZ_ZIP_DATA_DESCRIPTOR_ID) ? 6 : 5);
        }
        else
        {
            /* src is NOT zip64 */
            mz_bool has_id;

            if (pSource_zip->m_pRead(pSource_zip->m_pIO_opaque, cur_src_file_ofs, pBuf, sizeof(mz_uint32) * 4) != sizeof(mz_uint32) * 4)
            {
                pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);
                return mz_zip_set_error(pZip, MZ_ZIP_FILE_READ_FAILED);
            }

            has_id = (MZ_READ_LE32(pBuf) == MZ_ZIP_DATA_DESCRIPTOR_ID);

            if (pZip->m_pState->m_zip64)
            {
                /* dest is zip64, so upgrade the data descriptor */
                const mz_uint32 *pSrc_descriptor = (const mz_uint32 *)((const mz_uint8 *)pBuf + (has_id ? sizeof(mz_uint32) : 0));
                const mz_uint32 src_crc32 = pSrc_descriptor[0];
                const mz_uint64 src_comp_size = pSrc_descriptor[1];
                const mz_uint64 src_uncomp_size = pSrc_descriptor[2];

                mz_write_le32((mz_uint8 *)pBuf, MZ_ZIP_DATA_DESCRIPTOR_ID);
                mz_write_le32((mz_uint8 *)pBuf + sizeof(mz_uint32) * 1, src_crc32);
                mz_write_le64((mz_uint8 *)pBuf + sizeof(mz_uint32) * 2, src_comp_size);
                mz_write_le64((mz_uint8 *)pBuf + sizeof(mz_uint32) * 4, src_uncomp_size);

                n = sizeof(mz_uint32) * 6;
            }
            else
            {
                /* dest is NOT zip64, just copy it as-is */
                n = sizeof(mz_uint32) * (has_id ? 4 : 3);
            }
        }

        if (pZip->m_pWrite(pZip->m_pIO_opaque, cur_dst_file_ofs, pBuf, n) != n)
        {
            pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);
        }

        cur_src_file_ofs += n;
        cur_dst_file_ofs += n;
    }
    pZip->m_pFree(pZip->m_pAlloc_opaque, pBuf);

    /* Finally, add the new central dir header */
    orig_central_dir_size = pState->m_central_dir.m_size;

    memcpy(new_central_header, pSrc_central_header, MZ_ZIP_CENTRAL_DIR_HEADER_SIZE);

    if (pState->m_zip64)
    {
        /* This is the painful part: We need to write a new central dir header + ext block with updated zip64 fields, and ensure the old fields (if any) are not included. */
        const mz_uint8 *pSrc_ext = pSrc_central_header + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + src_filename_len;
        mz_zip_array new_ext_block;

        mz_zip_array_init(&new_ext_block, sizeof(mz_uint8));

        MZ_WRITE_LE32(new_central_header + MZ_ZIP_CDH_COMPRESSED_SIZE_OFS, MZ_UINT32_MAX);
        MZ_WRITE_LE32(new_central_header + MZ_ZIP_CDH_DECOMPRESSED_SIZE_OFS, MZ_UINT32_MAX);
        MZ_WRITE_LE32(new_central_header + MZ_ZIP_CDH_LOCAL_HEADER_OFS, MZ_UINT32_MAX);

        if (!mz_zip_writer_update_zip64_extension_block(&new_ext_block, pZip, pSrc_ext, src_ext_len, &src_file_stat.m_comp_size, &src_file_stat.m_uncomp_size, &local_dir_header_ofs, NULL))
        {
            mz_zip_array_clear(pZip, &new_ext_block);
            return MZ_FALSE;
        }

        MZ_WRITE_LE16(new_central_header + MZ_ZIP_CDH_EXTRA_LEN_OFS, new_ext_block.m_size);

        if (!mz_zip_array_push_back(pZip, &pState->m_central_dir, new_central_header, MZ_ZIP_CENTRAL_DIR_HEADER_SIZE))
        {
            mz_zip_array_clear(pZip, &new_ext_block);
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        if (!mz_zip_array_push_back(pZip, &pState->m_central_dir, pSrc_central_header + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE, src_filename_len))
        {
            mz_zip_array_clear(pZip, &new_ext_block);
            mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        if (!mz_zip_array_push_back(pZip, &pState->m_central_dir, new_ext_block.m_p, new_ext_block.m_size))
        {
            mz_zip_array_clear(pZip, &new_ext_block);
            mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        if (!mz_zip_array_push_back(pZip, &pState->m_central_dir, pSrc_central_header + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE + src_filename_len + src_ext_len, src_comment_len))
        {
            mz_zip_array_clear(pZip, &new_ext_block);
            mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }

        mz_zip_array_clear(pZip, &new_ext_block);
    }
    else
    {
        /* sanity checks */
        if (cur_dst_file_ofs > MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);

        if (local_dir_header_ofs >= MZ_UINT32_MAX)
            return mz_zip_set_error(pZip, MZ_ZIP_ARCHIVE_TOO_LARGE);

        MZ_WRITE_LE32(new_central_header + MZ_ZIP_CDH_LOCAL_HEADER_OFS, local_dir_header_ofs);

        if (!mz_zip_array_push_back(pZip, &pState->m_central_dir, new_central_header, MZ_ZIP_CENTRAL_DIR_HEADER_SIZE))
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);

        if (!mz_zip_array_push_back(pZip, &pState->m_central_dir, pSrc_central_header + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE, src_central_dir_following_data_size))
        {
            mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
            return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
        }
    }

    /* This shouldn't trigger unless we screwed up during the initial sanity checks */
    if (pState->m_central_dir.m_size >= MZ_UINT32_MAX)
    {
        /* TODO: Support central dirs >= 32-bits in size */
        mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
        return mz_zip_set_error(pZip, MZ_ZIP_UNSUPPORTED_CDIR_SIZE);
    }

    n = (mz_uint32)orig_central_dir_size;
    if (!mz_zip_array_push_back(pZip, &pState->m_central_dir_offsets, &n, 1))
    {
        mz_zip_array_resize(pZip, &pState->m_central_dir, orig_central_dir_size, MZ_FALSE);
        return mz_zip_set_error(pZip, MZ_ZIP_ALLOC_FAILED);
    }

    pZip->m_total_files++;
    pZip->m_archive_size = cur_dst_file_ofs;

    return MZ_TRUE;
}

mz_bool mz_zip_writer_finalize_archive(mz_zip_archive *pZip)
{
    mz_zip_internal_state *pState;
    mz_uint64 central_dir_ofs, central_dir_size;
    mz_uint8 hdr[256];

    if ((!pZip) || (!pZip->m_pState) || (pZip->m_zip_mode != MZ_ZIP_MODE_WRITING))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    pState = pZip->m_pState;

    if (pState->m_zip64)
    {
        if ((pZip->m_total_files > MZ_UINT32_MAX) || (pState->m_central_dir.m_size >= MZ_UINT32_MAX))
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }
    else
    {
        if ((pZip->m_total_files > MZ_UINT16_MAX) || ((pZip->m_archive_size + pState->m_central_dir.m_size + MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE) > MZ_UINT32_MAX))
            return mz_zip_set_error(pZip, MZ_ZIP_TOO_MANY_FILES);
    }

    central_dir_ofs = 0;
    central_dir_size = 0;
    if (pZip->m_total_files)
    {
        /* Write central directory */
        central_dir_ofs = pZip->m_archive_size;
        central_dir_size = pState->m_central_dir.m_size;
        pZip->m_central_directory_file_ofs = central_dir_ofs;
        if (pZip->m_pWrite(pZip->m_pIO_opaque, central_dir_ofs, pState->m_central_dir.m_p, (size_t)central_dir_size) != central_dir_size)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        pZip->m_archive_size += central_dir_size;
    }

    if (pState->m_zip64)
    {
        /* Write zip64 end of central directory header */
        mz_uint64 rel_ofs_to_zip64_ecdr = pZip->m_archive_size;

        MZ_CLEAR_OBJ(hdr);
        MZ_WRITE_LE32(hdr + MZ_ZIP64_ECDH_SIG_OFS, MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIG);
        MZ_WRITE_LE64(hdr + MZ_ZIP64_ECDH_SIZE_OF_RECORD_OFS, MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE - sizeof(mz_uint32) - sizeof(mz_uint64));
        MZ_WRITE_LE16(hdr + MZ_ZIP64_ECDH_VERSION_MADE_BY_OFS, 0x031E); /* TODO: always Unix */
        MZ_WRITE_LE16(hdr + MZ_ZIP64_ECDH_VERSION_NEEDED_OFS, 0x002D);
        MZ_WRITE_LE64(hdr + MZ_ZIP64_ECDH_CDIR_NUM_ENTRIES_ON_DISK_OFS, pZip->m_total_files);
        MZ_WRITE_LE64(hdr + MZ_ZIP64_ECDH_CDIR_TOTAL_ENTRIES_OFS, pZip->m_total_files);
        MZ_WRITE_LE64(hdr + MZ_ZIP64_ECDH_CDIR_SIZE_OFS, central_dir_size);
        MZ_WRITE_LE64(hdr + MZ_ZIP64_ECDH_CDIR_OFS_OFS, central_dir_ofs);
        if (pZip->m_pWrite(pZip->m_pIO_opaque, pZip->m_archive_size, hdr, MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE) != MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        pZip->m_archive_size += MZ_ZIP64_END_OF_CENTRAL_DIR_HEADER_SIZE;

        /* Write zip64 end of central directory locator */
        MZ_CLEAR_OBJ(hdr);
        MZ_WRITE_LE32(hdr + MZ_ZIP64_ECDL_SIG_OFS, MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIG);
        MZ_WRITE_LE64(hdr + MZ_ZIP64_ECDL_REL_OFS_TO_ZIP64_ECDR_OFS, rel_ofs_to_zip64_ecdr);
        MZ_WRITE_LE32(hdr + MZ_ZIP64_ECDL_TOTAL_NUMBER_OF_DISKS_OFS, 1);
        if (pZip->m_pWrite(pZip->m_pIO_opaque, pZip->m_archive_size, hdr, MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE) != MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE)
            return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

        pZip->m_archive_size += MZ_ZIP64_END_OF_CENTRAL_DIR_LOCATOR_SIZE;
    }

    /* Write end of central directory record */
    MZ_CLEAR_OBJ(hdr);
    MZ_WRITE_LE32(hdr + MZ_ZIP_ECDH_SIG_OFS, MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIG);
    MZ_WRITE_LE16(hdr + MZ_ZIP_ECDH_CDIR_NUM_ENTRIES_ON_DISK_OFS, MZ_MIN(MZ_UINT16_MAX, pZip->m_total_files));
    MZ_WRITE_LE16(hdr + MZ_ZIP_ECDH_CDIR_TOTAL_ENTRIES_OFS, MZ_MIN(MZ_UINT16_MAX, pZip->m_total_files));
    MZ_WRITE_LE32(hdr + MZ_ZIP_ECDH_CDIR_SIZE_OFS, MZ_MIN(MZ_UINT32_MAX, central_dir_size));
    MZ_WRITE_LE32(hdr + MZ_ZIP_ECDH_CDIR_OFS_OFS, MZ_MIN(MZ_UINT32_MAX, central_dir_ofs));

    if (pZip->m_pWrite(pZip->m_pIO_opaque, pZip->m_archive_size, hdr, MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE) != MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE)
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_WRITE_FAILED);

#ifndef MINIZ_NO_STDIO
    if ((pState->m_pFile) && (MZ_FFLUSH(pState->m_pFile) == EOF))
        return mz_zip_set_error(pZip, MZ_ZIP_FILE_CLOSE_FAILED);
#endif /* #ifndef MINIZ_NO_STDIO */

    pZip->m_archive_size += MZ_ZIP_END_OF_CENTRAL_DIR_HEADER_SIZE;

    pZip->m_zip_mode = MZ_ZIP_MODE_WRITING_HAS_BEEN_FINALIZED;
    return MZ_TRUE;
}

mz_bool mz_zip_writer_finalize_heap_archive(mz_zip_archive *pZip, void **ppBuf, size_t *pSize)
{
    if ((!ppBuf) || (!pSize))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    *ppBuf = NULL;
    *pSize = 0;

    if ((!pZip) || (!pZip->m_pState))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (pZip->m_pWrite != mz_zip_heap_write_func)
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    if (!mz_zip_writer_finalize_archive(pZip))
        return MZ_FALSE;

    *ppBuf = pZip->m_pState->m_pMem;
    *pSize = pZip->m_pState->m_mem_size;
    pZip->m_pState->m_pMem = NULL;
    pZip->m_pState->m_mem_size = pZip->m_pState->m_mem_capacity = 0;

    return MZ_TRUE;
}

mz_bool mz_zip_writer_end(mz_zip_archive *pZip)
{
    return mz_zip_writer_end_internal(pZip, MZ_TRUE);
}

#ifndef MINIZ_NO_STDIO
mz_bool mz_zip_add_mem_to_archive_file_in_place(const char *pZip_filename, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags)
{
    return mz_zip_add_mem_to_archive_file_in_place_v2(pZip_filename, pArchive_name, pBuf, buf_size, pComment, comment_size, level_and_flags, NULL);
}

mz_bool mz_zip_add_mem_to_archive_file_in_place_v2(const char *pZip_filename, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags, mz_zip_error *pErr)
{
    mz_bool status, created_new_archive = MZ_FALSE;
    mz_zip_archive zip_archive;
    struct MZ_FILE_STAT_STRUCT file_stat;
    mz_zip_error actual_err = MZ_ZIP_NO_ERROR;

    mz_zip_zero_struct(&zip_archive);
    if ((int)level_and_flags < 0)
        level_and_flags = MZ_DEFAULT_LEVEL;

    if ((!pZip_filename) || (!pArchive_name) || ((buf_size) && (!pBuf)) || ((comment_size) && (!pComment)) || ((level_and_flags & 0xF) > MZ_UBER_COMPRESSION))
    {
        if (pErr)
            *pErr = MZ_ZIP_INVALID_PARAMETER;
        return MZ_FALSE;
    }

    if (!mz_zip_writer_validate_archive_name(pArchive_name))
    {
        if (pErr)
            *pErr = MZ_ZIP_INVALID_FILENAME;
        return MZ_FALSE;
    }

    /* Important: The regular non-64 bit version of stat() can fail here if the file is very large, which could cause the archive to be overwritten. */
    /* So be sure to compile with _LARGEFILE64_SOURCE 1 */
    if (MZ_FILE_STAT(pZip_filename, &file_stat) != 0)
    {
        /* Create a new archive. */
        if (!mz_zip_writer_init_file_v2(&zip_archive, pZip_filename, 0, level_and_flags))
        {
            if (pErr)
                *pErr = zip_archive.m_last_error;
            return MZ_FALSE;
        }

        created_new_archive = MZ_TRUE;
    }
    else
    {
        /* Append to an existing archive. */
        if (!mz_zip_reader_init_file_v2(&zip_archive, pZip_filename, level_and_flags | MZ_ZIP_FLAG_DO_NOT_SORT_CENTRAL_DIRECTORY, 0, 0))
        {
            if (pErr)
                *pErr = zip_archive.m_last_error;
            return MZ_FALSE;
        }

        if (!mz_zip_writer_init_from_reader_v2(&zip_archive, pZip_filename, level_and_flags))
        {
            if (pErr)
                *pErr = zip_archive.m_last_error;

            mz_zip_reader_end_internal(&zip_archive, MZ_FALSE);

            return MZ_FALSE;
        }
    }

    status = mz_zip_writer_add_mem_ex(&zip_archive, pArchive_name, pBuf, buf_size, pComment, comment_size, level_and_flags, 0, 0);
    actual_err = zip_archive.m_last_error;

    /* Always finalize, even if adding failed for some reason, so we have a valid central directory. (This may not always succeed, but we can try.) */
    if (!mz_zip_writer_finalize_archive(&zip_archive))
    {
        if (!actual_err)
            actual_err = zip_archive.m_last_error;

        status = MZ_FALSE;
    }

    if (!mz_zip_writer_end_internal(&zip_archive, status))
    {
        if (!actual_err)
            actual_err = zip_archive.m_last_error;

        status = MZ_FALSE;
    }

    if ((!status) && (created_new_archive))
    {
        /* It's a new archive and something went wrong, so just delete it. */
        int ignoredStatus = MZ_DELETE_FILE(pZip_filename);
        (void)ignoredStatus;
    }

    if (pErr)
        *pErr = actual_err;

    return status;
}

void *mz_zip_extract_archive_file_to_heap_v2(const char *pZip_filename, const char *pArchive_name, const char *pComment, size_t *pSize, mz_uint flags, mz_zip_error *pErr)
{
    mz_uint32 file_index;
    mz_zip_archive zip_archive;
    void *p = NULL;

    if (pSize)
        *pSize = 0;

    if ((!pZip_filename) || (!pArchive_name))
    {
        if (pErr)
            *pErr = MZ_ZIP_INVALID_PARAMETER;

        return NULL;
    }

    mz_zip_zero_struct(&zip_archive);
    if (!mz_zip_reader_init_file_v2(&zip_archive, pZip_filename, flags | MZ_ZIP_FLAG_DO_NOT_SORT_CENTRAL_DIRECTORY, 0, 0))
    {
        if (pErr)
            *pErr = zip_archive.m_last_error;

        return NULL;
    }

    if (mz_zip_reader_locate_file_v2(&zip_archive, pArchive_name, pComment, flags, &file_index))
    {
        p = mz_zip_reader_extract_to_heap(&zip_archive, file_index, pSize, flags);
    }

    mz_zip_reader_end_internal(&zip_archive, p != NULL);

    if (pErr)
        *pErr = zip_archive.m_last_error;

    return p;
}

void *mz_zip_extract_archive_file_to_heap(const char *pZip_filename, const char *pArchive_name, size_t *pSize, mz_uint flags)
{
    return mz_zip_extract_archive_file_to_heap_v2(pZip_filename, pArchive_name, NULL, pSize, flags, NULL);
}

#endif /* #ifndef MINIZ_NO_STDIO */

#endif /* #ifndef MINIZ_NO_ARCHIVE_WRITING_APIS */

/* ------------------- Misc utils */

mz_zip_mode mz_zip_get_mode(mz_zip_archive *pZip)
{
    return pZip ? pZip->m_zip_mode : MZ_ZIP_MODE_INVALID;
}

mz_zip_type mz_zip_get_type(mz_zip_archive *pZip)
{
    return pZip ? pZip->m_zip_type : MZ_ZIP_TYPE_INVALID;
}

mz_zip_error mz_zip_set_last_error(mz_zip_archive *pZip, mz_zip_error err_num)
{
    mz_zip_error prev_err;

    if (!pZip)
        return MZ_ZIP_INVALID_PARAMETER;

    prev_err = pZip->m_last_error;

    pZip->m_last_error = err_num;
    return prev_err;
}

mz_zip_error mz_zip_peek_last_error(mz_zip_archive *pZip)
{
    if (!pZip)
        return MZ_ZIP_INVALID_PARAMETER;

    return pZip->m_last_error;
}

mz_zip_error mz_zip_clear_last_error(mz_zip_archive *pZip)
{
    return mz_zip_set_last_error(pZip, MZ_ZIP_NO_ERROR);
}

mz_zip_error mz_zip_get_last_error(mz_zip_archive *pZip)
{
    mz_zip_error prev_err;

    if (!pZip)
        return MZ_ZIP_INVALID_PARAMETER;

    prev_err = pZip->m_last_error;

    pZip->m_last_error = MZ_ZIP_NO_ERROR;
    return prev_err;
}

const char *mz_zip_get_error_string(mz_zip_error mz_err)
{
    switch (mz_err)
    {
        case MZ_ZIP_NO_ERROR:
            return "no error";
        case MZ_ZIP_UNDEFINED_ERROR:
            return "undefined error";
        case MZ_ZIP_TOO_MANY_FILES:
            return "too many files";
        case MZ_ZIP_FILE_TOO_LARGE:
            return "file too large";
        case MZ_ZIP_UNSUPPORTED_METHOD:
            return "unsupported method";
        case MZ_ZIP_UNSUPPORTED_ENCRYPTION:
            return "unsupported encryption";
        case MZ_ZIP_UNSUPPORTED_FEATURE:
            return "unsupported feature";
        case MZ_ZIP_FAILED_FINDING_CENTRAL_DIR:
            return "failed finding central directory";
        case MZ_ZIP_NOT_AN_ARCHIVE:
            return "not a ZIP archive";
        case MZ_ZIP_INVALID_HEADER_OR_CORRUPTED:
            return "invalid header or archive is corrupted";
        case MZ_ZIP_UNSUPPORTED_MULTIDISK:
            return "unsupported multidisk archive";
        case MZ_ZIP_DECOMPRESSION_FAILED:
            return "decompression failed or archive is corrupted";
        case MZ_ZIP_COMPRESSION_FAILED:
            return "compression failed";
        case MZ_ZIP_UNEXPECTED_DECOMPRESSED_SIZE:
            return "unexpected decompressed size";
        case MZ_ZIP_CRC_CHECK_FAILED:
            return "CRC-32 check failed";
        case MZ_ZIP_UNSUPPORTED_CDIR_SIZE:
            return "unsupported central directory size";
        case MZ_ZIP_ALLOC_FAILED:
            return "allocation failed";
        case MZ_ZIP_FILE_OPEN_FAILED:
            return "file open failed";
        case MZ_ZIP_FILE_CREATE_FAILED:
            return "file create failed";
        case MZ_ZIP_FILE_WRITE_FAILED:
            return "file write failed";
        case MZ_ZIP_FILE_READ_FAILED:
            return "file read failed";
        case MZ_ZIP_FILE_CLOSE_FAILED:
            return "file close failed";
        case MZ_ZIP_FILE_SEEK_FAILED:
            return "file seek failed";
        case MZ_ZIP_FILE_STAT_FAILED:
            return "file stat failed";
        case MZ_ZIP_INVALID_PARAMETER:
            return "invalid parameter";
        case MZ_ZIP_INVALID_FILENAME:
            return "invalid filename";
        case MZ_ZIP_BUF_TOO_SMALL:
            return "buffer too small";
        case MZ_ZIP_INTERNAL_ERROR:
            return "internal error";
        case MZ_ZIP_FILE_NOT_FOUND:
            return "file not found";
        case MZ_ZIP_ARCHIVE_TOO_LARGE:
            return "archive is too large";
        case MZ_ZIP_VALIDATION_FAILED:
            return "validation failed";
        case MZ_ZIP_WRITE_CALLBACK_FAILED:
            return "write calledback failed";
        default:
            break;
    }

    return "unknown error";
}

/* Note: Just because the archive is not zip64 doesn't necessarily mean it doesn't have Zip64 extended information extra field, argh. */
mz_bool mz_zip_is_zip64(mz_zip_archive *pZip)
{
    if ((!pZip) || (!pZip->m_pState))
        return MZ_FALSE;

    return pZip->m_pState->m_zip64;
}

size_t mz_zip_get_central_dir_size(mz_zip_archive *pZip)
{
    if ((!pZip) || (!pZip->m_pState))
        return 0;

    return pZip->m_pState->m_central_dir.m_size;
}

mz_uint mz_zip_reader_get_num_files(mz_zip_archive *pZip)
{
    return pZip ? pZip->m_total_files : 0;
}

mz_uint64 mz_zip_get_archive_size(mz_zip_archive *pZip)
{
    if (!pZip)
        return 0;
    return pZip->m_archive_size;
}

mz_uint64 mz_zip_get_archive_file_start_offset(mz_zip_archive *pZip)
{
    if ((!pZip) || (!pZip->m_pState))
        return 0;
    return pZip->m_pState->m_file_archive_start_ofs;
}

MZ_FILE *mz_zip_get_cfile(mz_zip_archive *pZip)
{
    if ((!pZip) || (!pZip->m_pState))
        return 0;
    return pZip->m_pState->m_pFile;
}

size_t mz_zip_read_archive_data(mz_zip_archive *pZip, mz_uint64 file_ofs, void *pBuf, size_t n)
{
    if ((!pZip) || (!pZip->m_pState) || (!pBuf) || (!pZip->m_pRead))
        return mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);

    return pZip->m_pRead(pZip->m_pIO_opaque, file_ofs, pBuf, n);
}

mz_uint mz_zip_reader_get_filename(mz_zip_archive *pZip, mz_uint file_index, char *pFilename, mz_uint filename_buf_size)
{
    mz_uint n;
    const mz_uint8 *p = mz_zip_get_cdh(pZip, file_index);
    if (!p)
    {
        if (filename_buf_size)
            pFilename[0] = '\0';
        mz_zip_set_error(pZip, MZ_ZIP_INVALID_PARAMETER);
        return 0;
    }
    n = MZ_READ_LE16(p + MZ_ZIP_CDH_FILENAME_LEN_OFS);
    if (filename_buf_size)
    {
        n = MZ_MIN(n, filename_buf_size - 1);
        memcpy(pFilename, p + MZ_ZIP_CENTRAL_DIR_HEADER_SIZE, n);
        pFilename[n] = '\0';
    }
    return n + 1;
}

mz_bool mz_zip_reader_file_stat(mz_zip_archive *pZip, mz_uint file_index, mz_zip_archive_file_stat *pStat)
{
    return mz_zip_file_stat_internal(pZip, file_index, mz_zip_get_cdh(pZip, file_index), pStat, NULL);
}

mz_bool mz_zip_end(mz_zip_archive *pZip)
{
    if (!pZip)
        return MZ_FALSE;

    if (pZip->m_zip_mode == MZ_ZIP_MODE_READING)
        return mz_zip_reader_end(pZip);
#ifndef MINIZ_NO_ARCHIVE_WRITING_APIS
    else if ((pZip->m_zip_mode == MZ_ZIP_MODE_WRITING) || (pZip->m_zip_mode == MZ_ZIP_MODE_WRITING_HAS_BEEN_FINALIZED))
        return mz_zip_writer_end(pZip);
#endif

    return MZ_FALSE;
}

#ifdef __cplusplus
}
#endif

#endif /*#ifndef MINIZ_NO_ARCHIVE_APIS*/
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/* miniz.c 2.1.0 - public domain deflate/inflate, zlib-subset, ZIP reading/writing/appending, PNG writing
   See "unlicense" statement at the end of this file.
   Rich Geldreich <richgel99@gmail.com>, last updated Oct. 13, 2013
   Implements RFC 1950: http://www.ietf.org/rfc/rfc1950.txt and RFC 1951: http://www.ietf.org/rfc/rfc1951.txt

   Most API's defined in miniz.c are optional. For example, to disable the archive related functions just define
   MINIZ_NO_ARCHIVE_APIS, or to get rid of all stdio usage define MINIZ_NO_STDIO (see the list below for more macros).

   * Low-level Deflate/Inflate implementation notes:

     Compression: Use the "tdefl" API's. The compressor supports raw, static, and dynamic blocks, lazy or
     greedy parsing, match length filtering, RLE-only, and Huffman-only streams. It performs and compresses
     approximately as well as zlib.

     Decompression: Use the "tinfl" API's. The entire decompressor is implemented as a single function
     coroutine: see tinfl_decompress(). It supports decompression into a 32KB (or larger power of 2) wrapping buffer, or into a memory
     block large enough to hold the entire file.

     The low-level tdefl/tinfl API's do not make any use of dynamic memory allocation.

   * zlib-style API notes:

     miniz.c implements a fairly large subset of zlib. There's enough functionality present for it to be a drop-in
     zlib replacement in many apps:
        The z_stream struct, optional memory allocation callbacks
        deflateInit/deflateInit2/deflate/deflateReset/deflateEnd/deflateBound
        inflateInit/inflateInit2/inflate/inflateReset/inflateEnd
        compress, compress2, compressBound, uncompress
        CRC-32, Adler-32 - Using modern, minimal code size, CPU cache friendly routines.
        Supports raw deflate streams or standard zlib streams with adler-32 checking.

     Limitations:
      The callback API's are not implemented yet. No support for gzip headers or zlib static dictionaries.
      I've tried to closely emulate zlib's various flavors of stream flushing and return status codes, but
      there are no guarantees that miniz.c pulls this off perfectly.

   * PNG writing: See the tdefl_write_image_to_png_file_in_memory() function, originally written by
     Alex Evans. Supports 1-4 bytes/pixel images.

   * ZIP archive API notes:

     The ZIP archive API's where designed with simplicity and efficiency in mind, with just enough abstraction to
     get the job done with minimal fuss. There are simple API's to retrieve file information, read files from
     existing archives, create new archives, append new files to existing archives, or clone archive data from
     one archive to another. It supports archives located in memory or the heap, on disk (using stdio.h),
     or you can specify custom file read/write callbacks.

     - Archive reading: Just call this function to read a single file from a disk archive:

      void *mz_zip_extract_archive_file_to_heap(const char *pZip_filename, const char *pArchive_name,
        size_t *pSize, mz_uint zip_flags);

     For more complex cases, use the "mz_zip_reader" functions. Upon opening an archive, the entire central
     directory is located and read as-is into memory, and subsequent file access only occurs when reading individual files.

     - Archives file scanning: The simple way is to use this function to scan a loaded archive for a specific file:

     int mz_zip_reader_locate_file(mz_zip_archive *pZip, const char *pName, const char *pComment, mz_uint flags);

     The locate operation can optionally check file comments too, which (as one example) can be used to identify
     multiple versions of the same file in an archive. This function uses a simple linear search through the central
     directory, so it's not very fast.

     Alternately, you can iterate through all the files in an archive (using mz_zip_reader_get_num_files()) and
     retrieve detailed info on each file by calling mz_zip_reader_file_stat().

     - Archive creation: Use the "mz_zip_writer" functions. The ZIP writer immediately writes compressed file data
     to disk and builds an exact image of the central directory in memory. The central directory image is written
     all at once at the end of the archive file when the archive is finalized.

     The archive writer can optionally align each file's local header and file data to any power of 2 alignment,
     which can be useful when the archive will be read from optical media. Also, the writer supports placing
     arbitrary data blobs at the very beginning of ZIP archives. Archives written using either feature are still
     readable by any ZIP tool.

     - Archive appending: The simple way to add a single file to an archive is to call this function:

      mz_bool mz_zip_add_mem_to_archive_file_in_place(const char *pZip_filename, const char *pArchive_name,
        const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags);

     The archive will be created if it doesn't already exist, otherwise it'll be appended to.
     Note the appending is done in-place and is not an atomic operation, so if something goes wrong
     during the operation it's possible the archive could be left without a central directory (although the local
     file headers and file data will be fine, so the archive will be recoverable).

     For more complex archive modification scenarios:
     1. The safest way is to use a mz_zip_reader to read the existing archive, cloning only those bits you want to
     preserve into a new archive using using the mz_zip_writer_add_from_zip_reader() function (which compiles the
     compressed file data as-is). When you're done, delete the old archive and rename the newly written archive, and
     you're done. This is safe but requires a bunch of temporary disk space or heap memory.

     2. Or, you can convert an mz_zip_reader in-place to an mz_zip_writer using mz_zip_writer_init_from_reader(),
     append new files as needed, then finalize the archive which will write an updated central directory to the
     original archive. (This is basically what mz_zip_add_mem_to_archive_file_in_place() does.) There's a
     possibility that the archive's central directory could be lost with this method if anything goes wrong, though.

     - ZIP archive support limitations:
     No zip64 or spanning support. Extraction functions can only handle unencrypted, stored or deflated files.
     Requires streams capable of seeking.

   * This is a header file library, like stb_image.c. To get only a header file, either cut and paste the
     below header, or create miniz.h, #define MINIZ_HEADER_FILE_ONLY, and then include miniz.c from it.

   * Important: For best perf. be sure to customize the below macros for your target platform:
     #define MINIZ_USE_UNALIGNED_LOADS_AND_STORES 1
     #define MINIZ_LITTLE_ENDIAN 1
     #define MINIZ_HAS_64BIT_REGISTERS 1

   * On platforms using glibc, Be sure to "#define _LARGEFILE64_SOURCE 1" before including miniz.c to ensure miniz
     uses the 64-bit variants: fopen64(), stat64(), etc. Otherwise you won't be able to process large files
     (i.e. 32-bit stat() fails for me on files > 0x7FFFFFFF bytes).
*/
#pragma once





/* Defines to completely disable specific portions of miniz.c: 
   If all macros here are defined the only functionality remaining will be CRC-32, adler-32, tinfl, and tdefl. */

/* Define MINIZ_NO_STDIO to disable all usage and any functions which rely on stdio for file I/O. */
#define MINIZ_NO_STDIO

/* If MINIZ_NO_TIME is specified then the ZIP archive functions will not be able to get the current time, or */
/* get/set file times, and the C run-time funcs that get/set times won't be called. */
/* The current downside is the times written to your archives will be from 1979. */
#define MINIZ_NO_TIME

/* Define MINIZ_NO_ARCHIVE_APIS to disable all ZIP archive API's. */
#define MINIZ_NO_ARCHIVE_APIS

/* Define MINIZ_NO_ARCHIVE_WRITING_APIS to disable all writing related ZIP archive API's. */
#define MINIZ_NO_ARCHIVE_WRITING_APIS

/* Define MINIZ_NO_ZLIB_APIS to remove all ZLIB-style compression/decompression API's. */
/*#define MINIZ_NO_ZLIB_APIS */

/* Define MINIZ_NO_ZLIB_COMPATIBLE_NAME to disable zlib names, to prevent conflicts against stock zlib. */
#define MINIZ_NO_ZLIB_COMPATIBLE_NAMES

/* Define MINIZ_NO_MALLOC to disable all calls to malloc, free, and realloc. 
   Note if MINIZ_NO_MALLOC is defined then the user must always provide custom user alloc/free/realloc
   callbacks to the zlib and archive API's, and a few stand-alone helper API's which don't provide custom user
   functions (such as tdefl_compress_mem_to_heap() and tinfl_decompress_mem_to_heap()) won't work. */
/*#define MINIZ_NO_MALLOC */

#if defined(__TINYC__) && (defined(__linux) || defined(__linux__))
/* TODO: Work around "error: include file 'sys\utime.h' when compiling with tcc on Linux */
#define MINIZ_NO_TIME
#endif

#include <stddef.h>

#if !defined(MINIZ_NO_TIME) && !defined(MINIZ_NO_ARCHIVE_APIS)
#include <time.h>
#endif

#if defined(_M_IX86) || defined(_M_X64) || defined(__i386__) || defined(__i386) || defined(__i486__) || defined(__i486) || defined(i386) || defined(__ia64__) || defined(__x86_64__)
/* MINIZ_X86_OR_X64_CPU is only used to help set the below macros. */
#define MINIZ_X86_OR_X64_CPU 1
#else
#define MINIZ_X86_OR_X64_CPU 0
#endif

#if (__BYTE_ORDER__ == __ORDER_LITTLE_ENDIAN__) || MINIZ_X86_OR_X64_CPU
/* Set MINIZ_LITTLE_ENDIAN to 1 if the processor is little endian. */
#define MINIZ_LITTLE_ENDIAN 1
#else
#define MINIZ_LITTLE_ENDIAN 0
#endif

/* Set MINIZ_USE_UNALIGNED_LOADS_AND_STORES only if not set */
#if !defined(MINIZ_USE_UNALIGNED_LOADS_AND_STORES)
#if MINIZ_X86_OR_X64_CPU
/* Set MINIZ_USE_UNALIGNED_LOADS_AND_STORES to 1 on CPU's that permit efficient integer loads and stores from unaligned addresses. */
#define MINIZ_USE_UNALIGNED_LOADS_AND_STORES 1
#define MINIZ_UNALIGNED_USE_MEMCPY
#else
#define MINIZ_USE_UNALIGNED_LOADS_AND_STORES 0
#endif
#endif

#if defined(_M_X64) || defined(_WIN64) || defined(__MINGW64__) || defined(_LP64) || defined(__LP64__) || defined(__ia64__) || defined(__x86_64__)
/* Set MINIZ_HAS_64BIT_REGISTERS to 1 if operations on 64-bit integers are reasonably fast (and don't involve compiler generated calls to helper functions). */
#define MINIZ_HAS_64BIT_REGISTERS 1
#else
#define MINIZ_HAS_64BIT_REGISTERS 0
#endif

#ifdef __cplusplus
extern "C" {
#endif

/* ------------------- zlib-style API Definitions. */

/* For more compatibility with zlib, miniz.c uses unsigned long for some parameters/struct members. Beware: mz_ulong can be either 32 or 64-bits! */
typedef unsigned long mz_ulong;

/* mz_free() internally uses the MZ_FREE() macro (which by default calls free() unless you've modified the MZ_MALLOC macro) to release a block allocated from the heap. */
void mz_free(void *p);

#define MZ_ADLER32_INIT (1)
/* mz_adler32() returns the initial adler-32 value to use when called with ptr==NULL. */
mz_ulong mz_adler32(mz_ulong adler, const unsigned char *ptr, size_t buf_len);

#define MZ_CRC32_INIT (0)
/* mz_crc32() returns the initial CRC-32 value to use when called with ptr==NULL. */
mz_ulong mz_crc32(mz_ulong crc, const unsigned char *ptr, size_t buf_len);

/* Compression strategies. */
enum
{
    MZ_DEFAULT_STRATEGY = 0,
    MZ_FILTERED = 1,
    MZ_HUFFMAN_ONLY = 2,
    MZ_RLE = 3,
    MZ_FIXED = 4
};

/* Method */
#define MZ_DEFLATED 8

/* Heap allocation callbacks.
Note that mz_alloc_func parameter types purpsosely differ from zlib's: items/size is size_t, not unsigned long. */
typedef void *(*mz_alloc_func)(void *opaque, size_t items, size_t size);
typedef void (*mz_free_func)(void *opaque, void *address);
typedef void *(*mz_realloc_func)(void *opaque, void *address, size_t items, size_t size);

/* Compression levels: 0-9 are the standard zlib-style levels, 10 is best possible compression (not zlib compatible, and may be very slow), MZ_DEFAULT_COMPRESSION=MZ_DEFAULT_LEVEL. */
enum
{
    MZ_NO_COMPRESSION = 0,
    MZ_BEST_SPEED = 1,
    MZ_BEST_COMPRESSION = 9,
    MZ_UBER_COMPRESSION = 10,
    MZ_DEFAULT_LEVEL = 6,
    MZ_DEFAULT_COMPRESSION = -1
};

#define MZ_VERSION "10.1.0"
#define MZ_VERNUM 0xA100
#define MZ_VER_MAJOR 10
#define MZ_VER_MINOR 1
#define MZ_VER_REVISION 0
#define MZ_VER_SUBREVISION 0

#ifndef MINIZ_NO_ZLIB_APIS

/* Flush values. For typical usage you only need MZ_NO_FLUSH and MZ_FINISH. The other values are for advanced use (refer to the zlib docs). */
enum
{
    MZ_NO_FLUSH = 0,
    MZ_PARTIAL_FLUSH = 1,
    MZ_SYNC_FLUSH = 2,
    MZ_FULL_FLUSH = 3,
    MZ_FINISH = 4,
    MZ_BLOCK = 5
};

/* Return status codes. MZ_PARAM_ERROR is non-standard. */
enum
{
    MZ_OK = 0,
    MZ_STREAM_END = 1,
    MZ_NEED_DICT = 2,
    MZ_ERRNO = -1,
    MZ_STREAM_ERROR = -2,
    MZ_DATA_ERROR = -3,
    MZ_MEM_ERROR = -4,
    MZ_BUF_ERROR = -5,
    MZ_VERSION_ERROR = -6,
    MZ_PARAM_ERROR = -10000
};

/* Window bits */
#define MZ_DEFAULT_WINDOW_BITS 15

struct mz_internal_state;

/* Compression/decompression stream struct. */
typedef struct mz_stream_s
{
    const unsigned char *next_in; /* pointer to next byte to read */
    unsigned int avail_in;        /* number of bytes available at next_in */
    mz_ulong total_in;            /* total number of bytes consumed so far */

    unsigned char *next_out; /* pointer to next byte to write */
    unsigned int avail_out;  /* number of bytes that can be written to next_out */
    mz_ulong total_out;      /* total number of bytes produced so far */

    char *msg;                       /* error msg (unused) */
    struct mz_internal_state *state; /* internal state, allocated by zalloc/zfree */

    mz_alloc_func zalloc; /* optional heap allocation function (defaults to malloc) */
    mz_free_func zfree;   /* optional heap free function (defaults to free) */
    void *opaque;         /* heap alloc function user pointer */

    int data_type;     /* data_type (unused) */
    mz_ulong adler;    /* adler32 of the source or uncompressed data */
    mz_ulong reserved; /* not used */
} mz_stream;

typedef mz_stream *mz_streamp;

/* Returns the version string of miniz.c. */
const char *mz_version(void);

/* mz_deflateInit() initializes a compressor with default options: */
/* Parameters: */
/*  pStream must point to an initialized mz_stream struct. */
/*  level must be between [MZ_NO_COMPRESSION, MZ_BEST_COMPRESSION]. */
/*  level 1 enables a specially optimized compression function that's been optimized purely for performance, not ratio. */
/*  (This special func. is currently only enabled when MINIZ_USE_UNALIGNED_LOADS_AND_STORES and MINIZ_LITTLE_ENDIAN are defined.) */
/* Return values: */
/*  MZ_OK on success. */
/*  MZ_STREAM_ERROR if the stream is bogus. */
/*  MZ_PARAM_ERROR if the input parameters are bogus. */
/*  MZ_MEM_ERROR on out of memory. */
int mz_deflateInit(mz_streamp pStream, int level);

/* mz_deflateInit2() is like mz_deflate(), except with more control: */
/* Additional parameters: */
/*   method must be MZ_DEFLATED */
/*   window_bits must be MZ_DEFAULT_WINDOW_BITS (to wrap the deflate stream with zlib header/adler-32 footer) or -MZ_DEFAULT_WINDOW_BITS (raw deflate/no header or footer) */
/*   mem_level must be between [1, 9] (it's checked but ignored by miniz.c) */
int mz_deflateInit2(mz_streamp pStream, int level, int method, int window_bits, int mem_level, int strategy);

/* Quickly resets a compressor without having to reallocate anything. Same as calling mz_deflateEnd() followed by mz_deflateInit()/mz_deflateInit2(). */
int mz_deflateReset(mz_streamp pStream);

/* mz_deflate() compresses the input to output, consuming as much of the input and producing as much output as possible. */
/* Parameters: */
/*   pStream is the stream to read from and write to. You must initialize/update the next_in, avail_in, next_out, and avail_out members. */
/*   flush may be MZ_NO_FLUSH, MZ_PARTIAL_FLUSH/MZ_SYNC_FLUSH, MZ_FULL_FLUSH, or MZ_FINISH. */
/* Return values: */
/*   MZ_OK on success (when flushing, or if more input is needed but not available, and/or there's more output to be written but the output buffer is full). */
/*   MZ_STREAM_END if all input has been consumed and all output bytes have been written. Don't call mz_deflate() on the stream anymore. */
/*   MZ_STREAM_ERROR if the stream is bogus. */
/*   MZ_PARAM_ERROR if one of the parameters is invalid. */
/*   MZ_BUF_ERROR if no forward progress is possible because the input and/or output buffers are empty. (Fill up the input buffer or free up some output space and try again.) */
int mz_deflate(mz_streamp pStream, int flush);

/* mz_deflateEnd() deinitializes a compressor: */
/* Return values: */
/*  MZ_OK on success. */
/*  MZ_STREAM_ERROR if the stream is bogus. */
int mz_deflateEnd(mz_streamp pStream);

/* mz_deflateBound() returns a (very) conservative upper bound on the amount of data that could be generated by deflate(), assuming flush is set to only MZ_NO_FLUSH or MZ_FINISH. */
mz_ulong mz_deflateBound(mz_streamp pStream, mz_ulong source_len);

/* Single-call compression functions mz_compress() and mz_compress2(): */
/* Returns MZ_OK on success, or one of the error codes from mz_deflate() on failure. */
int mz_compress(unsigned char *pDest, mz_ulong *pDest_len, const unsigned char *pSource, mz_ulong source_len);
int mz_compress2(unsigned char *pDest, mz_ulong *pDest_len, const unsigned char *pSource, mz_ulong source_len, int level);

/* mz_compressBound() returns a (very) conservative upper bound on the amount of data that could be generated by calling mz_compress(). */
mz_ulong mz_compressBound(mz_ulong source_len);

/* Initializes a decompressor. */
int mz_inflateInit(mz_streamp pStream);

/* mz_inflateInit2() is like mz_inflateInit() with an additional option that controls the window size and whether or not the stream has been wrapped with a zlib header/footer: */
/* window_bits must be MZ_DEFAULT_WINDOW_BITS (to parse zlib header/footer) or -MZ_DEFAULT_WINDOW_BITS (raw deflate). */
int mz_inflateInit2(mz_streamp pStream, int window_bits);

/* Quickly resets a compressor without having to reallocate anything. Same as calling mz_inflateEnd() followed by mz_inflateInit()/mz_inflateInit2(). */
int mz_inflateReset(mz_streamp pStream);

/* Decompresses the input stream to the output, consuming only as much of the input as needed, and writing as much to the output as possible. */
/* Parameters: */
/*   pStream is the stream to read from and write to. You must initialize/update the next_in, avail_in, next_out, and avail_out members. */
/*   flush may be MZ_NO_FLUSH, MZ_SYNC_FLUSH, or MZ_FINISH. */
/*   On the first call, if flush is MZ_FINISH it's assumed the input and output buffers are both sized large enough to decompress the entire stream in a single call (this is slightly faster). */
/*   MZ_FINISH implies that there are no more source bytes available beside what's already in the input buffer, and that the output buffer is large enough to hold the rest of the decompressed data. */
/* Return values: */
/*   MZ_OK on success. Either more input is needed but not available, and/or there's more output to be written but the output buffer is full. */
/*   MZ_STREAM_END if all needed input has been consumed and all output bytes have been written. For zlib streams, the adler-32 of the decompressed data has also been verified. */
/*   MZ_STREAM_ERROR if the stream is bogus. */
/*   MZ_DATA_ERROR if the deflate stream is invalid. */
/*   MZ_PARAM_ERROR if one of the parameters is invalid. */
/*   MZ_BUF_ERROR if no forward progress is possible because the input buffer is empty but the inflater needs more input to continue, or if the output buffer is not large enough. Call mz_inflate() again */
/*   with more input data, or with more room in the output buffer (except when using single call decompression, described above). */
int mz_inflate(mz_streamp pStream, int flush);

/* Deinitializes a decompressor. */
int mz_inflateEnd(mz_streamp pStream);

/* Single-call decompression. */
/* Returns MZ_OK on success, or one of the error codes from mz_inflate() on failure. */
int mz_uncompress(unsigned char *pDest, mz_ulong *pDest_len, const unsigned char *pSource, mz_ulong source_len);

/* Returns a string description of the specified error code, or NULL if the error code is invalid. */
const char *mz_error(int err);

/* Redefine zlib-compatible names to miniz equivalents, so miniz.c can be used as a drop-in replacement for the subset of zlib that miniz.c supports. */
/* Define MINIZ_NO_ZLIB_COMPATIBLE_NAMES to disable zlib-compatibility if you use zlib in the same project. */
#ifndef MINIZ_NO_ZLIB_COMPATIBLE_NAMES
typedef unsigned char Byte;
typedef unsigned int uInt;
typedef mz_ulong uLong;
typedef Byte Bytef;
typedef uInt uIntf;
typedef char charf;
typedef int intf;
typedef void *voidpf;
typedef uLong uLongf;
typedef void *voidp;
typedef void *const voidpc;
#define Z_NULL 0
#define Z_NO_FLUSH MZ_NO_FLUSH
#define Z_PARTIAL_FLUSH MZ_PARTIAL_FLUSH
#define Z_SYNC_FLUSH MZ_SYNC_FLUSH
#define Z_FULL_FLUSH MZ_FULL_FLUSH
#define Z_FINISH MZ_FINISH
#define Z_BLOCK MZ_BLOCK
#define Z_OK MZ_OK
#define Z_STREAM_END MZ_STREAM_END
#define Z_NEED_DICT MZ_NEED_DICT
#define Z_ERRNO MZ_ERRNO
#define Z_STREAM_ERROR MZ_STREAM_ERROR
#define Z_DATA_ERROR MZ_DATA_ERROR
#define Z_MEM_ERROR MZ_MEM_ERROR
#define Z_BUF_ERROR MZ_BUF_ERROR
#define Z_VERSION_ERROR MZ_VERSION_ERROR
#define Z_PARAM_ERROR MZ_PARAM_ERROR
#define Z_NO_COMPRESSION MZ_NO_COMPRESSION
#define Z_BEST_SPEED MZ_BEST_SPEED
#define Z_BEST_COMPRESSION MZ_BEST_COMPRESSION
#define Z_DEFAULT_COMPRESSION MZ_DEFAULT_COMPRESSION
#define Z_DEFAULT_STRATEGY MZ_DEFAULT_STRATEGY
#define Z_FILTERED MZ_FILTERED
#define Z_HUFFMAN_ONLY MZ_HUFFMAN_ONLY
#define Z_RLE MZ_RLE
#define Z_FIXED MZ_FIXED
#define Z_DEFLATED MZ_DEFLATED
#define Z_DEFAULT_WINDOW_BITS MZ_DEFAULT_WINDOW_BITS
#define alloc_func mz_alloc_func
#define free_func mz_free_func
#define internal_state mz_internal_state
#define z_stream mz_stream
#define deflateInit mz_deflateInit
#define deflateInit2 mz_deflateInit2
#define deflateReset mz_deflateReset
#define deflate mz_deflate
#define deflateEnd mz_deflateEnd
#define deflateBound mz_deflateBound
#define compress mz_compress
#define compress2 mz_compress2
#define compressBound mz_compressBound
#define inflateInit mz_inflateInit
#define inflateInit2 mz_inflateInit2
#define inflateReset mz_inflateReset
#define inflate mz_inflate
#define inflateEnd mz_inflateEnd
#define uncompress mz_uncompress
#define crc32 mz_crc32
#define adler32 mz_adler32
#define MAX_WBITS 15
#define MAX_MEM_LEVEL 9
#define zError mz_error
#define ZLIB_VERSION MZ_VERSION
#define ZLIB_VERNUM MZ_VERNUM
#define ZLIB_VER_MAJOR MZ_VER_MAJOR
#define ZLIB_VER_MINOR MZ_VER_MINOR
#define ZLIB_VER_REVISION MZ_VER_REVISION
#define ZLIB_VER_SUBREVISION MZ_VER_SUBREVISION
#define zlibVersion mz_version
#define zlib_version mz_version()
#endif /* #ifndef MINIZ_NO_ZLIB_COMPATIBLE_NAMES */

#endif /* MINIZ_NO_ZLIB_APIS */

#ifdef __cplusplus
}
#endif
#pragma once
#include <assert.h>
#include <stdint.h>
#include <stdlib.h>
#include <string.h>

/* ------------------- Types and macros */
typedef unsigned char mz_uint8;
typedef signed short mz_int16;
typedef unsigned short mz_uint16;
typedef unsigned int mz_uint32;
typedef unsigned int mz_uint;
typedef int64_t mz_int64;
typedef uint64_t mz_uint64;
typedef int mz_bool;

#define MZ_FALSE (0)
#define MZ_TRUE (1)

/* Works around MSVC's spammy "warning C4127: conditional expression is constant" message. */
#ifdef _MSC_VER
#define MZ_MACRO_END while (0, 0)
#else
#define MZ_MACRO_END while (0)
#endif

#ifdef MINIZ_NO_STDIO
#define MZ_FILE void *
#else
#include <stdio.h>
#define MZ_FILE FILE
#endif /* #ifdef MINIZ_NO_STDIO */

#ifdef MINIZ_NO_TIME
typedef struct mz_dummy_time_t_tag
{
    int m_dummy;
} mz_dummy_time_t;
#define MZ_TIME_T mz_dummy_time_t
#else
#define MZ_TIME_T time_t
#endif

#define MZ_ASSERT(x) assert(x)

#ifdef MINIZ_NO_MALLOC
#define MZ_MALLOC(x) NULL
#define MZ_FREE(x) (void)x, ((void)0)
#define MZ_REALLOC(p, x) NULL
#else
#define MZ_MALLOC(x) malloc(x)
#define MZ_FREE(x) free(x)
#define MZ_REALLOC(p, x) realloc(p, x)
#endif

#define MZ_MAX(a, b) (((a) > (b)) ? (a) : (b))
#define MZ_MIN(a, b) (((a) < (b)) ? (a) : (b))
#define MZ_CLEAR_OBJ(obj) memset(&(obj), 0, sizeof(obj))

#if MINIZ_USE_UNALIGNED_LOADS_AND_STORES && MINIZ_LITTLE_ENDIAN
#define MZ_READ_LE16(p) *((const mz_uint16 *)(p))
#define MZ_READ_LE32(p) *((const mz_uint32 *)(p))
#else
#define MZ_READ_LE16(p) ((mz_uint32)(((const mz_uint8 *)(p))[0]) | ((mz_uint32)(((const mz_uint8 *)(p))[1]) << 8U))
#define MZ_READ_LE32(p) ((mz_uint32)(((const mz_uint8 *)(p))[0]) | ((mz_uint32)(((const mz_uint8 *)(p))[1]) << 8U) | ((mz_uint32)(((const mz_uint8 *)(p))[2]) << 16U) | ((mz_uint32)(((const mz_uint8 *)(p))[3]) << 24U))
#endif

#define MZ_READ_LE64(p) (((mz_uint64)MZ_READ_LE32(p)) | (((mz_uint64)MZ_READ_LE32((const mz_uint8 *)(p) + sizeof(mz_uint32))) << 32U))

#ifdef _MSC_VER
#define MZ_FORCEINLINE __forceinline
#elif defined(__GNUC__)
#define MZ_FORCEINLINE __inline__ __attribute__((__always_inline__))
#else
#define MZ_FORCEINLINE inline
#endif

#ifdef __cplusplus
extern "C" {
#endif

extern void *miniz_def_alloc_func(void *opaque, size_t items, size_t size);
extern void miniz_def_free_func(void *opaque, void *address);
extern void *miniz_def_realloc_func(void *opaque, void *address, size_t items, size_t size);

#define MZ_UINT16_MAX (0xFFFFU)
#define MZ_UINT32_MAX (0xFFFFFFFFU)

#ifdef __cplusplus
}
#endif
#pragma once


#ifdef __cplusplus
extern "C" {
#endif
/* ------------------- Low-level Compression API Definitions */

/* Set TDEFL_LESS_MEMORY to 1 to use less memory (compression will be slightly slower, and raw/dynamic blocks will be output more frequently). */
#define TDEFL_LESS_MEMORY 0

/* tdefl_init() compression flags logically OR'd together (low 12 bits contain the max. number of probes per dictionary search): */
/* TDEFL_DEFAULT_MAX_PROBES: The compressor defaults to 128 dictionary probes per dictionary search. 0=Huffman only, 1=Huffman+LZ (fastest/crap compression), 4095=Huffman+LZ (slowest/best compression). */
enum
{
    TDEFL_HUFFMAN_ONLY = 0,
    TDEFL_DEFAULT_MAX_PROBES = 128,
    TDEFL_MAX_PROBES_MASK = 0xFFF
};

/* TDEFL_WRITE_ZLIB_HEADER: If set, the compressor outputs a zlib header before the deflate data, and the Adler-32 of the source data at the end. Otherwise, you'll get raw deflate data. */
/* TDEFL_COMPUTE_ADLER32: Always compute the adler-32 of the input data (even when not writing zlib headers). */
/* TDEFL_GREEDY_PARSING_FLAG: Set to use faster greedy parsing, instead of more efficient lazy parsing. */
/* TDEFL_NONDETERMINISTIC_PARSING_FLAG: Enable to decrease the compressor's initialization time to the minimum, but the output may vary from run to run given the same input (depending on the contents of memory). */
/* TDEFL_RLE_MATCHES: Only look for RLE matches (matches with a distance of 1) */
/* TDEFL_FILTER_MATCHES: Discards matches <= 5 chars if enabled. */
/* TDEFL_FORCE_ALL_STATIC_BLOCKS: Disable usage of optimized Huffman tables. */
/* TDEFL_FORCE_ALL_RAW_BLOCKS: Only use raw (uncompressed) deflate blocks. */
/* The low 12 bits are reserved to control the max # of hash probes per dictionary lookup (see TDEFL_MAX_PROBES_MASK). */
enum
{
    TDEFL_WRITE_ZLIB_HEADER = 0x01000,
    TDEFL_COMPUTE_ADLER32 = 0x02000,
    TDEFL_GREEDY_PARSING_FLAG = 0x04000,
    TDEFL_NONDETERMINISTIC_PARSING_FLAG = 0x08000,
    TDEFL_RLE_MATCHES = 0x10000,
    TDEFL_FILTER_MATCHES = 0x20000,
    TDEFL_FORCE_ALL_STATIC_BLOCKS = 0x40000,
    TDEFL_FORCE_ALL_RAW_BLOCKS = 0x80000
};

/* High level compression functions: */
/* tdefl_compress_mem_to_heap() compresses a block in memory to a heap block allocated via malloc(). */
/* On entry: */
/*  pSrc_buf, src_buf_len: Pointer and size of source block to compress. */
/*  flags: The max match finder probes (default is 128) logically OR'd against the above flags. Higher probes are slower but improve compression. */
/* On return: */
/*  Function returns a pointer to the compressed data, or NULL on failure. */
/*  *pOut_len will be set to the compressed data's size, which could be larger than src_buf_len on uncompressible data. */
/*  The caller must free() the returned block when it's no longer needed. */
void *tdefl_compress_mem_to_heap(const void *pSrc_buf, size_t src_buf_len, size_t *pOut_len, int flags);

/* tdefl_compress_mem_to_mem() compresses a block in memory to another block in memory. */
/* Returns 0 on failure. */
size_t tdefl_compress_mem_to_mem(void *pOut_buf, size_t out_buf_len, const void *pSrc_buf, size_t src_buf_len, int flags);

/* Compresses an image to a compressed PNG file in memory. */
/* On entry: */
/*  pImage, w, h, and num_chans describe the image to compress. num_chans may be 1, 2, 3, or 4. */
/*  The image pitch in bytes per scanline will be w*num_chans. The leftmost pixel on the top scanline is stored first in memory. */
/*  level may range from [0,10], use MZ_NO_COMPRESSION, MZ_BEST_SPEED, MZ_BEST_COMPRESSION, etc. or a decent default is MZ_DEFAULT_LEVEL */
/*  If flip is true, the image will be flipped on the Y axis (useful for OpenGL apps). */
/* On return: */
/*  Function returns a pointer to the compressed data, or NULL on failure. */
/*  *pLen_out will be set to the size of the PNG image file. */
/*  The caller must mz_free() the returned heap block (which will typically be larger than *pLen_out) when it's no longer needed. */
void *tdefl_write_image_to_png_file_in_memory_ex(const void *pImage, int w, int h, int num_chans, size_t *pLen_out, mz_uint level, mz_bool flip);
void *tdefl_write_image_to_png_file_in_memory(const void *pImage, int w, int h, int num_chans, size_t *pLen_out);

/* Output stream interface. The compressor uses this interface to write compressed data. It'll typically be called TDEFL_OUT_BUF_SIZE at a time. */
typedef mz_bool (*tdefl_put_buf_func_ptr)(const void *pBuf, int len, void *pUser);

/* tdefl_compress_mem_to_output() compresses a block to an output stream. The above helpers use this function internally. */
mz_bool tdefl_compress_mem_to_output(const void *pBuf, size_t buf_len, tdefl_put_buf_func_ptr pPut_buf_func, void *pPut_buf_user, int flags);

enum
{
    TDEFL_MAX_HUFF_TABLES = 3,
    TDEFL_MAX_HUFF_SYMBOLS_0 = 288,
    TDEFL_MAX_HUFF_SYMBOLS_1 = 32,
    TDEFL_MAX_HUFF_SYMBOLS_2 = 19,
    TDEFL_LZ_DICT_SIZE = 32768,
    TDEFL_LZ_DICT_SIZE_MASK = TDEFL_LZ_DICT_SIZE - 1,
    TDEFL_MIN_MATCH_LEN = 3,
    TDEFL_MAX_MATCH_LEN = 258
};

/* TDEFL_OUT_BUF_SIZE MUST be large enough to hold a single entire compressed output block (using static/fixed Huffman codes). */
#if TDEFL_LESS_MEMORY
enum
{
    TDEFL_LZ_CODE_BUF_SIZE = 24 * 1024,
    TDEFL_OUT_BUF_SIZE = (TDEFL_LZ_CODE_BUF_SIZE * 13) / 10,
    TDEFL_MAX_HUFF_SYMBOLS = 288,
    TDEFL_LZ_HASH_BITS = 12,
    TDEFL_LEVEL1_HASH_SIZE_MASK = 4095,
    TDEFL_LZ_HASH_SHIFT = (TDEFL_LZ_HASH_BITS + 2) / 3,
    TDEFL_LZ_HASH_SIZE = 1 << TDEFL_LZ_HASH_BITS
};
#else
enum
{
    TDEFL_LZ_CODE_BUF_SIZE = 64 * 1024,
    TDEFL_OUT_BUF_SIZE = (TDEFL_LZ_CODE_BUF_SIZE * 13) / 10,
    TDEFL_MAX_HUFF_SYMBOLS = 288,
    TDEFL_LZ_HASH_BITS = 15,
    TDEFL_LEVEL1_HASH_SIZE_MASK = 4095,
    TDEFL_LZ_HASH_SHIFT = (TDEFL_LZ_HASH_BITS + 2) / 3,
    TDEFL_LZ_HASH_SIZE = 1 << TDEFL_LZ_HASH_BITS
};
#endif

/* The low-level tdefl functions below may be used directly if the above helper functions aren't flexible enough. The low-level functions don't make any heap allocations, unlike the above helper functions. */
typedef enum {
    TDEFL_STATUS_BAD_PARAM = -2,
    TDEFL_STATUS_PUT_BUF_FAILED = -1,
    TDEFL_STATUS_OKAY = 0,
    TDEFL_STATUS_DONE = 1
} tdefl_status;

/* Must map to MZ_NO_FLUSH, MZ_SYNC_FLUSH, etc. enums */
typedef enum {
    TDEFL_NO_FLUSH = 0,
    TDEFL_SYNC_FLUSH = 2,
    TDEFL_FULL_FLUSH = 3,
    TDEFL_FINISH = 4
} tdefl_flush;

/* tdefl's compression state structure. */
typedef struct
{
    tdefl_put_buf_func_ptr m_pPut_buf_func;
    void *m_pPut_buf_user;
    mz_uint m_flags, m_max_probes[2];
    int m_greedy_parsing;
    mz_uint m_adler32, m_lookahead_pos, m_lookahead_size, m_dict_size;
    mz_uint8 *m_pLZ_code_buf, *m_pLZ_flags, *m_pOutput_buf, *m_pOutput_buf_end;
    mz_uint m_num_flags_left, m_total_lz_bytes, m_lz_code_buf_dict_pos, m_bits_in, m_bit_buffer;
    mz_uint m_saved_match_dist, m_saved_match_len, m_saved_lit, m_output_flush_ofs, m_output_flush_remaining, m_finished, m_block_index, m_wants_to_finish;
    tdefl_status m_prev_return_status;
    const void *m_pIn_buf;
    void *m_pOut_buf;
    size_t *m_pIn_buf_size, *m_pOut_buf_size;
    tdefl_flush m_flush;
    const mz_uint8 *m_pSrc;
    size_t m_src_buf_left, m_out_buf_ofs;
    mz_uint8 m_dict[TDEFL_LZ_DICT_SIZE + TDEFL_MAX_MATCH_LEN - 1];
    mz_uint16 m_huff_count[TDEFL_MAX_HUFF_TABLES][TDEFL_MAX_HUFF_SYMBOLS];
    mz_uint16 m_huff_codes[TDEFL_MAX_HUFF_TABLES][TDEFL_MAX_HUFF_SYMBOLS];
    mz_uint8 m_huff_code_sizes[TDEFL_MAX_HUFF_TABLES][TDEFL_MAX_HUFF_SYMBOLS];
    mz_uint8 m_lz_code_buf[TDEFL_LZ_CODE_BUF_SIZE];
    mz_uint16 m_next[TDEFL_LZ_DICT_SIZE];
    mz_uint16 m_hash[TDEFL_LZ_HASH_SIZE];
    mz_uint8 m_output_buf[TDEFL_OUT_BUF_SIZE];
} tdefl_compressor;

/* Initializes the compressor. */
/* There is no corresponding deinit() function because the tdefl API's do not dynamically allocate memory. */
/* pBut_buf_func: If NULL, output data will be supplied to the specified callback. In this case, the user should call the tdefl_compress_buffer() API for compression. */
/* If pBut_buf_func is NULL the user should always call the tdefl_compress() API. */
/* flags: See the above enums (TDEFL_HUFFMAN_ONLY, TDEFL_WRITE_ZLIB_HEADER, etc.) */
tdefl_status tdefl_init(tdefl_compressor *d, tdefl_put_buf_func_ptr pPut_buf_func, void *pPut_buf_user, int flags);

/* Compresses a block of data, consuming as much of the specified input buffer as possible, and writing as much compressed data to the specified output buffer as possible. */
tdefl_status tdefl_compress(tdefl_compressor *d, const void *pIn_buf, size_t *pIn_buf_size, void *pOut_buf, size_t *pOut_buf_size, tdefl_flush flush);

/* tdefl_compress_buffer() is only usable when the tdefl_init() is called with a non-NULL tdefl_put_buf_func_ptr. */
/* tdefl_compress_buffer() always consumes the entire input buffer. */
tdefl_status tdefl_compress_buffer(tdefl_compressor *d, const void *pIn_buf, size_t in_buf_size, tdefl_flush flush);

tdefl_status tdefl_get_prev_return_status(tdefl_compressor *d);
mz_uint32 tdefl_get_adler32(tdefl_compressor *d);

/* Create tdefl_compress() flags given zlib-style compression parameters. */
/* level may range from [0,10] (where 10 is absolute max compression, but may be much slower on some files) */
/* window_bits may be -15 (raw deflate) or 15 (zlib) */
/* strategy may be either MZ_DEFAULT_STRATEGY, MZ_FILTERED, MZ_HUFFMAN_ONLY, MZ_RLE, or MZ_FIXED */
mz_uint tdefl_create_comp_flags_from_zip_params(int level, int window_bits, int strategy);

#ifndef MINIZ_NO_MALLOC
/* Allocate the tdefl_compressor structure in C so that */
/* non-C language bindings to tdefl_ API don't need to worry about */
/* structure size and allocation mechanism. */
tdefl_compressor *tdefl_compressor_alloc(void);
void tdefl_compressor_free(tdefl_compressor *pComp);
#endif

#ifdef __cplusplus
}
#endif
#pragma once

/* ------------------- Low-level Decompression API Definitions */

#ifdef __cplusplus
extern "C" {
#endif
/* Decompression flags used by tinfl_decompress(). */
/* TINFL_FLAG_PARSE_ZLIB_HEADER: If set, the input has a valid zlib header and ends with an adler32 checksum (it's a valid zlib stream). Otherwise, the input is a raw deflate stream. */
/* TINFL_FLAG_HAS_MORE_INPUT: If set, there are more input bytes available beyond the end of the supplied input buffer. If clear, the input buffer contains all remaining input. */
/* TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF: If set, the output buffer is large enough to hold the entire decompressed stream. If clear, the output buffer is at least the size of the dictionary (typically 32KB). */
/* TINFL_FLAG_COMPUTE_ADLER32: Force adler-32 checksum computation of the decompressed bytes. */
enum
{
    TINFL_FLAG_PARSE_ZLIB_HEADER = 1,
    TINFL_FLAG_HAS_MORE_INPUT = 2,
    TINFL_FLAG_USING_NON_WRAPPING_OUTPUT_BUF = 4,
    TINFL_FLAG_COMPUTE_ADLER32 = 8
};

/* High level decompression functions: */
/* tinfl_decompress_mem_to_heap() decompresses a block in memory to a heap block allocated via malloc(). */
/* On entry: */
/*  pSrc_buf, src_buf_len: Pointer and size of the Deflate or zlib source data to decompress. */
/* On return: */
/*  Function returns a pointer to the decompressed data, or NULL on failure. */
/*  *pOut_len will be set to the decompressed data's size, which could be larger than src_buf_len on uncompressible data. */
/*  The caller must call mz_free() on the returned block when it's no longer needed. */
void *tinfl_decompress_mem_to_heap(const void *pSrc_buf, size_t src_buf_len, size_t *pOut_len, int flags);

/* tinfl_decompress_mem_to_mem() decompresses a block in memory to another block in memory. */
/* Returns TINFL_DECOMPRESS_MEM_TO_MEM_FAILED on failure, or the number of bytes written on success. */
#define TINFL_DECOMPRESS_MEM_TO_MEM_FAILED ((size_t)(-1))
size_t tinfl_decompress_mem_to_mem(void *pOut_buf, size_t out_buf_len, const void *pSrc_buf, size_t src_buf_len, int flags);

/* tinfl_decompress_mem_to_callback() decompresses a block in memory to an internal 32KB buffer, and a user provided callback function will be called to flush the buffer. */
/* Returns 1 on success or 0 on failure. */
typedef int (*tinfl_put_buf_func_ptr)(const void *pBuf, int len, void *pUser);
int tinfl_decompress_mem_to_callback(const void *pIn_buf, size_t *pIn_buf_size, tinfl_put_buf_func_ptr pPut_buf_func, void *pPut_buf_user, int flags);

struct tinfl_decompressor_tag;
typedef struct tinfl_decompressor_tag tinfl_decompressor;

#ifndef MINIZ_NO_MALLOC
/* Allocate the tinfl_decompressor structure in C so that */
/* non-C language bindings to tinfl_ API don't need to worry about */
/* structure size and allocation mechanism. */
tinfl_decompressor *tinfl_decompressor_alloc(void);
void tinfl_decompressor_free(tinfl_decompressor *pDecomp);
#endif

/* Max size of LZ dictionary. */
#define TINFL_LZ_DICT_SIZE 32768

/* Return status. */
typedef enum {
    /* This flags indicates the inflator needs 1 or more input bytes to make forward progress, but the caller is indicating that no more are available. The compressed data */
    /* is probably corrupted. If you call the inflator again with more bytes it'll try to continue processing the input but this is a BAD sign (either the data is corrupted or you called it incorrectly). */
    /* If you call it again with no input you'll just get TINFL_STATUS_FAILED_CANNOT_MAKE_PROGRESS again. */
    TINFL_STATUS_FAILED_CANNOT_MAKE_PROGRESS = -4,

    /* This flag indicates that one or more of the input parameters was obviously bogus. (You can try calling it again, but if you get this error the calling code is wrong.) */
    TINFL_STATUS_BAD_PARAM = -3,

    /* This flags indicate the inflator is finished but the adler32 check of the uncompressed data didn't match. If you call it again it'll return TINFL_STATUS_DONE. */
    TINFL_STATUS_ADLER32_MISMATCH = -2,

    /* This flags indicate the inflator has somehow failed (bad code, corrupted input, etc.). If you call it again without resetting via tinfl_init() it it'll just keep on returning the same status failure code. */
    TINFL_STATUS_FAILED = -1,

    /* Any status code less than TINFL_STATUS_DONE must indicate a failure. */

    /* This flag indicates the inflator has returned every byte of uncompressed data that it can, has consumed every byte that it needed, has successfully reached the end of the deflate stream, and */
    /* if zlib headers and adler32 checking enabled that it has successfully checked the uncompressed data's adler32. If you call it again you'll just get TINFL_STATUS_DONE over and over again. */
    TINFL_STATUS_DONE = 0,

    /* This flag indicates the inflator MUST have more input data (even 1 byte) before it can make any more forward progress, or you need to clear the TINFL_FLAG_HAS_MORE_INPUT */
    /* flag on the next call if you don't have any more source data. If the source data was somehow corrupted it's also possible (but unlikely) for the inflator to keep on demanding input to */
    /* proceed, so be sure to properly set the TINFL_FLAG_HAS_MORE_INPUT flag. */
    TINFL_STATUS_NEEDS_MORE_INPUT = 1,

    /* This flag indicates the inflator definitely has 1 or more bytes of uncompressed data available, but it cannot write this data into the output buffer. */
    /* Note if the source compressed data was corrupted it's possible for the inflator to return a lot of uncompressed data to the caller. I've been assuming you know how much uncompressed data to expect */
    /* (either exact or worst case) and will stop calling the inflator and fail after receiving too much. In pure streaming scenarios where you have no idea how many bytes to expect this may not be possible */
    /* so I may need to add some code to address this. */
    TINFL_STATUS_HAS_MORE_OUTPUT = 2
} tinfl_status;

/* Initializes the decompressor to its initial state. */
#define tinfl_init(r)     \
    do                    \
    {                     \
        (r)->m_state = 0; \
    }                     \
    MZ_MACRO_END
#define tinfl_get_adler32(r) (r)->m_check_adler32

/* Main low-level decompressor coroutine function. This is the only function actually needed for decompression. All the other functions are just high-level helpers for improved usability. */
/* This is a universal API, i.e. it can be used as a building block to build any desired higher level decompression API. In the limit case, it can be called once per every byte input or output. */
tinfl_status tinfl_decompress(tinfl_decompressor *r, const mz_uint8 *pIn_buf_next, size_t *pIn_buf_size, mz_uint8 *pOut_buf_start, mz_uint8 *pOut_buf_next, size_t *pOut_buf_size, const mz_uint32 decomp_flags);

/* Internal/private bits follow. */
enum
{
    TINFL_MAX_HUFF_TABLES = 3,
    TINFL_MAX_HUFF_SYMBOLS_0 = 288,
    TINFL_MAX_HUFF_SYMBOLS_1 = 32,
    TINFL_MAX_HUFF_SYMBOLS_2 = 19,
    TINFL_FAST_LOOKUP_BITS = 10,
    TINFL_FAST_LOOKUP_SIZE = 1 << TINFL_FAST_LOOKUP_BITS
};

typedef struct
{
    mz_uint8 m_code_size[TINFL_MAX_HUFF_SYMBOLS_0];
    mz_int16 m_look_up[TINFL_FAST_LOOKUP_SIZE], m_tree[TINFL_MAX_HUFF_SYMBOLS_0 * 2];
} tinfl_huff_table;

#if MINIZ_HAS_64BIT_REGISTERS
#define TINFL_USE_64BIT_BITBUF 1
#else
#define TINFL_USE_64BIT_BITBUF 0
#endif

#if TINFL_USE_64BIT_BITBUF
typedef mz_uint64 tinfl_bit_buf_t;
#define TINFL_BITBUF_SIZE (64)
#else
typedef mz_uint32 tinfl_bit_buf_t;
#define TINFL_BITBUF_SIZE (32)
#endif

struct tinfl_decompressor_tag
{
    mz_uint32 m_state, m_num_bits, m_zhdr0, m_zhdr1, m_z_adler32, m_final, m_type, m_check_adler32, m_dist, m_counter, m_num_extra, m_table_sizes[TINFL_MAX_HUFF_TABLES];
    tinfl_bit_buf_t m_bit_buf;
    size_t m_dist_from_out_buf_start;
    tinfl_huff_table m_tables[TINFL_MAX_HUFF_TABLES];
    mz_uint8 m_raw_header[4], m_len_codes[TINFL_MAX_HUFF_SYMBOLS_0 + TINFL_MAX_HUFF_SYMBOLS_1 + 137];
};

#ifdef __cplusplus
}
#endif

#pragma once


/* ------------------- ZIP archive reading/writing */

#ifndef MINIZ_NO_ARCHIVE_APIS

#ifdef __cplusplus
extern "C" {
#endif

enum
{
    /* Note: These enums can be reduced as needed to save memory or stack space - they are pretty conservative. */
    MZ_ZIP_MAX_IO_BUF_SIZE = 64 * 1024,
    MZ_ZIP_MAX_ARCHIVE_FILENAME_SIZE = 512,
    MZ_ZIP_MAX_ARCHIVE_FILE_COMMENT_SIZE = 512
};

typedef struct
{
    /* Central directory file index. */
    mz_uint32 m_file_index;

    /* Byte offset of this entry in the archive's central directory. Note we currently only support up to UINT_MAX or less bytes in the central dir. */
    mz_uint64 m_central_dir_ofs;

    /* These fields are copied directly from the zip's central dir. */
    mz_uint16 m_version_made_by;
    mz_uint16 m_version_needed;
    mz_uint16 m_bit_flag;
    mz_uint16 m_method;

#ifndef MINIZ_NO_TIME
    MZ_TIME_T m_time;
#endif

    /* CRC-32 of uncompressed data. */
    mz_uint32 m_crc32;

    /* File's compressed size. */
    mz_uint64 m_comp_size;

    /* File's uncompressed size. Note, I've seen some old archives where directory entries had 512 bytes for their uncompressed sizes, but when you try to unpack them you actually get 0 bytes. */
    mz_uint64 m_uncomp_size;

    /* Zip internal and external file attributes. */
    mz_uint16 m_internal_attr;
    mz_uint32 m_external_attr;

    /* Entry's local header file offset in bytes. */
    mz_uint64 m_local_header_ofs;

    /* Size of comment in bytes. */
    mz_uint32 m_comment_size;

    /* MZ_TRUE if the entry appears to be a directory. */
    mz_bool m_is_directory;

    /* MZ_TRUE if the entry uses encryption/strong encryption (which miniz_zip doesn't support) */
    mz_bool m_is_encrypted;

    /* MZ_TRUE if the file is not encrypted, a patch file, and if it uses a compression method we support. */
    mz_bool m_is_supported;

    /* Filename. If string ends in '/' it's a subdirectory entry. */
    /* Guaranteed to be zero terminated, may be truncated to fit. */
    char m_filename[MZ_ZIP_MAX_ARCHIVE_FILENAME_SIZE];

    /* Comment field. */
    /* Guaranteed to be zero terminated, may be truncated to fit. */
    char m_comment[MZ_ZIP_MAX_ARCHIVE_FILE_COMMENT_SIZE];

} mz_zip_archive_file_stat;

typedef size_t (*mz_file_read_func)(void *pOpaque, mz_uint64 file_ofs, void *pBuf, size_t n);
typedef size_t (*mz_file_write_func)(void *pOpaque, mz_uint64 file_ofs, const void *pBuf, size_t n);
typedef mz_bool (*mz_file_needs_keepalive)(void *pOpaque);

struct mz_zip_internal_state_tag;
typedef struct mz_zip_internal_state_tag mz_zip_internal_state;

typedef enum {
    MZ_ZIP_MODE_INVALID = 0,
    MZ_ZIP_MODE_READING = 1,
    MZ_ZIP_MODE_WRITING = 2,
    MZ_ZIP_MODE_WRITING_HAS_BEEN_FINALIZED = 3
} mz_zip_mode;

typedef enum {
    MZ_ZIP_FLAG_CASE_SENSITIVE = 0x0100,
    MZ_ZIP_FLAG_IGNORE_PATH = 0x0200,
    MZ_ZIP_FLAG_COMPRESSED_DATA = 0x0400,
    MZ_ZIP_FLAG_DO_NOT_SORT_CENTRAL_DIRECTORY = 0x0800,
    MZ_ZIP_FLAG_VALIDATE_LOCATE_FILE_FLAG = 0x1000, /* if enabled, mz_zip_reader_locate_file() will be called on each file as its validated to ensure the func finds the file in the central dir (intended for testing) */
    MZ_ZIP_FLAG_VALIDATE_HEADERS_ONLY = 0x2000,     /* validate the local headers, but don't decompress the entire file and check the crc32 */
    MZ_ZIP_FLAG_WRITE_ZIP64 = 0x4000,               /* always use the zip64 file format, instead of the original zip file format with automatic switch to zip64. Use as flags parameter with mz_zip_writer_init*_v2 */
    MZ_ZIP_FLAG_WRITE_ALLOW_READING = 0x8000,
    MZ_ZIP_FLAG_ASCII_FILENAME = 0x10000
} mz_zip_flags;

typedef enum {
    MZ_ZIP_TYPE_INVALID = 0,
    MZ_ZIP_TYPE_USER,
    MZ_ZIP_TYPE_MEMORY,
    MZ_ZIP_TYPE_HEAP,
    MZ_ZIP_TYPE_FILE,
    MZ_ZIP_TYPE_CFILE,
    MZ_ZIP_TOTAL_TYPES
} mz_zip_type;

/* miniz error codes. Be sure to update mz_zip_get_error_string() if you add or modify this enum. */
typedef enum {
    MZ_ZIP_NO_ERROR = 0,
    MZ_ZIP_UNDEFINED_ERROR,
    MZ_ZIP_TOO_MANY_FILES,
    MZ_ZIP_FILE_TOO_LARGE,
    MZ_ZIP_UNSUPPORTED_METHOD,
    MZ_ZIP_UNSUPPORTED_ENCRYPTION,
    MZ_ZIP_UNSUPPORTED_FEATURE,
    MZ_ZIP_FAILED_FINDING_CENTRAL_DIR,
    MZ_ZIP_NOT_AN_ARCHIVE,
    MZ_ZIP_INVALID_HEADER_OR_CORRUPTED,
    MZ_ZIP_UNSUPPORTED_MULTIDISK,
    MZ_ZIP_DECOMPRESSION_FAILED,
    MZ_ZIP_COMPRESSION_FAILED,
    MZ_ZIP_UNEXPECTED_DECOMPRESSED_SIZE,
    MZ_ZIP_CRC_CHECK_FAILED,
    MZ_ZIP_UNSUPPORTED_CDIR_SIZE,
    MZ_ZIP_ALLOC_FAILED,
    MZ_ZIP_FILE_OPEN_FAILED,
    MZ_ZIP_FILE_CREATE_FAILED,
    MZ_ZIP_FILE_WRITE_FAILED,
    MZ_ZIP_FILE_READ_FAILED,
    MZ_ZIP_FILE_CLOSE_FAILED,
    MZ_ZIP_FILE_SEEK_FAILED,
    MZ_ZIP_FILE_STAT_FAILED,
    MZ_ZIP_INVALID_PARAMETER,
    MZ_ZIP_INVALID_FILENAME,
    MZ_ZIP_BUF_TOO_SMALL,
    MZ_ZIP_INTERNAL_ERROR,
    MZ_ZIP_FILE_NOT_FOUND,
    MZ_ZIP_ARCHIVE_TOO_LARGE,
    MZ_ZIP_VALIDATION_FAILED,
    MZ_ZIP_WRITE_CALLBACK_FAILED,
    MZ_ZIP_TOTAL_ERRORS
} mz_zip_error;

typedef struct
{
    mz_uint64 m_archive_size;
    mz_uint64 m_central_directory_file_ofs;

    /* We only support up to UINT32_MAX files in zip64 mode. */
    mz_uint32 m_total_files;
    mz_zip_mode m_zip_mode;
    mz_zip_type m_zip_type;
    mz_zip_error m_last_error;

    mz_uint64 m_file_offset_alignment;

    mz_alloc_func m_pAlloc;
    mz_free_func m_pFree;
    mz_realloc_func m_pRealloc;
    void *m_pAlloc_opaque;

    mz_file_read_func m_pRead;
    mz_file_write_func m_pWrite;
    mz_file_needs_keepalive m_pNeeds_keepalive;
    void *m_pIO_opaque;

    mz_zip_internal_state *m_pState;

} mz_zip_archive;

typedef struct
{
    mz_zip_archive *pZip;
    mz_uint flags;

    int status;
#ifndef MINIZ_DISABLE_ZIP_READER_CRC32_CHECKS
    mz_uint file_crc32;
#endif
    mz_uint64 read_buf_size, read_buf_ofs, read_buf_avail, comp_remaining, out_buf_ofs, cur_file_ofs;
    mz_zip_archive_file_stat file_stat;
    void *pRead_buf;
    void *pWrite_buf;

    size_t out_blk_remain;

    tinfl_decompressor inflator;

} mz_zip_reader_extract_iter_state;

/* -------- ZIP reading */

/* Inits a ZIP archive reader. */
/* These functions read and validate the archive's central directory. */
mz_bool mz_zip_reader_init(mz_zip_archive *pZip, mz_uint64 size, mz_uint flags);

mz_bool mz_zip_reader_init_mem(mz_zip_archive *pZip, const void *pMem, size_t size, mz_uint flags);

#ifndef MINIZ_NO_STDIO
/* Read a archive from a disk file. */
/* file_start_ofs is the file offset where the archive actually begins, or 0. */
/* actual_archive_size is the true total size of the archive, which may be smaller than the file's actual size on disk. If zero the entire file is treated as the archive. */
mz_bool mz_zip_reader_init_file(mz_zip_archive *pZip, const char *pFilename, mz_uint32 flags);
mz_bool mz_zip_reader_init_file_v2(mz_zip_archive *pZip, const char *pFilename, mz_uint flags, mz_uint64 file_start_ofs, mz_uint64 archive_size);

/* Read an archive from an already opened FILE, beginning at the current file position. */
/* The archive is assumed to be archive_size bytes long. If archive_size is < 0, then the entire rest of the file is assumed to contain the archive. */
/* The FILE will NOT be closed when mz_zip_reader_end() is called. */
mz_bool mz_zip_reader_init_cfile(mz_zip_archive *pZip, MZ_FILE *pFile, mz_uint64 archive_size, mz_uint flags);
#endif

/* Ends archive reading, freeing all allocations, and closing the input archive file if mz_zip_reader_init_file() was used. */
mz_bool mz_zip_reader_end(mz_zip_archive *pZip);

/* -------- ZIP reading or writing */

/* Clears a mz_zip_archive struct to all zeros. */
/* Important: This must be done before passing the struct to any mz_zip functions. */
void mz_zip_zero_struct(mz_zip_archive *pZip);

mz_zip_mode mz_zip_get_mode(mz_zip_archive *pZip);
mz_zip_type mz_zip_get_type(mz_zip_archive *pZip);

/* Returns the total number of files in the archive. */
mz_uint mz_zip_reader_get_num_files(mz_zip_archive *pZip);

mz_uint64 mz_zip_get_archive_size(mz_zip_archive *pZip);
mz_uint64 mz_zip_get_archive_file_start_offset(mz_zip_archive *pZip);
MZ_FILE *mz_zip_get_cfile(mz_zip_archive *pZip);

/* Reads n bytes of raw archive data, starting at file offset file_ofs, to pBuf. */
size_t mz_zip_read_archive_data(mz_zip_archive *pZip, mz_uint64 file_ofs, void *pBuf, size_t n);

/* All mz_zip funcs set the m_last_error field in the mz_zip_archive struct. These functions retrieve/manipulate this field. */
/* Note that the m_last_error functionality is not thread safe. */
mz_zip_error mz_zip_set_last_error(mz_zip_archive *pZip, mz_zip_error err_num);
mz_zip_error mz_zip_peek_last_error(mz_zip_archive *pZip);
mz_zip_error mz_zip_clear_last_error(mz_zip_archive *pZip);
mz_zip_error mz_zip_get_last_error(mz_zip_archive *pZip);
const char *mz_zip_get_error_string(mz_zip_error mz_err);

/* MZ_TRUE if the archive file entry is a directory entry. */
mz_bool mz_zip_reader_is_file_a_directory(mz_zip_archive *pZip, mz_uint file_index);

/* MZ_TRUE if the file is encrypted/strong encrypted. */
mz_bool mz_zip_reader_is_file_encrypted(mz_zip_archive *pZip, mz_uint file_index);

/* MZ_TRUE if the compression method is supported, and the file is not encrypted, and the file is not a compressed patch file. */
mz_bool mz_zip_reader_is_file_supported(mz_zip_archive *pZip, mz_uint file_index);

/* Retrieves the filename of an archive file entry. */
/* Returns the number of bytes written to pFilename, or if filename_buf_size is 0 this function returns the number of bytes needed to fully store the filename. */
mz_uint mz_zip_reader_get_filename(mz_zip_archive *pZip, mz_uint file_index, char *pFilename, mz_uint filename_buf_size);

/* Attempts to locates a file in the archive's central directory. */
/* Valid flags: MZ_ZIP_FLAG_CASE_SENSITIVE, MZ_ZIP_FLAG_IGNORE_PATH */
/* Returns -1 if the file cannot be found. */
int mz_zip_reader_locate_file(mz_zip_archive *pZip, const char *pName, const char *pComment, mz_uint flags);
int mz_zip_reader_locate_file_v2(mz_zip_archive *pZip, const char *pName, const char *pComment, mz_uint flags, mz_uint32 *file_index);

/* Returns detailed information about an archive file entry. */
mz_bool mz_zip_reader_file_stat(mz_zip_archive *pZip, mz_uint file_index, mz_zip_archive_file_stat *pStat);

/* MZ_TRUE if the file is in zip64 format. */
/* A file is considered zip64 if it contained a zip64 end of central directory marker, or if it contained any zip64 extended file information fields in the central directory. */
mz_bool mz_zip_is_zip64(mz_zip_archive *pZip);

/* Returns the total central directory size in bytes. */
/* The current max supported size is <= MZ_UINT32_MAX. */
size_t mz_zip_get_central_dir_size(mz_zip_archive *pZip);

/* Extracts a archive file to a memory buffer using no memory allocation. */
/* There must be at least enough room on the stack to store the inflator's state (~34KB or so). */
mz_bool mz_zip_reader_extract_to_mem_no_alloc(mz_zip_archive *pZip, mz_uint file_index, void *pBuf, size_t buf_size, mz_uint flags, void *pUser_read_buf, size_t user_read_buf_size);
mz_bool mz_zip_reader_extract_file_to_mem_no_alloc(mz_zip_archive *pZip, const char *pFilename, void *pBuf, size_t buf_size, mz_uint flags, void *pUser_read_buf, size_t user_read_buf_size);

/* Extracts a archive file to a memory buffer. */
mz_bool mz_zip_reader_extract_to_mem(mz_zip_archive *pZip, mz_uint file_index, void *pBuf, size_t buf_size, mz_uint flags);
mz_bool mz_zip_reader_extract_file_to_mem(mz_zip_archive *pZip, const char *pFilename, void *pBuf, size_t buf_size, mz_uint flags);

/* Extracts a archive file to a dynamically allocated heap buffer. */
/* The memory will be allocated via the mz_zip_archive's alloc/realloc functions. */
/* Returns NULL and sets the last error on failure. */
void *mz_zip_reader_extract_to_heap(mz_zip_archive *pZip, mz_uint file_index, size_t *pSize, mz_uint flags);
void *mz_zip_reader_extract_file_to_heap(mz_zip_archive *pZip, const char *pFilename, size_t *pSize, mz_uint flags);

/* Extracts a archive file using a callback function to output the file's data. */
mz_bool mz_zip_reader_extract_to_callback(mz_zip_archive *pZip, mz_uint file_index, mz_file_write_func pCallback, void *pOpaque, mz_uint flags);
mz_bool mz_zip_reader_extract_file_to_callback(mz_zip_archive *pZip, const char *pFilename, mz_file_write_func pCallback, void *pOpaque, mz_uint flags);

/* Extract a file iteratively */
mz_zip_reader_extract_iter_state* mz_zip_reader_extract_iter_new(mz_zip_archive *pZip, mz_uint file_index, mz_uint flags);
mz_zip_reader_extract_iter_state* mz_zip_reader_extract_file_iter_new(mz_zip_archive *pZip, const char *pFilename, mz_uint flags);
size_t mz_zip_reader_extract_iter_read(mz_zip_reader_extract_iter_state* pState, void* pvBuf, size_t buf_size);
mz_bool mz_zip_reader_extract_iter_free(mz_zip_reader_extract_iter_state* pState);

#ifndef MINIZ_NO_STDIO
/* Extracts a archive file to a disk file and sets its last accessed and modified times. */
/* This function only extracts files, not archive directory records. */
mz_bool mz_zip_reader_extract_to_file(mz_zip_archive *pZip, mz_uint file_index, const char *pDst_filename, mz_uint flags);
mz_bool mz_zip_reader_extract_file_to_file(mz_zip_archive *pZip, const char *pArchive_filename, const char *pDst_filename, mz_uint flags);

/* Extracts a archive file starting at the current position in the destination FILE stream. */
mz_bool mz_zip_reader_extract_to_cfile(mz_zip_archive *pZip, mz_uint file_index, MZ_FILE *File, mz_uint flags);
mz_bool mz_zip_reader_extract_file_to_cfile(mz_zip_archive *pZip, const char *pArchive_filename, MZ_FILE *pFile, mz_uint flags);
#endif

#if 0
/* TODO */
	typedef void *mz_zip_streaming_extract_state_ptr;
	mz_zip_streaming_extract_state_ptr mz_zip_streaming_extract_begin(mz_zip_archive *pZip, mz_uint file_index, mz_uint flags);
	uint64_t mz_zip_streaming_extract_get_size(mz_zip_archive *pZip, mz_zip_streaming_extract_state_ptr pState);
	uint64_t mz_zip_streaming_extract_get_cur_ofs(mz_zip_archive *pZip, mz_zip_streaming_extract_state_ptr pState);
	mz_bool mz_zip_streaming_extract_seek(mz_zip_archive *pZip, mz_zip_streaming_extract_state_ptr pState, uint64_t new_ofs);
	size_t mz_zip_streaming_extract_read(mz_zip_archive *pZip, mz_zip_streaming_extract_state_ptr pState, void *pBuf, size_t buf_size);
	mz_bool mz_zip_streaming_extract_end(mz_zip_archive *pZip, mz_zip_streaming_extract_state_ptr pState);
#endif

/* This function compares the archive's local headers, the optional local zip64 extended information block, and the optional descriptor following the compressed data vs. the data in the central directory. */
/* It also validates that each file can be successfully uncompressed unless the MZ_ZIP_FLAG_VALIDATE_HEADERS_ONLY is specified. */
mz_bool mz_zip_validate_file(mz_zip_archive *pZip, mz_uint file_index, mz_uint flags);

/* Validates an entire archive by calling mz_zip_validate_file() on each file. */
mz_bool mz_zip_validate_archive(mz_zip_archive *pZip, mz_uint flags);

/* Misc utils/helpers, valid for ZIP reading or writing */
mz_bool mz_zip_validate_mem_archive(const void *pMem, size_t size, mz_uint flags, mz_zip_error *pErr);
mz_bool mz_zip_validate_file_archive(const char *pFilename, mz_uint flags, mz_zip_error *pErr);

/* Universal end function - calls either mz_zip_reader_end() or mz_zip_writer_end(). */
mz_bool mz_zip_end(mz_zip_archive *pZip);

/* -------- ZIP writing */

#ifndef MINIZ_NO_ARCHIVE_WRITING_APIS

/* Inits a ZIP archive writer. */
/*Set pZip->m_pWrite (and pZip->m_pIO_opaque) before calling mz_zip_writer_init or mz_zip_writer_init_v2*/
/*The output is streamable, i.e. file_ofs in mz_file_write_func always increases only by n*/
mz_bool mz_zip_writer_init(mz_zip_archive *pZip, mz_uint64 existing_size);
mz_bool mz_zip_writer_init_v2(mz_zip_archive *pZip, mz_uint64 existing_size, mz_uint flags);

mz_bool mz_zip_writer_init_heap(mz_zip_archive *pZip, size_t size_to_reserve_at_beginning, size_t initial_allocation_size);
mz_bool mz_zip_writer_init_heap_v2(mz_zip_archive *pZip, size_t size_to_reserve_at_beginning, size_t initial_allocation_size, mz_uint flags);

#ifndef MINIZ_NO_STDIO
mz_bool mz_zip_writer_init_file(mz_zip_archive *pZip, const char *pFilename, mz_uint64 size_to_reserve_at_beginning);
mz_bool mz_zip_writer_init_file_v2(mz_zip_archive *pZip, const char *pFilename, mz_uint64 size_to_reserve_at_beginning, mz_uint flags);
mz_bool mz_zip_writer_init_cfile(mz_zip_archive *pZip, MZ_FILE *pFile, mz_uint flags);
#endif

/* Converts a ZIP archive reader object into a writer object, to allow efficient in-place file appends to occur on an existing archive. */
/* For archives opened using mz_zip_reader_init_file, pFilename must be the archive's filename so it can be reopened for writing. If the file can't be reopened, mz_zip_reader_end() will be called. */
/* For archives opened using mz_zip_reader_init_mem, the memory block must be growable using the realloc callback (which defaults to realloc unless you've overridden it). */
/* Finally, for archives opened using mz_zip_reader_init, the mz_zip_archive's user provided m_pWrite function cannot be NULL. */
/* Note: In-place archive modification is not recommended unless you know what you're doing, because if execution stops or something goes wrong before */
/* the archive is finalized the file's central directory will be hosed. */
mz_bool mz_zip_writer_init_from_reader(mz_zip_archive *pZip, const char *pFilename);
mz_bool mz_zip_writer_init_from_reader_v2(mz_zip_archive *pZip, const char *pFilename, mz_uint flags);

/* Adds the contents of a memory buffer to an archive. These functions record the current local time into the archive. */
/* To add a directory entry, call this method with an archive name ending in a forwardslash with an empty buffer. */
/* level_and_flags - compression level (0-10, see MZ_BEST_SPEED, MZ_BEST_COMPRESSION, etc.) logically OR'd with zero or more mz_zip_flags, or just set to MZ_DEFAULT_COMPRESSION. */
mz_bool mz_zip_writer_add_mem(mz_zip_archive *pZip, const char *pArchive_name, const void *pBuf, size_t buf_size, mz_uint level_and_flags);

/* Like mz_zip_writer_add_mem(), except you can specify a file comment field, and optionally supply the function with already compressed data. */
/* uncomp_size/uncomp_crc32 are only used if the MZ_ZIP_FLAG_COMPRESSED_DATA flag is specified. */
mz_bool mz_zip_writer_add_mem_ex(mz_zip_archive *pZip, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags,
                                 mz_uint64 uncomp_size, mz_uint32 uncomp_crc32);

mz_bool mz_zip_writer_add_mem_ex_v2(mz_zip_archive *pZip, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags,
                                    mz_uint64 uncomp_size, mz_uint32 uncomp_crc32, MZ_TIME_T *last_modified, const char *user_extra_data_local, mz_uint user_extra_data_local_len,
                                    const char *user_extra_data_central, mz_uint user_extra_data_central_len);

/* Adds the contents of a file to an archive. This function also records the disk file's modified time into the archive. */
/* File data is supplied via a read callback function. User mz_zip_writer_add_(c)file to add a file directly.*/
mz_bool mz_zip_writer_add_read_buf_callback(mz_zip_archive *pZip, const char *pArchive_name, mz_file_read_func read_callback, void* callback_opaque, mz_uint64 size_to_add,
	const MZ_TIME_T *pFile_time, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags, const char *user_extra_data_local, mz_uint user_extra_data_local_len,
	const char *user_extra_data_central, mz_uint user_extra_data_central_len);

#ifndef MINIZ_NO_STDIO
/* Adds the contents of a disk file to an archive. This function also records the disk file's modified time into the archive. */
/* level_and_flags - compression level (0-10, see MZ_BEST_SPEED, MZ_BEST_COMPRESSION, etc.) logically OR'd with zero or more mz_zip_flags, or just set to MZ_DEFAULT_COMPRESSION. */
mz_bool mz_zip_writer_add_file(mz_zip_archive *pZip, const char *pArchive_name, const char *pSrc_filename, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags);

/* Like mz_zip_writer_add_file(), except the file data is read from the specified FILE stream. */
mz_bool mz_zip_writer_add_cfile(mz_zip_archive *pZip, const char *pArchive_name, MZ_FILE *pSrc_file, mz_uint64 size_to_add,
                                const MZ_TIME_T *pFile_time, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags, const char *user_extra_data_local, mz_uint user_extra_data_local_len,
                                const char *user_extra_data_central, mz_uint user_extra_data_central_len);
#endif

/* Adds a file to an archive by fully cloning the data from another archive. */
/* This function fully clones the source file's compressed data (no recompression), along with its full filename, extra data (it may add or modify the zip64 local header extra data field), and the optional descriptor following the compressed data. */
mz_bool mz_zip_writer_add_from_zip_reader(mz_zip_archive *pZip, mz_zip_archive *pSource_zip, mz_uint src_file_index);

/* Finalizes the archive by writing the central directory records followed by the end of central directory record. */
/* After an archive is finalized, the only valid call on the mz_zip_archive struct is mz_zip_writer_end(). */
/* An archive must be manually finalized by calling this function for it to be valid. */
mz_bool mz_zip_writer_finalize_archive(mz_zip_archive *pZip);

/* Finalizes a heap archive, returning a poiner to the heap block and its size. */
/* The heap block will be allocated using the mz_zip_archive's alloc/realloc callbacks. */
mz_bool mz_zip_writer_finalize_heap_archive(mz_zip_archive *pZip, void **ppBuf, size_t *pSize);

/* Ends archive writing, freeing all allocations, and closing the output file if mz_zip_writer_init_file() was used. */
/* Note for the archive to be valid, it *must* have been finalized before ending (this function will not do it for you). */
mz_bool mz_zip_writer_end(mz_zip_archive *pZip);

/* -------- Misc. high-level helper functions: */

/* mz_zip_add_mem_to_archive_file_in_place() efficiently (but not atomically) appends a memory blob to a ZIP archive. */
/* Note this is NOT a fully safe operation. If it crashes or dies in some way your archive can be left in a screwed up state (without a central directory). */
/* level_and_flags - compression level (0-10, see MZ_BEST_SPEED, MZ_BEST_COMPRESSION, etc.) logically OR'd with zero or more mz_zip_flags, or just set to MZ_DEFAULT_COMPRESSION. */
/* TODO: Perhaps add an option to leave the existing central dir in place in case the add dies? We could then truncate the file (so the old central dir would be at the end) if something goes wrong. */
mz_bool mz_zip_add_mem_to_archive_file_in_place(const char *pZip_filename, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags);
mz_bool mz_zip_add_mem_to_archive_file_in_place_v2(const char *pZip_filename, const char *pArchive_name, const void *pBuf, size_t buf_size, const void *pComment, mz_uint16 comment_size, mz_uint level_and_flags, mz_zip_error *pErr);

/* Reads a single file from an archive into a heap block. */
/* If pComment is not NULL, only the file with the specified comment will be extracted. */
/* Returns NULL on failure. */
void *mz_zip_extract_archive_file_to_heap(const char *pZip_filename, const char *pArchive_name, size_t *pSize, mz_uint flags);
void *mz_zip_extract_archive_file_to_heap_v2(const char *pZip_filename, const char *pArchive_name, const char *pComment, size_t *pSize, mz_uint flags, mz_zip_error *pErr);

#endif /* #ifndef MINIZ_NO_ARCHIVE_WRITING_APIS */

#ifdef __cplusplus
}
#endif

#endif /* MINIZ_NO_ARCHIVE_APIS */
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#!/bin/bash
make clean; make; ocamlfind remove camlpdf; make install
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(* This module declares a data type which represents an Adobe PDF document,
and defines various simple operations on it. *)
open Pdfutil
open Pdfio


(* Predicate on characters delimiting entities. *)
let is_delimiter = function
  | '(' | ')' | '<' | '>' | '[' | ']' | '{' | '}' | '%' | '/' -> true
  | _ -> false

(* Streams of binary data, byte-addressable, can either be in memory (Got) or
still in an input channel (ToGet). It may have been decrypted or encrypted, but
the actual calculations deferred: this is indicated by the crypt record
element. *)

type saved_encryption =
  {from_get_encryption_values :
     Pdfcryptprimitives.encryption * string * string * int32 * string *
     string option * string option;
   encrypt_metadata : bool;
   perms : string}

type deferred_encryption =
  {crypt_type : Pdfcryptprimitives.encryption;
   file_encryption_key : string option;
   obj : int;
   gen : int;
   key : int array;
   keylength : int;
   r : int}

let print_deferred_encryption e =
  begin match e.crypt_type with
  | Pdfcryptprimitives.ARC4 (a, b) -> Printf.printf "crypt_type = ARC4 (%i, %i)\n" a b
  | Pdfcryptprimitives.AESV2 -> Printf.printf "crypt_type = AESV2\n"
  | Pdfcryptprimitives.AESV3 x -> Printf.printf "crypt_type = AESV3 %b\n" x
  end;
  begin match e.file_encryption_key with
  | None -> Printf.printf "file_encryption_key: None\n"
  | Some _ -> Printf.printf "file_encryption_key: Some\n"
  end;
  Printf.printf "key = ";
  Array.iter (fun x -> Printf.printf "%C" (char_of_int x)) e.key;
  Printf.printf "\n";
  Printf.printf "obj = %i, gen = %i\n" e.obj e.gen;
  Printf.printf "keylength = %i\n" e.keylength;
  Printf.printf "r = %i\n" e.r

type toget_crypt =
  | NoChange
  | ToDecrypt of deferred_encryption

type toget =
  {input : input;
   position : int;
   length : int;
   crypt : toget_crypt}

let toget ?(crypt = NoChange) input position length =
  {input = input; position = position; length = length; crypt = crypt}

let length_of_toget t = t.length
let position_of_toget t = t.position
let input_of_toget t = t.input

type stream =
  | Got of bytes
  | ToGet of toget

(* Type for individual PDF objects. A Name includes the initial `/'. A
Stream consists of a reference to a pair of the stream dictionary (another
pdfobject) and a stream. Thus a pdfobject is technically mutable.  However,
at the user level, it is intended to be immutable: changes should be limited to
encoding and decoding of the stream.

Note that pdfobjects are not always amenable to polymorphic equality testing,
since the Pdio.input in the ToGet part of a stream contains functional
values. *)
type pdfobject =
  | Null
  | Boolean of bool
  | Integer of int
  | Real of float
  | String of string
  | Name of string 
  | Array of pdfobject list
  | Dictionary of (string * pdfobject) list
  | Stream of (pdfobject * stream) ref
  | Indirect of int

(* For debug. Filled in by Pdfwrite *)
let string_of_pdf : (pdfobject -> string) ref = ref (function _ -> "") 

(* An object is either lexed, or needs to be lexed from a position in the
input.
  Parsed -
    Not from an object stream, fully parsed, not necessarily decrypted yet
  ParsedAlreadyDecrypted -
    Was from an object stream, decrypted already when object stream read
  ToParse -
    Not parsed yet. Needs to be read from an object, which may still be
    encrypted
  ToParseFromObjectStream -
    (stream object number, index in stream) Not parsed yet.
    Will come from an object stream.
*)

type objectdata =
  | Parsed of pdfobject
  | ParsedAlreadyDecrypted of pdfobject
  | ToParse
  | ToParseFromObjectStream of
      (int, int list) Hashtbl.t * int * int *
      (int -> int list -> (int * (objectdata ref * int)) list)

type pdfobjmap_key = int

type pdfobjmap = (int, objectdata ref * int) Hashtbl.t

let pdfobjmap_empty () : pdfobjmap = Hashtbl.create 500

let pdfobjmap_find key map = Hashtbl.find map key

let pdfobjmap_add key value map = Hashtbl.replace map key value; map

let pdfobjmap_bindings_inorder map =
  let r = ref [] in Hashtbl.iter (fun k v -> r := (k, v)::!r) map;
  sort (fun (a, _) (b, _) -> compare a b) !r

let pdfobjmap_iter_inorder f map =
  iter (function (k, v) -> f k v) (pdfobjmap_bindings_inorder map)

let pdfobjmap_bindings map =
  let r = ref [] in Hashtbl.iter (fun k v -> r := (k, v)::!r) map; !r

let pdfobjmap_iter = Hashtbl.iter

let pdfobjmap_remove key map = Hashtbl.remove map key; map

(* We hold the maximum object number in use, maxobjnum to allow easy
production of new keys for the map. *)
type pdfobjects =
  {mutable maxobjnum : int;
   mutable parse : (pdfobjmap_key -> pdfobject) option;
   mutable pdfobjects : pdfobjmap;
   mutable object_stream_ids : (int, int) Hashtbl.t}


(* PDF Document. The major and minor version numbers, the root object number,
the list of objects and the trailer dictionary.

This represents the contents of a PDF file's user objects (object streams and
other mechanisms involved only in reading and writing are abstracted away). *)
type t =
  {mutable major : int; 
   mutable minor : int;
   mutable root : int;
   mutable objects : pdfobjects; 
   mutable trailerdict : pdfobject;
   mutable was_linearized : bool;
   mutable saved_encryption : saved_encryption option}

(* The null PDF document. *)
let empty () =
  {major = 1;
   minor = 1;
   root = 0;
   objects =
     {maxobjnum = 0;
      parse = None;
      pdfobjects = pdfobjmap_empty ();
      object_stream_ids = null_hash ()};
   trailerdict = Dictionary [];
   was_linearized = false;
   saved_encryption = None}

(* General exception for low-level errors. *)
exception PDFError of string

let input_pdferror i s =
  Printf.sprintf
    "%s whilst reading file %s at position %i"
    s i.Pdfio.source (i.Pdfio.pos_in ())

(* Predicate on those characters considered whitespace in PDF files. *)
let is_whitespace = function
  | '\000' | '\009' | '\010' | '\012' | ' ' | '\013' -> true
  | _ -> false

let is_not_whitespace = function
  | '\000' | '\009' | '\010' | '\012' | ' ' | '\013' -> false
  | _ -> true

let process_deferred_cryption toget_crypt data =
  match toget_crypt with
    NoChange -> data
  | ToDecrypt saved ->
      (*Printf.printf "Forcing...\n";
      print_deferred_encryption saved;*)
      Pdfcryptprimitives.decrypt_stream_data
        saved.crypt_type
        false
        saved.file_encryption_key
        saved.obj
        saved.gen
        saved.key
        saved.keylength
        saved.r
        data

let remove_string_compare (k' : string) l =
  let rec remove_inner r (k' : string) = function
    | [] -> r
    | (k, _)::t when k = k' -> List.rev_append r t
    | h::t -> remove_inner (h::r) k' t
  in
    remove_inner [] k' l

(* Remove a dictionary entry. Also works for streams. *)
let rec remove_dict_entry dict key =
  match dict with
  | Dictionary d -> Dictionary (remove_string_compare key d)
  | Stream ({contents = (dict', stream)} as s) ->
      s := (remove_dict_entry dict' key, stream);
      Stream s
  | _ -> raise (PDFError "remove_dict_entry: not a dictionary")

(* Replace dict entry, raising Not_found if it's not there. Also works
for streams. *)
let rec replace_dict_entry dict key value =
  match dict with
  | Null -> Dictionary (replace key value [])
  | Dictionary d -> Dictionary (replace key value d)
  | Stream ({contents = (dict', stream)} as s) ->
      s := (replace_dict_entry dict' key value, stream);
      Stream s
  | _ -> raise (PDFError "replace_dict_entry: not a dictionary.")

(* Add a dict entry, replacing if there. Also works for streams. *)
let rec add_dict_entry dict key value =
  match dict with
  | Null -> Dictionary (add key value [])
  | Dictionary d -> Dictionary (add key value d)
  | Stream ({contents = (dict', stream)} as s) ->
      s := (add_dict_entry dict' key value, stream);
      Stream s
  | _ -> raise (PDFError "add_dict_entry: not a dictionary.")

(* Get a stream from disk if it hasn't already been got. *)
let getstream = function
  | Stream ({contents = (d, ToGet {input = i; position = o; length = l; crypt = crypt})} as stream) ->
      if l = 0 then stream := (d, Got (mkbytes 0)) else
        begin try
          let data =
            process_deferred_cryption crypt (Pdfio.bytes_of_input i o l)
          in
            (* Correct the length *)
            let d' =
              match d with
                Dictionary _ -> replace_dict_entry d "/Length" (Integer (bytes_size data))
              | _ -> d (* May be null in Pdfwrite.WStream *)
            in
              stream := (d', Got data)
        with
          e ->
            raise
              (PDFError
                ("Pdf.getstream: can't read stream" ^ Printexc.to_string e))
        end
  | Stream {contents = (_, Got _)} -> ()
  | _ -> raise (PDFError "Pdf.getstream: not a stream")


let recurse_array (f : pdfobject -> pdfobject) elts =
  Array (map f elts)

(* Similarly for dictionaries. *)
let rec recurse_dict_inner f prev = function
  | [] -> prev
  | (n, o)::t -> recurse_dict_inner f ((n, f o)::prev) t

let recurse_dict (f : pdfobject -> pdfobject) elts =
  Dictionary (recurse_dict_inner f [] elts)

(* Return a float from a PDF number. *)
let getnum = function
  | Real a -> a
  | Integer a -> float a
  | _ -> raise (PDFError "Pdf.getnum: not a number")

(* Parse a PDF rectangle data structure. Returns min x, min y, max x, max y. *)
let parse_rectangle = function
  | Array [a; b; c; d] ->
      begin try
        let x, y, x', y' =
          getnum a, getnum b, getnum c, getnum d
        in
          fmin x x', fmin y y', fmax x x', fmax y y'
      with
        PDFError _ -> raise (PDFError "Pdf.parse_rectangle: bad rectangle")
      end
  | _ -> raise (PDFError "Pdf.parse_rectangle: not a rectangle")

let change_obj doc i obj =
  fst (pdfobjmap_find i doc.objects.pdfobjects) := Parsed obj

(* Parse an object [n] in document [pdf], updating the object in the document so
it is ready-parsed should it be required again. *)
let parse_lazy pdf n =
  match pdf.objects.parse with
  | None -> assert false
  | Some f ->
      let obj = f n in
        change_obj pdf n obj;
        obj

(* Remove an object. *)
let removeobj doc o =
  doc.objects <-
    {doc.objects with pdfobjects = pdfobjmap_remove o doc.objects.pdfobjects}

(* Look up an object. On an error return Null *)
let rec lookup_obj doc i =
  try
    match fst (pdfobjmap_find i doc.objects.pdfobjects) with
    | {contents = Parsed obj | ParsedAlreadyDecrypted obj} -> obj
    | {contents = ToParse} -> parse_lazy doc i
    | {contents =
        ToParseFromObjectStream (themap, streamobjnum, _, objstreamparser)} ->
         parse_delayed_object_stream themap i streamobjnum doc objstreamparser
  with
    Not_found -> Null

(* When we encounter a ToParseFromObjectStream, we:
a) Find all the ToParseFromObjectStream objects in the PDF with the same stream
object number
b) Read the object stream in the usual way
c) Replace each object in the PDF with the parsed one, marked as already
decrypted.
d) Delete the object stream, since it is no longer required.
e) Return the new object. *)
and parse_delayed_object_stream themap objnum streamobjnum pdf objstreamparser =
  let indexes = Hashtbl.find themap objnum in
    let objectsfromstream = objstreamparser streamobjnum indexes in
      iter
        (function (objnum, newobject) ->
           pdf.objects.pdfobjects <-
             pdfobjmap_add objnum newobject pdf.objects.pdfobjects)
        objectsfromstream;
      removeobj pdf streamobjnum;
      (* In the event that the object number we're looking for wasn't actually
      in the object stream due to a malformed file, we would enter an infinite
      loop parse_delayed_object_stream -> lookup_obj ->
      parse_delayed_object_stream etc. Check object was actually returned to
      avoid that. *)
      if mem objnum (map fst objectsfromstream)
        then lookup_obj pdf objnum
        else Null

(* Parse all object streams in a document *)
let resolve_all_delayed_object_streams pdf =
  iter
    (function (n, _) -> ignore (lookup_obj pdf n))
    (pdfobjmap_bindings pdf.objects.pdfobjects)

let catalog_of_pdf pdf =
  try lookup_obj pdf pdf.root with
    Not_found -> raise (PDFError "No catalog")

(* Given any pdf document and object, follow indirections to yield a
direct object. A hanging indirect is defined as Null. *)
let rec direct pdf = function
  | Indirect i ->
      begin try
        match fst (pdfobjmap_find i pdf.objects.pdfobjects) with
        | {contents = Parsed pdfobject | ParsedAlreadyDecrypted pdfobject} ->
            direct pdf pdfobject
        | {contents = ToParse} -> parse_lazy pdf i
        | {contents =
             ToParseFromObjectStream (themap, streamobjnum, _, objstreamparser)}
           ->
             parse_delayed_object_stream
               themap i streamobjnum pdf objstreamparser
      with
        Not_found -> Null
      end
  | obj -> obj

(* Iterate over a stream. *)
let iter_stream f pdf =
  let rec iter_stream_inner f i = function
    | ({contents = ParsedAlreadyDecrypted (Stream _ as stream)}
    | {contents = Parsed (Stream _ as stream)}), _ -> f stream
    | {contents = ToParse}  as r, g ->
        r := Parsed (parse_lazy pdf i);
        iter_stream_inner f i (r, g)
    | {contents = ToParseFromObjectStream _}, _ ->
        (* Can't be any streams in here.. *)
        ()
    | _ -> ()
  in
    pdfobjmap_iter (iter_stream_inner f) pdf.objects.pdfobjects

(* Lookup a key in a dictionary, following indirect references,  returning
None on any failure. This works on both plain dictionaries and streams. *)
let rec lookup_string_compare (k' : string) = function
  | [] -> None
  | (k, v)::t -> if k = k' then Some v else lookup_string_compare k' t

let lookup_direct pdf key dict =
  match direct pdf dict with
  | Dictionary d | Stream {contents = (Dictionary d, _)} ->
      begin match lookup_string_compare key d with
      | None -> None
      | Some o -> Some (direct pdf o)
      end
  | _ -> None

let indirect_number pdf key dict =
  match direct pdf dict with
  | Dictionary d | Stream {contents = (Dictionary d, _)} ->
      begin match lookup_string_compare key d with
      | Some (Indirect i) ->
          (* If the indirect points to an indirect, this will still be unique,
          but isn't the "actual" object number *)
          Some i
      | _ -> None
      end
  | _ -> None

(* Look up under a key and its alternate. Return the value associated
with the key that worked, or [None] if neither did. *)
let lookup_direct_orelse pdf k k' d =
  match lookup_direct pdf k d with
  | None -> lookup_direct pdf k' d
  | result -> result

(* Look something up in a dictionary, failing with given exception if not
found. We make direct both the dictionary and the result of the lookup. This
also allows us to look things up in a stream dictionary transparently. *)
let lookup_exception (exp : exn) pdf key dict =
  let dict' =
    match direct pdf dict with
    | Dictionary d | Stream {contents = Dictionary d, _} -> d
    | _ -> raise (PDFError ("lookup_exception: not a dictionary, key = " ^ key))
  in
    match lookup key dict' with
    | None -> raise exp
    | Some v -> direct pdf v

(* A specialised one raising PDFError. *)
let lookup_fail text =
  lookup_exception (PDFError text)

(* Parse a matrix. *)
let parse_matrix pdf name dict =
  match lookup_direct pdf name dict with
  | None -> Pdftransform.i_matrix
  | Some (Array [a; b; c; d; e; f]) ->
      let a = getnum a in let b = getnum b in let c = getnum c
      in let d = getnum d in let e = getnum e in let f = getnum f in
        {Pdftransform.a = a; Pdftransform.b = b; Pdftransform.c = c;
         Pdftransform.d = d; Pdftransform.e = e; Pdftransform.f = f}
  | _ -> raise (PDFError "Malformed matrix")

(* Make a matrix *)
let make_matrix tr =
  Array
    [Real tr.Pdftransform.a; Real tr.Pdftransform.b; Real tr.Pdftransform.c;
     Real tr.Pdftransform.d; Real tr.Pdftransform.e; Real tr.Pdftransform.f]

(* Iterate over the objects in a document, in order of increasing
object number. *)
let objiter f doc =
  (* PdfObjMap.iter doesn't like you altering the map inside the iteration. *)
  resolve_all_delayed_object_streams doc;
  let f' k v =
    match v with
    | {contents = Parsed obj}, _ -> f k obj
    | {contents = ParsedAlreadyDecrypted obj}, _ -> f k obj
    | {contents = ToParse}, _ -> f k (parse_lazy doc k)
    | {contents = ToParseFromObjectStream (themap, s, _, func)}, _ ->
         f k (parse_delayed_object_stream themap k s doc func)
  in
    pdfobjmap_iter f' doc.objects.pdfobjects

let objselfmap f doc =
  resolve_all_delayed_object_streams doc;
  let rec f' k v =
    match v with
    | {contents = Parsed obj} as r, _ ->
        r := Parsed (f obj)
    | {contents = ParsedAlreadyDecrypted obj} as r, _ ->
        r := ParsedAlreadyDecrypted (f obj)
    | {contents = ToParse}, _ ->
        ignore (parse_lazy doc k); f' k v
    | {contents = ToParseFromObjectStream (themap, s, _, func)}, _ ->
        ignore (parse_delayed_object_stream themap k s doc func);
        f' k v
  in
    pdfobjmap_iter f' doc.objects.pdfobjects

let objiter_inorder f doc =
  (* PdfObjMap.iter doesn't like you altering the map inside the iteration. *)
  resolve_all_delayed_object_streams doc;
  let f' k v =
    match v with
    | {contents = Parsed obj}, _ -> f k obj
    | {contents = ParsedAlreadyDecrypted obj}, _ -> f k obj
    | {contents = ToParse}, _ -> f k (parse_lazy doc k)
    | {contents = ToParseFromObjectStream (themap, s, _, func)}, _ ->
         f k (parse_delayed_object_stream themap k s doc func)
  in
    pdfobjmap_iter_inorder f' doc.objects.pdfobjects

(* Same, but also pass generation number. *)
let objiter_gen f doc =
  (* PdfObjMap.iter doesn't like you altering the map inside the iteration. *)
  resolve_all_delayed_object_streams doc;
  let f' k v =
    match v with
    | {contents = Parsed obj}, g -> f k g obj
    | {contents = ParsedAlreadyDecrypted obj}, g -> f k g obj
    | {contents = ToParse}, g -> f k g (parse_lazy doc k)
    | {contents = ToParseFromObjectStream (themap, s, _, func)}, g ->
         f k g (parse_delayed_object_stream themap k s doc func)
  in
    pdfobjmap_iter f' doc.objects.pdfobjects

(* Return a list of object numbers. *)
let objnumbers pdf =
  let keys = ref [] in
    objiter (fun k _ -> keys =| k) pdf;
    rev !keys

(* Cardinality of object set. O(n). *)
let objcard pdf =
  let card = ref 0 in
    objiter (fun _ _ -> incr card) pdf;
    !card

(* Return a list of (k, v) pairs. *)
let list_of_objs doc =
  let objs = ref [] in
    objiter (fun k v -> objs =| (k, Parsed v)) doc;
    !objs

(* Add an object, given an object number. *)
let addobj_given_num doc (num, obj) =
  doc.objects.maxobjnum <-
    max doc.objects.maxobjnum num;
  doc.objects.pdfobjects <-
    pdfobjmap_add num (ref (Parsed obj), 0) doc.objects.pdfobjects

(* Add an object. We use the first number larger than the maxobjnum,
and update that. *)
let addobj doc obj =
  let num = doc.objects.maxobjnum + 1 in
    addobj_given_num doc (num, obj);
    num

(* Make a objects entry from a list of (number, object) pairs. *)
let objects_of_list parse l =
  let maxobj = ref 0
  in let map = ref (pdfobjmap_empty ()) in
    iter
      (fun (k, v) ->
         maxobj := max !maxobj k;
         map := pdfobjmap_add k v !map)
      l;
    {parse = parse;
     pdfobjects = !map;
     maxobjnum = !maxobj;
     object_stream_ids = null_hash ()}

(* Find the page reference numbers, given the top level node of the page tree *)
let rec page_reference_numbers_inner pdf pages_node node_number =
  match lookup_direct pdf "/Type" pages_node with
    Some (Name "/Page") -> [node_number]
  | _ ->
      match lookup_direct pdf "/Kids" pages_node with
        Some (Array elts) ->
          flatten
            (option_map
              (function
               | Indirect i ->
                   Some
                     (page_reference_numbers_inner
                        pdf (direct pdf (Indirect i)) i)
               | _ -> None)
              elts)
      | _ ->
          (* Missing /Type /Page in a malformed file would end up here *)
          [node_number]

let page_reference_numbers pdf =
  let root = lookup_obj pdf pdf.root in
    let pages_node =
      match lookup_direct pdf "/Pages" root with
      | Some p -> p
      | None -> raise (PDFError "No /Pages found in /Root")
    in
      page_reference_numbers_inner pdf pages_node (-1)

(* Renumber an object given a change table (A hash table mapping old to new
numbers). *)
let rec renumber_object_parsed (pdf : t) changes obj =
  match obj with
  | Indirect i ->
      let i' =
        match tryfind changes i with
        | Some x -> x
        | None -> i (*r A dangling indirect is valid. *)
      in
        Indirect i'
  | Array a ->
      recurse_array (renumber_object_parsed pdf changes) a
  | Dictionary d ->
      recurse_dict (renumber_object_parsed pdf changes) d
  | Stream {contents = (p, s)} ->
      Stream {contents = renumber_object_parsed pdf changes p, s}
  | pdfobject -> pdfobject

let renumber_object pdf changes objnum = function
  | ToParse -> 
      renumber_object_parsed pdf changes (parse_lazy pdf objnum)
  | ToParseFromObjectStream (themap, s, _, func) ->
      renumber_object_parsed
        pdf changes (parse_delayed_object_stream themap objnum s pdf func)
  | Parsed obj | ParsedAlreadyDecrypted obj ->
      renumber_object_parsed pdf changes obj

(* Renumber a PDF's objects to 1...n. *)

(* Calculate the substitutions required to renumber the document. *)
let changes pdf =
  let card = objcard pdf in
    let order = ilist_fail_null 1 card
    and change_table = Hashtbl.create card in
      List.iter2 (Hashtbl.add change_table) (objnumbers pdf) order;
      change_table
      
(* Perform all renumberings given by a change table. *)
let renumber change_table pdf =
  let root' =
    match tryfind change_table pdf.root with Some x -> x | None -> pdf.root
  and trailerdict' =
    renumber_object pdf change_table 0 (Parsed pdf.trailerdict)
  and objects' =
    let nums, objs = split (list_of_objs pdf) in
      let objs' =
        map2 (renumber_object pdf change_table) nums objs
      in let nums' =
        map
          (function k ->
            match tryfind change_table k with Some x -> x | None -> k)
          nums
      in
        objects_of_list
          pdf.objects.parse
          (combine nums' (map (fun x -> ref (Parsed x), 0) objs'))
  in
    (* Update the object_stream_ids so object streams will be
    conserved over PDF merges *)
    let newids = null_hash () in
      Hashtbl.iter
        (fun o s ->
           match tryfind change_table o with
             Some o' -> Hashtbl.add newids o' s
           | _ -> ())
        pdf.objects.object_stream_ids;
      objects'.object_stream_ids <- newids;
      {pdf with
       root = root';
       objects = objects';
       trailerdict = trailerdict'}
 
(* Renumber the objects (including root and trailer dictionary) in a list of
pdfs so they are mutually exclusive. We iterate over the key lists to build
a list of change tables which are applied to the input PDFs. NOTE: This can't
be used on PDFs where the generation numbers still matter (i.e before
decryption). *)
let renumber_pdfs pdfs =
  let keylists = map objnumbers pdfs
  and bse = ref 1
  and tables = ref [] in
    iter
      (fun k ->
         let length = length k in
           let table = Hashtbl.create length in
             List.iter2 (Hashtbl.add table) k (ilist !bse (!bse + length - 1));
             tables =| table;
             bse += length)
      keylists;
    map2 renumber (rev !tables) pdfs

(* Give a list of object numbers referenced in a given [pdfobject] *)
let rec allfalse = function
  | [] -> true
  | h::t -> not h && allfalse t 

let rec containing l a =
  match a, l with
  | _, [] -> false
  | (name, Name n), ((h, Name hh)::_) when name = h && n = hh -> true
  | _, (_::t) -> containing t a

let tocontinue no_follow_entries no_follow_contains d =
  (isnull no_follow_entries && isnull no_follow_contains) ||
  allfalse (map (containing d) no_follow_contains)

(* Sets of references *)
let refset_empty () = Hashtbl.create 500

let refset_add n rs = Hashtbl.replace rs n (); rs

let refset_mem n rs = Hashtbl.mem rs n

let refset_elts rs =
  let r = ref [] in Hashtbl.iter (fun k _ -> r := k::!r) rs; !r

let rec
  referenced_pdfobj no_follow_entries no_follow_contains pdf found i
= function
  | Indirect j ->
      if not (refset_mem j !found) then
        begin
          let obj = 
            try lookup_obj pdf j with
              Not_found -> Null
          in
            match obj with
            | Dictionary d ->
                if tocontinue no_follow_entries no_follow_contains d then
                  begin
                  found := refset_add j !found;
                  referenced_pdfobj
                    no_follow_entries no_follow_contains pdf found j obj
                  end
            | _ ->
              found := refset_add j !found;
              referenced_pdfobj
                no_follow_entries no_follow_contains pdf found j obj
        end
  | Dictionary d ->
      iter
        (function (_, v) ->
          referenced_pdfobj no_follow_entries no_follow_contains pdf found i v)
        (if no_follow_entries <> []
           then (lose (fun (k, _) -> mem k no_follow_entries) d)
           else d)
  | Array a -> 
      iter
        (referenced_pdfobj no_follow_entries no_follow_contains pdf found i)
        a
  | Stream {contents = (s, _)} ->
      referenced_pdfobj no_follow_entries no_follow_contains pdf found i s
  | _ -> ()

and referenced no_follow_entries no_follow_contains pdf found i = function
  | Parsed ((Indirect _ | Array _ | Dictionary _ | Stream _) as o)  ->
      referenced_pdfobj no_follow_entries no_follow_contains pdf found i o
  | ParsedAlreadyDecrypted x ->
      referenced no_follow_entries no_follow_contains pdf found i (Parsed x)
  | ToParse ->
      referenced
        no_follow_entries no_follow_contains pdf found i
        (Parsed (parse_lazy pdf i))
  | ToParseFromObjectStream (themap, s, _, func) ->
      let result = parse_delayed_object_stream themap i s pdf func in
        referenced
          no_follow_entries no_follow_contains pdf found i
          (ParsedAlreadyDecrypted result)
  | _ -> ()

(* Nullify all references to page objects which are no longer in the page tree.
This prevents (for instance) annotations on a page referencing a deleted page,
thus preventing the deleted page's objects from being retained during garbage
collection. *)
let nullify_deleted_page_references pdf =
  let rec nullify numbers = function
    | Indirect i when tryfind numbers i <> None -> Null
    | Array elts -> recurse_array (nullify numbers) elts
    | Dictionary elts -> recurse_dict (let p2 = nullify numbers in p2) elts
    | Stream {contents = (p, s)} -> Stream {contents = nullify numbers p, s}
    | x -> x
  and page_object_numbers =
    let nums = ref [] in
      objiter
        (let f2 = function objnum ->
           (let f1 = function
             | Dictionary d when
                   (match lookup "/Type" d with
                      Some (Name "/Page") -> true | _ -> false) ->
                 nums := objnum :: !nums
             | _ -> () in f1) in f2)
        pdf;
      !nums
  in
    let refnums = page_reference_numbers pdf in
      if length refnums <> length page_object_numbers then
        begin
          let table = Hashtbl.create 50 in
            iter (function x -> Hashtbl.add table x ()) page_object_numbers;
            iter (Hashtbl.remove table) refnums;
            objselfmap (nullify table) pdf
        end

(* Remove any unreferenced objects. *)
let remove_unreferenced pdf =
  nullify_deleted_page_references pdf;
  let found = ref (refset_empty ()) in
    referenced [] [] pdf found pdf.root (Parsed (lookup_obj pdf pdf.root));
    referenced [] [] pdf found 0 (Parsed pdf.trailerdict);
    found := refset_add pdf.root !found;
    let eltnumbers = refset_elts !found in
      (* If not found, just ignore. *)
      let elements =
        map (fun n -> try lookup_obj pdf n with Not_found -> Null) eltnumbers
      in
        pdf.objects <-
          {pdf.objects with
             maxobjnum = 0;
             pdfobjects = pdfobjmap_empty ()};
        iter (addobj_given_num pdf) (combine eltnumbers elements)

(* Objects referenced from a given one. *)
let objects_referenced no_follow_entries no_follow_contains pdf pdfobject =
  let set = ref (refset_empty ()) in
    referenced
      no_follow_entries no_follow_contains pdf set 0 (Parsed pdfobject);
    refset_elts !set


(* Find the contents of a stream as a bytes. *)
let bigarray_of_stream s =
  getstream s;
  match s with
  | Stream {contents = _, Got bytes} -> bytes
  | _ -> raise (PDFError "couldn't extract raw stream")

(* Given a dictionary and a prefix (e.g gs), return a name, starting with the
prefix, which is not already in the dictionary (e.g /gs0). *)
let unique_key prefix obj =
  let elts = match obj with
    | Dictionary es
    | Stream {contents = Dictionary es, _} -> es
    | _ -> raise (PDFError "unique_key: Not a dictionary or stream")
  in
    let names = fst (split elts) in
    let name_of_num n = Printf.sprintf "/%s%i" prefix n in
    let num = ref 0 in
      while mem (name_of_num !num) names do incr num done;
      name_of_num !num

(* Given a PDF and potential filename, calculate an MD5 string and build a
suitable /ID entry from it. *)
let generate_id _ path gettime =
  let d = Digest.string (path ^ string_of_float (gettime ())) in
    Array [String d; String d]

(* Find the indirect reference given by the value associated with a key in a
dictionary. *)
let find_indirect key dict =
  match dict with
  | Dictionary d ->
      begin match lookup key d with
      | Some (Indirect i) -> Some i
      | _ -> None
      end
  | _ -> raise (PDFError "find_indirect: not a dictionary")

(* Look something up in a name tree. *)
let rec nametree_lookup_kids pdf k = function
  | Array (h::t) ->
      begin match nametree_lookup pdf k h with
      | None ->
          nametree_lookup_kids pdf k (Array t)
      | Some result -> Some result
      end
  | Array [] -> None
  | _ -> raise (PDFError "nametree_lookup_kids: malformed name tree")

and array_lookup k = function
  | Array elts ->
      lookup k (pairs_of_list elts)
  | _ -> raise (PDFError "Bad lookup array")

and nametree_lookup pdf k dict =
  match lookup_direct pdf "/Limits" dict with
  | Some (Array [l;r]) ->
      (* Check we're not searching in a malformed tree *)
      if k < l || k > r then None else
      begin match lookup_direct pdf "/Kids" dict with
      | Some kids ->
          (* Intermediate node *)
          nametree_lookup_kids pdf k kids
      | None ->
          match lookup_direct_orelse pdf "/Names" "/Nums" dict with
          | Some names ->
              (* leaf node *)
              array_lookup k names
          | None ->
              raise (PDFError "Malformed name tree entry")
      end
  | None ->
      begin match lookup_direct pdf "/Kids" dict with
      | Some kids ->
          (* Root node with kids *)
          nametree_lookup_kids pdf k kids
      | None ->
          match lookup_direct_orelse pdf "/Names" "/Nums" dict with
          | Some names ->
              (* Root node with names *)
              array_lookup k names
          | None ->
              raise (PDFError "Missing name tree entry")
      end
  | _ -> raise (PDFError "Malformed name tree")

(* Return an ordered list of all the (k, v) pairs in a tree *)
let rec contents_of_nametree pdf tree =
  match lookup_direct_orelse pdf "/Names" "/Nums" tree with
  | Some (Array names) ->
      let rec pairs_of_list prev = function
      | [] -> rev prev
      | [_] -> raise (PDFError "contents_of_nametree: bad /Names")
      | k::v::r -> pairs_of_list ((k, v)::prev) r
      in
        pairs_of_list [] names
  | _ ->
      match lookup_direct pdf "/Kids" tree with
      | Some (Array kids) ->
          flatten (map (contents_of_nametree pdf) kids)
      | _ -> raise (PDFError "contents_of_nametree: neither names nor kids")

let deep_copy_pdfobjects frompdf from =
  resolve_all_delayed_object_streams frompdf;
  let deep_copy_objdata objdata =
    let deep_copy_pdfobject = function
      | Stream _ as s ->
          begin
            getstream s;
            match s with
            | Stream {contents = (dict, Got stream)} ->
                Stream (ref (dict, Got (copybytes stream)))
            | _ ->
                (* getstream only returns things of above form *)
                assert false
          end
      | x -> x
    in
      match objdata with
      | Parsed obj -> Parsed (deep_copy_pdfobject obj)
      | ParsedAlreadyDecrypted obj ->
          ParsedAlreadyDecrypted (deep_copy_pdfobject obj)
      | ToParse -> ToParse
      | ToParseFromObjectStream (themap, x, y, z) ->
          ToParseFromObjectStream (themap, x, y, z)
  in
    (* shouldn't occur due to resolve_all_delayed_object_streams above -
    do we really need that? *)
    let pdfobjmap = pdfobjmap_empty () in
      pdfobjmap_iter
        (fun objnum ({contents = objdata}, gen) ->
           ignore
             (pdfobjmap_add
                objnum (ref (deep_copy_objdata objdata), gen) pdfobjmap))
        from;
      pdfobjmap

let deep_copy from =
  {major = from.major;
   minor = from.minor;
   root = from.root;
   objects =
     {maxobjnum = from.objects.maxobjnum;
      parse = from.objects.parse;
      pdfobjects = deep_copy_pdfobjects from from.objects.pdfobjects;
      object_stream_ids = Hashtbl.copy from.objects.object_stream_ids};
   trailerdict = from.trailerdict;
   was_linearized = from.was_linearized;
   saved_encryption = from.saved_encryption}

let change_id pdf f =
  match pdf.trailerdict with
  | Dictionary d ->
      pdf.trailerdict <-
        Dictionary (add "/ID" (generate_id pdf f (fun () -> Random.float 1.)) d)
  | _ -> raise (PDFError "Bad trailer dictionary")
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(** Representing PDF Files in Memory *)

(** {2 PDF Objects} *)

type toget

(** A stream is either in memory, or at a position and of a length in an
[Pdfio.input]. *)
type stream =
  | Got of Pdfio.bytes
  | ToGet of toget

(** PDF objects. An object is a tree-like structure containing various things.
A PDF file is basically a directed graph of objects. *)
type pdfobject =
  | Null
  | Boolean of bool
  | Integer of int
  | Real of float
  | String of string
  | Name of string
  | Array of pdfobject list
  | Dictionary of (string * pdfobject) list
  | Stream of (pdfobject * stream) ref
  | Indirect of int

(** {2 The Object map} *)

(** You should not expect to manipulate these types and functions directly. *)

(** This type represents a possibly-parsed, possibly-decrypted, possibly-read-from-an-object-stream object. *)
type objectdata =
  (* Not from an object stream, fully parsed, not necessarily decrypted yet *)
  | Parsed of pdfobject
  (* Was from an object stream, decrypted already when object stream read *)
  | ParsedAlreadyDecrypted of pdfobject
  (* Not parsed yet. Needs to be read from an object, which may still be encrypted *)
  | ToParse
  (* (stream object number, index in stream) Not parsed yet. Will come from an object stream. *)
  | ToParseFromObjectStream of (int, int list) Hashtbl.t * int * int * (int -> int list -> (int * (objectdata ref * int)) list)

type pdfobjmap_key = int

type pdfobjmap = (pdfobjmap_key, objectdata ref * int) Hashtbl.t
(** The object map maps object numbers [pdfobjmap_key] to a reference to the
object data and the generation number *)

(** Make an empty object map *)
val pdfobjmap_empty : unit -> pdfobjmap

(** Find an object in the object map *)
val pdfobjmap_find : pdfobjmap_key -> pdfobjmap -> objectdata ref * int

(** The objects. Again, you won't normally manipulate this directly.
[maxobjnum] is the biggest object number seen yet. [parse] is a function to
parse a non-object stream object given its object number, [pdfobjects] is the
object map itself. [object_stream_ids] is a hash table of (object number,
was-stored-in-obect-stream-number) pairs, which is used to reconstruct stream
objects when preserving them upon write. *)
type pdfobjects =
  {mutable maxobjnum : int;
   mutable parse : (pdfobjmap_key -> pdfobject) option;
   mutable pdfobjects : pdfobjmap;
   mutable object_stream_ids : (int, int) Hashtbl.t}

(** {2 The PDF document} *)

type saved_encryption =
  {from_get_encryption_values :
     Pdfcryptprimitives.encryption * string * string * int32 * string * string option * string option;
   encrypt_metadata : bool;
   perms : string}

type deferred_encryption =
  {crypt_type : Pdfcryptprimitives.encryption;
   file_encryption_key : string option;
   obj : int;
   gen : int;
   key : int array;
   keylength : int;
   r : int}

(** A Pdf document. Major and minor version numbers, object number of root, the
objects objects and the trailer dictionary as a [Dictionary] [pdfobject]. *)
type t =
  {mutable major : int;
   mutable minor : int;
   mutable root : int;
   mutable objects : pdfobjects;
   mutable trailerdict : pdfobject;
   mutable was_linearized : bool;
   mutable saved_encryption : saved_encryption option}

(** The empty document (PDF 1.0, no objects, no root, empty trailer dictionary).
Note this is not a well-formed PDF. *)
val empty : unit -> t

(** {2 Exceptions and errors} *)

(** This exception is raised when some malformity in a PDF is found -- quite a
wide range of circumstances, and may be raised from many functions. *)
exception PDFError of string

(** This function, given a [Pdfio.input] and an ancilliary string, builds an
error string which includes the source of the Pdfio.input (filename, string,
bytes etc) so we can trace what it was originally built from *)
val input_pdferror : Pdfio.input -> string -> string

(** {2 Useful utilities} *)

(** Get a stream from disc if it hasn't already been got. The input is a
[Stream pdfobject]. *)
val getstream : pdfobject -> unit

(** Return a float from either a [Real] or an [Int] *)
val getnum : pdfobject -> float

(** Lookup an object in a document, parsing it if required. Raises [Not_found]
if the object does not exist. *)
val lookup_obj : t -> int -> pdfobject

(** [lookup_fail errtext doc key dict] looks up a key in a PDF dictionary or the
dictionary of a PDF stream. Fails with [PDFError errtext] if the key is not
found. Follows indirect object links. *)
val lookup_fail : string -> (t -> string -> pdfobject -> pdfobject)

(** Same, but with customised exception. *)
val lookup_exception : exn -> t -> string -> pdfobject -> pdfobject

(** [lookup_direct doc key dict] looks up the key returning an option type. *) 
val lookup_direct : t -> string -> pdfobject -> pdfobject option

(** Return the object number of an indirect dictionary object, if it is indirect. *)
val indirect_number : t -> string -> pdfobject -> int option

(** Same as [lookup_direct], but allow a second, alternative key. *)
val lookup_direct_orelse :
  t -> string -> string -> pdfobject -> pdfobject option

(** Remove a dictionary entry, if it exists. *)
val remove_dict_entry : pdfobject -> string -> pdfobject

(** [replace_dict_entry dict key value] replaces a dictionary entry, raising [Not_found] if it's not there. *)
val replace_dict_entry : pdfobject -> string -> pdfobject -> pdfobject

(** [add_dict_entry dict key value] adds a dictionary entry, replacing if already there. *)
val add_dict_entry : pdfobject -> string -> pdfobject -> pdfobject

(** Make a PDF object direct -- that is, follow any indirect links. *)
val direct : t -> pdfobject -> pdfobject

(** Return the size of the object map. *)
val objcard : t -> int

(** Remove the given object *)
val removeobj : t -> int -> unit

(** Add an object. Returns the number chosen. *)
val addobj : t -> pdfobject -> int

(** Same as [addobj], but pick a number ourselves. *)
val addobj_given_num : t -> (int * pdfobject) -> unit

(** {2 Compound structures} *)

(** Parse a PDF rectangle structure into min x, min y, max x, max y. *) 
val parse_rectangle : pdfobject -> float * float * float * float

(** Calling [parse_matrix pdf name dict] parses a PDF matrix found under
key [name] in dictionary [dict] into a [Transform.transform_matrix]. If there is
no matrix, the identity matrix is returned. *)
val parse_matrix : t -> string -> pdfobject -> Pdftransform.transform_matrix 

(** Build a matrix [pdfobject]. *)
val make_matrix : Pdftransform.transform_matrix -> pdfobject

(** Make a number of PDF documents contain no mutual object numbers. They can
then be merged etc. without clashes. *)
val renumber_pdfs : t list -> t list

(** Given a dictionary and a prefix (e.g gs), return a name, starting with the
prefix, which is not already in the dictionary (e.g /gs0). *)
val unique_key : string -> pdfobject -> string

(** {2 Iteration} *)

(** Iterate over the objects in a document. The iterating functions recieves both
object number and object from the object map. *)
val objiter : (int -> pdfobject -> unit) -> t -> unit

(** The same, but in object number order. *)
val objiter_inorder : (int -> pdfobject -> unit) -> t -> unit

(** Iterate over the objects in a document. The iterating functions recieves
object number, generation number and object from the object map. *)
val objiter_gen : (int -> int -> pdfobject -> unit) -> t -> unit

(** Map over all pdf objects in a document. Does not include trailer dictionary. *)
val objselfmap : (pdfobject -> pdfobject) -> t -> unit

(** Iterate over just the stream objects in a document. *)
val iter_stream : (pdfobject -> unit) -> t -> unit

(** {2 Garbage collection} *)

(** Garbage-collect a pdf document. *)
val remove_unreferenced : t -> unit

(**/**)

(* FIXME: Which of these need to be exposed? *)

(* This is only for the use of Pdfread for when the /Length is incorrect. *)
type toget_crypt =
  | NoChange
  | ToDecrypt of deferred_encryption

val length_of_toget : toget -> int
val input_of_toget : toget -> Pdfio.input
val position_of_toget : toget -> int
val toget : ?crypt:toget_crypt -> Pdfio.input -> int -> int -> toget

val changes : t -> (int, int) Hashtbl.t

val renumber : (int, int) Hashtbl.t -> t -> t

val is_whitespace : char -> bool

val is_not_whitespace : char -> bool

val recurse_dict :
  (pdfobject -> pdfobject) -> (string * pdfobject) list -> pdfobject 

val recurse_array :
  (pdfobject -> pdfobject) -> pdfobject list -> pdfobject 

val bigarray_of_stream : pdfobject -> Pdfio.bytes

val objnumbers : t -> int list

val objects_of_list :
  (int -> pdfobject) option -> (int * (objectdata ref * int)) list -> pdfobjects

val objects_referenced : string list -> (string * pdfobject) list -> t -> pdfobject -> int list

(** Generate and ID for a PDF document given its prospective file name (and using
the current date and time). If the file name is blank, the ID is still likely to
be unique, being based on date and time only. *)
val generate_id : t -> string -> (unit -> float) -> pdfobject

val is_delimiter : char -> bool

val page_reference_numbers : t -> int list

val catalog_of_pdf : t -> pdfobject

val find_indirect : string -> pdfobject -> int option

val renumber_object_parsed : t -> (int, int) Hashtbl.t -> pdfobject -> pdfobject

val nametree_lookup : t -> pdfobject -> pdfobject -> pdfobject option

val contents_of_nametree : t -> pdfobject -> (pdfobject * pdfobject) list

val deep_copy : t -> t

val string_of_pdf : (pdfobject -> string) ref

val change_id : t -> string -> unit
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(* Parse Adobe Font Metrics files *)
open Pdfutil

let print_lexeme = function
  | Genlex.Kwd s -> Printf.printf "KEYWORD: %s\n" s
  | Genlex.Ident s -> Printf.printf "IDENT: %s\n" s
  | Genlex.Int i -> Printf.printf "INT: %i\n" i
  | Genlex.Float f -> Printf.printf "FLOAT: %f\n" f
  | Genlex.String s -> Printf.printf "STRING: %s\n" s
  | Genlex.Char c -> Printf.printf "CHAR: %c\n" c

let read_char_metrics_lexer = Genlex.make_lexer ["C"; ";"; "WX"; "N"]

let read_char_metrics_line l =
  match
    Stream.npeek 8 (read_char_metrics_lexer (Stream.of_string l))
  with
  | Genlex.Kwd "C"::Genlex.Int charnum::Genlex.Kwd ";"::
    Genlex.Kwd "WX"::Genlex.Int width::Genlex.Kwd ";"::
    Genlex.Kwd "N"::(Genlex.Ident name | Genlex.Kwd name)::_ ->
      (name, (charnum, width))
  | x -> iter print_lexeme x; failwith "badline"

let lookup_charnum table name =
  match Hashtbl.find table name with (c', _) -> c'

let read_kern_line_lexer = Genlex.make_lexer ["KPX"]

let read_kern_line l =
  match
    Stream.npeek 4 (read_kern_line_lexer (Stream.of_string l))
  with
    | Genlex.Kwd "KPX"::Genlex.Ident n::Genlex.Ident n'::Genlex.Int i::_ ->
        n, n', i
    | x -> iter print_lexeme x; failwith "badline2"

let string_starts_with sub s =
  let sublength = String.length sub in
    if String.length s < sublength then false else
      let rec loop n =
        if n < 0 then true
        else s.[n] = sub.[n] && loop (n - 1)
      in
        loop (sublength - 1)

let get_tables lines =
  let char_metrics_lines =
    isolate
      (string_starts_with "StartCharMetrics")
      (string_starts_with "EndCharMetrics")
      lines
  and kern_lines =
    isolate
      (string_starts_with "StartKernPairs")
      (string_starts_with "EndKernPairs")
      lines
  and header_lines =
    map
      (fun s ->
         let a, b = cleavewhile (neq ' ') (explode s) in (implode a, implode b))
      (takewhile (notpred (string_starts_with "C ")) lines)
  in
    let remove_empty = lose (fun x -> String.length x < 5) in
    let charmetrics =
      map read_char_metrics_line (remove_empty char_metrics_lines)
    in
      let charmetrics_hash = hashtable_of_dictionary charmetrics in
      let kerns =
        map read_kern_line (remove_empty kern_lines)
      in
        header_lines,
        option_map
          (fun (_, (c, w)) -> if c > -1 then Some (c, w) else None)
          charmetrics,
        option_map
          (fun (n, n', kern) ->
             let p = lookup_charnum charmetrics_hash n
             and p' = lookup_charnum charmetrics_hash n' in
             if p > -1 && p' > -1 then Some (p, p', kern) else None)
          kerns,
        option_map
        (fun (name, (_, w)) -> Some (name, w))
          charmetrics

let read i =
  try
    let lines = Pdfio.read_lines i in
      get_tables lines
  with
    e -> failwith (Printexc.to_string e)
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(** Parse Adobe Font Metrics files *)

(** Return the header lines (header item, contents), character metrics
(character, width) and kerning pairs (char1, char2, kerm), and (charname,
width) pairs from an AFM file. May raise [Failure]. *)
val read :
  Pdfio.input ->
  (string * string) list * (int * int) list * (int * int * int) list * (string * int) list
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(* AFM data for standard 14 fonts *)

let afmnotice =
"This file constitutes a modification of Adobe's AFM data files. This file also\
constitutes a modification of Adobe's license file.\
\
This file and the 14 PostScript(R) AFM files it accompanies may be used,\
copied, and distributed for any purpose and without charge, with or without\
modification, provided that all copyright notices are retained; that the AFM\
files are not distributed without this file; that all modifications to this\
file or any of the AFM files are prominently noted in the modified file(s); and\
that this paragraph is not modified. Adobe Systems has no responsibility or\
obligation to support the use of the AFM files."

let courier_afm = "StartFontMetrics 4.1
Comment Copyright (c) 1989, 1990, 1991, 1992, 1993, 1997 Adobe Systems Incorporated.  All Rights Reserved.
Comment Creation Date: Thu May  1 17:27:09 1997
Comment UniqueID 43050
Comment VMusage 39754 50779
FontName Courier
FullName Courier
FamilyName Courier
Weight Medium
ItalicAngle 0
IsFixedPitch true
CharacterSet ExtendedRoman
FontBBox -23 -250 715 805 
UnderlinePosition -100
UnderlineThickness 50
Version 003.000
Notice Copyright (c) 1989, 1990, 1991, 1992, 1993, 1997 Adobe Systems Incorporated.  All Rights Reserved.
EncodingScheme AdobeStandardEncoding
CapHeight 562
XHeight 426
Ascender 629
Descender -157
StdHW 51
StdVW 51
StartCharMetrics 315
C 32 ; WX 600 ; N space ; B 0 0 0 0 ;
C 33 ; WX 600 ; N exclam ; B 236 -15 364 572 ;
C 34 ; WX 600 ; N quotedbl ; B 187 328 413 562 ;
C 35 ; WX 600 ; N numbersign ; B 93 -32 507 639 ;
C 36 ; WX 600 ; N dollar ; B 105 -126 496 662 ;
C 37 ; WX 600 ; N percent ; B 81 -15 518 622 ;
C 38 ; WX 600 ; N ampersand ; B 63 -15 538 543 ;
C 39 ; WX 600 ; N quoteright ; B 213 328 376 562 ;
C 40 ; WX 600 ; N parenleft ; B 269 -108 440 622 ;
C 41 ; WX 600 ; N parenright ; B 160 -108 331 622 ;
C 42 ; WX 600 ; N asterisk ; B 116 257 484 607 ;
C 43 ; WX 600 ; N plus ; B 80 44 520 470 ;
C 44 ; WX 600 ; N comma ; B 181 -112 344 122 ;
C 45 ; WX 600 ; N hyphen ; B 103 231 497 285 ;
C 46 ; WX 600 ; N period ; B 229 -15 371 109 ;
C 47 ; WX 600 ; N slash ; B 125 -80 475 629 ;
C 48 ; WX 600 ; N zero ; B 106 -15 494 622 ;
C 49 ; WX 600 ; N one ; B 96 0 505 622 ;
C 50 ; WX 600 ; N two ; B 70 0 471 622 ;
C 51 ; WX 600 ; N three ; B 75 -15 466 622 ;
C 52 ; WX 600 ; N four ; B 78 0 500 622 ;
C 53 ; WX 600 ; N five ; B 92 -15 497 607 ;
C 54 ; WX 600 ; N six ; B 111 -15 497 622 ;
C 55 ; WX 600 ; N seven ; B 82 0 483 607 ;
C 56 ; WX 600 ; N eight ; B 102 -15 498 622 ;
C 57 ; WX 600 ; N nine ; B 96 -15 489 622 ;
C 58 ; WX 600 ; N colon ; B 229 -15 371 385 ;
C 59 ; WX 600 ; N semicolon ; B 181 -112 371 385 ;
C 60 ; WX 600 ; N less ; B 41 42 519 472 ;
C 61 ; WX 600 ; N equal ; B 80 138 520 376 ;
C 62 ; WX 600 ; N greater ; B 66 42 544 472 ;
C 63 ; WX 600 ; N question ; B 129 -15 492 572 ;
C 64 ; WX 600 ; N at ; B 77 -15 533 622 ;
C 65 ; WX 600 ; N A ; B 3 0 597 562 ;
C 66 ; WX 600 ; N B ; B 43 0 559 562 ;
C 67 ; WX 600 ; N C ; B 41 -18 540 580 ;
C 68 ; WX 600 ; N D ; B 43 0 574 562 ;
C 69 ; WX 600 ; N E ; B 53 0 550 562 ;
C 70 ; WX 600 ; N F ; B 53 0 545 562 ;
C 71 ; WX 600 ; N G ; B 31 -18 575 580 ;
C 72 ; WX 600 ; N H ; B 32 0 568 562 ;
C 73 ; WX 600 ; N I ; B 96 0 504 562 ;
C 74 ; WX 600 ; N J ; B 34 -18 566 562 ;
C 75 ; WX 600 ; N K ; B 38 0 582 562 ;
C 76 ; WX 600 ; N L ; B 47 0 554 562 ;
C 77 ; WX 600 ; N M ; B 4 0 596 562 ;
C 78 ; WX 600 ; N N ; B 7 -13 593 562 ;
C 79 ; WX 600 ; N O ; B 43 -18 557 580 ;
C 80 ; WX 600 ; N P ; B 79 0 558 562 ;
C 81 ; WX 600 ; N Q ; B 43 -138 557 580 ;
C 82 ; WX 600 ; N R ; B 38 0 588 562 ;
C 83 ; WX 600 ; N S ; B 72 -20 529 580 ;
C 84 ; WX 600 ; N T ; B 38 0 563 562 ;
C 85 ; WX 600 ; N U ; B 17 -18 583 562 ;
C 86 ; WX 600 ; N V ; B -4 -13 604 562 ;
C 87 ; WX 600 ; N W ; B -3 -13 603 562 ;
C 88 ; WX 600 ; N X ; B 23 0 577 562 ;
C 89 ; WX 600 ; N Y ; B 24 0 576 562 ;
C 90 ; WX 600 ; N Z ; B 86 0 514 562 ;
C 91 ; WX 600 ; N bracketleft ; B 269 -108 442 622 ;
C 92 ; WX 600 ; N backslash ; B 118 -80 482 629 ;
C 93 ; WX 600 ; N bracketright ; B 158 -108 331 622 ;
C 94 ; WX 600 ; N asciicircum ; B 94 354 506 622 ;
C 95 ; WX 600 ; N underscore ; B 0 -125 600 -75 ;
C 96 ; WX 600 ; N quoteleft ; B 224 328 387 562 ;
C 97 ; WX 600 ; N a ; B 53 -15 559 441 ;
C 98 ; WX 600 ; N b ; B 14 -15 575 629 ;
C 99 ; WX 600 ; N c ; B 66 -15 529 441 ;
C 100 ; WX 600 ; N d ; B 45 -15 591 629 ;
C 101 ; WX 600 ; N e ; B 66 -15 548 441 ;
C 102 ; WX 600 ; N f ; B 114 0 531 629 ; L i fi ; L l fl ;
C 103 ; WX 600 ; N g ; B 45 -157 566 441 ;
C 104 ; WX 600 ; N h ; B 18 0 582 629 ;
C 105 ; WX 600 ; N i ; B 95 0 505 657 ;
C 106 ; WX 600 ; N j ; B 82 -157 410 657 ;
C 107 ; WX 600 ; N k ; B 43 0 580 629 ;
C 108 ; WX 600 ; N l ; B 95 0 505 629 ;
C 109 ; WX 600 ; N m ; B -5 0 605 441 ;
C 110 ; WX 600 ; N n ; B 26 0 575 441 ;
C 111 ; WX 600 ; N o ; B 62 -15 538 441 ;
C 112 ; WX 600 ; N p ; B 9 -157 555 441 ;
C 113 ; WX 600 ; N q ; B 45 -157 591 441 ;
C 114 ; WX 600 ; N r ; B 60 0 559 441 ;
C 115 ; WX 600 ; N s ; B 80 -15 513 441 ;
C 116 ; WX 600 ; N t ; B 87 -15 530 561 ;
C 117 ; WX 600 ; N u ; B 21 -15 562 426 ;
C 118 ; WX 600 ; N v ; B 10 -10 590 426 ;
C 119 ; WX 600 ; N w ; B -4 -10 604 426 ;
C 120 ; WX 600 ; N x ; B 20 0 580 426 ;
C 121 ; WX 600 ; N y ; B 7 -157 592 426 ;
C 122 ; WX 600 ; N z ; B 99 0 502 426 ;
C 123 ; WX 600 ; N braceleft ; B 182 -108 437 622 ;
C 124 ; WX 600 ; N bar ; B 275 -250 326 750 ;
C 125 ; WX 600 ; N braceright ; B 163 -108 418 622 ;
C 126 ; WX 600 ; N asciitilde ; B 63 197 540 320 ;
C 161 ; WX 600 ; N exclamdown ; B 236 -157 364 430 ;
C 162 ; WX 600 ; N cent ; B 96 -49 500 614 ;
C 163 ; WX 600 ; N sterling ; B 84 -21 521 611 ;
C 164 ; WX 600 ; N fraction ; B 92 -57 509 665 ;
C 165 ; WX 600 ; N yen ; B 26 0 574 562 ;
C 166 ; WX 600 ; N florin ; B 4 -143 539 622 ;
C 167 ; WX 600 ; N section ; B 113 -78 488 580 ;
C 168 ; WX 600 ; N currency ; B 73 58 527 506 ;
C 169 ; WX 600 ; N quotesingle ; B 259 328 341 562 ;
C 170 ; WX 600 ; N quotedblleft ; B 143 328 471 562 ;
C 171 ; WX 600 ; N guillemotleft ; B 37 70 563 446 ;
C 172 ; WX 600 ; N guilsinglleft ; B 149 70 451 446 ;
C 173 ; WX 600 ; N guilsinglright ; B 149 70 451 446 ;
C 174 ; WX 600 ; N fi ; B 3 0 597 629 ;
C 175 ; WX 600 ; N fl ; B 3 0 597 629 ;
C 177 ; WX 600 ; N endash ; B 75 231 525 285 ;
C 178 ; WX 600 ; N dagger ; B 141 -78 459 580 ;
C 179 ; WX 600 ; N daggerdbl ; B 141 -78 459 580 ;
C 180 ; WX 600 ; N periodcentered ; B 222 189 378 327 ;
C 182 ; WX 600 ; N paragraph ; B 50 -78 511 562 ;
C 183 ; WX 600 ; N bullet ; B 172 130 428 383 ;
C 184 ; WX 600 ; N quotesinglbase ; B 213 -134 376 100 ;
C 185 ; WX 600 ; N quotedblbase ; B 143 -134 457 100 ;
C 186 ; WX 600 ; N quotedblright ; B 143 328 457 562 ;
C 187 ; WX 600 ; N guillemotright ; B 37 70 563 446 ;
C 188 ; WX 600 ; N ellipsis ; B 37 -15 563 111 ;
C 189 ; WX 600 ; N perthousand ; B 3 -15 600 622 ;
C 191 ; WX 600 ; N questiondown ; B 108 -157 471 430 ;
C 193 ; WX 600 ; N grave ; B 151 497 378 672 ;
C 194 ; WX 600 ; N acute ; B 242 497 469 672 ;
C 195 ; WX 600 ; N circumflex ; B 124 477 476 654 ;
C 196 ; WX 600 ; N tilde ; B 105 489 503 606 ;
C 197 ; WX 600 ; N macron ; B 120 525 480 565 ;
C 198 ; WX 600 ; N breve ; B 153 501 447 609 ;
C 199 ; WX 600 ; N dotaccent ; B 249 537 352 640 ;
C 200 ; WX 600 ; N dieresis ; B 148 537 453 640 ;
C 202 ; WX 600 ; N ring ; B 218 463 382 627 ;
C 203 ; WX 600 ; N cedilla ; B 224 -151 362 10 ;
C 205 ; WX 600 ; N hungarumlaut ; B 133 497 540 672 ;
C 206 ; WX 600 ; N ogonek ; B 211 -172 407 4 ;
C 207 ; WX 600 ; N caron ; B 124 492 476 669 ;
C 208 ; WX 600 ; N emdash ; B 0 231 600 285 ;
C 225 ; WX 600 ; N AE ; B 3 0 550 562 ;
C 227 ; WX 600 ; N ordfeminine ; B 156 249 442 580 ;
C 232 ; WX 600 ; N Lslash ; B 47 0 554 562 ;
C 233 ; WX 600 ; N Oslash ; B 43 -80 557 629 ;
C 234 ; WX 600 ; N OE ; B 7 0 567 562 ;
C 235 ; WX 600 ; N ordmasculine ; B 157 249 443 580 ;
C 241 ; WX 600 ; N ae ; B 19 -15 570 441 ;
C 245 ; WX 600 ; N dotlessi ; B 95 0 505 426 ;
C 248 ; WX 600 ; N lslash ; B 95 0 505 629 ;
C 249 ; WX 600 ; N oslash ; B 62 -80 538 506 ;
C 250 ; WX 600 ; N oe ; B 19 -15 559 441 ;
C 251 ; WX 600 ; N germandbls ; B 48 -15 588 629 ;
C -1 ; WX 600 ; N Idieresis ; B 96 0 504 753 ;
C -1 ; WX 600 ; N eacute ; B 66 -15 548 672 ;
C -1 ; WX 600 ; N abreve ; B 53 -15 559 609 ;
C -1 ; WX 600 ; N uhungarumlaut ; B 21 -15 580 672 ;
C -1 ; WX 600 ; N ecaron ; B 66 -15 548 669 ;
C -1 ; WX 600 ; N Ydieresis ; B 24 0 576 753 ;
C -1 ; WX 600 ; N divide ; B 87 48 513 467 ;
C -1 ; WX 600 ; N Yacute ; B 24 0 576 805 ;
C -1 ; WX 600 ; N Acircumflex ; B 3 0 597 787 ;
C -1 ; WX 600 ; N aacute ; B 53 -15 559 672 ;
C -1 ; WX 600 ; N Ucircumflex ; B 17 -18 583 787 ;
C -1 ; WX 600 ; N yacute ; B 7 -157 592 672 ;
C -1 ; WX 600 ; N scommaaccent ; B 80 -250 513 441 ;
C -1 ; WX 600 ; N ecircumflex ; B 66 -15 548 654 ;
C -1 ; WX 600 ; N Uring ; B 17 -18 583 760 ;
C -1 ; WX 600 ; N Udieresis ; B 17 -18 583 753 ;
C -1 ; WX 600 ; N aogonek ; B 53 -172 587 441 ;
C -1 ; WX 600 ; N Uacute ; B 17 -18 583 805 ;
C -1 ; WX 600 ; N uogonek ; B 21 -172 590 426 ;
C -1 ; WX 600 ; N Edieresis ; B 53 0 550 753 ;
C -1 ; WX 600 ; N Dcroat ; B 30 0 574 562 ;
C -1 ; WX 600 ; N commaaccent ; B 198 -250 335 -58 ;
C -1 ; WX 600 ; N copyright ; B 0 -18 600 580 ;
C -1 ; WX 600 ; N Emacron ; B 53 0 550 698 ;
C -1 ; WX 600 ; N ccaron ; B 66 -15 529 669 ;
C -1 ; WX 600 ; N aring ; B 53 -15 559 627 ;
C -1 ; WX 600 ; N Ncommaaccent ; B 7 -250 593 562 ;
C -1 ; WX 600 ; N lacute ; B 95 0 505 805 ;
C -1 ; WX 600 ; N agrave ; B 53 -15 559 672 ;
C -1 ; WX 600 ; N Tcommaaccent ; B 38 -250 563 562 ;
C -1 ; WX 600 ; N Cacute ; B 41 -18 540 805 ;
C -1 ; WX 600 ; N atilde ; B 53 -15 559 606 ;
C -1 ; WX 600 ; N Edotaccent ; B 53 0 550 753 ;
C -1 ; WX 600 ; N scaron ; B 80 -15 513 669 ;
C -1 ; WX 600 ; N scedilla ; B 80 -151 513 441 ;
C -1 ; WX 600 ; N iacute ; B 95 0 505 672 ;
C -1 ; WX 600 ; N lozenge ; B 18 0 443 706 ;
C -1 ; WX 600 ; N Rcaron ; B 38 0 588 802 ;
C -1 ; WX 600 ; N Gcommaaccent ; B 31 -250 575 580 ;
C -1 ; WX 600 ; N ucircumflex ; B 21 -15 562 654 ;
C -1 ; WX 600 ; N acircumflex ; B 53 -15 559 654 ;
C -1 ; WX 600 ; N Amacron ; B 3 0 597 698 ;
C -1 ; WX 600 ; N rcaron ; B 60 0 559 669 ;
C -1 ; WX 600 ; N ccedilla ; B 66 -151 529 441 ;
C -1 ; WX 600 ; N Zdotaccent ; B 86 0 514 753 ;
C -1 ; WX 600 ; N Thorn ; B 79 0 538 562 ;
C -1 ; WX 600 ; N Omacron ; B 43 -18 557 698 ;
C -1 ; WX 600 ; N Racute ; B 38 0 588 805 ;
C -1 ; WX 600 ; N Sacute ; B 72 -20 529 805 ;
C -1 ; WX 600 ; N dcaron ; B 45 -15 715 629 ;
C -1 ; WX 600 ; N Umacron ; B 17 -18 583 698 ;
C -1 ; WX 600 ; N uring ; B 21 -15 562 627 ;
C -1 ; WX 600 ; N threesuperior ; B 155 240 406 622 ;
C -1 ; WX 600 ; N Ograve ; B 43 -18 557 805 ;
C -1 ; WX 600 ; N Agrave ; B 3 0 597 805 ;
C -1 ; WX 600 ; N Abreve ; B 3 0 597 732 ;
C -1 ; WX 600 ; N multiply ; B 87 43 515 470 ;
C -1 ; WX 600 ; N uacute ; B 21 -15 562 672 ;
C -1 ; WX 600 ; N Tcaron ; B 38 0 563 802 ;
C -1 ; WX 600 ; N partialdiff ; B 17 -38 459 710 ;
C -1 ; WX 600 ; N ydieresis ; B 7 -157 592 620 ;
C -1 ; WX 600 ; N Nacute ; B 7 -13 593 805 ;
C -1 ; WX 600 ; N icircumflex ; B 94 0 505 654 ;
C -1 ; WX 600 ; N Ecircumflex ; B 53 0 550 787 ;
C -1 ; WX 600 ; N adieresis ; B 53 -15 559 620 ;
C -1 ; WX 600 ; N edieresis ; B 66 -15 548 620 ;
C -1 ; WX 600 ; N cacute ; B 66 -15 529 672 ;
C -1 ; WX 600 ; N nacute ; B 26 0 575 672 ;
C -1 ; WX 600 ; N umacron ; B 21 -15 562 565 ;
C -1 ; WX 600 ; N Ncaron ; B 7 -13 593 802 ;
C -1 ; WX 600 ; N Iacute ; B 96 0 504 805 ;
C -1 ; WX 600 ; N plusminus ; B 87 44 513 558 ;
C -1 ; WX 600 ; N brokenbar ; B 275 -175 326 675 ;
C -1 ; WX 600 ; N registered ; B 0 -18 600 580 ;
C -1 ; WX 600 ; N Gbreve ; B 31 -18 575 732 ;
C -1 ; WX 600 ; N Idotaccent ; B 96 0 504 753 ;
C -1 ; WX 600 ; N summation ; B 15 -10 585 706 ;
C -1 ; WX 600 ; N Egrave ; B 53 0 550 805 ;
C -1 ; WX 600 ; N racute ; B 60 0 559 672 ;
C -1 ; WX 600 ; N omacron ; B 62 -15 538 565 ;
C -1 ; WX 600 ; N Zacute ; B 86 0 514 805 ;
C -1 ; WX 600 ; N Zcaron ; B 86 0 514 802 ;
C -1 ; WX 600 ; N greaterequal ; B 98 0 502 710 ;
C -1 ; WX 600 ; N Eth ; B 30 0 574 562 ;
C -1 ; WX 600 ; N Ccedilla ; B 41 -151 540 580 ;
C -1 ; WX 600 ; N lcommaaccent ; B 95 -250 505 629 ;
C -1 ; WX 600 ; N tcaron ; B 87 -15 530 717 ;
C -1 ; WX 600 ; N eogonek ; B 66 -172 548 441 ;
C -1 ; WX 600 ; N Uogonek ; B 17 -172 583 562 ;
C -1 ; WX 600 ; N Aacute ; B 3 0 597 805 ;
C -1 ; WX 600 ; N Adieresis ; B 3 0 597 753 ;
C -1 ; WX 600 ; N egrave ; B 66 -15 548 672 ;
C -1 ; WX 600 ; N zacute ; B 99 0 502 672 ;
C -1 ; WX 600 ; N iogonek ; B 95 -172 505 657 ;
C -1 ; WX 600 ; N Oacute ; B 43 -18 557 805 ;
C -1 ; WX 600 ; N oacute ; B 62 -15 538 672 ;
C -1 ; WX 600 ; N amacron ; B 53 -15 559 565 ;
C -1 ; WX 600 ; N sacute ; B 80 -15 513 672 ;
C -1 ; WX 600 ; N idieresis ; B 95 0 505 620 ;
C -1 ; WX 600 ; N Ocircumflex ; B 43 -18 557 787 ;
C -1 ; WX 600 ; N Ugrave ; B 17 -18 583 805 ;
C -1 ; WX 600 ; N Delta ; B 6 0 598 688 ;
C -1 ; WX 600 ; N thorn ; B -6 -157 555 629 ;
C -1 ; WX 600 ; N twosuperior ; B 177 249 424 622 ;
C -1 ; WX 600 ; N Odieresis ; B 43 -18 557 753 ;
C -1 ; WX 600 ; N mu ; B 21 -157 562 426 ;
C -1 ; WX 600 ; N igrave ; B 95 0 505 672 ;
C -1 ; WX 600 ; N ohungarumlaut ; B 62 -15 580 672 ;
C -1 ; WX 600 ; N Eogonek ; B 53 -172 561 562 ;
C -1 ; WX 600 ; N dcroat ; B 45 -15 591 629 ;
C -1 ; WX 600 ; N threequarters ; B 8 -56 593 666 ;
C -1 ; WX 600 ; N Scedilla ; B 72 -151 529 580 ;
C -1 ; WX 600 ; N lcaron ; B 95 0 533 629 ;
C -1 ; WX 600 ; N Kcommaaccent ; B 38 -250 582 562 ;
C -1 ; WX 600 ; N Lacute ; B 47 0 554 805 ;
C -1 ; WX 600 ; N trademark ; B -23 263 623 562 ;
C -1 ; WX 600 ; N edotaccent ; B 66 -15 548 620 ;
C -1 ; WX 600 ; N Igrave ; B 96 0 504 805 ;
C -1 ; WX 600 ; N Imacron ; B 96 0 504 698 ;
C -1 ; WX 600 ; N Lcaron ; B 47 0 554 562 ;
C -1 ; WX 600 ; N onehalf ; B 0 -57 611 665 ;
C -1 ; WX 600 ; N lessequal ; B 98 0 502 710 ;
C -1 ; WX 600 ; N ocircumflex ; B 62 -15 538 654 ;
C -1 ; WX 600 ; N ntilde ; B 26 0 575 606 ;
C -1 ; WX 600 ; N Uhungarumlaut ; B 17 -18 590 805 ;
C -1 ; WX 600 ; N Eacute ; B 53 0 550 805 ;
C -1 ; WX 600 ; N emacron ; B 66 -15 548 565 ;
C -1 ; WX 600 ; N gbreve ; B 45 -157 566 609 ;
C -1 ; WX 600 ; N onequarter ; B 0 -57 600 665 ;
C -1 ; WX 600 ; N Scaron ; B 72 -20 529 802 ;
C -1 ; WX 600 ; N Scommaaccent ; B 72 -250 529 580 ;
C -1 ; WX 600 ; N Ohungarumlaut ; B 43 -18 580 805 ;
C -1 ; WX 600 ; N degree ; B 123 269 477 622 ;
C -1 ; WX 600 ; N ograve ; B 62 -15 538 672 ;
C -1 ; WX 600 ; N Ccaron ; B 41 -18 540 802 ;
C -1 ; WX 600 ; N ugrave ; B 21 -15 562 672 ;
C -1 ; WX 600 ; N radical ; B 3 -15 597 792 ;
C -1 ; WX 600 ; N Dcaron ; B 43 0 574 802 ;
C -1 ; WX 600 ; N rcommaaccent ; B 60 -250 559 441 ;
C -1 ; WX 600 ; N Ntilde ; B 7 -13 593 729 ;
C -1 ; WX 600 ; N otilde ; B 62 -15 538 606 ;
C -1 ; WX 600 ; N Rcommaaccent ; B 38 -250 588 562 ;
C -1 ; WX 600 ; N Lcommaaccent ; B 47 -250 554 562 ;
C -1 ; WX 600 ; N Atilde ; B 3 0 597 729 ;
C -1 ; WX 600 ; N Aogonek ; B 3 -172 608 562 ;
C -1 ; WX 600 ; N Aring ; B 3 0 597 750 ;
C -1 ; WX 600 ; N Otilde ; B 43 -18 557 729 ;
C -1 ; WX 600 ; N zdotaccent ; B 99 0 502 620 ;
C -1 ; WX 600 ; N Ecaron ; B 53 0 550 802 ;
C -1 ; WX 600 ; N Iogonek ; B 96 -172 504 562 ;
C -1 ; WX 600 ; N kcommaaccent ; B 43 -250 580 629 ;
C -1 ; WX 600 ; N minus ; B 80 232 520 283 ;
C -1 ; WX 600 ; N Icircumflex ; B 96 0 504 787 ;
C -1 ; WX 600 ; N ncaron ; B 26 0 575 669 ;
C -1 ; WX 600 ; N tcommaaccent ; B 87 -250 530 561 ;
C -1 ; WX 600 ; N logicalnot ; B 87 108 513 369 ;
C -1 ; WX 600 ; N odieresis ; B 62 -15 538 620 ;
C -1 ; WX 600 ; N udieresis ; B 21 -15 562 620 ;
C -1 ; WX 600 ; N notequal ; B 15 -16 540 529 ;
C -1 ; WX 600 ; N gcommaaccent ; B 45 -157 566 708 ;
C -1 ; WX 600 ; N eth ; B 62 -15 538 629 ;
C -1 ; WX 600 ; N zcaron ; B 99 0 502 669 ;
C -1 ; WX 600 ; N ncommaaccent ; B 26 -250 575 441 ;
C -1 ; WX 600 ; N onesuperior ; B 172 249 428 622 ;
C -1 ; WX 600 ; N imacron ; B 95 0 505 565 ;
C -1 ; WX 600 ; N Euro ; B 0 0 0 0 ;
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C 32 ; WX 600 ; N space ; B 0 0 0 0 ;
C 33 ; WX 600 ; N exclam ; B 243 -15 464 572 ;
C 34 ; WX 600 ; N quotedbl ; B 273 328 532 562 ;
C 35 ; WX 600 ; N numbersign ; B 133 -32 596 639 ;
C 36 ; WX 600 ; N dollar ; B 108 -126 596 662 ;
C 37 ; WX 600 ; N percent ; B 134 -15 599 622 ;
C 38 ; WX 600 ; N ampersand ; B 87 -15 580 543 ;
C 39 ; WX 600 ; N quoteright ; B 283 328 495 562 ;
C 40 ; WX 600 ; N parenleft ; B 313 -108 572 622 ;
C 41 ; WX 600 ; N parenright ; B 137 -108 396 622 ;
C 42 ; WX 600 ; N asterisk ; B 212 257 580 607 ;
C 43 ; WX 600 ; N plus ; B 129 44 580 470 ;
C 44 ; WX 600 ; N comma ; B 157 -112 370 122 ;
C 45 ; WX 600 ; N hyphen ; B 152 231 558 285 ;
C 46 ; WX 600 ; N period ; B 238 -15 382 109 ;
C 47 ; WX 600 ; N slash ; B 112 -80 604 629 ;
C 48 ; WX 600 ; N zero ; B 154 -15 575 622 ;
C 49 ; WX 600 ; N one ; B 98 0 515 622 ;
C 50 ; WX 600 ; N two ; B 70 0 568 622 ;
C 51 ; WX 600 ; N three ; B 82 -15 538 622 ;
C 52 ; WX 600 ; N four ; B 108 0 541 622 ;
C 53 ; WX 600 ; N five ; B 99 -15 589 607 ;
C 54 ; WX 600 ; N six ; B 155 -15 629 622 ;
C 55 ; WX 600 ; N seven ; B 182 0 612 607 ;
C 56 ; WX 600 ; N eight ; B 132 -15 588 622 ;
C 57 ; WX 600 ; N nine ; B 93 -15 574 622 ;
C 58 ; WX 600 ; N colon ; B 238 -15 441 385 ;
C 59 ; WX 600 ; N semicolon ; B 157 -112 441 385 ;
C 60 ; WX 600 ; N less ; B 96 42 610 472 ;
C 61 ; WX 600 ; N equal ; B 109 138 600 376 ;
C 62 ; WX 600 ; N greater ; B 85 42 599 472 ;
C 63 ; WX 600 ; N question ; B 222 -15 583 572 ;
C 64 ; WX 600 ; N at ; B 127 -15 582 622 ;
C 65 ; WX 600 ; N A ; B 3 0 607 562 ;
C 66 ; WX 600 ; N B ; B 43 0 616 562 ;
C 67 ; WX 600 ; N C ; B 93 -18 655 580 ;
C 68 ; WX 600 ; N D ; B 43 0 645 562 ;
C 69 ; WX 600 ; N E ; B 53 0 660 562 ;
C 70 ; WX 600 ; N F ; B 53 0 660 562 ;
C 71 ; WX 600 ; N G ; B 83 -18 645 580 ;
C 72 ; WX 600 ; N H ; B 32 0 687 562 ;
C 73 ; WX 600 ; N I ; B 96 0 623 562 ;
C 74 ; WX 600 ; N J ; B 52 -18 685 562 ;
C 75 ; WX 600 ; N K ; B 38 0 671 562 ;
C 76 ; WX 600 ; N L ; B 47 0 607 562 ;
C 77 ; WX 600 ; N M ; B 4 0 715 562 ;
C 78 ; WX 600 ; N N ; B 7 -13 712 562 ;
C 79 ; WX 600 ; N O ; B 94 -18 625 580 ;
C 80 ; WX 600 ; N P ; B 79 0 644 562 ;
C 81 ; WX 600 ; N Q ; B 95 -138 625 580 ;
C 82 ; WX 600 ; N R ; B 38 0 598 562 ;
C 83 ; WX 600 ; N S ; B 76 -20 650 580 ;
C 84 ; WX 600 ; N T ; B 108 0 665 562 ;
C 85 ; WX 600 ; N U ; B 125 -18 702 562 ;
C 86 ; WX 600 ; N V ; B 105 -13 723 562 ;
C 87 ; WX 600 ; N W ; B 106 -13 722 562 ;
C 88 ; WX 600 ; N X ; B 23 0 675 562 ;
C 89 ; WX 600 ; N Y ; B 133 0 695 562 ;
C 90 ; WX 600 ; N Z ; B 86 0 610 562 ;
C 91 ; WX 600 ; N bracketleft ; B 246 -108 574 622 ;
C 92 ; WX 600 ; N backslash ; B 249 -80 468 629 ;
C 93 ; WX 600 ; N bracketright ; B 135 -108 463 622 ;
C 94 ; WX 600 ; N asciicircum ; B 175 354 587 622 ;
C 95 ; WX 600 ; N underscore ; B -27 -125 584 -75 ;
C 96 ; WX 600 ; N quoteleft ; B 343 328 457 562 ;
C 97 ; WX 600 ; N a ; B 76 -15 569 441 ;
C 98 ; WX 600 ; N b ; B 29 -15 625 629 ;
C 99 ; WX 600 ; N c ; B 106 -15 608 441 ;
C 100 ; WX 600 ; N d ; B 85 -15 640 629 ;
C 101 ; WX 600 ; N e ; B 106 -15 598 441 ;
C 102 ; WX 600 ; N f ; B 114 0 662 629 ; L i fi ; L l fl ;
C 103 ; WX 600 ; N g ; B 61 -157 657 441 ;
C 104 ; WX 600 ; N h ; B 33 0 592 629 ;
C 105 ; WX 600 ; N i ; B 95 0 515 657 ;
C 106 ; WX 600 ; N j ; B 52 -157 550 657 ;
C 107 ; WX 600 ; N k ; B 58 0 633 629 ;
C 108 ; WX 600 ; N l ; B 95 0 515 629 ;
C 109 ; WX 600 ; N m ; B -5 0 615 441 ;
C 110 ; WX 600 ; N n ; B 26 0 585 441 ;
C 111 ; WX 600 ; N o ; B 102 -15 588 441 ;
C 112 ; WX 600 ; N p ; B -24 -157 605 441 ;
C 113 ; WX 600 ; N q ; B 85 -157 682 441 ;
C 114 ; WX 600 ; N r ; B 60 0 636 441 ;
C 115 ; WX 600 ; N s ; B 78 -15 584 441 ;
C 116 ; WX 600 ; N t ; B 167 -15 561 561 ;
C 117 ; WX 600 ; N u ; B 101 -15 572 426 ;
C 118 ; WX 600 ; N v ; B 90 -10 681 426 ;
C 119 ; WX 600 ; N w ; B 76 -10 695 426 ;
C 120 ; WX 600 ; N x ; B 20 0 655 426 ;
C 121 ; WX 600 ; N y ; B -4 -157 683 426 ;
C 122 ; WX 600 ; N z ; B 99 0 593 426 ;
C 123 ; WX 600 ; N braceleft ; B 233 -108 569 622 ;
C 124 ; WX 600 ; N bar ; B 222 -250 485 750 ;
C 125 ; WX 600 ; N braceright ; B 140 -108 477 622 ;
C 126 ; WX 600 ; N asciitilde ; B 116 197 600 320 ;
C 161 ; WX 600 ; N exclamdown ; B 225 -157 445 430 ;
C 162 ; WX 600 ; N cent ; B 151 -49 588 614 ;
C 163 ; WX 600 ; N sterling ; B 124 -21 621 611 ;
C 164 ; WX 600 ; N fraction ; B 84 -57 646 665 ;
C 165 ; WX 600 ; N yen ; B 120 0 693 562 ;
C 166 ; WX 600 ; N florin ; B -26 -143 671 622 ;
C 167 ; WX 600 ; N section ; B 104 -78 590 580 ;
C 168 ; WX 600 ; N currency ; B 94 58 628 506 ;
C 169 ; WX 600 ; N quotesingle ; B 345 328 460 562 ;
C 170 ; WX 600 ; N quotedblleft ; B 262 328 541 562 ;
C 171 ; WX 600 ; N guillemotleft ; B 92 70 652 446 ;
C 172 ; WX 600 ; N guilsinglleft ; B 204 70 540 446 ;
C 173 ; WX 600 ; N guilsinglright ; B 170 70 506 446 ;
C 174 ; WX 600 ; N fi ; B 3 0 619 629 ;
C 175 ; WX 600 ; N fl ; B 3 0 619 629 ;
C 177 ; WX 600 ; N endash ; B 124 231 586 285 ;
C 178 ; WX 600 ; N dagger ; B 217 -78 546 580 ;
C 179 ; WX 600 ; N daggerdbl ; B 163 -78 546 580 ;
C 180 ; WX 600 ; N periodcentered ; B 275 189 434 327 ;
C 182 ; WX 600 ; N paragraph ; B 100 -78 630 562 ;
C 183 ; WX 600 ; N bullet ; B 224 130 485 383 ;
C 184 ; WX 600 ; N quotesinglbase ; B 185 -134 397 100 ;
C 185 ; WX 600 ; N quotedblbase ; B 115 -134 478 100 ;
C 186 ; WX 600 ; N quotedblright ; B 213 328 576 562 ;
C 187 ; WX 600 ; N guillemotright ; B 58 70 618 446 ;
C 188 ; WX 600 ; N ellipsis ; B 46 -15 575 111 ;
C 189 ; WX 600 ; N perthousand ; B 59 -15 627 622 ;
C 191 ; WX 600 ; N questiondown ; B 105 -157 466 430 ;
C 193 ; WX 600 ; N grave ; B 294 497 484 672 ;
C 194 ; WX 600 ; N acute ; B 348 497 612 672 ;
C 195 ; WX 600 ; N circumflex ; B 229 477 581 654 ;
C 196 ; WX 600 ; N tilde ; B 212 489 629 606 ;
C 197 ; WX 600 ; N macron ; B 232 525 600 565 ;
C 198 ; WX 600 ; N breve ; B 279 501 576 609 ;
C 199 ; WX 600 ; N dotaccent ; B 373 537 478 640 ;
C 200 ; WX 600 ; N dieresis ; B 272 537 579 640 ;
C 202 ; WX 600 ; N ring ; B 332 463 500 627 ;
C 203 ; WX 600 ; N cedilla ; B 197 -151 344 10 ;
C 205 ; WX 600 ; N hungarumlaut ; B 239 497 683 672 ;
C 206 ; WX 600 ; N ogonek ; B 189 -172 377 4 ;
C 207 ; WX 600 ; N caron ; B 262 492 614 669 ;
C 208 ; WX 600 ; N emdash ; B 49 231 661 285 ;
C 225 ; WX 600 ; N AE ; B 3 0 655 562 ;
C 227 ; WX 600 ; N ordfeminine ; B 209 249 512 580 ;
C 232 ; WX 600 ; N Lslash ; B 47 0 607 562 ;
C 233 ; WX 600 ; N Oslash ; B 94 -80 625 629 ;
C 234 ; WX 600 ; N OE ; B 59 0 672 562 ;
C 235 ; WX 600 ; N ordmasculine ; B 210 249 535 580 ;
C 241 ; WX 600 ; N ae ; B 41 -15 626 441 ;
C 245 ; WX 600 ; N dotlessi ; B 95 0 515 426 ;
C 248 ; WX 600 ; N lslash ; B 95 0 587 629 ;
C 249 ; WX 600 ; N oslash ; B 102 -80 588 506 ;
C 250 ; WX 600 ; N oe ; B 54 -15 615 441 ;
C 251 ; WX 600 ; N germandbls ; B 48 -15 617 629 ;
C -1 ; WX 600 ; N Idieresis ; B 96 0 623 753 ;
C -1 ; WX 600 ; N eacute ; B 106 -15 612 672 ;
C -1 ; WX 600 ; N abreve ; B 76 -15 576 609 ;
C -1 ; WX 600 ; N uhungarumlaut ; B 101 -15 723 672 ;
C -1 ; WX 600 ; N ecaron ; B 106 -15 614 669 ;
C -1 ; WX 600 ; N Ydieresis ; B 133 0 695 753 ;
C -1 ; WX 600 ; N divide ; B 136 48 573 467 ;
C -1 ; WX 600 ; N Yacute ; B 133 0 695 805 ;
C -1 ; WX 600 ; N Acircumflex ; B 3 0 607 787 ;
C -1 ; WX 600 ; N aacute ; B 76 -15 612 672 ;
C -1 ; WX 600 ; N Ucircumflex ; B 125 -18 702 787 ;
C -1 ; WX 600 ; N yacute ; B -4 -157 683 672 ;
C -1 ; WX 600 ; N scommaaccent ; B 78 -250 584 441 ;
C -1 ; WX 600 ; N ecircumflex ; B 106 -15 598 654 ;
C -1 ; WX 600 ; N Uring ; B 125 -18 702 760 ;
C -1 ; WX 600 ; N Udieresis ; B 125 -18 702 753 ;
C -1 ; WX 600 ; N aogonek ; B 76 -172 569 441 ;
C -1 ; WX 600 ; N Uacute ; B 125 -18 702 805 ;
C -1 ; WX 600 ; N uogonek ; B 101 -172 572 426 ;
C -1 ; WX 600 ; N Edieresis ; B 53 0 660 753 ;
C -1 ; WX 600 ; N Dcroat ; B 43 0 645 562 ;
C -1 ; WX 600 ; N commaaccent ; B 145 -250 323 -58 ;
C -1 ; WX 600 ; N copyright ; B 53 -18 667 580 ;
C -1 ; WX 600 ; N Emacron ; B 53 0 660 698 ;
C -1 ; WX 600 ; N ccaron ; B 106 -15 614 669 ;
C -1 ; WX 600 ; N aring ; B 76 -15 569 627 ;
C -1 ; WX 600 ; N Ncommaaccent ; B 7 -250 712 562 ;
C -1 ; WX 600 ; N lacute ; B 95 0 640 805 ;
C -1 ; WX 600 ; N agrave ; B 76 -15 569 672 ;
C -1 ; WX 600 ; N Tcommaaccent ; B 108 -250 665 562 ;
C -1 ; WX 600 ; N Cacute ; B 93 -18 655 805 ;
C -1 ; WX 600 ; N atilde ; B 76 -15 629 606 ;
C -1 ; WX 600 ; N Edotaccent ; B 53 0 660 753 ;
C -1 ; WX 600 ; N scaron ; B 78 -15 614 669 ;
C -1 ; WX 600 ; N scedilla ; B 78 -151 584 441 ;
C -1 ; WX 600 ; N iacute ; B 95 0 612 672 ;
C -1 ; WX 600 ; N lozenge ; B 94 0 519 706 ;
C -1 ; WX 600 ; N Rcaron ; B 38 0 642 802 ;
C -1 ; WX 600 ; N Gcommaaccent ; B 83 -250 645 580 ;
C -1 ; WX 600 ; N ucircumflex ; B 101 -15 572 654 ;
C -1 ; WX 600 ; N acircumflex ; B 76 -15 581 654 ;
C -1 ; WX 600 ; N Amacron ; B 3 0 607 698 ;
C -1 ; WX 600 ; N rcaron ; B 60 0 636 669 ;
C -1 ; WX 600 ; N ccedilla ; B 106 -151 614 441 ;
C -1 ; WX 600 ; N Zdotaccent ; B 86 0 610 753 ;
C -1 ; WX 600 ; N Thorn ; B 79 0 606 562 ;
C -1 ; WX 600 ; N Omacron ; B 94 -18 628 698 ;
C -1 ; WX 600 ; N Racute ; B 38 0 670 805 ;
C -1 ; WX 600 ; N Sacute ; B 76 -20 650 805 ;
C -1 ; WX 600 ; N dcaron ; B 85 -15 849 629 ;
C -1 ; WX 600 ; N Umacron ; B 125 -18 702 698 ;
C -1 ; WX 600 ; N uring ; B 101 -15 572 627 ;
C -1 ; WX 600 ; N threesuperior ; B 213 240 501 622 ;
C -1 ; WX 600 ; N Ograve ; B 94 -18 625 805 ;
C -1 ; WX 600 ; N Agrave ; B 3 0 607 805 ;
C -1 ; WX 600 ; N Abreve ; B 3 0 607 732 ;
C -1 ; WX 600 ; N multiply ; B 103 43 607 470 ;
C -1 ; WX 600 ; N uacute ; B 101 -15 602 672 ;
C -1 ; WX 600 ; N Tcaron ; B 108 0 665 802 ;
C -1 ; WX 600 ; N partialdiff ; B 45 -38 546 710 ;
C -1 ; WX 600 ; N ydieresis ; B -4 -157 683 620 ;
C -1 ; WX 600 ; N Nacute ; B 7 -13 712 805 ;
C -1 ; WX 600 ; N icircumflex ; B 95 0 551 654 ;
C -1 ; WX 600 ; N Ecircumflex ; B 53 0 660 787 ;
C -1 ; WX 600 ; N adieresis ; B 76 -15 575 620 ;
C -1 ; WX 600 ; N edieresis ; B 106 -15 598 620 ;
C -1 ; WX 600 ; N cacute ; B 106 -15 612 672 ;
C -1 ; WX 600 ; N nacute ; B 26 0 602 672 ;
C -1 ; WX 600 ; N umacron ; B 101 -15 600 565 ;
C -1 ; WX 600 ; N Ncaron ; B 7 -13 712 802 ;
C -1 ; WX 600 ; N Iacute ; B 96 0 640 805 ;
C -1 ; WX 600 ; N plusminus ; B 96 44 594 558 ;
C -1 ; WX 600 ; N brokenbar ; B 238 -175 469 675 ;
C -1 ; WX 600 ; N registered ; B 53 -18 667 580 ;
C -1 ; WX 600 ; N Gbreve ; B 83 -18 645 732 ;
C -1 ; WX 600 ; N Idotaccent ; B 96 0 623 753 ;
C -1 ; WX 600 ; N summation ; B 15 -10 670 706 ;
C -1 ; WX 600 ; N Egrave ; B 53 0 660 805 ;
C -1 ; WX 600 ; N racute ; B 60 0 636 672 ;
C -1 ; WX 600 ; N omacron ; B 102 -15 600 565 ;
C -1 ; WX 600 ; N Zacute ; B 86 0 670 805 ;
C -1 ; WX 600 ; N Zcaron ; B 86 0 642 802 ;
C -1 ; WX 600 ; N greaterequal ; B 98 0 594 710 ;
C -1 ; WX 600 ; N Eth ; B 43 0 645 562 ;
C -1 ; WX 600 ; N Ccedilla ; B 93 -151 658 580 ;
C -1 ; WX 600 ; N lcommaaccent ; B 95 -250 515 629 ;
C -1 ; WX 600 ; N tcaron ; B 167 -15 587 717 ;
C -1 ; WX 600 ; N eogonek ; B 106 -172 598 441 ;
C -1 ; WX 600 ; N Uogonek ; B 124 -172 702 562 ;
C -1 ; WX 600 ; N Aacute ; B 3 0 660 805 ;
C -1 ; WX 600 ; N Adieresis ; B 3 0 607 753 ;
C -1 ; WX 600 ; N egrave ; B 106 -15 598 672 ;
C -1 ; WX 600 ; N zacute ; B 99 0 612 672 ;
C -1 ; WX 600 ; N iogonek ; B 95 -172 515 657 ;
C -1 ; WX 600 ; N Oacute ; B 94 -18 640 805 ;
C -1 ; WX 600 ; N oacute ; B 102 -15 612 672 ;
C -1 ; WX 600 ; N amacron ; B 76 -15 600 565 ;
C -1 ; WX 600 ; N sacute ; B 78 -15 612 672 ;
C -1 ; WX 600 ; N idieresis ; B 95 0 545 620 ;
C -1 ; WX 600 ; N Ocircumflex ; B 94 -18 625 787 ;
C -1 ; WX 600 ; N Ugrave ; B 125 -18 702 805 ;
C -1 ; WX 600 ; N Delta ; B 6 0 598 688 ;
C -1 ; WX 600 ; N thorn ; B -24 -157 605 629 ;
C -1 ; WX 600 ; N twosuperior ; B 230 249 535 622 ;
C -1 ; WX 600 ; N Odieresis ; B 94 -18 625 753 ;
C -1 ; WX 600 ; N mu ; B 72 -157 572 426 ;
C -1 ; WX 600 ; N igrave ; B 95 0 515 672 ;
C -1 ; WX 600 ; N ohungarumlaut ; B 102 -15 723 672 ;
C -1 ; WX 600 ; N Eogonek ; B 53 -172 660 562 ;
C -1 ; WX 600 ; N dcroat ; B 85 -15 704 629 ;
C -1 ; WX 600 ; N threequarters ; B 73 -56 659 666 ;
C -1 ; WX 600 ; N Scedilla ; B 76 -151 650 580 ;
C -1 ; WX 600 ; N lcaron ; B 95 0 667 629 ;
C -1 ; WX 600 ; N Kcommaaccent ; B 38 -250 671 562 ;
C -1 ; WX 600 ; N Lacute ; B 47 0 607 805 ;
C -1 ; WX 600 ; N trademark ; B 75 263 742 562 ;
C -1 ; WX 600 ; N edotaccent ; B 106 -15 598 620 ;
C -1 ; WX 600 ; N Igrave ; B 96 0 623 805 ;
C -1 ; WX 600 ; N Imacron ; B 96 0 628 698 ;
C -1 ; WX 600 ; N Lcaron ; B 47 0 632 562 ;
C -1 ; WX 600 ; N onehalf ; B 65 -57 669 665 ;
C -1 ; WX 600 ; N lessequal ; B 98 0 645 710 ;
C -1 ; WX 600 ; N ocircumflex ; B 102 -15 588 654 ;
C -1 ; WX 600 ; N ntilde ; B 26 0 629 606 ;
C -1 ; WX 600 ; N Uhungarumlaut ; B 125 -18 761 805 ;
C -1 ; WX 600 ; N Eacute ; B 53 0 670 805 ;
C -1 ; WX 600 ; N emacron ; B 106 -15 600 565 ;
C -1 ; WX 600 ; N gbreve ; B 61 -157 657 609 ;
C -1 ; WX 600 ; N onequarter ; B 65 -57 674 665 ;
C -1 ; WX 600 ; N Scaron ; B 76 -20 672 802 ;
C -1 ; WX 600 ; N Scommaaccent ; B 76 -250 650 580 ;
C -1 ; WX 600 ; N Ohungarumlaut ; B 94 -18 751 805 ;
C -1 ; WX 600 ; N degree ; B 214 269 576 622 ;
C -1 ; WX 600 ; N ograve ; B 102 -15 588 672 ;
C -1 ; WX 600 ; N Ccaron ; B 93 -18 672 802 ;
C -1 ; WX 600 ; N ugrave ; B 101 -15 572 672 ;
C -1 ; WX 600 ; N radical ; B 85 -15 765 792 ;
C -1 ; WX 600 ; N Dcaron ; B 43 0 645 802 ;
C -1 ; WX 600 ; N rcommaaccent ; B 60 -250 636 441 ;
C -1 ; WX 600 ; N Ntilde ; B 7 -13 712 729 ;
C -1 ; WX 600 ; N otilde ; B 102 -15 629 606 ;
C -1 ; WX 600 ; N Rcommaaccent ; B 38 -250 598 562 ;
C -1 ; WX 600 ; N Lcommaaccent ; B 47 -250 607 562 ;
C -1 ; WX 600 ; N Atilde ; B 3 0 655 729 ;
C -1 ; WX 600 ; N Aogonek ; B 3 -172 607 562 ;
C -1 ; WX 600 ; N Aring ; B 3 0 607 750 ;
C -1 ; WX 600 ; N Otilde ; B 94 -18 655 729 ;
C -1 ; WX 600 ; N zdotaccent ; B 99 0 593 620 ;
C -1 ; WX 600 ; N Ecaron ; B 53 0 660 802 ;
C -1 ; WX 600 ; N Iogonek ; B 96 -172 623 562 ;
C -1 ; WX 600 ; N kcommaaccent ; B 58 -250 633 629 ;
C -1 ; WX 600 ; N minus ; B 129 232 580 283 ;
C -1 ; WX 600 ; N Icircumflex ; B 96 0 623 787 ;
C -1 ; WX 600 ; N ncaron ; B 26 0 614 669 ;
C -1 ; WX 600 ; N tcommaaccent ; B 165 -250 561 561 ;
C -1 ; WX 600 ; N logicalnot ; B 155 108 591 369 ;
C -1 ; WX 600 ; N odieresis ; B 102 -15 588 620 ;
C -1 ; WX 600 ; N udieresis ; B 101 -15 575 620 ;
C -1 ; WX 600 ; N notequal ; B 43 -16 621 529 ;
C -1 ; WX 600 ; N gcommaaccent ; B 61 -157 657 708 ;
C -1 ; WX 600 ; N eth ; B 102 -15 639 629 ;
C -1 ; WX 600 ; N zcaron ; B 99 0 624 669 ;
C -1 ; WX 600 ; N ncommaaccent ; B 26 -250 585 441 ;
C -1 ; WX 600 ; N onesuperior ; B 231 249 491 622 ;
C -1 ; WX 600 ; N imacron ; B 95 0 543 565 ;
C -1 ; WX 600 ; N Euro ; B 0 0 0 0 ;
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C 32 ; WX 600 ; N space ; B 0 0 0 0 ;
C 33 ; WX 600 ; N exclam ; B 202 -15 398 572 ;
C 34 ; WX 600 ; N quotedbl ; B 135 277 465 562 ;
C 35 ; WX 600 ; N numbersign ; B 56 -45 544 651 ;
C 36 ; WX 600 ; N dollar ; B 82 -126 519 666 ;
C 37 ; WX 600 ; N percent ; B 5 -15 595 616 ;
C 38 ; WX 600 ; N ampersand ; B 36 -15 546 543 ;
C 39 ; WX 600 ; N quoteright ; B 171 277 423 562 ;
C 40 ; WX 600 ; N parenleft ; B 219 -102 461 616 ;
C 41 ; WX 600 ; N parenright ; B 139 -102 381 616 ;
C 42 ; WX 600 ; N asterisk ; B 91 219 509 601 ;
C 43 ; WX 600 ; N plus ; B 71 39 529 478 ;
C 44 ; WX 600 ; N comma ; B 123 -111 393 174 ;
C 45 ; WX 600 ; N hyphen ; B 100 203 500 313 ;
C 46 ; WX 600 ; N period ; B 192 -15 408 171 ;
C 47 ; WX 600 ; N slash ; B 98 -77 502 626 ;
C 48 ; WX 600 ; N zero ; B 87 -15 513 616 ;
C 49 ; WX 600 ; N one ; B 81 0 539 616 ;
C 50 ; WX 600 ; N two ; B 61 0 499 616 ;
C 51 ; WX 600 ; N three ; B 63 -15 501 616 ;
C 52 ; WX 600 ; N four ; B 53 0 507 616 ;
C 53 ; WX 600 ; N five ; B 70 -15 521 601 ;
C 54 ; WX 600 ; N six ; B 90 -15 521 616 ;
C 55 ; WX 600 ; N seven ; B 55 0 494 601 ;
C 56 ; WX 600 ; N eight ; B 83 -15 517 616 ;
C 57 ; WX 600 ; N nine ; B 79 -15 510 616 ;
C 58 ; WX 600 ; N colon ; B 191 -15 407 425 ;
C 59 ; WX 600 ; N semicolon ; B 123 -111 408 425 ;
C 60 ; WX 600 ; N less ; B 66 15 523 501 ;
C 61 ; WX 600 ; N equal ; B 71 118 529 398 ;
C 62 ; WX 600 ; N greater ; B 77 15 534 501 ;
C 63 ; WX 600 ; N question ; B 98 -14 501 580 ;
C 64 ; WX 600 ; N at ; B 16 -15 584 616 ;
C 65 ; WX 600 ; N A ; B -9 0 609 562 ;
C 66 ; WX 600 ; N B ; B 30 0 573 562 ;
C 67 ; WX 600 ; N C ; B 22 -18 560 580 ;
C 68 ; WX 600 ; N D ; B 30 0 594 562 ;
C 69 ; WX 600 ; N E ; B 25 0 560 562 ;
C 70 ; WX 600 ; N F ; B 39 0 570 562 ;
C 71 ; WX 600 ; N G ; B 22 -18 594 580 ;
C 72 ; WX 600 ; N H ; B 20 0 580 562 ;
C 73 ; WX 600 ; N I ; B 77 0 523 562 ;
C 74 ; WX 600 ; N J ; B 37 -18 601 562 ;
C 75 ; WX 600 ; N K ; B 21 0 599 562 ;
C 76 ; WX 600 ; N L ; B 39 0 578 562 ;
C 77 ; WX 600 ; N M ; B -2 0 602 562 ;
C 78 ; WX 600 ; N N ; B 8 -12 610 562 ;
C 79 ; WX 600 ; N O ; B 22 -18 578 580 ;
C 80 ; WX 600 ; N P ; B 48 0 559 562 ;
C 81 ; WX 600 ; N Q ; B 32 -138 578 580 ;
C 82 ; WX 600 ; N R ; B 24 0 599 562 ;
C 83 ; WX 600 ; N S ; B 47 -22 553 582 ;
C 84 ; WX 600 ; N T ; B 21 0 579 562 ;
C 85 ; WX 600 ; N U ; B 4 -18 596 562 ;
C 86 ; WX 600 ; N V ; B -13 0 613 562 ;
C 87 ; WX 600 ; N W ; B -18 0 618 562 ;
C 88 ; WX 600 ; N X ; B 12 0 588 562 ;
C 89 ; WX 600 ; N Y ; B 12 0 589 562 ;
C 90 ; WX 600 ; N Z ; B 62 0 539 562 ;
C 91 ; WX 600 ; N bracketleft ; B 245 -102 475 616 ;
C 92 ; WX 600 ; N backslash ; B 99 -77 503 626 ;
C 93 ; WX 600 ; N bracketright ; B 125 -102 355 616 ;
C 94 ; WX 600 ; N asciicircum ; B 108 250 492 616 ;
C 95 ; WX 600 ; N underscore ; B 0 -125 600 -75 ;
C 96 ; WX 600 ; N quoteleft ; B 178 277 428 562 ;
C 97 ; WX 600 ; N a ; B 35 -15 570 454 ;
C 98 ; WX 600 ; N b ; B 0 -15 584 626 ;
C 99 ; WX 600 ; N c ; B 40 -15 545 459 ;
C 100 ; WX 600 ; N d ; B 20 -15 591 626 ;
C 101 ; WX 600 ; N e ; B 40 -15 563 454 ;
C 102 ; WX 600 ; N f ; B 83 0 547 626 ; L i fi ; L l fl ;
C 103 ; WX 600 ; N g ; B 30 -146 580 454 ;
C 104 ; WX 600 ; N h ; B 5 0 592 626 ;
C 105 ; WX 600 ; N i ; B 77 0 523 658 ;
C 106 ; WX 600 ; N j ; B 63 -146 440 658 ;
C 107 ; WX 600 ; N k ; B 20 0 585 626 ;
C 108 ; WX 600 ; N l ; B 77 0 523 626 ;
C 109 ; WX 600 ; N m ; B -22 0 626 454 ;
C 110 ; WX 600 ; N n ; B 18 0 592 454 ;
C 111 ; WX 600 ; N o ; B 30 -15 570 454 ;
C 112 ; WX 600 ; N p ; B -1 -142 570 454 ;
C 113 ; WX 600 ; N q ; B 20 -142 591 454 ;
C 114 ; WX 600 ; N r ; B 47 0 580 454 ;
C 115 ; WX 600 ; N s ; B 68 -17 535 459 ;
C 116 ; WX 600 ; N t ; B 47 -15 532 562 ;
C 117 ; WX 600 ; N u ; B -1 -15 569 439 ;
C 118 ; WX 600 ; N v ; B -1 0 601 439 ;
C 119 ; WX 600 ; N w ; B -18 0 618 439 ;
C 120 ; WX 600 ; N x ; B 6 0 594 439 ;
C 121 ; WX 600 ; N y ; B -4 -142 601 439 ;
C 122 ; WX 600 ; N z ; B 81 0 520 439 ;
C 123 ; WX 600 ; N braceleft ; B 160 -102 464 616 ;
C 124 ; WX 600 ; N bar ; B 255 -250 345 750 ;
C 125 ; WX 600 ; N braceright ; B 136 -102 440 616 ;
C 126 ; WX 600 ; N asciitilde ; B 71 153 530 356 ;
C 161 ; WX 600 ; N exclamdown ; B 202 -146 398 449 ;
C 162 ; WX 600 ; N cent ; B 66 -49 518 614 ;
C 163 ; WX 600 ; N sterling ; B 72 -28 558 611 ;
C 164 ; WX 600 ; N fraction ; B 25 -60 576 661 ;
C 165 ; WX 600 ; N yen ; B 10 0 590 562 ;
C 166 ; WX 600 ; N florin ; B -30 -131 572 616 ;
C 167 ; WX 600 ; N section ; B 83 -70 517 580 ;
C 168 ; WX 600 ; N currency ; B 54 49 546 517 ;
C 169 ; WX 600 ; N quotesingle ; B 227 277 373 562 ;
C 170 ; WX 600 ; N quotedblleft ; B 71 277 535 562 ;
C 171 ; WX 600 ; N guillemotleft ; B 8 70 553 446 ;
C 172 ; WX 600 ; N guilsinglleft ; B 141 70 459 446 ;
C 173 ; WX 600 ; N guilsinglright ; B 141 70 459 446 ;
C 174 ; WX 600 ; N fi ; B 12 0 593 626 ;
C 175 ; WX 600 ; N fl ; B 12 0 593 626 ;
C 177 ; WX 600 ; N endash ; B 65 203 535 313 ;
C 178 ; WX 600 ; N dagger ; B 106 -70 494 580 ;
C 179 ; WX 600 ; N daggerdbl ; B 106 -70 494 580 ;
C 180 ; WX 600 ; N periodcentered ; B 196 165 404 351 ;
C 182 ; WX 600 ; N paragraph ; B 6 -70 576 580 ;
C 183 ; WX 600 ; N bullet ; B 140 132 460 430 ;
C 184 ; WX 600 ; N quotesinglbase ; B 175 -142 427 143 ;
C 185 ; WX 600 ; N quotedblbase ; B 65 -142 529 143 ;
C 186 ; WX 600 ; N quotedblright ; B 61 277 525 562 ;
C 187 ; WX 600 ; N guillemotright ; B 47 70 592 446 ;
C 188 ; WX 600 ; N ellipsis ; B 26 -15 574 116 ;
C 189 ; WX 600 ; N perthousand ; B -113 -15 713 616 ;
C 191 ; WX 600 ; N questiondown ; B 99 -146 502 449 ;
C 193 ; WX 600 ; N grave ; B 132 508 395 661 ;
C 194 ; WX 600 ; N acute ; B 205 508 468 661 ;
C 195 ; WX 600 ; N circumflex ; B 103 483 497 657 ;
C 196 ; WX 600 ; N tilde ; B 89 493 512 636 ;
C 197 ; WX 600 ; N macron ; B 88 505 512 585 ;
C 198 ; WX 600 ; N breve ; B 83 468 517 631 ;
C 199 ; WX 600 ; N dotaccent ; B 230 498 370 638 ;
C 200 ; WX 600 ; N dieresis ; B 128 498 472 638 ;
C 202 ; WX 600 ; N ring ; B 198 481 402 678 ;
C 203 ; WX 600 ; N cedilla ; B 205 -206 387 0 ;
C 205 ; WX 600 ; N hungarumlaut ; B 68 488 588 661 ;
C 206 ; WX 600 ; N ogonek ; B 169 -199 400 0 ;
C 207 ; WX 600 ; N caron ; B 103 493 497 667 ;
C 208 ; WX 600 ; N emdash ; B -10 203 610 313 ;
C 225 ; WX 600 ; N AE ; B -29 0 602 562 ;
C 227 ; WX 600 ; N ordfeminine ; B 147 196 453 580 ;
C 232 ; WX 600 ; N Lslash ; B 39 0 578 562 ;
C 233 ; WX 600 ; N Oslash ; B 22 -22 578 584 ;
C 234 ; WX 600 ; N OE ; B -25 0 595 562 ;
C 235 ; WX 600 ; N ordmasculine ; B 147 196 453 580 ;
C 241 ; WX 600 ; N ae ; B -4 -15 601 454 ;
C 245 ; WX 600 ; N dotlessi ; B 77 0 523 439 ;
C 248 ; WX 600 ; N lslash ; B 77 0 523 626 ;
C 249 ; WX 600 ; N oslash ; B 30 -24 570 463 ;
C 250 ; WX 600 ; N oe ; B -18 -15 611 454 ;
C 251 ; WX 600 ; N germandbls ; B 22 -15 596 626 ;
C -1 ; WX 600 ; N Idieresis ; B 77 0 523 761 ;
C -1 ; WX 600 ; N eacute ; B 40 -15 563 661 ;
C -1 ; WX 600 ; N abreve ; B 35 -15 570 661 ;
C -1 ; WX 600 ; N uhungarumlaut ; B -1 -15 628 661 ;
C -1 ; WX 600 ; N ecaron ; B 40 -15 563 667 ;
C -1 ; WX 600 ; N Ydieresis ; B 12 0 589 761 ;
C -1 ; WX 600 ; N divide ; B 71 16 529 500 ;
C -1 ; WX 600 ; N Yacute ; B 12 0 589 784 ;
C -1 ; WX 600 ; N Acircumflex ; B -9 0 609 780 ;
C -1 ; WX 600 ; N aacute ; B 35 -15 570 661 ;
C -1 ; WX 600 ; N Ucircumflex ; B 4 -18 596 780 ;
C -1 ; WX 600 ; N yacute ; B -4 -142 601 661 ;
C -1 ; WX 600 ; N scommaaccent ; B 68 -250 535 459 ;
C -1 ; WX 600 ; N ecircumflex ; B 40 -15 563 657 ;
C -1 ; WX 600 ; N Uring ; B 4 -18 596 801 ;
C -1 ; WX 600 ; N Udieresis ; B 4 -18 596 761 ;
C -1 ; WX 600 ; N aogonek ; B 35 -199 586 454 ;
C -1 ; WX 600 ; N Uacute ; B 4 -18 596 784 ;
C -1 ; WX 600 ; N uogonek ; B -1 -199 585 439 ;
C -1 ; WX 600 ; N Edieresis ; B 25 0 560 761 ;
C -1 ; WX 600 ; N Dcroat ; B 30 0 594 562 ;
C -1 ; WX 600 ; N commaaccent ; B 205 -250 397 -57 ;
C -1 ; WX 600 ; N copyright ; B 0 -18 600 580 ;
C -1 ; WX 600 ; N Emacron ; B 25 0 560 708 ;
C -1 ; WX 600 ; N ccaron ; B 40 -15 545 667 ;
C -1 ; WX 600 ; N aring ; B 35 -15 570 678 ;
C -1 ; WX 600 ; N Ncommaaccent ; B 8 -250 610 562 ;
C -1 ; WX 600 ; N lacute ; B 77 0 523 801 ;
C -1 ; WX 600 ; N agrave ; B 35 -15 570 661 ;
C -1 ; WX 600 ; N Tcommaaccent ; B 21 -250 579 562 ;
C -1 ; WX 600 ; N Cacute ; B 22 -18 560 784 ;
C -1 ; WX 600 ; N atilde ; B 35 -15 570 636 ;
C -1 ; WX 600 ; N Edotaccent ; B 25 0 560 761 ;
C -1 ; WX 600 ; N scaron ; B 68 -17 535 667 ;
C -1 ; WX 600 ; N scedilla ; B 68 -206 535 459 ;
C -1 ; WX 600 ; N iacute ; B 77 0 523 661 ;
C -1 ; WX 600 ; N lozenge ; B 66 0 534 740 ;
C -1 ; WX 600 ; N Rcaron ; B 24 0 599 790 ;
C -1 ; WX 600 ; N Gcommaaccent ; B 22 -250 594 580 ;
C -1 ; WX 600 ; N ucircumflex ; B -1 -15 569 657 ;
C -1 ; WX 600 ; N acircumflex ; B 35 -15 570 657 ;
C -1 ; WX 600 ; N Amacron ; B -9 0 609 708 ;
C -1 ; WX 600 ; N rcaron ; B 47 0 580 667 ;
C -1 ; WX 600 ; N ccedilla ; B 40 -206 545 459 ;
C -1 ; WX 600 ; N Zdotaccent ; B 62 0 539 761 ;
C -1 ; WX 600 ; N Thorn ; B 48 0 557 562 ;
C -1 ; WX 600 ; N Omacron ; B 22 -18 578 708 ;
C -1 ; WX 600 ; N Racute ; B 24 0 599 784 ;
C -1 ; WX 600 ; N Sacute ; B 47 -22 553 784 ;
C -1 ; WX 600 ; N dcaron ; B 20 -15 727 626 ;
C -1 ; WX 600 ; N Umacron ; B 4 -18 596 708 ;
C -1 ; WX 600 ; N uring ; B -1 -15 569 678 ;
C -1 ; WX 600 ; N threesuperior ; B 138 222 433 616 ;
C -1 ; WX 600 ; N Ograve ; B 22 -18 578 784 ;
C -1 ; WX 600 ; N Agrave ; B -9 0 609 784 ;
C -1 ; WX 600 ; N Abreve ; B -9 0 609 784 ;
C -1 ; WX 600 ; N multiply ; B 81 39 520 478 ;
C -1 ; WX 600 ; N uacute ; B -1 -15 569 661 ;
C -1 ; WX 600 ; N Tcaron ; B 21 0 579 790 ;
C -1 ; WX 600 ; N partialdiff ; B 63 -38 537 728 ;
C -1 ; WX 600 ; N ydieresis ; B -4 -142 601 638 ;
C -1 ; WX 600 ; N Nacute ; B 8 -12 610 784 ;
C -1 ; WX 600 ; N icircumflex ; B 73 0 523 657 ;
C -1 ; WX 600 ; N Ecircumflex ; B 25 0 560 780 ;
C -1 ; WX 600 ; N adieresis ; B 35 -15 570 638 ;
C -1 ; WX 600 ; N edieresis ; B 40 -15 563 638 ;
C -1 ; WX 600 ; N cacute ; B 40 -15 545 661 ;
C -1 ; WX 600 ; N nacute ; B 18 0 592 661 ;
C -1 ; WX 600 ; N umacron ; B -1 -15 569 585 ;
C -1 ; WX 600 ; N Ncaron ; B 8 -12 610 790 ;
C -1 ; WX 600 ; N Iacute ; B 77 0 523 784 ;
C -1 ; WX 600 ; N plusminus ; B 71 24 529 515 ;
C -1 ; WX 600 ; N brokenbar ; B 255 -175 345 675 ;
C -1 ; WX 600 ; N registered ; B 0 -18 600 580 ;
C -1 ; WX 600 ; N Gbreve ; B 22 -18 594 784 ;
C -1 ; WX 600 ; N Idotaccent ; B 77 0 523 761 ;
C -1 ; WX 600 ; N summation ; B 15 -10 586 706 ;
C -1 ; WX 600 ; N Egrave ; B 25 0 560 784 ;
C -1 ; WX 600 ; N racute ; B 47 0 580 661 ;
C -1 ; WX 600 ; N omacron ; B 30 -15 570 585 ;
C -1 ; WX 600 ; N Zacute ; B 62 0 539 784 ;
C -1 ; WX 600 ; N Zcaron ; B 62 0 539 790 ;
C -1 ; WX 600 ; N greaterequal ; B 26 0 523 696 ;
C -1 ; WX 600 ; N Eth ; B 30 0 594 562 ;
C -1 ; WX 600 ; N Ccedilla ; B 22 -206 560 580 ;
C -1 ; WX 600 ; N lcommaaccent ; B 77 -250 523 626 ;
C -1 ; WX 600 ; N tcaron ; B 47 -15 532 703 ;
C -1 ; WX 600 ; N eogonek ; B 40 -199 563 454 ;
C -1 ; WX 600 ; N Uogonek ; B 4 -199 596 562 ;
C -1 ; WX 600 ; N Aacute ; B -9 0 609 784 ;
C -1 ; WX 600 ; N Adieresis ; B -9 0 609 761 ;
C -1 ; WX 600 ; N egrave ; B 40 -15 563 661 ;
C -1 ; WX 600 ; N zacute ; B 81 0 520 661 ;
C -1 ; WX 600 ; N iogonek ; B 77 -199 523 658 ;
C -1 ; WX 600 ; N Oacute ; B 22 -18 578 784 ;
C -1 ; WX 600 ; N oacute ; B 30 -15 570 661 ;
C -1 ; WX 600 ; N amacron ; B 35 -15 570 585 ;
C -1 ; WX 600 ; N sacute ; B 68 -17 535 661 ;
C -1 ; WX 600 ; N idieresis ; B 77 0 523 618 ;
C -1 ; WX 600 ; N Ocircumflex ; B 22 -18 578 780 ;
C -1 ; WX 600 ; N Ugrave ; B 4 -18 596 784 ;
C -1 ; WX 600 ; N Delta ; B 6 0 594 688 ;
C -1 ; WX 600 ; N thorn ; B -14 -142 570 626 ;
C -1 ; WX 600 ; N twosuperior ; B 143 230 436 616 ;
C -1 ; WX 600 ; N Odieresis ; B 22 -18 578 761 ;
C -1 ; WX 600 ; N mu ; B -1 -142 569 439 ;
C -1 ; WX 600 ; N igrave ; B 77 0 523 661 ;
C -1 ; WX 600 ; N ohungarumlaut ; B 30 -15 668 661 ;
C -1 ; WX 600 ; N Eogonek ; B 25 -199 576 562 ;
C -1 ; WX 600 ; N dcroat ; B 20 -15 591 626 ;
C -1 ; WX 600 ; N threequarters ; B -47 -60 648 661 ;
C -1 ; WX 600 ; N Scedilla ; B 47 -206 553 582 ;
C -1 ; WX 600 ; N lcaron ; B 77 0 597 626 ;
C -1 ; WX 600 ; N Kcommaaccent ; B 21 -250 599 562 ;
C -1 ; WX 600 ; N Lacute ; B 39 0 578 784 ;
C -1 ; WX 600 ; N trademark ; B -9 230 749 562 ;
C -1 ; WX 600 ; N edotaccent ; B 40 -15 563 638 ;
C -1 ; WX 600 ; N Igrave ; B 77 0 523 784 ;
C -1 ; WX 600 ; N Imacron ; B 77 0 523 708 ;
C -1 ; WX 600 ; N Lcaron ; B 39 0 637 562 ;
C -1 ; WX 600 ; N onehalf ; B -47 -60 648 661 ;
C -1 ; WX 600 ; N lessequal ; B 26 0 523 696 ;
C -1 ; WX 600 ; N ocircumflex ; B 30 -15 570 657 ;
C -1 ; WX 600 ; N ntilde ; B 18 0 592 636 ;
C -1 ; WX 600 ; N Uhungarumlaut ; B 4 -18 638 784 ;
C -1 ; WX 600 ; N Eacute ; B 25 0 560 784 ;
C -1 ; WX 600 ; N emacron ; B 40 -15 563 585 ;
C -1 ; WX 600 ; N gbreve ; B 30 -146 580 661 ;
C -1 ; WX 600 ; N onequarter ; B -56 -60 656 661 ;
C -1 ; WX 600 ; N Scaron ; B 47 -22 553 790 ;
C -1 ; WX 600 ; N Scommaaccent ; B 47 -250 553 582 ;
C -1 ; WX 600 ; N Ohungarumlaut ; B 22 -18 628 784 ;
C -1 ; WX 600 ; N degree ; B 86 243 474 616 ;
C -1 ; WX 600 ; N ograve ; B 30 -15 570 661 ;
C -1 ; WX 600 ; N Ccaron ; B 22 -18 560 790 ;
C -1 ; WX 600 ; N ugrave ; B -1 -15 569 661 ;
C -1 ; WX 600 ; N radical ; B -19 -104 473 778 ;
C -1 ; WX 600 ; N Dcaron ; B 30 0 594 790 ;
C -1 ; WX 600 ; N rcommaaccent ; B 47 -250 580 454 ;
C -1 ; WX 600 ; N Ntilde ; B 8 -12 610 759 ;
C -1 ; WX 600 ; N otilde ; B 30 -15 570 636 ;
C -1 ; WX 600 ; N Rcommaaccent ; B 24 -250 599 562 ;
C -1 ; WX 600 ; N Lcommaaccent ; B 39 -250 578 562 ;
C -1 ; WX 600 ; N Atilde ; B -9 0 609 759 ;
C -1 ; WX 600 ; N Aogonek ; B -9 -199 625 562 ;
C -1 ; WX 600 ; N Aring ; B -9 0 609 801 ;
C -1 ; WX 600 ; N Otilde ; B 22 -18 578 759 ;
C -1 ; WX 600 ; N zdotaccent ; B 81 0 520 638 ;
C -1 ; WX 600 ; N Ecaron ; B 25 0 560 790 ;
C -1 ; WX 600 ; N Iogonek ; B 77 -199 523 562 ;
C -1 ; WX 600 ; N kcommaaccent ; B 20 -250 585 626 ;
C -1 ; WX 600 ; N minus ; B 71 203 529 313 ;
C -1 ; WX 600 ; N Icircumflex ; B 77 0 523 780 ;
C -1 ; WX 600 ; N ncaron ; B 18 0 592 667 ;
C -1 ; WX 600 ; N tcommaaccent ; B 47 -250 532 562 ;
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C 74 ; WX 389 ; N J ; B 10 -14 370 662 ;
C 75 ; WX 722 ; N K ; B 34 0 723 662 ;
C 76 ; WX 611 ; N L ; B 12 0 598 662 ;
C 77 ; WX 889 ; N M ; B 12 0 863 662 ;
C 78 ; WX 722 ; N N ; B 12 -11 707 662 ;
C 79 ; WX 722 ; N O ; B 34 -14 688 676 ;
C 80 ; WX 556 ; N P ; B 16 0 542 662 ;
C 81 ; WX 722 ; N Q ; B 34 -178 701 676 ;
C 82 ; WX 667 ; N R ; B 17 0 659 662 ;
C 83 ; WX 556 ; N S ; B 42 -14 491 676 ;
C 84 ; WX 611 ; N T ; B 17 0 593 662 ;
C 85 ; WX 722 ; N U ; B 14 -14 705 662 ;
C 86 ; WX 722 ; N V ; B 16 -11 697 662 ;
C 87 ; WX 944 ; N W ; B 5 -11 932 662 ;
C 88 ; WX 722 ; N X ; B 10 0 704 662 ;
C 89 ; WX 722 ; N Y ; B 22 0 703 662 ;
C 90 ; WX 611 ; N Z ; B 9 0 597 662 ;
C 91 ; WX 333 ; N bracketleft ; B 88 -156 299 662 ;
C 92 ; WX 278 ; N backslash ; B -9 -14 287 676 ;
C 93 ; WX 333 ; N bracketright ; B 34 -156 245 662 ;
C 94 ; WX 469 ; N asciicircum ; B 24 297 446 662 ;
C 95 ; WX 500 ; N underscore ; B 0 -125 500 -75 ;
C 96 ; WX 333 ; N quoteleft ; B 115 433 254 676 ;
C 97 ; WX 444 ; N a ; B 37 -10 442 460 ;
C 98 ; WX 500 ; N b ; B 3 -10 468 683 ;
C 99 ; WX 444 ; N c ; B 25 -10 412 460 ;
C 100 ; WX 500 ; N d ; B 27 -10 491 683 ;
C 101 ; WX 444 ; N e ; B 25 -10 424 460 ;
C 102 ; WX 333 ; N f ; B 20 0 383 683 ; L i fi ; L l fl ;
C 103 ; WX 500 ; N g ; B 28 -218 470 460 ;
C 104 ; WX 500 ; N h ; B 9 0 487 683 ;
C 105 ; WX 278 ; N i ; B 16 0 253 683 ;
C 106 ; WX 278 ; N j ; B -70 -218 194 683 ;
C 107 ; WX 500 ; N k ; B 7 0 505 683 ;
C 108 ; WX 278 ; N l ; B 19 0 257 683 ;
C 109 ; WX 778 ; N m ; B 16 0 775 460 ;
C 110 ; WX 500 ; N n ; B 16 0 485 460 ;
C 111 ; WX 500 ; N o ; B 29 -10 470 460 ;
C 112 ; WX 500 ; N p ; B 5 -217 470 460 ;
C 113 ; WX 500 ; N q ; B 24 -217 488 460 ;
C 114 ; WX 333 ; N r ; B 5 0 335 460 ;
C 115 ; WX 389 ; N s ; B 51 -10 348 460 ;
C 116 ; WX 278 ; N t ; B 13 -10 279 579 ;
C 117 ; WX 500 ; N u ; B 9 -10 479 450 ;
C 118 ; WX 500 ; N v ; B 19 -14 477 450 ;
C 119 ; WX 722 ; N w ; B 21 -14 694 450 ;
C 120 ; WX 500 ; N x ; B 17 0 479 450 ;
C 121 ; WX 500 ; N y ; B 14 -218 475 450 ;
C 122 ; WX 444 ; N z ; B 27 0 418 450 ;
C 123 ; WX 480 ; N braceleft ; B 100 -181 350 680 ;
C 124 ; WX 200 ; N bar ; B 67 -218 133 782 ;
C 125 ; WX 480 ; N braceright ; B 130 -181 380 680 ;
C 126 ; WX 541 ; N asciitilde ; B 40 183 502 323 ;
C 161 ; WX 333 ; N exclamdown ; B 97 -218 205 467 ;
C 162 ; WX 500 ; N cent ; B 53 -138 448 579 ;
C 163 ; WX 500 ; N sterling ; B 12 -8 490 676 ;
C 164 ; WX 167 ; N fraction ; B -168 -14 331 676 ;
C 165 ; WX 500 ; N yen ; B -53 0 512 662 ;
C 166 ; WX 500 ; N florin ; B 7 -189 490 676 ;
C 167 ; WX 500 ; N section ; B 70 -148 426 676 ;
C 168 ; WX 500 ; N currency ; B -22 58 522 602 ;
C 169 ; WX 180 ; N quotesingle ; B 48 431 133 676 ;
C 170 ; WX 444 ; N quotedblleft ; B 43 433 414 676 ;
C 171 ; WX 500 ; N guillemotleft ; B 42 33 456 416 ;
C 172 ; WX 333 ; N guilsinglleft ; B 63 33 285 416 ;
C 173 ; WX 333 ; N guilsinglright ; B 48 33 270 416 ;
C 174 ; WX 556 ; N fi ; B 31 0 521 683 ;
C 175 ; WX 556 ; N fl ; B 32 0 521 683 ;
C 177 ; WX 500 ; N endash ; B 0 201 500 250 ;
C 178 ; WX 500 ; N dagger ; B 59 -149 442 676 ;
C 179 ; WX 500 ; N daggerdbl ; B 58 -153 442 676 ;
C 180 ; WX 250 ; N periodcentered ; B 70 199 181 310 ;
C 182 ; WX 453 ; N paragraph ; B -22 -154 450 662 ;
C 183 ; WX 350 ; N bullet ; B 40 196 310 466 ;
C 184 ; WX 333 ; N quotesinglbase ; B 79 -141 218 102 ;
C 185 ; WX 444 ; N quotedblbase ; B 45 -141 416 102 ;
C 186 ; WX 444 ; N quotedblright ; B 30 433 401 676 ;
C 187 ; WX 500 ; N guillemotright ; B 44 33 458 416 ;
C 188 ; WX 1000 ; N ellipsis ; B 111 -11 888 100 ;
C 189 ; WX 1000 ; N perthousand ; B 7 -19 994 706 ;
C 191 ; WX 444 ; N questiondown ; B 30 -218 376 466 ;
C 193 ; WX 333 ; N grave ; B 19 507 242 678 ;
C 194 ; WX 333 ; N acute ; B 93 507 317 678 ;
C 195 ; WX 333 ; N circumflex ; B 11 507 322 674 ;
C 196 ; WX 333 ; N tilde ; B 1 532 331 638 ;
C 197 ; WX 333 ; N macron ; B 11 547 322 601 ;
C 198 ; WX 333 ; N breve ; B 26 507 307 664 ;
C 199 ; WX 333 ; N dotaccent ; B 118 581 216 681 ;
C 200 ; WX 333 ; N dieresis ; B 18 581 315 681 ;
C 202 ; WX 333 ; N ring ; B 67 512 266 711 ;
C 203 ; WX 333 ; N cedilla ; B 52 -215 261 0 ;
C 205 ; WX 333 ; N hungarumlaut ; B -3 507 377 678 ;
C 206 ; WX 333 ; N ogonek ; B 62 -165 243 0 ;
C 207 ; WX 333 ; N caron ; B 11 507 322 674 ;
C 208 ; WX 1000 ; N emdash ; B 0 201 1000 250 ;
C 225 ; WX 889 ; N AE ; B 0 0 863 662 ;
C 227 ; WX 276 ; N ordfeminine ; B 4 394 270 676 ;
C 232 ; WX 611 ; N Lslash ; B 12 0 598 662 ;
C 233 ; WX 722 ; N Oslash ; B 34 -80 688 734 ;
C 234 ; WX 889 ; N OE ; B 30 -6 885 668 ;
C 235 ; WX 310 ; N ordmasculine ; B 6 394 304 676 ;
C 241 ; WX 667 ; N ae ; B 38 -10 632 460 ;
C 245 ; WX 278 ; N dotlessi ; B 16 0 253 460 ;
C 248 ; WX 278 ; N lslash ; B 19 0 259 683 ;
C 249 ; WX 500 ; N oslash ; B 29 -112 470 551 ;
C 250 ; WX 722 ; N oe ; B 30 -10 690 460 ;
C 251 ; WX 500 ; N germandbls ; B 12 -9 468 683 ;
C -1 ; WX 333 ; N Idieresis ; B 18 0 315 835 ;
C -1 ; WX 444 ; N eacute ; B 25 -10 424 678 ;
C -1 ; WX 444 ; N abreve ; B 37 -10 442 664 ;
C -1 ; WX 500 ; N uhungarumlaut ; B 9 -10 501 678 ;
C -1 ; WX 444 ; N ecaron ; B 25 -10 424 674 ;
C -1 ; WX 722 ; N Ydieresis ; B 22 0 703 835 ;
C -1 ; WX 564 ; N divide ; B 30 -10 534 516 ;
C -1 ; WX 722 ; N Yacute ; B 22 0 703 890 ;
C -1 ; WX 722 ; N Acircumflex ; B 15 0 706 886 ;
C -1 ; WX 444 ; N aacute ; B 37 -10 442 678 ;
C -1 ; WX 722 ; N Ucircumflex ; B 14 -14 705 886 ;
C -1 ; WX 500 ; N yacute ; B 14 -218 475 678 ;
C -1 ; WX 389 ; N scommaaccent ; B 51 -218 348 460 ;
C -1 ; WX 444 ; N ecircumflex ; B 25 -10 424 674 ;
C -1 ; WX 722 ; N Uring ; B 14 -14 705 898 ;
C -1 ; WX 722 ; N Udieresis ; B 14 -14 705 835 ;
C -1 ; WX 444 ; N aogonek ; B 37 -165 469 460 ;
C -1 ; WX 722 ; N Uacute ; B 14 -14 705 890 ;
C -1 ; WX 500 ; N uogonek ; B 9 -155 487 450 ;
C -1 ; WX 611 ; N Edieresis ; B 12 0 597 835 ;
C -1 ; WX 722 ; N Dcroat ; B 16 0 685 662 ;
C -1 ; WX 250 ; N commaaccent ; B 59 -218 184 -50 ;
C -1 ; WX 760 ; N copyright ; B 38 -14 722 676 ;
C -1 ; WX 611 ; N Emacron ; B 12 0 597 813 ;
C -1 ; WX 444 ; N ccaron ; B 25 -10 412 674 ;
C -1 ; WX 444 ; N aring ; B 37 -10 442 711 ;
C -1 ; WX 722 ; N Ncommaaccent ; B 12 -198 707 662 ;
C -1 ; WX 278 ; N lacute ; B 19 0 290 890 ;
C -1 ; WX 444 ; N agrave ; B 37 -10 442 678 ;
C -1 ; WX 611 ; N Tcommaaccent ; B 17 -218 593 662 ;
C -1 ; WX 667 ; N Cacute ; B 28 -14 633 890 ;
C -1 ; WX 444 ; N atilde ; B 37 -10 442 638 ;
C -1 ; WX 611 ; N Edotaccent ; B 12 0 597 835 ;
C -1 ; WX 389 ; N scaron ; B 39 -10 350 674 ;
C -1 ; WX 389 ; N scedilla ; B 51 -215 348 460 ;
C -1 ; WX 278 ; N iacute ; B 16 0 290 678 ;
C -1 ; WX 471 ; N lozenge ; B 13 0 459 724 ;
C -1 ; WX 667 ; N Rcaron ; B 17 0 659 886 ;
C -1 ; WX 722 ; N Gcommaaccent ; B 32 -218 709 676 ;
C -1 ; WX 500 ; N ucircumflex ; B 9 -10 479 674 ;
C -1 ; WX 444 ; N acircumflex ; B 37 -10 442 674 ;
C -1 ; WX 722 ; N Amacron ; B 15 0 706 813 ;
C -1 ; WX 333 ; N rcaron ; B 5 0 335 674 ;
C -1 ; WX 444 ; N ccedilla ; B 25 -215 412 460 ;
C -1 ; WX 611 ; N Zdotaccent ; B 9 0 597 835 ;
C -1 ; WX 556 ; N Thorn ; B 16 0 542 662 ;
C -1 ; WX 722 ; N Omacron ; B 34 -14 688 813 ;
C -1 ; WX 667 ; N Racute ; B 17 0 659 890 ;
C -1 ; WX 556 ; N Sacute ; B 42 -14 491 890 ;
C -1 ; WX 588 ; N dcaron ; B 27 -10 589 695 ;
C -1 ; WX 722 ; N Umacron ; B 14 -14 705 813 ;
C -1 ; WX 500 ; N uring ; B 9 -10 479 711 ;
C -1 ; WX 300 ; N threesuperior ; B 15 262 291 676 ;
C -1 ; WX 722 ; N Ograve ; B 34 -14 688 890 ;
C -1 ; WX 722 ; N Agrave ; B 15 0 706 890 ;
C -1 ; WX 722 ; N Abreve ; B 15 0 706 876 ;
C -1 ; WX 564 ; N multiply ; B 38 8 527 497 ;
C -1 ; WX 500 ; N uacute ; B 9 -10 479 678 ;
C -1 ; WX 611 ; N Tcaron ; B 17 0 593 886 ;
C -1 ; WX 476 ; N partialdiff ; B 17 -38 459 710 ;
C -1 ; WX 500 ; N ydieresis ; B 14 -218 475 623 ;
C -1 ; WX 722 ; N Nacute ; B 12 -11 707 890 ;
C -1 ; WX 278 ; N icircumflex ; B -16 0 295 674 ;
C -1 ; WX 611 ; N Ecircumflex ; B 12 0 597 886 ;
C -1 ; WX 444 ; N adieresis ; B 37 -10 442 623 ;
C -1 ; WX 444 ; N edieresis ; B 25 -10 424 623 ;
C -1 ; WX 444 ; N cacute ; B 25 -10 413 678 ;
C -1 ; WX 500 ; N nacute ; B 16 0 485 678 ;
C -1 ; WX 500 ; N umacron ; B 9 -10 479 601 ;
C -1 ; WX 722 ; N Ncaron ; B 12 -11 707 886 ;
C -1 ; WX 333 ; N Iacute ; B 18 0 317 890 ;
C -1 ; WX 564 ; N plusminus ; B 30 0 534 506 ;
C -1 ; WX 200 ; N brokenbar ; B 67 -143 133 707 ;
C -1 ; WX 760 ; N registered ; B 38 -14 722 676 ;
C -1 ; WX 722 ; N Gbreve ; B 32 -14 709 876 ;
C -1 ; WX 333 ; N Idotaccent ; B 18 0 315 835 ;
C -1 ; WX 600 ; N summation ; B 15 -10 585 706 ;
C -1 ; WX 611 ; N Egrave ; B 12 0 597 890 ;
C -1 ; WX 333 ; N racute ; B 5 0 335 678 ;
C -1 ; WX 500 ; N omacron ; B 29 -10 470 601 ;
C -1 ; WX 611 ; N Zacute ; B 9 0 597 890 ;
C -1 ; WX 611 ; N Zcaron ; B 9 0 597 886 ;
C -1 ; WX 549 ; N greaterequal ; B 26 0 523 666 ;
C -1 ; WX 722 ; N Eth ; B 16 0 685 662 ;
C -1 ; WX 667 ; N Ccedilla ; B 28 -215 633 676 ;
C -1 ; WX 278 ; N lcommaaccent ; B 19 -218 257 683 ;
C -1 ; WX 326 ; N tcaron ; B 13 -10 318 722 ;
C -1 ; WX 444 ; N eogonek ; B 25 -165 424 460 ;
C -1 ; WX 722 ; N Uogonek ; B 14 -165 705 662 ;
C -1 ; WX 722 ; N Aacute ; B 15 0 706 890 ;
C -1 ; WX 722 ; N Adieresis ; B 15 0 706 835 ;
C -1 ; WX 444 ; N egrave ; B 25 -10 424 678 ;
C -1 ; WX 444 ; N zacute ; B 27 0 418 678 ;
C -1 ; WX 278 ; N iogonek ; B 16 -165 265 683 ;
C -1 ; WX 722 ; N Oacute ; B 34 -14 688 890 ;
C -1 ; WX 500 ; N oacute ; B 29 -10 470 678 ;
C -1 ; WX 444 ; N amacron ; B 37 -10 442 601 ;
C -1 ; WX 389 ; N sacute ; B 51 -10 348 678 ;
C -1 ; WX 278 ; N idieresis ; B -9 0 288 623 ;
C -1 ; WX 722 ; N Ocircumflex ; B 34 -14 688 886 ;
C -1 ; WX 722 ; N Ugrave ; B 14 -14 705 890 ;
C -1 ; WX 612 ; N Delta ; B 6 0 608 688 ;
C -1 ; WX 500 ; N thorn ; B 5 -217 470 683 ;
C -1 ; WX 300 ; N twosuperior ; B 1 270 296 676 ;
C -1 ; WX 722 ; N Odieresis ; B 34 -14 688 835 ;
C -1 ; WX 500 ; N mu ; B 36 -218 512 450 ;
C -1 ; WX 278 ; N igrave ; B -8 0 253 678 ;
C -1 ; WX 500 ; N ohungarumlaut ; B 29 -10 491 678 ;
C -1 ; WX 611 ; N Eogonek ; B 12 -165 597 662 ;
C -1 ; WX 500 ; N dcroat ; B 27 -10 500 683 ;
C -1 ; WX 750 ; N threequarters ; B 15 -14 718 676 ;
C -1 ; WX 556 ; N Scedilla ; B 42 -215 491 676 ;
C -1 ; WX 344 ; N lcaron ; B 19 0 347 695 ;
C -1 ; WX 722 ; N Kcommaaccent ; B 34 -198 723 662 ;
C -1 ; WX 611 ; N Lacute ; B 12 0 598 890 ;
C -1 ; WX 980 ; N trademark ; B 30 256 957 662 ;
C -1 ; WX 444 ; N edotaccent ; B 25 -10 424 623 ;
C -1 ; WX 333 ; N Igrave ; B 18 0 315 890 ;
C -1 ; WX 333 ; N Imacron ; B 11 0 322 813 ;
C -1 ; WX 611 ; N Lcaron ; B 12 0 598 676 ;
C -1 ; WX 750 ; N onehalf ; B 31 -14 746 676 ;
C -1 ; WX 549 ; N lessequal ; B 26 0 523 666 ;
C -1 ; WX 500 ; N ocircumflex ; B 29 -10 470 674 ;
C -1 ; WX 500 ; N ntilde ; B 16 0 485 638 ;
C -1 ; WX 722 ; N Uhungarumlaut ; B 14 -14 705 890 ;
C -1 ; WX 611 ; N Eacute ; B 12 0 597 890 ;
C -1 ; WX 444 ; N emacron ; B 25 -10 424 601 ;
C -1 ; WX 500 ; N gbreve ; B 28 -218 470 664 ;
C -1 ; WX 750 ; N onequarter ; B 37 -14 718 676 ;
C -1 ; WX 556 ; N Scaron ; B 42 -14 491 886 ;
C -1 ; WX 556 ; N Scommaaccent ; B 42 -218 491 676 ;
C -1 ; WX 722 ; N Ohungarumlaut ; B 34 -14 688 890 ;
C -1 ; WX 400 ; N degree ; B 57 390 343 676 ;
C -1 ; WX 500 ; N ograve ; B 29 -10 470 678 ;
C -1 ; WX 667 ; N Ccaron ; B 28 -14 633 886 ;
C -1 ; WX 500 ; N ugrave ; B 9 -10 479 678 ;
C -1 ; WX 453 ; N radical ; B 2 -60 452 768 ;
C -1 ; WX 722 ; N Dcaron ; B 16 0 685 886 ;
C -1 ; WX 333 ; N rcommaaccent ; B 5 -218 335 460 ;
C -1 ; WX 722 ; N Ntilde ; B 12 -11 707 850 ;
C -1 ; WX 500 ; N otilde ; B 29 -10 470 638 ;
C -1 ; WX 667 ; N Rcommaaccent ; B 17 -198 659 662 ;
C -1 ; WX 611 ; N Lcommaaccent ; B 12 -218 598 662 ;
C -1 ; WX 722 ; N Atilde ; B 15 0 706 850 ;
C -1 ; WX 722 ; N Aogonek ; B 15 -165 738 674 ;
C -1 ; WX 722 ; N Aring ; B 15 0 706 898 ;
C -1 ; WX 722 ; N Otilde ; B 34 -14 688 850 ;
C -1 ; WX 444 ; N zdotaccent ; B 27 0 418 623 ;
C -1 ; WX 611 ; N Ecaron ; B 12 0 597 886 ;
C -1 ; WX 333 ; N Iogonek ; B 18 -165 315 662 ;
C -1 ; WX 500 ; N kcommaaccent ; B 7 -218 505 683 ;
C -1 ; WX 564 ; N minus ; B 30 220 534 286 ;
C -1 ; WX 333 ; N Icircumflex ; B 11 0 322 886 ;
C -1 ; WX 500 ; N ncaron ; B 16 0 485 674 ;
C -1 ; WX 278 ; N tcommaaccent ; B 13 -218 279 579 ;
C -1 ; WX 564 ; N logicalnot ; B 30 108 534 386 ;
C -1 ; WX 500 ; N odieresis ; B 29 -10 470 623 ;
C -1 ; WX 500 ; N udieresis ; B 9 -10 479 623 ;
C -1 ; WX 549 ; N notequal ; B 12 -31 537 547 ;
C -1 ; WX 500 ; N gcommaaccent ; B 28 -218 470 749 ;
C -1 ; WX 500 ; N eth ; B 29 -10 471 686 ;
C -1 ; WX 444 ; N zcaron ; B 27 0 418 674 ;
C -1 ; WX 500 ; N ncommaaccent ; B 16 -218 485 460 ;
C -1 ; WX 300 ; N onesuperior ; B 57 270 248 676 ;
C -1 ; WX 278 ; N imacron ; B 6 0 271 601 ;
C -1 ; WX 500 ; N Euro ; B 0 0 0 0 ;
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StartKernData
StartKernPairs 2073
KPX A C -40
KPX A Cacute -40
KPX A Ccaron -40
KPX A Ccedilla -40
KPX A G -40
KPX A Gbreve -40
KPX A Gcommaaccent -40
KPX A O -55
KPX A Oacute -55
KPX A Ocircumflex -55
KPX A Odieresis -55
KPX A Ograve -55
KPX A Ohungarumlaut -55
KPX A Omacron -55
KPX A Oslash -55
KPX A Otilde -55
KPX A Q -55
KPX A T -111
KPX A Tcaron -111
KPX A Tcommaaccent -111
KPX A U -55
KPX A Uacute -55
KPX A Ucircumflex -55
KPX A Udieresis -55
KPX A Ugrave -55
KPX A Uhungarumlaut -55
KPX A Umacron -55
KPX A Uogonek -55
KPX A Uring -55
KPX A V -135
KPX A W -90
KPX A Y -105
KPX A Yacute -105
KPX A Ydieresis -105
KPX A quoteright -111
KPX A v -74
KPX A w -92
KPX A y -92
KPX A yacute -92
KPX A ydieresis -92
KPX Aacute C -40
KPX Aacute Cacute -40
KPX Aacute Ccaron -40
KPX Aacute Ccedilla -40
KPX Aacute G -40
KPX Aacute Gbreve -40
KPX Aacute Gcommaaccent -40
KPX Aacute O -55
KPX Aacute Oacute -55
KPX Aacute Ocircumflex -55
KPX Aacute Odieresis -55
KPX Aacute Ograve -55
KPX Aacute Ohungarumlaut -55
KPX Aacute Omacron -55
KPX Aacute Oslash -55
KPX Aacute Otilde -55
KPX Aacute Q -55
KPX Aacute T -111
KPX Aacute Tcaron -111
KPX Aacute Tcommaaccent -111
KPX Aacute U -55
KPX Aacute Uacute -55
KPX Aacute Ucircumflex -55
KPX Aacute Udieresis -55
KPX Aacute Ugrave -55
KPX Aacute Uhungarumlaut -55
KPX Aacute Umacron -55
KPX Aacute Uogonek -55
KPX Aacute Uring -55
KPX Aacute V -135
KPX Aacute W -90
KPX Aacute Y -105
KPX Aacute Yacute -105
KPX Aacute Ydieresis -105
KPX Aacute quoteright -111
KPX Aacute v -74
KPX Aacute w -92
KPX Aacute y -92
KPX Aacute yacute -92
KPX Aacute ydieresis -92
KPX Abreve C -40
KPX Abreve Cacute -40
KPX Abreve Ccaron -40
KPX Abreve Ccedilla -40
KPX Abreve G -40
KPX Abreve Gbreve -40
KPX Abreve Gcommaaccent -40
KPX Abreve O -55
KPX Abreve Oacute -55
KPX Abreve Ocircumflex -55
KPX Abreve Odieresis -55
KPX Abreve Ograve -55
KPX Abreve Ohungarumlaut -55
KPX Abreve Omacron -55
KPX Abreve Oslash -55
KPX Abreve Otilde -55
KPX Abreve Q -55
KPX Abreve T -111
KPX Abreve Tcaron -111
KPX Abreve Tcommaaccent -111
KPX Abreve U -55
KPX Abreve Uacute -55
KPX Abreve Ucircumflex -55
KPX Abreve Udieresis -55
KPX Abreve Ugrave -55
KPX Abreve Uhungarumlaut -55
KPX Abreve Umacron -55
KPX Abreve Uogonek -55
KPX Abreve Uring -55
KPX Abreve V -135
KPX Abreve W -90
KPX Abreve Y -105
KPX Abreve Yacute -105
KPX Abreve Ydieresis -105
KPX Abreve quoteright -111
KPX Abreve v -74
KPX Abreve w -92
KPX Abreve y -92
KPX Abreve yacute -92
KPX Abreve ydieresis -92
KPX Acircumflex C -40
KPX Acircumflex Cacute -40
KPX Acircumflex Ccaron -40
KPX Acircumflex Ccedilla -40
KPX Acircumflex G -40
KPX Acircumflex Gbreve -40
KPX Acircumflex Gcommaaccent -40
KPX Acircumflex O -55
KPX Acircumflex Oacute -55
KPX Acircumflex Ocircumflex -55
KPX Acircumflex Odieresis -55
KPX Acircumflex Ograve -55
KPX Acircumflex Ohungarumlaut -55
KPX Acircumflex Omacron -55
KPX Acircumflex Oslash -55
KPX Acircumflex Otilde -55
KPX Acircumflex Q -55
KPX Acircumflex T -111
KPX Acircumflex Tcaron -111
KPX Acircumflex Tcommaaccent -111
KPX Acircumflex U -55
KPX Acircumflex Uacute -55
KPX Acircumflex Ucircumflex -55
KPX Acircumflex Udieresis -55
KPX Acircumflex Ugrave -55
KPX Acircumflex Uhungarumlaut -55
KPX Acircumflex Umacron -55
KPX Acircumflex Uogonek -55
KPX Acircumflex Uring -55
KPX Acircumflex V -135
KPX Acircumflex W -90
KPX Acircumflex Y -105
KPX Acircumflex Yacute -105
KPX Acircumflex Ydieresis -105
KPX Acircumflex quoteright -111
KPX Acircumflex v -74
KPX Acircumflex w -92
KPX Acircumflex y -92
KPX Acircumflex yacute -92
KPX Acircumflex ydieresis -92
KPX Adieresis C -40
KPX Adieresis Cacute -40
KPX Adieresis Ccaron -40
KPX Adieresis Ccedilla -40
KPX Adieresis G -40
KPX Adieresis Gbreve -40
KPX Adieresis Gcommaaccent -40
KPX Adieresis O -55
KPX Adieresis Oacute -55
KPX Adieresis Ocircumflex -55
KPX Adieresis Odieresis -55
KPX Adieresis Ograve -55
KPX Adieresis Ohungarumlaut -55
KPX Adieresis Omacron -55
KPX Adieresis Oslash -55
KPX Adieresis Otilde -55
KPX Adieresis Q -55
KPX Adieresis T -111
KPX Adieresis Tcaron -111
KPX Adieresis Tcommaaccent -111
KPX Adieresis U -55
KPX Adieresis Uacute -55
KPX Adieresis Ucircumflex -55
KPX Adieresis Udieresis -55
KPX Adieresis Ugrave -55
KPX Adieresis Uhungarumlaut -55
KPX Adieresis Umacron -55
KPX Adieresis Uogonek -55
KPX Adieresis Uring -55
KPX Adieresis V -135
KPX Adieresis W -90
KPX Adieresis Y -105
KPX Adieresis Yacute -105
KPX Adieresis Ydieresis -105
KPX Adieresis quoteright -111
KPX Adieresis v -74
KPX Adieresis w -92
KPX Adieresis y -92
KPX Adieresis yacute -92
KPX Adieresis ydieresis -92
KPX Agrave C -40
KPX Agrave Cacute -40
KPX Agrave Ccaron -40
KPX Agrave Ccedilla -40
KPX Agrave G -40
KPX Agrave Gbreve -40
KPX Agrave Gcommaaccent -40
KPX Agrave O -55
KPX Agrave Oacute -55
KPX Agrave Ocircumflex -55
KPX Agrave Odieresis -55
KPX Agrave Ograve -55
KPX Agrave Ohungarumlaut -55
KPX Agrave Omacron -55
KPX Agrave Oslash -55
KPX Agrave Otilde -55
KPX Agrave Q -55
KPX Agrave T -111
KPX Agrave Tcaron -111
KPX Agrave Tcommaaccent -111
KPX Agrave U -55
KPX Agrave Uacute -55
KPX Agrave Ucircumflex -55
KPX Agrave Udieresis -55
KPX Agrave Ugrave -55
KPX Agrave Uhungarumlaut -55
KPX Agrave Umacron -55
KPX Agrave Uogonek -55
KPX Agrave Uring -55
KPX Agrave V -135
KPX Agrave W -90
KPX Agrave Y -105
KPX Agrave Yacute -105
KPX Agrave Ydieresis -105
KPX Agrave quoteright -111
KPX Agrave v -74
KPX Agrave w -92
KPX Agrave y -92
KPX Agrave yacute -92
KPX Agrave ydieresis -92
KPX Amacron C -40
KPX Amacron Cacute -40
KPX Amacron Ccaron -40
KPX Amacron Ccedilla -40
KPX Amacron G -40
KPX Amacron Gbreve -40
KPX Amacron Gcommaaccent -40
KPX Amacron O -55
KPX Amacron Oacute -55
KPX Amacron Ocircumflex -55
KPX Amacron Odieresis -55
KPX Amacron Ograve -55
KPX Amacron Ohungarumlaut -55
KPX Amacron Omacron -55
KPX Amacron Oslash -55
KPX Amacron Otilde -55
KPX Amacron Q -55
KPX Amacron T -111
KPX Amacron Tcaron -111
KPX Amacron Tcommaaccent -111
KPX Amacron U -55
KPX Amacron Uacute -55
KPX Amacron Ucircumflex -55
KPX Amacron Udieresis -55
KPX Amacron Ugrave -55
KPX Amacron Uhungarumlaut -55
KPX Amacron Umacron -55
KPX Amacron Uogonek -55
KPX Amacron Uring -55
KPX Amacron V -135
KPX Amacron W -90
KPX Amacron Y -105
KPX Amacron Yacute -105
KPX Amacron Ydieresis -105
KPX Amacron quoteright -111
KPX Amacron v -74
KPX Amacron w -92
KPX Amacron y -92
KPX Amacron yacute -92
KPX Amacron ydieresis -92
KPX Aogonek C -40
KPX Aogonek Cacute -40
KPX Aogonek Ccaron -40
KPX Aogonek Ccedilla -40
KPX Aogonek G -40
KPX Aogonek Gbreve -40
KPX Aogonek Gcommaaccent -40
KPX Aogonek O -55
KPX Aogonek Oacute -55
KPX Aogonek Ocircumflex -55
KPX Aogonek Odieresis -55
KPX Aogonek Ograve -55
KPX Aogonek Ohungarumlaut -55
KPX Aogonek Omacron -55
KPX Aogonek Oslash -55
KPX Aogonek Otilde -55
KPX Aogonek Q -55
KPX Aogonek T -111
KPX Aogonek Tcaron -111
KPX Aogonek Tcommaaccent -111
KPX Aogonek U -55
KPX Aogonek Uacute -55
KPX Aogonek Ucircumflex -55
KPX Aogonek Udieresis -55
KPX Aogonek Ugrave -55
KPX Aogonek Uhungarumlaut -55
KPX Aogonek Umacron -55
KPX Aogonek Uogonek -55
KPX Aogonek Uring -55
KPX Aogonek V -135
KPX Aogonek W -90
KPX Aogonek Y -105
KPX Aogonek Yacute -105
KPX Aogonek Ydieresis -105
KPX Aogonek quoteright -111
KPX Aogonek v -74
KPX Aogonek w -52
KPX Aogonek y -52
KPX Aogonek yacute -52
KPX Aogonek ydieresis -52
KPX Aring C -40
KPX Aring Cacute -40
KPX Aring Ccaron -40
KPX Aring Ccedilla -40
KPX Aring G -40
KPX Aring Gbreve -40
KPX Aring Gcommaaccent -40
KPX Aring O -55
KPX Aring Oacute -55
KPX Aring Ocircumflex -55
KPX Aring Odieresis -55
KPX Aring Ograve -55
KPX Aring Ohungarumlaut -55
KPX Aring Omacron -55
KPX Aring Oslash -55
KPX Aring Otilde -55
KPX Aring Q -55
KPX Aring T -111
KPX Aring Tcaron -111
KPX Aring Tcommaaccent -111
KPX Aring U -55
KPX Aring Uacute -55
KPX Aring Ucircumflex -55
KPX Aring Udieresis -55
KPX Aring Ugrave -55
KPX Aring Uhungarumlaut -55
KPX Aring Umacron -55
KPX Aring Uogonek -55
KPX Aring Uring -55
KPX Aring V -135
KPX Aring W -90
KPX Aring Y -105
KPX Aring Yacute -105
KPX Aring Ydieresis -105
KPX Aring quoteright -111
KPX Aring v -74
KPX Aring w -92
KPX Aring y -92
KPX Aring yacute -92
KPX Aring ydieresis -92
KPX Atilde C -40
KPX Atilde Cacute -40
KPX Atilde Ccaron -40
KPX Atilde Ccedilla -40
KPX Atilde G -40
KPX Atilde Gbreve -40
KPX Atilde Gcommaaccent -40
KPX Atilde O -55
KPX Atilde Oacute -55
KPX Atilde Ocircumflex -55
KPX Atilde Odieresis -55
KPX Atilde Ograve -55
KPX Atilde Ohungarumlaut -55
KPX Atilde Omacron -55
KPX Atilde Oslash -55
KPX Atilde Otilde -55
KPX Atilde Q -55
KPX Atilde T -111
KPX Atilde Tcaron -111
KPX Atilde Tcommaaccent -111
KPX Atilde U -55
KPX Atilde Uacute -55
KPX Atilde Ucircumflex -55
KPX Atilde Udieresis -55
KPX Atilde Ugrave -55
KPX Atilde Uhungarumlaut -55
KPX Atilde Umacron -55
KPX Atilde Uogonek -55
KPX Atilde Uring -55
KPX Atilde V -135
KPX Atilde W -90
KPX Atilde Y -105
KPX Atilde Yacute -105
KPX Atilde Ydieresis -105
KPX Atilde quoteright -111
KPX Atilde v -74
KPX Atilde w -92
KPX Atilde y -92
KPX Atilde yacute -92
KPX Atilde ydieresis -92
KPX B A -35
KPX B Aacute -35
KPX B Abreve -35
KPX B Acircumflex -35
KPX B Adieresis -35
KPX B Agrave -35
KPX B Amacron -35
KPX B Aogonek -35
KPX B Aring -35
KPX B Atilde -35
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX D A -40
KPX D Aacute -40
KPX D Abreve -40
KPX D Acircumflex -40
KPX D Adieresis -40
KPX D Agrave -40
KPX D Amacron -40
KPX D Aogonek -40
KPX D Aring -40
KPX D Atilde -40
KPX D V -40
KPX D W -30
KPX D Y -55
KPX D Yacute -55
KPX D Ydieresis -55
KPX Dcaron A -40
KPX Dcaron Aacute -40
KPX Dcaron Abreve -40
KPX Dcaron Acircumflex -40
KPX Dcaron Adieresis -40
KPX Dcaron Agrave -40
KPX Dcaron Amacron -40
KPX Dcaron Aogonek -40
KPX Dcaron Aring -40
KPX Dcaron Atilde -40
KPX Dcaron V -40
KPX Dcaron W -30
KPX Dcaron Y -55
KPX Dcaron Yacute -55
KPX Dcaron Ydieresis -55
KPX Dcroat A -40
KPX Dcroat Aacute -40
KPX Dcroat Abreve -40
KPX Dcroat Acircumflex -40
KPX Dcroat Adieresis -40
KPX Dcroat Agrave -40
KPX Dcroat Amacron -40
KPX Dcroat Aogonek -40
KPX Dcroat Aring -40
KPX Dcroat Atilde -40
KPX Dcroat V -40
KPX Dcroat W -30
KPX Dcroat Y -55
KPX Dcroat Yacute -55
KPX Dcroat Ydieresis -55
KPX F A -74
KPX F Aacute -74
KPX F Abreve -74
KPX F Acircumflex -74
KPX F Adieresis -74
KPX F Agrave -74
KPX F Amacron -74
KPX F Aogonek -74
KPX F Aring -74
KPX F Atilde -74
KPX F a -15
KPX F aacute -15
KPX F abreve -15
KPX F acircumflex -15
KPX F adieresis -15
KPX F agrave -15
KPX F amacron -15
KPX F aogonek -15
KPX F aring -15
KPX F atilde -15
KPX F comma -80
KPX F o -15
KPX F oacute -15
KPX F ocircumflex -15
KPX F odieresis -15
KPX F ograve -15
KPX F ohungarumlaut -15
KPX F omacron -15
KPX F oslash -15
KPX F otilde -15
KPX F period -80
KPX J A -60
KPX J Aacute -60
KPX J Abreve -60
KPX J Acircumflex -60
KPX J Adieresis -60
KPX J Agrave -60
KPX J Amacron -60
KPX J Aogonek -60
KPX J Aring -60
KPX J Atilde -60
KPX K O -30
KPX K Oacute -30
KPX K Ocircumflex -30
KPX K Odieresis -30
KPX K Ograve -30
KPX K Ohungarumlaut -30
KPX K Omacron -30
KPX K Oslash -30
KPX K Otilde -30
KPX K e -25
KPX K eacute -25
KPX K ecaron -25
KPX K ecircumflex -25
KPX K edieresis -25
KPX K edotaccent -25
KPX K egrave -25
KPX K emacron -25
KPX K eogonek -25
KPX K o -35
KPX K oacute -35
KPX K ocircumflex -35
KPX K odieresis -35
KPX K ograve -35
KPX K ohungarumlaut -35
KPX K omacron -35
KPX K oslash -35
KPX K otilde -35
KPX K u -15
KPX K uacute -15
KPX K ucircumflex -15
KPX K udieresis -15
KPX K ugrave -15
KPX K uhungarumlaut -15
KPX K umacron -15
KPX K uogonek -15
KPX K uring -15
KPX K y -25
KPX K yacute -25
KPX K ydieresis -25
KPX Kcommaaccent O -30
KPX Kcommaaccent Oacute -30
KPX Kcommaaccent Ocircumflex -30
KPX Kcommaaccent Odieresis -30
KPX Kcommaaccent Ograve -30
KPX Kcommaaccent Ohungarumlaut -30
KPX Kcommaaccent Omacron -30
KPX Kcommaaccent Oslash -30
KPX Kcommaaccent Otilde -30
KPX Kcommaaccent e -25
KPX Kcommaaccent eacute -25
KPX Kcommaaccent ecaron -25
KPX Kcommaaccent ecircumflex -25
KPX Kcommaaccent edieresis -25
KPX Kcommaaccent edotaccent -25
KPX Kcommaaccent egrave -25
KPX Kcommaaccent emacron -25
KPX Kcommaaccent eogonek -25
KPX Kcommaaccent o -35
KPX Kcommaaccent oacute -35
KPX Kcommaaccent ocircumflex -35
KPX Kcommaaccent odieresis -35
KPX Kcommaaccent ograve -35
KPX Kcommaaccent ohungarumlaut -35
KPX Kcommaaccent omacron -35
KPX Kcommaaccent oslash -35
KPX Kcommaaccent otilde -35
KPX Kcommaaccent u -15
KPX Kcommaaccent uacute -15
KPX Kcommaaccent ucircumflex -15
KPX Kcommaaccent udieresis -15
KPX Kcommaaccent ugrave -15
KPX Kcommaaccent uhungarumlaut -15
KPX Kcommaaccent umacron -15
KPX Kcommaaccent uogonek -15
KPX Kcommaaccent uring -15
KPX Kcommaaccent y -25
KPX Kcommaaccent yacute -25
KPX Kcommaaccent ydieresis -25
KPX L T -92
KPX L Tcaron -92
KPX L Tcommaaccent -92
KPX L V -100
KPX L W -74
KPX L Y -100
KPX L Yacute -100
KPX L Ydieresis -100
KPX L quoteright -92
KPX L y -55
KPX L yacute -55
KPX L ydieresis -55
KPX Lacute T -92
KPX Lacute Tcaron -92
KPX Lacute Tcommaaccent -92
KPX Lacute V -100
KPX Lacute W -74
KPX Lacute Y -100
KPX Lacute Yacute -100
KPX Lacute Ydieresis -100
KPX Lacute quoteright -92
KPX Lacute y -55
KPX Lacute yacute -55
KPX Lacute ydieresis -55
KPX Lcaron quoteright -92
KPX Lcaron y -55
KPX Lcaron yacute -55
KPX Lcaron ydieresis -55
KPX Lcommaaccent T -92
KPX Lcommaaccent Tcaron -92
KPX Lcommaaccent Tcommaaccent -92
KPX Lcommaaccent V -100
KPX Lcommaaccent W -74
KPX Lcommaaccent Y -100
KPX Lcommaaccent Yacute -100
KPX Lcommaaccent Ydieresis -100
KPX Lcommaaccent quoteright -92
KPX Lcommaaccent y -55
KPX Lcommaaccent yacute -55
KPX Lcommaaccent ydieresis -55
KPX Lslash T -92
KPX Lslash Tcaron -92
KPX Lslash Tcommaaccent -92
KPX Lslash V -100
KPX Lslash W -74
KPX Lslash Y -100
KPX Lslash Yacute -100
KPX Lslash Ydieresis -100
KPX Lslash quoteright -92
KPX Lslash y -55
KPX Lslash yacute -55
KPX Lslash ydieresis -55
KPX N A -35
KPX N Aacute -35
KPX N Abreve -35
KPX N Acircumflex -35
KPX N Adieresis -35
KPX N Agrave -35
KPX N Amacron -35
KPX N Aogonek -35
KPX N Aring -35
KPX N Atilde -35
KPX Nacute A -35
KPX Nacute Aacute -35
KPX Nacute Abreve -35
KPX Nacute Acircumflex -35
KPX Nacute Adieresis -35
KPX Nacute Agrave -35
KPX Nacute Amacron -35
KPX Nacute Aogonek -35
KPX Nacute Aring -35
KPX Nacute Atilde -35
KPX Ncaron A -35
KPX Ncaron Aacute -35
KPX Ncaron Abreve -35
KPX Ncaron Acircumflex -35
KPX Ncaron Adieresis -35
KPX Ncaron Agrave -35
KPX Ncaron Amacron -35
KPX Ncaron Aogonek -35
KPX Ncaron Aring -35
KPX Ncaron Atilde -35
KPX Ncommaaccent A -35
KPX Ncommaaccent Aacute -35
KPX Ncommaaccent Abreve -35
KPX Ncommaaccent Acircumflex -35
KPX Ncommaaccent Adieresis -35
KPX Ncommaaccent Agrave -35
KPX Ncommaaccent Amacron -35
KPX Ncommaaccent Aogonek -35
KPX Ncommaaccent Aring -35
KPX Ncommaaccent Atilde -35
KPX Ntilde A -35
KPX Ntilde Aacute -35
KPX Ntilde Abreve -35
KPX Ntilde Acircumflex -35
KPX Ntilde Adieresis -35
KPX Ntilde Agrave -35
KPX Ntilde Amacron -35
KPX Ntilde Aogonek -35
KPX Ntilde Aring -35
KPX Ntilde Atilde -35
KPX O A -35
KPX O Aacute -35
KPX O Abreve -35
KPX O Acircumflex -35
KPX O Adieresis -35
KPX O Agrave -35
KPX O Amacron -35
KPX O Aogonek -35
KPX O Aring -35
KPX O Atilde -35
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -35
KPX O X -40
KPX O Y -50
KPX O Yacute -50
KPX O Ydieresis -50
KPX Oacute A -35
KPX Oacute Aacute -35
KPX Oacute Abreve -35
KPX Oacute Acircumflex -35
KPX Oacute Adieresis -35
KPX Oacute Agrave -35
KPX Oacute Amacron -35
KPX Oacute Aogonek -35
KPX Oacute Aring -35
KPX Oacute Atilde -35
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -35
KPX Oacute X -40
KPX Oacute Y -50
KPX Oacute Yacute -50
KPX Oacute Ydieresis -50
KPX Ocircumflex A -35
KPX Ocircumflex Aacute -35
KPX Ocircumflex Abreve -35
KPX Ocircumflex Acircumflex -35
KPX Ocircumflex Adieresis -35
KPX Ocircumflex Agrave -35
KPX Ocircumflex Amacron -35
KPX Ocircumflex Aogonek -35
KPX Ocircumflex Aring -35
KPX Ocircumflex Atilde -35
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -35
KPX Ocircumflex X -40
KPX Ocircumflex Y -50
KPX Ocircumflex Yacute -50
KPX Ocircumflex Ydieresis -50
KPX Odieresis A -35
KPX Odieresis Aacute -35
KPX Odieresis Abreve -35
KPX Odieresis Acircumflex -35
KPX Odieresis Adieresis -35
KPX Odieresis Agrave -35
KPX Odieresis Amacron -35
KPX Odieresis Aogonek -35
KPX Odieresis Aring -35
KPX Odieresis Atilde -35
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -35
KPX Odieresis X -40
KPX Odieresis Y -50
KPX Odieresis Yacute -50
KPX Odieresis Ydieresis -50
KPX Ograve A -35
KPX Ograve Aacute -35
KPX Ograve Abreve -35
KPX Ograve Acircumflex -35
KPX Ograve Adieresis -35
KPX Ograve Agrave -35
KPX Ograve Amacron -35
KPX Ograve Aogonek -35
KPX Ograve Aring -35
KPX Ograve Atilde -35
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -35
KPX Ograve X -40
KPX Ograve Y -50
KPX Ograve Yacute -50
KPX Ograve Ydieresis -50
KPX Ohungarumlaut A -35
KPX Ohungarumlaut Aacute -35
KPX Ohungarumlaut Abreve -35
KPX Ohungarumlaut Acircumflex -35
KPX Ohungarumlaut Adieresis -35
KPX Ohungarumlaut Agrave -35
KPX Ohungarumlaut Amacron -35
KPX Ohungarumlaut Aogonek -35
KPX Ohungarumlaut Aring -35
KPX Ohungarumlaut Atilde -35
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -35
KPX Ohungarumlaut X -40
KPX Ohungarumlaut Y -50
KPX Ohungarumlaut Yacute -50
KPX Ohungarumlaut Ydieresis -50
KPX Omacron A -35
KPX Omacron Aacute -35
KPX Omacron Abreve -35
KPX Omacron Acircumflex -35
KPX Omacron Adieresis -35
KPX Omacron Agrave -35
KPX Omacron Amacron -35
KPX Omacron Aogonek -35
KPX Omacron Aring -35
KPX Omacron Atilde -35
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -35
KPX Omacron X -40
KPX Omacron Y -50
KPX Omacron Yacute -50
KPX Omacron Ydieresis -50
KPX Oslash A -35
KPX Oslash Aacute -35
KPX Oslash Abreve -35
KPX Oslash Acircumflex -35
KPX Oslash Adieresis -35
KPX Oslash Agrave -35
KPX Oslash Amacron -35
KPX Oslash Aogonek -35
KPX Oslash Aring -35
KPX Oslash Atilde -35
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -35
KPX Oslash X -40
KPX Oslash Y -50
KPX Oslash Yacute -50
KPX Oslash Ydieresis -50
KPX Otilde A -35
KPX Otilde Aacute -35
KPX Otilde Abreve -35
KPX Otilde Acircumflex -35
KPX Otilde Adieresis -35
KPX Otilde Agrave -35
KPX Otilde Amacron -35
KPX Otilde Aogonek -35
KPX Otilde Aring -35
KPX Otilde Atilde -35
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -35
KPX Otilde X -40
KPX Otilde Y -50
KPX Otilde Yacute -50
KPX Otilde Ydieresis -50
KPX P A -92
KPX P Aacute -92
KPX P Abreve -92
KPX P Acircumflex -92
KPX P Adieresis -92
KPX P Agrave -92
KPX P Amacron -92
KPX P Aogonek -92
KPX P Aring -92
KPX P Atilde -92
KPX P a -15
KPX P aacute -15
KPX P abreve -15
KPX P acircumflex -15
KPX P adieresis -15
KPX P agrave -15
KPX P amacron -15
KPX P aogonek -15
KPX P aring -15
KPX P atilde -15
KPX P comma -111
KPX P period -111
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX R O -40
KPX R Oacute -40
KPX R Ocircumflex -40
KPX R Odieresis -40
KPX R Ograve -40
KPX R Ohungarumlaut -40
KPX R Omacron -40
KPX R Oslash -40
KPX R Otilde -40
KPX R T -60
KPX R Tcaron -60
KPX R Tcommaaccent -60
KPX R U -40
KPX R Uacute -40
KPX R Ucircumflex -40
KPX R Udieresis -40
KPX R Ugrave -40
KPX R Uhungarumlaut -40
KPX R Umacron -40
KPX R Uogonek -40
KPX R Uring -40
KPX R V -80
KPX R W -55
KPX R Y -65
KPX R Yacute -65
KPX R Ydieresis -65
KPX Racute O -40
KPX Racute Oacute -40
KPX Racute Ocircumflex -40
KPX Racute Odieresis -40
KPX Racute Ograve -40
KPX Racute Ohungarumlaut -40
KPX Racute Omacron -40
KPX Racute Oslash -40
KPX Racute Otilde -40
KPX Racute T -60
KPX Racute Tcaron -60
KPX Racute Tcommaaccent -60
KPX Racute U -40
KPX Racute Uacute -40
KPX Racute Ucircumflex -40
KPX Racute Udieresis -40
KPX Racute Ugrave -40
KPX Racute Uhungarumlaut -40
KPX Racute Umacron -40
KPX Racute Uogonek -40
KPX Racute Uring -40
KPX Racute V -80
KPX Racute W -55
KPX Racute Y -65
KPX Racute Yacute -65
KPX Racute Ydieresis -65
KPX Rcaron O -40
KPX Rcaron Oacute -40
KPX Rcaron Ocircumflex -40
KPX Rcaron Odieresis -40
KPX Rcaron Ograve -40
KPX Rcaron Ohungarumlaut -40
KPX Rcaron Omacron -40
KPX Rcaron Oslash -40
KPX Rcaron Otilde -40
KPX Rcaron T -60
KPX Rcaron Tcaron -60
KPX Rcaron Tcommaaccent -60
KPX Rcaron U -40
KPX Rcaron Uacute -40
KPX Rcaron Ucircumflex -40
KPX Rcaron Udieresis -40
KPX Rcaron Ugrave -40
KPX Rcaron Uhungarumlaut -40
KPX Rcaron Umacron -40
KPX Rcaron Uogonek -40
KPX Rcaron Uring -40
KPX Rcaron V -80
KPX Rcaron W -55
KPX Rcaron Y -65
KPX Rcaron Yacute -65
KPX Rcaron Ydieresis -65
KPX Rcommaaccent O -40
KPX Rcommaaccent Oacute -40
KPX Rcommaaccent Ocircumflex -40
KPX Rcommaaccent Odieresis -40
KPX Rcommaaccent Ograve -40
KPX Rcommaaccent Ohungarumlaut -40
KPX Rcommaaccent Omacron -40
KPX Rcommaaccent Oslash -40
KPX Rcommaaccent Otilde -40
KPX Rcommaaccent T -60
KPX Rcommaaccent Tcaron -60
KPX Rcommaaccent Tcommaaccent -60
KPX Rcommaaccent U -40
KPX Rcommaaccent Uacute -40
KPX Rcommaaccent Ucircumflex -40
KPX Rcommaaccent Udieresis -40
KPX Rcommaaccent Ugrave -40
KPX Rcommaaccent Uhungarumlaut -40
KPX Rcommaaccent Umacron -40
KPX Rcommaaccent Uogonek -40
KPX Rcommaaccent Uring -40
KPX Rcommaaccent V -80
KPX Rcommaaccent W -55
KPX Rcommaaccent Y -65
KPX Rcommaaccent Yacute -65
KPX Rcommaaccent Ydieresis -65
KPX T A -93
KPX T Aacute -93
KPX T Abreve -93
KPX T Acircumflex -93
KPX T Adieresis -93
KPX T Agrave -93
KPX T Amacron -93
KPX T Aogonek -93
KPX T Aring -93
KPX T Atilde -93
KPX T O -18
KPX T Oacute -18
KPX T Ocircumflex -18
KPX T Odieresis -18
KPX T Ograve -18
KPX T Ohungarumlaut -18
KPX T Omacron -18
KPX T Oslash -18
KPX T Otilde -18
KPX T a -80
KPX T aacute -80
KPX T abreve -80
KPX T acircumflex -80
KPX T adieresis -40
KPX T agrave -40
KPX T amacron -40
KPX T aogonek -80
KPX T aring -80
KPX T atilde -40
KPX T colon -50
KPX T comma -74
KPX T e -70
KPX T eacute -70
KPX T ecaron -70
KPX T ecircumflex -70
KPX T edieresis -30
KPX T edotaccent -70
KPX T egrave -70
KPX T emacron -30
KPX T eogonek -70
KPX T hyphen -92
KPX T i -35
KPX T iacute -35
KPX T iogonek -35
KPX T o -80
KPX T oacute -80
KPX T ocircumflex -80
KPX T odieresis -80
KPX T ograve -80
KPX T ohungarumlaut -80
KPX T omacron -80
KPX T oslash -80
KPX T otilde -80
KPX T period -74
KPX T r -35
KPX T racute -35
KPX T rcaron -35
KPX T rcommaaccent -35
KPX T semicolon -55
KPX T u -45
KPX T uacute -45
KPX T ucircumflex -45
KPX T udieresis -45
KPX T ugrave -45
KPX T uhungarumlaut -45
KPX T umacron -45
KPX T uogonek -45
KPX T uring -45
KPX T w -80
KPX T y -80
KPX T yacute -80
KPX T ydieresis -80
KPX Tcaron A -93
KPX Tcaron Aacute -93
KPX Tcaron Abreve -93
KPX Tcaron Acircumflex -93
KPX Tcaron Adieresis -93
KPX Tcaron Agrave -93
KPX Tcaron Amacron -93
KPX Tcaron Aogonek -93
KPX Tcaron Aring -93
KPX Tcaron Atilde -93
KPX Tcaron O -18
KPX Tcaron Oacute -18
KPX Tcaron Ocircumflex -18
KPX Tcaron Odieresis -18
KPX Tcaron Ograve -18
KPX Tcaron Ohungarumlaut -18
KPX Tcaron Omacron -18
KPX Tcaron Oslash -18
KPX Tcaron Otilde -18
KPX Tcaron a -80
KPX Tcaron aacute -80
KPX Tcaron abreve -80
KPX Tcaron acircumflex -80
KPX Tcaron adieresis -40
KPX Tcaron agrave -40
KPX Tcaron amacron -40
KPX Tcaron aogonek -80
KPX Tcaron aring -80
KPX Tcaron atilde -40
KPX Tcaron colon -50
KPX Tcaron comma -74
KPX Tcaron e -70
KPX Tcaron eacute -70
KPX Tcaron ecaron -70
KPX Tcaron ecircumflex -30
KPX Tcaron edieresis -30
KPX Tcaron edotaccent -70
KPX Tcaron egrave -70
KPX Tcaron emacron -30
KPX Tcaron eogonek -70
KPX Tcaron hyphen -92
KPX Tcaron i -35
KPX Tcaron iacute -35
KPX Tcaron iogonek -35
KPX Tcaron o -80
KPX Tcaron oacute -80
KPX Tcaron ocircumflex -80
KPX Tcaron odieresis -80
KPX Tcaron ograve -80
KPX Tcaron ohungarumlaut -80
KPX Tcaron omacron -80
KPX Tcaron oslash -80
KPX Tcaron otilde -80
KPX Tcaron period -74
KPX Tcaron r -35
KPX Tcaron racute -35
KPX Tcaron rcaron -35
KPX Tcaron rcommaaccent -35
KPX Tcaron semicolon -55
KPX Tcaron u -45
KPX Tcaron uacute -45
KPX Tcaron ucircumflex -45
KPX Tcaron udieresis -45
KPX Tcaron ugrave -45
KPX Tcaron uhungarumlaut -45
KPX Tcaron umacron -45
KPX Tcaron uogonek -45
KPX Tcaron uring -45
KPX Tcaron w -80
KPX Tcaron y -80
KPX Tcaron yacute -80
KPX Tcaron ydieresis -80
KPX Tcommaaccent A -93
KPX Tcommaaccent Aacute -93
KPX Tcommaaccent Abreve -93
KPX Tcommaaccent Acircumflex -93
KPX Tcommaaccent Adieresis -93
KPX Tcommaaccent Agrave -93
KPX Tcommaaccent Amacron -93
KPX Tcommaaccent Aogonek -93
KPX Tcommaaccent Aring -93
KPX Tcommaaccent Atilde -93
KPX Tcommaaccent O -18
KPX Tcommaaccent Oacute -18
KPX Tcommaaccent Ocircumflex -18
KPX Tcommaaccent Odieresis -18
KPX Tcommaaccent Ograve -18
KPX Tcommaaccent Ohungarumlaut -18
KPX Tcommaaccent Omacron -18
KPX Tcommaaccent Oslash -18
KPX Tcommaaccent Otilde -18
KPX Tcommaaccent a -80
KPX Tcommaaccent aacute -80
KPX Tcommaaccent abreve -80
KPX Tcommaaccent acircumflex -80
KPX Tcommaaccent adieresis -40
KPX Tcommaaccent agrave -40
KPX Tcommaaccent amacron -40
KPX Tcommaaccent aogonek -80
KPX Tcommaaccent aring -80
KPX Tcommaaccent atilde -40
KPX Tcommaaccent colon -50
KPX Tcommaaccent comma -74
KPX Tcommaaccent e -70
KPX Tcommaaccent eacute -70
KPX Tcommaaccent ecaron -70
KPX Tcommaaccent ecircumflex -30
KPX Tcommaaccent edieresis -30
KPX Tcommaaccent edotaccent -70
KPX Tcommaaccent egrave -30
KPX Tcommaaccent emacron -70
KPX Tcommaaccent eogonek -70
KPX Tcommaaccent hyphen -92
KPX Tcommaaccent i -35
KPX Tcommaaccent iacute -35
KPX Tcommaaccent iogonek -35
KPX Tcommaaccent o -80
KPX Tcommaaccent oacute -80
KPX Tcommaaccent ocircumflex -80
KPX Tcommaaccent odieresis -80
KPX Tcommaaccent ograve -80
KPX Tcommaaccent ohungarumlaut -80
KPX Tcommaaccent omacron -80
KPX Tcommaaccent oslash -80
KPX Tcommaaccent otilde -80
KPX Tcommaaccent period -74
KPX Tcommaaccent r -35
KPX Tcommaaccent racute -35
KPX Tcommaaccent rcaron -35
KPX Tcommaaccent rcommaaccent -35
KPX Tcommaaccent semicolon -55
KPX Tcommaaccent u -45
KPX Tcommaaccent uacute -45
KPX Tcommaaccent ucircumflex -45
KPX Tcommaaccent udieresis -45
KPX Tcommaaccent ugrave -45
KPX Tcommaaccent uhungarumlaut -45
KPX Tcommaaccent umacron -45
KPX Tcommaaccent uogonek -45
KPX Tcommaaccent uring -45
KPX Tcommaaccent w -80
KPX Tcommaaccent y -80
KPX Tcommaaccent yacute -80
KPX Tcommaaccent ydieresis -80
KPX U A -40
KPX U Aacute -40
KPX U Abreve -40
KPX U Acircumflex -40
KPX U Adieresis -40
KPX U Agrave -40
KPX U Amacron -40
KPX U Aogonek -40
KPX U Aring -40
KPX U Atilde -40
KPX Uacute A -40
KPX Uacute Aacute -40
KPX Uacute Abreve -40
KPX Uacute Acircumflex -40
KPX Uacute Adieresis -40
KPX Uacute Agrave -40
KPX Uacute Amacron -40
KPX Uacute Aogonek -40
KPX Uacute Aring -40
KPX Uacute Atilde -40
KPX Ucircumflex A -40
KPX Ucircumflex Aacute -40
KPX Ucircumflex Abreve -40
KPX Ucircumflex Acircumflex -40
KPX Ucircumflex Adieresis -40
KPX Ucircumflex Agrave -40
KPX Ucircumflex Amacron -40
KPX Ucircumflex Aogonek -40
KPX Ucircumflex Aring -40
KPX Ucircumflex Atilde -40
KPX Udieresis A -40
KPX Udieresis Aacute -40
KPX Udieresis Abreve -40
KPX Udieresis Acircumflex -40
KPX Udieresis Adieresis -40
KPX Udieresis Agrave -40
KPX Udieresis Amacron -40
KPX Udieresis Aogonek -40
KPX Udieresis Aring -40
KPX Udieresis Atilde -40
KPX Ugrave A -40
KPX Ugrave Aacute -40
KPX Ugrave Abreve -40
KPX Ugrave Acircumflex -40
KPX Ugrave Adieresis -40
KPX Ugrave Agrave -40
KPX Ugrave Amacron -40
KPX Ugrave Aogonek -40
KPX Ugrave Aring -40
KPX Ugrave Atilde -40
KPX Uhungarumlaut A -40
KPX Uhungarumlaut Aacute -40
KPX Uhungarumlaut Abreve -40
KPX Uhungarumlaut Acircumflex -40
KPX Uhungarumlaut Adieresis -40
KPX Uhungarumlaut Agrave -40
KPX Uhungarumlaut Amacron -40
KPX Uhungarumlaut Aogonek -40
KPX Uhungarumlaut Aring -40
KPX Uhungarumlaut Atilde -40
KPX Umacron A -40
KPX Umacron Aacute -40
KPX Umacron Abreve -40
KPX Umacron Acircumflex -40
KPX Umacron Adieresis -40
KPX Umacron Agrave -40
KPX Umacron Amacron -40
KPX Umacron Aogonek -40
KPX Umacron Aring -40
KPX Umacron Atilde -40
KPX Uogonek A -40
KPX Uogonek Aacute -40
KPX Uogonek Abreve -40
KPX Uogonek Acircumflex -40
KPX Uogonek Adieresis -40
KPX Uogonek Agrave -40
KPX Uogonek Amacron -40
KPX Uogonek Aogonek -40
KPX Uogonek Aring -40
KPX Uogonek Atilde -40
KPX Uring A -40
KPX Uring Aacute -40
KPX Uring Abreve -40
KPX Uring Acircumflex -40
KPX Uring Adieresis -40
KPX Uring Agrave -40
KPX Uring Amacron -40
KPX Uring Aogonek -40
KPX Uring Aring -40
KPX Uring Atilde -40
KPX V A -135
KPX V Aacute -135
KPX V Abreve -135
KPX V Acircumflex -135
KPX V Adieresis -135
KPX V Agrave -135
KPX V Amacron -135
KPX V Aogonek -135
KPX V Aring -135
KPX V Atilde -135
KPX V G -15
KPX V Gbreve -15
KPX V Gcommaaccent -15
KPX V O -40
KPX V Oacute -40
KPX V Ocircumflex -40
KPX V Odieresis -40
KPX V Ograve -40
KPX V Ohungarumlaut -40
KPX V Omacron -40
KPX V Oslash -40
KPX V Otilde -40
KPX V a -111
KPX V aacute -111
KPX V abreve -111
KPX V acircumflex -71
KPX V adieresis -71
KPX V agrave -71
KPX V amacron -71
KPX V aogonek -111
KPX V aring -111
KPX V atilde -71
KPX V colon -74
KPX V comma -129
KPX V e -111
KPX V eacute -111
KPX V ecaron -71
KPX V ecircumflex -71
KPX V edieresis -71
KPX V edotaccent -111
KPX V egrave -71
KPX V emacron -71
KPX V eogonek -111
KPX V hyphen -100
KPX V i -60
KPX V iacute -60
KPX V icircumflex -20
KPX V idieresis -20
KPX V igrave -20
KPX V imacron -20
KPX V iogonek -60
KPX V o -129
KPX V oacute -129
KPX V ocircumflex -129
KPX V odieresis -89
KPX V ograve -89
KPX V ohungarumlaut -129
KPX V omacron -89
KPX V oslash -129
KPX V otilde -89
KPX V period -129
KPX V semicolon -74
KPX V u -75
KPX V uacute -75
KPX V ucircumflex -75
KPX V udieresis -75
KPX V ugrave -75
KPX V uhungarumlaut -75
KPX V umacron -75
KPX V uogonek -75
KPX V uring -75
KPX W A -120
KPX W Aacute -120
KPX W Abreve -120
KPX W Acircumflex -120
KPX W Adieresis -120
KPX W Agrave -120
KPX W Amacron -120
KPX W Aogonek -120
KPX W Aring -120
KPX W Atilde -120
KPX W O -10
KPX W Oacute -10
KPX W Ocircumflex -10
KPX W Odieresis -10
KPX W Ograve -10
KPX W Ohungarumlaut -10
KPX W Omacron -10
KPX W Oslash -10
KPX W Otilde -10
KPX W a -80
KPX W aacute -80
KPX W abreve -80
KPX W acircumflex -80
KPX W adieresis -80
KPX W agrave -80
KPX W amacron -80
KPX W aogonek -80
KPX W aring -80
KPX W atilde -80
KPX W colon -37
KPX W comma -92
KPX W e -80
KPX W eacute -80
KPX W ecaron -80
KPX W ecircumflex -80
KPX W edieresis -40
KPX W edotaccent -80
KPX W egrave -40
KPX W emacron -40
KPX W eogonek -80
KPX W hyphen -65
KPX W i -40
KPX W iacute -40
KPX W iogonek -40
KPX W o -80
KPX W oacute -80
KPX W ocircumflex -80
KPX W odieresis -80
KPX W ograve -80
KPX W ohungarumlaut -80
KPX W omacron -80
KPX W oslash -80
KPX W otilde -80
KPX W period -92
KPX W semicolon -37
KPX W u -50
KPX W uacute -50
KPX W ucircumflex -50
KPX W udieresis -50
KPX W ugrave -50
KPX W uhungarumlaut -50
KPX W umacron -50
KPX W uogonek -50
KPX W uring -50
KPX W y -73
KPX W yacute -73
KPX W ydieresis -73
KPX Y A -120
KPX Y Aacute -120
KPX Y Abreve -120
KPX Y Acircumflex -120
KPX Y Adieresis -120
KPX Y Agrave -120
KPX Y Amacron -120
KPX Y Aogonek -120
KPX Y Aring -120
KPX Y Atilde -120
KPX Y O -30
KPX Y Oacute -30
KPX Y Ocircumflex -30
KPX Y Odieresis -30
KPX Y Ograve -30
KPX Y Ohungarumlaut -30
KPX Y Omacron -30
KPX Y Oslash -30
KPX Y Otilde -30
KPX Y a -100
KPX Y aacute -100
KPX Y abreve -100
KPX Y acircumflex -100
KPX Y adieresis -60
KPX Y agrave -60
KPX Y amacron -60
KPX Y aogonek -100
KPX Y aring -100
KPX Y atilde -60
KPX Y colon -92
KPX Y comma -129
KPX Y e -100
KPX Y eacute -100
KPX Y ecaron -100
KPX Y ecircumflex -100
KPX Y edieresis -60
KPX Y edotaccent -100
KPX Y egrave -60
KPX Y emacron -60
KPX Y eogonek -100
KPX Y hyphen -111
KPX Y i -55
KPX Y iacute -55
KPX Y iogonek -55
KPX Y o -110
KPX Y oacute -110
KPX Y ocircumflex -110
KPX Y odieresis -70
KPX Y ograve -70
KPX Y ohungarumlaut -110
KPX Y omacron -70
KPX Y oslash -110
KPX Y otilde -70
KPX Y period -129
KPX Y semicolon -92
KPX Y u -111
KPX Y uacute -111
KPX Y ucircumflex -111
KPX Y udieresis -71
KPX Y ugrave -71
KPX Y uhungarumlaut -111
KPX Y umacron -71
KPX Y uogonek -111
KPX Y uring -111
KPX Yacute A -120
KPX Yacute Aacute -120
KPX Yacute Abreve -120
KPX Yacute Acircumflex -120
KPX Yacute Adieresis -120
KPX Yacute Agrave -120
KPX Yacute Amacron -120
KPX Yacute Aogonek -120
KPX Yacute Aring -120
KPX Yacute Atilde -120
KPX Yacute O -30
KPX Yacute Oacute -30
KPX Yacute Ocircumflex -30
KPX Yacute Odieresis -30
KPX Yacute Ograve -30
KPX Yacute Ohungarumlaut -30
KPX Yacute Omacron -30
KPX Yacute Oslash -30
KPX Yacute Otilde -30
KPX Yacute a -100
KPX Yacute aacute -100
KPX Yacute abreve -100
KPX Yacute acircumflex -100
KPX Yacute adieresis -60
KPX Yacute agrave -60
KPX Yacute amacron -60
KPX Yacute aogonek -100
KPX Yacute aring -100
KPX Yacute atilde -60
KPX Yacute colon -92
KPX Yacute comma -129
KPX Yacute e -100
KPX Yacute eacute -100
KPX Yacute ecaron -100
KPX Yacute ecircumflex -100
KPX Yacute edieresis -60
KPX Yacute edotaccent -100
KPX Yacute egrave -60
KPX Yacute emacron -60
KPX Yacute eogonek -100
KPX Yacute hyphen -111
KPX Yacute i -55
KPX Yacute iacute -55
KPX Yacute iogonek -55
KPX Yacute o -110
KPX Yacute oacute -110
KPX Yacute ocircumflex -110
KPX Yacute odieresis -70
KPX Yacute ograve -70
KPX Yacute ohungarumlaut -110
KPX Yacute omacron -70
KPX Yacute oslash -110
KPX Yacute otilde -70
KPX Yacute period -129
KPX Yacute semicolon -92
KPX Yacute u -111
KPX Yacute uacute -111
KPX Yacute ucircumflex -111
KPX Yacute udieresis -71
KPX Yacute ugrave -71
KPX Yacute uhungarumlaut -111
KPX Yacute umacron -71
KPX Yacute uogonek -111
KPX Yacute uring -111
KPX Ydieresis A -120
KPX Ydieresis Aacute -120
KPX Ydieresis Abreve -120
KPX Ydieresis Acircumflex -120
KPX Ydieresis Adieresis -120
KPX Ydieresis Agrave -120
KPX Ydieresis Amacron -120
KPX Ydieresis Aogonek -120
KPX Ydieresis Aring -120
KPX Ydieresis Atilde -120
KPX Ydieresis O -30
KPX Ydieresis Oacute -30
KPX Ydieresis Ocircumflex -30
KPX Ydieresis Odieresis -30
KPX Ydieresis Ograve -30
KPX Ydieresis Ohungarumlaut -30
KPX Ydieresis Omacron -30
KPX Ydieresis Oslash -30
KPX Ydieresis Otilde -30
KPX Ydieresis a -100
KPX Ydieresis aacute -100
KPX Ydieresis abreve -100
KPX Ydieresis acircumflex -100
KPX Ydieresis adieresis -60
KPX Ydieresis agrave -60
KPX Ydieresis amacron -60
KPX Ydieresis aogonek -100
KPX Ydieresis aring -100
KPX Ydieresis atilde -100
KPX Ydieresis colon -92
KPX Ydieresis comma -129
KPX Ydieresis e -100
KPX Ydieresis eacute -100
KPX Ydieresis ecaron -100
KPX Ydieresis ecircumflex -100
KPX Ydieresis edieresis -60
KPX Ydieresis edotaccent -100
KPX Ydieresis egrave -60
KPX Ydieresis emacron -60
KPX Ydieresis eogonek -100
KPX Ydieresis hyphen -111
KPX Ydieresis i -55
KPX Ydieresis iacute -55
KPX Ydieresis iogonek -55
KPX Ydieresis o -110
KPX Ydieresis oacute -110
KPX Ydieresis ocircumflex -110
KPX Ydieresis odieresis -70
KPX Ydieresis ograve -70
KPX Ydieresis ohungarumlaut -110
KPX Ydieresis omacron -70
KPX Ydieresis oslash -110
KPX Ydieresis otilde -70
KPX Ydieresis period -129
KPX Ydieresis semicolon -92
KPX Ydieresis u -111
KPX Ydieresis uacute -111
KPX Ydieresis ucircumflex -111
KPX Ydieresis udieresis -71
KPX Ydieresis ugrave -71
KPX Ydieresis uhungarumlaut -111
KPX Ydieresis umacron -71
KPX Ydieresis uogonek -111
KPX Ydieresis uring -111
KPX a v -20
KPX a w -15
KPX aacute v -20
KPX aacute w -15
KPX abreve v -20
KPX abreve w -15
KPX acircumflex v -20
KPX acircumflex w -15
KPX adieresis v -20
KPX adieresis w -15
KPX agrave v -20
KPX agrave w -15
KPX amacron v -20
KPX amacron w -15
KPX aogonek v -20
KPX aogonek w -15
KPX aring v -20
KPX aring w -15
KPX atilde v -20
KPX atilde w -15
KPX b period -40
KPX b u -20
KPX b uacute -20
KPX b ucircumflex -20
KPX b udieresis -20
KPX b ugrave -20
KPX b uhungarumlaut -20
KPX b umacron -20
KPX b uogonek -20
KPX b uring -20
KPX b v -15
KPX c y -15
KPX c yacute -15
KPX c ydieresis -15
KPX cacute y -15
KPX cacute yacute -15
KPX cacute ydieresis -15
KPX ccaron y -15
KPX ccaron yacute -15
KPX ccaron ydieresis -15
KPX ccedilla y -15
KPX ccedilla yacute -15
KPX ccedilla ydieresis -15
KPX comma quotedblright -70
KPX comma quoteright -70
KPX e g -15
KPX e gbreve -15
KPX e gcommaaccent -15
KPX e v -25
KPX e w -25
KPX e x -15
KPX e y -15
KPX e yacute -15
KPX e ydieresis -15
KPX eacute g -15
KPX eacute gbreve -15
KPX eacute gcommaaccent -15
KPX eacute v -25
KPX eacute w -25
KPX eacute x -15
KPX eacute y -15
KPX eacute yacute -15
KPX eacute ydieresis -15
KPX ecaron g -15
KPX ecaron gbreve -15
KPX ecaron gcommaaccent -15
KPX ecaron v -25
KPX ecaron w -25
KPX ecaron x -15
KPX ecaron y -15
KPX ecaron yacute -15
KPX ecaron ydieresis -15
KPX ecircumflex g -15
KPX ecircumflex gbreve -15
KPX ecircumflex gcommaaccent -15
KPX ecircumflex v -25
KPX ecircumflex w -25
KPX ecircumflex x -15
KPX ecircumflex y -15
KPX ecircumflex yacute -15
KPX ecircumflex ydieresis -15
KPX edieresis g -15
KPX edieresis gbreve -15
KPX edieresis gcommaaccent -15
KPX edieresis v -25
KPX edieresis w -25
KPX edieresis x -15
KPX edieresis y -15
KPX edieresis yacute -15
KPX edieresis ydieresis -15
KPX edotaccent g -15
KPX edotaccent gbreve -15
KPX edotaccent gcommaaccent -15
KPX edotaccent v -25
KPX edotaccent w -25
KPX edotaccent x -15
KPX edotaccent y -15
KPX edotaccent yacute -15
KPX edotaccent ydieresis -15
KPX egrave g -15
KPX egrave gbreve -15
KPX egrave gcommaaccent -15
KPX egrave v -25
KPX egrave w -25
KPX egrave x -15
KPX egrave y -15
KPX egrave yacute -15
KPX egrave ydieresis -15
KPX emacron g -15
KPX emacron gbreve -15
KPX emacron gcommaaccent -15
KPX emacron v -25
KPX emacron w -25
KPX emacron x -15
KPX emacron y -15
KPX emacron yacute -15
KPX emacron ydieresis -15
KPX eogonek g -15
KPX eogonek gbreve -15
KPX eogonek gcommaaccent -15
KPX eogonek v -25
KPX eogonek w -25
KPX eogonek x -15
KPX eogonek y -15
KPX eogonek yacute -15
KPX eogonek ydieresis -15
KPX f a -10
KPX f aacute -10
KPX f abreve -10
KPX f acircumflex -10
KPX f adieresis -10
KPX f agrave -10
KPX f amacron -10
KPX f aogonek -10
KPX f aring -10
KPX f atilde -10
KPX f dotlessi -50
KPX f f -25
KPX f i -20
KPX f iacute -20
KPX f quoteright 55
KPX g a -5
KPX g aacute -5
KPX g abreve -5
KPX g acircumflex -5
KPX g adieresis -5
KPX g agrave -5
KPX g amacron -5
KPX g aogonek -5
KPX g aring -5
KPX g atilde -5
KPX gbreve a -5
KPX gbreve aacute -5
KPX gbreve abreve -5
KPX gbreve acircumflex -5
KPX gbreve adieresis -5
KPX gbreve agrave -5
KPX gbreve amacron -5
KPX gbreve aogonek -5
KPX gbreve aring -5
KPX gbreve atilde -5
KPX gcommaaccent a -5
KPX gcommaaccent aacute -5
KPX gcommaaccent abreve -5
KPX gcommaaccent acircumflex -5
KPX gcommaaccent adieresis -5
KPX gcommaaccent agrave -5
KPX gcommaaccent amacron -5
KPX gcommaaccent aogonek -5
KPX gcommaaccent aring -5
KPX gcommaaccent atilde -5
KPX h y -5
KPX h yacute -5
KPX h ydieresis -5
KPX i v -25
KPX iacute v -25
KPX icircumflex v -25
KPX idieresis v -25
KPX igrave v -25
KPX imacron v -25
KPX iogonek v -25
KPX k e -10
KPX k eacute -10
KPX k ecaron -10
KPX k ecircumflex -10
KPX k edieresis -10
KPX k edotaccent -10
KPX k egrave -10
KPX k emacron -10
KPX k eogonek -10
KPX k o -10
KPX k oacute -10
KPX k ocircumflex -10
KPX k odieresis -10
KPX k ograve -10
KPX k ohungarumlaut -10
KPX k omacron -10
KPX k oslash -10
KPX k otilde -10
KPX k y -15
KPX k yacute -15
KPX k ydieresis -15
KPX kcommaaccent e -10
KPX kcommaaccent eacute -10
KPX kcommaaccent ecaron -10
KPX kcommaaccent ecircumflex -10
KPX kcommaaccent edieresis -10
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C -1 ; WX 389 ; N Imacron ; B 20 0 370 847 ;
C -1 ; WX 667 ; N Lcaron ; B 19 0 652 682 ;
C -1 ; WX 750 ; N onehalf ; B -7 -12 775 688 ;
C -1 ; WX 549 ; N lessequal ; B 29 0 526 704 ;
C -1 ; WX 500 ; N ocircumflex ; B 25 -14 476 704 ;
C -1 ; WX 556 ; N ntilde ; B 21 0 539 674 ;
C -1 ; WX 722 ; N Uhungarumlaut ; B 16 -19 701 923 ;
C -1 ; WX 667 ; N Eacute ; B 16 0 641 923 ;
C -1 ; WX 444 ; N emacron ; B 25 -14 426 637 ;
C -1 ; WX 500 ; N gbreve ; B 28 -206 483 691 ;
C -1 ; WX 750 ; N onequarter ; B 28 -12 743 688 ;
C -1 ; WX 556 ; N Scaron ; B 35 -19 513 914 ;
C -1 ; WX 556 ; N Scommaaccent ; B 35 -218 513 692 ;
C -1 ; WX 778 ; N Ohungarumlaut ; B 35 -19 743 923 ;
C -1 ; WX 400 ; N degree ; B 57 402 343 688 ;
C -1 ; WX 500 ; N ograve ; B 25 -14 476 713 ;
C -1 ; WX 722 ; N Ccaron ; B 49 -19 687 914 ;
C -1 ; WX 556 ; N ugrave ; B 16 -14 537 713 ;
C -1 ; WX 549 ; N radical ; B 10 -46 512 850 ;
C -1 ; WX 722 ; N Dcaron ; B 14 0 690 914 ;
C -1 ; WX 444 ; N rcommaaccent ; B 29 -218 434 473 ;
C -1 ; WX 722 ; N Ntilde ; B 16 -18 701 884 ;
C -1 ; WX 500 ; N otilde ; B 25 -14 476 674 ;
C -1 ; WX 722 ; N Rcommaaccent ; B 26 -218 715 676 ;
C -1 ; WX 667 ; N Lcommaaccent ; B 19 -218 638 676 ;
C -1 ; WX 722 ; N Atilde ; B 9 0 689 884 ;
C -1 ; WX 722 ; N Aogonek ; B 9 -193 699 690 ;
C -1 ; WX 722 ; N Aring ; B 9 0 689 935 ;
C -1 ; WX 778 ; N Otilde ; B 35 -19 743 884 ;
C -1 ; WX 444 ; N zdotaccent ; B 21 0 420 691 ;
C -1 ; WX 667 ; N Ecaron ; B 16 0 641 914 ;
C -1 ; WX 389 ; N Iogonek ; B 20 -193 370 676 ;
C -1 ; WX 556 ; N kcommaaccent ; B 22 -218 543 676 ;
C -1 ; WX 570 ; N minus ; B 33 209 537 297 ;
C -1 ; WX 389 ; N Icircumflex ; B 20 0 370 914 ;
C -1 ; WX 556 ; N ncaron ; B 21 0 539 704 ;
C -1 ; WX 333 ; N tcommaaccent ; B 20 -218 332 630 ;
C -1 ; WX 570 ; N logicalnot ; B 33 108 537 399 ;
C -1 ; WX 500 ; N odieresis ; B 25 -14 476 667 ;
C -1 ; WX 556 ; N udieresis ; B 16 -14 537 667 ;
C -1 ; WX 549 ; N notequal ; B 15 -49 540 570 ;
C -1 ; WX 500 ; N gcommaaccent ; B 28 -206 483 829 ;
C -1 ; WX 500 ; N eth ; B 25 -14 476 691 ;
C -1 ; WX 444 ; N zcaron ; B 21 0 420 704 ;
C -1 ; WX 556 ; N ncommaaccent ; B 21 -218 539 473 ;
C -1 ; WX 300 ; N onesuperior ; B 28 275 273 688 ;
C -1 ; WX 278 ; N imacron ; B -8 0 272 637 ;
C -1 ; WX 500 ; N Euro ; B 0 0 0 0 ;
EndCharMetrics
StartKernData
StartKernPairs 2242
KPX A C -55
KPX A Cacute -55
KPX A Ccaron -55
KPX A Ccedilla -55
KPX A G -55
KPX A Gbreve -55
KPX A Gcommaaccent -55
KPX A O -45
KPX A Oacute -45
KPX A Ocircumflex -45
KPX A Odieresis -45
KPX A Ograve -45
KPX A Ohungarumlaut -45
KPX A Omacron -45
KPX A Oslash -45
KPX A Otilde -45
KPX A Q -45
KPX A T -95
KPX A Tcaron -95
KPX A Tcommaaccent -95
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -145
KPX A W -130
KPX A Y -100
KPX A Yacute -100
KPX A Ydieresis -100
KPX A p -25
KPX A quoteright -74
KPX A u -50
KPX A uacute -50
KPX A ucircumflex -50
KPX A udieresis -50
KPX A ugrave -50
KPX A uhungarumlaut -50
KPX A umacron -50
KPX A uogonek -50
KPX A uring -50
KPX A v -100
KPX A w -90
KPX A y -74
KPX A yacute -74
KPX A ydieresis -74
KPX Aacute C -55
KPX Aacute Cacute -55
KPX Aacute Ccaron -55
KPX Aacute Ccedilla -55
KPX Aacute G -55
KPX Aacute Gbreve -55
KPX Aacute Gcommaaccent -55
KPX Aacute O -45
KPX Aacute Oacute -45
KPX Aacute Ocircumflex -45
KPX Aacute Odieresis -45
KPX Aacute Ograve -45
KPX Aacute Ohungarumlaut -45
KPX Aacute Omacron -45
KPX Aacute Oslash -45
KPX Aacute Otilde -45
KPX Aacute Q -45
KPX Aacute T -95
KPX Aacute Tcaron -95
KPX Aacute Tcommaaccent -95
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -145
KPX Aacute W -130
KPX Aacute Y -100
KPX Aacute Yacute -100
KPX Aacute Ydieresis -100
KPX Aacute p -25
KPX Aacute quoteright -74
KPX Aacute u -50
KPX Aacute uacute -50
KPX Aacute ucircumflex -50
KPX Aacute udieresis -50
KPX Aacute ugrave -50
KPX Aacute uhungarumlaut -50
KPX Aacute umacron -50
KPX Aacute uogonek -50
KPX Aacute uring -50
KPX Aacute v -100
KPX Aacute w -90
KPX Aacute y -74
KPX Aacute yacute -74
KPX Aacute ydieresis -74
KPX Abreve C -55
KPX Abreve Cacute -55
KPX Abreve Ccaron -55
KPX Abreve Ccedilla -55
KPX Abreve G -55
KPX Abreve Gbreve -55
KPX Abreve Gcommaaccent -55
KPX Abreve O -45
KPX Abreve Oacute -45
KPX Abreve Ocircumflex -45
KPX Abreve Odieresis -45
KPX Abreve Ograve -45
KPX Abreve Ohungarumlaut -45
KPX Abreve Omacron -45
KPX Abreve Oslash -45
KPX Abreve Otilde -45
KPX Abreve Q -45
KPX Abreve T -95
KPX Abreve Tcaron -95
KPX Abreve Tcommaaccent -95
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -145
KPX Abreve W -130
KPX Abreve Y -100
KPX Abreve Yacute -100
KPX Abreve Ydieresis -100
KPX Abreve p -25
KPX Abreve quoteright -74
KPX Abreve u -50
KPX Abreve uacute -50
KPX Abreve ucircumflex -50
KPX Abreve udieresis -50
KPX Abreve ugrave -50
KPX Abreve uhungarumlaut -50
KPX Abreve umacron -50
KPX Abreve uogonek -50
KPX Abreve uring -50
KPX Abreve v -100
KPX Abreve w -90
KPX Abreve y -74
KPX Abreve yacute -74
KPX Abreve ydieresis -74
KPX Acircumflex C -55
KPX Acircumflex Cacute -55
KPX Acircumflex Ccaron -55
KPX Acircumflex Ccedilla -55
KPX Acircumflex G -55
KPX Acircumflex Gbreve -55
KPX Acircumflex Gcommaaccent -55
KPX Acircumflex O -45
KPX Acircumflex Oacute -45
KPX Acircumflex Ocircumflex -45
KPX Acircumflex Odieresis -45
KPX Acircumflex Ograve -45
KPX Acircumflex Ohungarumlaut -45
KPX Acircumflex Omacron -45
KPX Acircumflex Oslash -45
KPX Acircumflex Otilde -45
KPX Acircumflex Q -45
KPX Acircumflex T -95
KPX Acircumflex Tcaron -95
KPX Acircumflex Tcommaaccent -95
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -145
KPX Acircumflex W -130
KPX Acircumflex Y -100
KPX Acircumflex Yacute -100
KPX Acircumflex Ydieresis -100
KPX Acircumflex p -25
KPX Acircumflex quoteright -74
KPX Acircumflex u -50
KPX Acircumflex uacute -50
KPX Acircumflex ucircumflex -50
KPX Acircumflex udieresis -50
KPX Acircumflex ugrave -50
KPX Acircumflex uhungarumlaut -50
KPX Acircumflex umacron -50
KPX Acircumflex uogonek -50
KPX Acircumflex uring -50
KPX Acircumflex v -100
KPX Acircumflex w -90
KPX Acircumflex y -74
KPX Acircumflex yacute -74
KPX Acircumflex ydieresis -74
KPX Adieresis C -55
KPX Adieresis Cacute -55
KPX Adieresis Ccaron -55
KPX Adieresis Ccedilla -55
KPX Adieresis G -55
KPX Adieresis Gbreve -55
KPX Adieresis Gcommaaccent -55
KPX Adieresis O -45
KPX Adieresis Oacute -45
KPX Adieresis Ocircumflex -45
KPX Adieresis Odieresis -45
KPX Adieresis Ograve -45
KPX Adieresis Ohungarumlaut -45
KPX Adieresis Omacron -45
KPX Adieresis Oslash -45
KPX Adieresis Otilde -45
KPX Adieresis Q -45
KPX Adieresis T -95
KPX Adieresis Tcaron -95
KPX Adieresis Tcommaaccent -95
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -145
KPX Adieresis W -130
KPX Adieresis Y -100
KPX Adieresis Yacute -100
KPX Adieresis Ydieresis -100
KPX Adieresis p -25
KPX Adieresis quoteright -74
KPX Adieresis u -50
KPX Adieresis uacute -50
KPX Adieresis ucircumflex -50
KPX Adieresis udieresis -50
KPX Adieresis ugrave -50
KPX Adieresis uhungarumlaut -50
KPX Adieresis umacron -50
KPX Adieresis uogonek -50
KPX Adieresis uring -50
KPX Adieresis v -100
KPX Adieresis w -90
KPX Adieresis y -74
KPX Adieresis yacute -74
KPX Adieresis ydieresis -74
KPX Agrave C -55
KPX Agrave Cacute -55
KPX Agrave Ccaron -55
KPX Agrave Ccedilla -55
KPX Agrave G -55
KPX Agrave Gbreve -55
KPX Agrave Gcommaaccent -55
KPX Agrave O -45
KPX Agrave Oacute -45
KPX Agrave Ocircumflex -45
KPX Agrave Odieresis -45
KPX Agrave Ograve -45
KPX Agrave Ohungarumlaut -45
KPX Agrave Omacron -45
KPX Agrave Oslash -45
KPX Agrave Otilde -45
KPX Agrave Q -45
KPX Agrave T -95
KPX Agrave Tcaron -95
KPX Agrave Tcommaaccent -95
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -145
KPX Agrave W -130
KPX Agrave Y -100
KPX Agrave Yacute -100
KPX Agrave Ydieresis -100
KPX Agrave p -25
KPX Agrave quoteright -74
KPX Agrave u -50
KPX Agrave uacute -50
KPX Agrave ucircumflex -50
KPX Agrave udieresis -50
KPX Agrave ugrave -50
KPX Agrave uhungarumlaut -50
KPX Agrave umacron -50
KPX Agrave uogonek -50
KPX Agrave uring -50
KPX Agrave v -100
KPX Agrave w -90
KPX Agrave y -74
KPX Agrave yacute -74
KPX Agrave ydieresis -74
KPX Amacron C -55
KPX Amacron Cacute -55
KPX Amacron Ccaron -55
KPX Amacron Ccedilla -55
KPX Amacron G -55
KPX Amacron Gbreve -55
KPX Amacron Gcommaaccent -55
KPX Amacron O -45
KPX Amacron Oacute -45
KPX Amacron Ocircumflex -45
KPX Amacron Odieresis -45
KPX Amacron Ograve -45
KPX Amacron Ohungarumlaut -45
KPX Amacron Omacron -45
KPX Amacron Oslash -45
KPX Amacron Otilde -45
KPX Amacron Q -45
KPX Amacron T -95
KPX Amacron Tcaron -95
KPX Amacron Tcommaaccent -95
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -145
KPX Amacron W -130
KPX Amacron Y -100
KPX Amacron Yacute -100
KPX Amacron Ydieresis -100
KPX Amacron p -25
KPX Amacron quoteright -74
KPX Amacron u -50
KPX Amacron uacute -50
KPX Amacron ucircumflex -50
KPX Amacron udieresis -50
KPX Amacron ugrave -50
KPX Amacron uhungarumlaut -50
KPX Amacron umacron -50
KPX Amacron uogonek -50
KPX Amacron uring -50
KPX Amacron v -100
KPX Amacron w -90
KPX Amacron y -74
KPX Amacron yacute -74
KPX Amacron ydieresis -74
KPX Aogonek C -55
KPX Aogonek Cacute -55
KPX Aogonek Ccaron -55
KPX Aogonek Ccedilla -55
KPX Aogonek G -55
KPX Aogonek Gbreve -55
KPX Aogonek Gcommaaccent -55
KPX Aogonek O -45
KPX Aogonek Oacute -45
KPX Aogonek Ocircumflex -45
KPX Aogonek Odieresis -45
KPX Aogonek Ograve -45
KPX Aogonek Ohungarumlaut -45
KPX Aogonek Omacron -45
KPX Aogonek Oslash -45
KPX Aogonek Otilde -45
KPX Aogonek Q -45
KPX Aogonek T -95
KPX Aogonek Tcaron -95
KPX Aogonek Tcommaaccent -95
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -145
KPX Aogonek W -130
KPX Aogonek Y -100
KPX Aogonek Yacute -100
KPX Aogonek Ydieresis -100
KPX Aogonek p -25
KPX Aogonek quoteright -74
KPX Aogonek u -50
KPX Aogonek uacute -50
KPX Aogonek ucircumflex -50
KPX Aogonek udieresis -50
KPX Aogonek ugrave -50
KPX Aogonek uhungarumlaut -50
KPX Aogonek umacron -50
KPX Aogonek uogonek -50
KPX Aogonek uring -50
KPX Aogonek v -100
KPX Aogonek w -90
KPX Aogonek y -34
KPX Aogonek yacute -34
KPX Aogonek ydieresis -34
KPX Aring C -55
KPX Aring Cacute -55
KPX Aring Ccaron -55
KPX Aring Ccedilla -55
KPX Aring G -55
KPX Aring Gbreve -55
KPX Aring Gcommaaccent -55
KPX Aring O -45
KPX Aring Oacute -45
KPX Aring Ocircumflex -45
KPX Aring Odieresis -45
KPX Aring Ograve -45
KPX Aring Ohungarumlaut -45
KPX Aring Omacron -45
KPX Aring Oslash -45
KPX Aring Otilde -45
KPX Aring Q -45
KPX Aring T -95
KPX Aring Tcaron -95
KPX Aring Tcommaaccent -95
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -145
KPX Aring W -130
KPX Aring Y -100
KPX Aring Yacute -100
KPX Aring Ydieresis -100
KPX Aring p -25
KPX Aring quoteright -74
KPX Aring u -50
KPX Aring uacute -50
KPX Aring ucircumflex -50
KPX Aring udieresis -50
KPX Aring ugrave -50
KPX Aring uhungarumlaut -50
KPX Aring umacron -50
KPX Aring uogonek -50
KPX Aring uring -50
KPX Aring v -100
KPX Aring w -90
KPX Aring y -74
KPX Aring yacute -74
KPX Aring ydieresis -74
KPX Atilde C -55
KPX Atilde Cacute -55
KPX Atilde Ccaron -55
KPX Atilde Ccedilla -55
KPX Atilde G -55
KPX Atilde Gbreve -55
KPX Atilde Gcommaaccent -55
KPX Atilde O -45
KPX Atilde Oacute -45
KPX Atilde Ocircumflex -45
KPX Atilde Odieresis -45
KPX Atilde Ograve -45
KPX Atilde Ohungarumlaut -45
KPX Atilde Omacron -45
KPX Atilde Oslash -45
KPX Atilde Otilde -45
KPX Atilde Q -45
KPX Atilde T -95
KPX Atilde Tcaron -95
KPX Atilde Tcommaaccent -95
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -145
KPX Atilde W -130
KPX Atilde Y -100
KPX Atilde Yacute -100
KPX Atilde Ydieresis -100
KPX Atilde p -25
KPX Atilde quoteright -74
KPX Atilde u -50
KPX Atilde uacute -50
KPX Atilde ucircumflex -50
KPX Atilde udieresis -50
KPX Atilde ugrave -50
KPX Atilde uhungarumlaut -50
KPX Atilde umacron -50
KPX Atilde uogonek -50
KPX Atilde uring -50
KPX Atilde v -100
KPX Atilde w -90
KPX Atilde y -74
KPX Atilde yacute -74
KPX Atilde ydieresis -74
KPX B A -30
KPX B Aacute -30
KPX B Abreve -30
KPX B Acircumflex -30
KPX B Adieresis -30
KPX B Agrave -30
KPX B Amacron -30
KPX B Aogonek -30
KPX B Aring -30
KPX B Atilde -30
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX D A -35
KPX D Aacute -35
KPX D Abreve -35
KPX D Acircumflex -35
KPX D Adieresis -35
KPX D Agrave -35
KPX D Amacron -35
KPX D Aogonek -35
KPX D Aring -35
KPX D Atilde -35
KPX D V -40
KPX D W -40
KPX D Y -40
KPX D Yacute -40
KPX D Ydieresis -40
KPX D period -20
KPX Dcaron A -35
KPX Dcaron Aacute -35
KPX Dcaron Abreve -35
KPX Dcaron Acircumflex -35
KPX Dcaron Adieresis -35
KPX Dcaron Agrave -35
KPX Dcaron Amacron -35
KPX Dcaron Aogonek -35
KPX Dcaron Aring -35
KPX Dcaron Atilde -35
KPX Dcaron V -40
KPX Dcaron W -40
KPX Dcaron Y -40
KPX Dcaron Yacute -40
KPX Dcaron Ydieresis -40
KPX Dcaron period -20
KPX Dcroat A -35
KPX Dcroat Aacute -35
KPX Dcroat Abreve -35
KPX Dcroat Acircumflex -35
KPX Dcroat Adieresis -35
KPX Dcroat Agrave -35
KPX Dcroat Amacron -35
KPX Dcroat Aogonek -35
KPX Dcroat Aring -35
KPX Dcroat Atilde -35
KPX Dcroat V -40
KPX Dcroat W -40
KPX Dcroat Y -40
KPX Dcroat Yacute -40
KPX Dcroat Ydieresis -40
KPX Dcroat period -20
KPX F A -90
KPX F Aacute -90
KPX F Abreve -90
KPX F Acircumflex -90
KPX F Adieresis -90
KPX F Agrave -90
KPX F Amacron -90
KPX F Aogonek -90
KPX F Aring -90
KPX F Atilde -90
KPX F a -25
KPX F aacute -25
KPX F abreve -25
KPX F acircumflex -25
KPX F adieresis -25
KPX F agrave -25
KPX F amacron -25
KPX F aogonek -25
KPX F aring -25
KPX F atilde -25
KPX F comma -92
KPX F e -25
KPX F eacute -25
KPX F ecaron -25
KPX F ecircumflex -25
KPX F edieresis -25
KPX F edotaccent -25
KPX F egrave -25
KPX F emacron -25
KPX F eogonek -25
KPX F o -25
KPX F oacute -25
KPX F ocircumflex -25
KPX F odieresis -25
KPX F ograve -25
KPX F ohungarumlaut -25
KPX F omacron -25
KPX F oslash -25
KPX F otilde -25
KPX F period -110
KPX J A -30
KPX J Aacute -30
KPX J Abreve -30
KPX J Acircumflex -30
KPX J Adieresis -30
KPX J Agrave -30
KPX J Amacron -30
KPX J Aogonek -30
KPX J Aring -30
KPX J Atilde -30
KPX J a -15
KPX J aacute -15
KPX J abreve -15
KPX J acircumflex -15
KPX J adieresis -15
KPX J agrave -15
KPX J amacron -15
KPX J aogonek -15
KPX J aring -15
KPX J atilde -15
KPX J e -15
KPX J eacute -15
KPX J ecaron -15
KPX J ecircumflex -15
KPX J edieresis -15
KPX J edotaccent -15
KPX J egrave -15
KPX J emacron -15
KPX J eogonek -15
KPX J o -15
KPX J oacute -15
KPX J ocircumflex -15
KPX J odieresis -15
KPX J ograve -15
KPX J ohungarumlaut -15
KPX J omacron -15
KPX J oslash -15
KPX J otilde -15
KPX J period -20
KPX J u -15
KPX J uacute -15
KPX J ucircumflex -15
KPX J udieresis -15
KPX J ugrave -15
KPX J uhungarumlaut -15
KPX J umacron -15
KPX J uogonek -15
KPX J uring -15
KPX K O -30
KPX K Oacute -30
KPX K Ocircumflex -30
KPX K Odieresis -30
KPX K Ograve -30
KPX K Ohungarumlaut -30
KPX K Omacron -30
KPX K Oslash -30
KPX K Otilde -30
KPX K e -25
KPX K eacute -25
KPX K ecaron -25
KPX K ecircumflex -25
KPX K edieresis -25
KPX K edotaccent -25
KPX K egrave -25
KPX K emacron -25
KPX K eogonek -25
KPX K o -25
KPX K oacute -25
KPX K ocircumflex -25
KPX K odieresis -25
KPX K ograve -25
KPX K ohungarumlaut -25
KPX K omacron -25
KPX K oslash -25
KPX K otilde -25
KPX K u -15
KPX K uacute -15
KPX K ucircumflex -15
KPX K udieresis -15
KPX K ugrave -15
KPX K uhungarumlaut -15
KPX K umacron -15
KPX K uogonek -15
KPX K uring -15
KPX K y -45
KPX K yacute -45
KPX K ydieresis -45
KPX Kcommaaccent O -30
KPX Kcommaaccent Oacute -30
KPX Kcommaaccent Ocircumflex -30
KPX Kcommaaccent Odieresis -30
KPX Kcommaaccent Ograve -30
KPX Kcommaaccent Ohungarumlaut -30
KPX Kcommaaccent Omacron -30
KPX Kcommaaccent Oslash -30
KPX Kcommaaccent Otilde -30
KPX Kcommaaccent e -25
KPX Kcommaaccent eacute -25
KPX Kcommaaccent ecaron -25
KPX Kcommaaccent ecircumflex -25
KPX Kcommaaccent edieresis -25
KPX Kcommaaccent edotaccent -25
KPX Kcommaaccent egrave -25
KPX Kcommaaccent emacron -25
KPX Kcommaaccent eogonek -25
KPX Kcommaaccent o -25
KPX Kcommaaccent oacute -25
KPX Kcommaaccent ocircumflex -25
KPX Kcommaaccent odieresis -25
KPX Kcommaaccent ograve -25
KPX Kcommaaccent ohungarumlaut -25
KPX Kcommaaccent omacron -25
KPX Kcommaaccent oslash -25
KPX Kcommaaccent otilde -25
KPX Kcommaaccent u -15
KPX Kcommaaccent uacute -15
KPX Kcommaaccent ucircumflex -15
KPX Kcommaaccent udieresis -15
KPX Kcommaaccent ugrave -15
KPX Kcommaaccent uhungarumlaut -15
KPX Kcommaaccent umacron -15
KPX Kcommaaccent uogonek -15
KPX Kcommaaccent uring -15
KPX Kcommaaccent y -45
KPX Kcommaaccent yacute -45
KPX Kcommaaccent ydieresis -45
KPX L T -92
KPX L Tcaron -92
KPX L Tcommaaccent -92
KPX L V -92
KPX L W -92
KPX L Y -92
KPX L Yacute -92
KPX L Ydieresis -92
KPX L quotedblright -20
KPX L quoteright -110
KPX L y -55
KPX L yacute -55
KPX L ydieresis -55
KPX Lacute T -92
KPX Lacute Tcaron -92
KPX Lacute Tcommaaccent -92
KPX Lacute V -92
KPX Lacute W -92
KPX Lacute Y -92
KPX Lacute Yacute -92
KPX Lacute Ydieresis -92
KPX Lacute quotedblright -20
KPX Lacute quoteright -110
KPX Lacute y -55
KPX Lacute yacute -55
KPX Lacute ydieresis -55
KPX Lcommaaccent T -92
KPX Lcommaaccent Tcaron -92
KPX Lcommaaccent Tcommaaccent -92
KPX Lcommaaccent V -92
KPX Lcommaaccent W -92
KPX Lcommaaccent Y -92
KPX Lcommaaccent Yacute -92
KPX Lcommaaccent Ydieresis -92
KPX Lcommaaccent quotedblright -20
KPX Lcommaaccent quoteright -110
KPX Lcommaaccent y -55
KPX Lcommaaccent yacute -55
KPX Lcommaaccent ydieresis -55
KPX Lslash T -92
KPX Lslash Tcaron -92
KPX Lslash Tcommaaccent -92
KPX Lslash V -92
KPX Lslash W -92
KPX Lslash Y -92
KPX Lslash Yacute -92
KPX Lslash Ydieresis -92
KPX Lslash quotedblright -20
KPX Lslash quoteright -110
KPX Lslash y -55
KPX Lslash yacute -55
KPX Lslash ydieresis -55
KPX N A -20
KPX N Aacute -20
KPX N Abreve -20
KPX N Acircumflex -20
KPX N Adieresis -20
KPX N Agrave -20
KPX N Amacron -20
KPX N Aogonek -20
KPX N Aring -20
KPX N Atilde -20
KPX Nacute A -20
KPX Nacute Aacute -20
KPX Nacute Abreve -20
KPX Nacute Acircumflex -20
KPX Nacute Adieresis -20
KPX Nacute Agrave -20
KPX Nacute Amacron -20
KPX Nacute Aogonek -20
KPX Nacute Aring -20
KPX Nacute Atilde -20
KPX Ncaron A -20
KPX Ncaron Aacute -20
KPX Ncaron Abreve -20
KPX Ncaron Acircumflex -20
KPX Ncaron Adieresis -20
KPX Ncaron Agrave -20
KPX Ncaron Amacron -20
KPX Ncaron Aogonek -20
KPX Ncaron Aring -20
KPX Ncaron Atilde -20
KPX Ncommaaccent A -20
KPX Ncommaaccent Aacute -20
KPX Ncommaaccent Abreve -20
KPX Ncommaaccent Acircumflex -20
KPX Ncommaaccent Adieresis -20
KPX Ncommaaccent Agrave -20
KPX Ncommaaccent Amacron -20
KPX Ncommaaccent Aogonek -20
KPX Ncommaaccent Aring -20
KPX Ncommaaccent Atilde -20
KPX Ntilde A -20
KPX Ntilde Aacute -20
KPX Ntilde Abreve -20
KPX Ntilde Acircumflex -20
KPX Ntilde Adieresis -20
KPX Ntilde Agrave -20
KPX Ntilde Amacron -20
KPX Ntilde Aogonek -20
KPX Ntilde Aring -20
KPX Ntilde Atilde -20
KPX O A -40
KPX O Aacute -40
KPX O Abreve -40
KPX O Acircumflex -40
KPX O Adieresis -40
KPX O Agrave -40
KPX O Amacron -40
KPX O Aogonek -40
KPX O Aring -40
KPX O Atilde -40
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -50
KPX O X -40
KPX O Y -50
KPX O Yacute -50
KPX O Ydieresis -50
KPX Oacute A -40
KPX Oacute Aacute -40
KPX Oacute Abreve -40
KPX Oacute Acircumflex -40
KPX Oacute Adieresis -40
KPX Oacute Agrave -40
KPX Oacute Amacron -40
KPX Oacute Aogonek -40
KPX Oacute Aring -40
KPX Oacute Atilde -40
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -50
KPX Oacute X -40
KPX Oacute Y -50
KPX Oacute Yacute -50
KPX Oacute Ydieresis -50
KPX Ocircumflex A -40
KPX Ocircumflex Aacute -40
KPX Ocircumflex Abreve -40
KPX Ocircumflex Acircumflex -40
KPX Ocircumflex Adieresis -40
KPX Ocircumflex Agrave -40
KPX Ocircumflex Amacron -40
KPX Ocircumflex Aogonek -40
KPX Ocircumflex Aring -40
KPX Ocircumflex Atilde -40
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -50
KPX Ocircumflex X -40
KPX Ocircumflex Y -50
KPX Ocircumflex Yacute -50
KPX Ocircumflex Ydieresis -50
KPX Odieresis A -40
KPX Odieresis Aacute -40
KPX Odieresis Abreve -40
KPX Odieresis Acircumflex -40
KPX Odieresis Adieresis -40
KPX Odieresis Agrave -40
KPX Odieresis Amacron -40
KPX Odieresis Aogonek -40
KPX Odieresis Aring -40
KPX Odieresis Atilde -40
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -50
KPX Odieresis X -40
KPX Odieresis Y -50
KPX Odieresis Yacute -50
KPX Odieresis Ydieresis -50
KPX Ograve A -40
KPX Ograve Aacute -40
KPX Ograve Abreve -40
KPX Ograve Acircumflex -40
KPX Ograve Adieresis -40
KPX Ograve Agrave -40
KPX Ograve Amacron -40
KPX Ograve Aogonek -40
KPX Ograve Aring -40
KPX Ograve Atilde -40
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -50
KPX Ograve X -40
KPX Ograve Y -50
KPX Ograve Yacute -50
KPX Ograve Ydieresis -50
KPX Ohungarumlaut A -40
KPX Ohungarumlaut Aacute -40
KPX Ohungarumlaut Abreve -40
KPX Ohungarumlaut Acircumflex -40
KPX Ohungarumlaut Adieresis -40
KPX Ohungarumlaut Agrave -40
KPX Ohungarumlaut Amacron -40
KPX Ohungarumlaut Aogonek -40
KPX Ohungarumlaut Aring -40
KPX Ohungarumlaut Atilde -40
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -50
KPX Ohungarumlaut X -40
KPX Ohungarumlaut Y -50
KPX Ohungarumlaut Yacute -50
KPX Ohungarumlaut Ydieresis -50
KPX Omacron A -40
KPX Omacron Aacute -40
KPX Omacron Abreve -40
KPX Omacron Acircumflex -40
KPX Omacron Adieresis -40
KPX Omacron Agrave -40
KPX Omacron Amacron -40
KPX Omacron Aogonek -40
KPX Omacron Aring -40
KPX Omacron Atilde -40
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -50
KPX Omacron X -40
KPX Omacron Y -50
KPX Omacron Yacute -50
KPX Omacron Ydieresis -50
KPX Oslash A -40
KPX Oslash Aacute -40
KPX Oslash Abreve -40
KPX Oslash Acircumflex -40
KPX Oslash Adieresis -40
KPX Oslash Agrave -40
KPX Oslash Amacron -40
KPX Oslash Aogonek -40
KPX Oslash Aring -40
KPX Oslash Atilde -40
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -50
KPX Oslash X -40
KPX Oslash Y -50
KPX Oslash Yacute -50
KPX Oslash Ydieresis -50
KPX Otilde A -40
KPX Otilde Aacute -40
KPX Otilde Abreve -40
KPX Otilde Acircumflex -40
KPX Otilde Adieresis -40
KPX Otilde Agrave -40
KPX Otilde Amacron -40
KPX Otilde Aogonek -40
KPX Otilde Aring -40
KPX Otilde Atilde -40
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -50
KPX Otilde X -40
KPX Otilde Y -50
KPX Otilde Yacute -50
KPX Otilde Ydieresis -50
KPX P A -74
KPX P Aacute -74
KPX P Abreve -74
KPX P Acircumflex -74
KPX P Adieresis -74
KPX P Agrave -74
KPX P Amacron -74
KPX P Aogonek -74
KPX P Aring -74
KPX P Atilde -74
KPX P a -10
KPX P aacute -10
KPX P abreve -10
KPX P acircumflex -10
KPX P adieresis -10
KPX P agrave -10
KPX P amacron -10
KPX P aogonek -10
KPX P aring -10
KPX P atilde -10
KPX P comma -92
KPX P e -20
KPX P eacute -20
KPX P ecaron -20
KPX P ecircumflex -20
KPX P edieresis -20
KPX P edotaccent -20
KPX P egrave -20
KPX P emacron -20
KPX P eogonek -20
KPX P o -20
KPX P oacute -20
KPX P ocircumflex -20
KPX P odieresis -20
KPX P ograve -20
KPX P ohungarumlaut -20
KPX P omacron -20
KPX P oslash -20
KPX P otilde -20
KPX P period -110
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX Q period -20
KPX R O -30
KPX R Oacute -30
KPX R Ocircumflex -30
KPX R Odieresis -30
KPX R Ograve -30
KPX R Ohungarumlaut -30
KPX R Omacron -30
KPX R Oslash -30
KPX R Otilde -30
KPX R T -40
KPX R Tcaron -40
KPX R Tcommaaccent -40
KPX R U -30
KPX R Uacute -30
KPX R Ucircumflex -30
KPX R Udieresis -30
KPX R Ugrave -30
KPX R Uhungarumlaut -30
KPX R Umacron -30
KPX R Uogonek -30
KPX R Uring -30
KPX R V -55
KPX R W -35
KPX R Y -35
KPX R Yacute -35
KPX R Ydieresis -35
KPX Racute O -30
KPX Racute Oacute -30
KPX Racute Ocircumflex -30
KPX Racute Odieresis -30
KPX Racute Ograve -30
KPX Racute Ohungarumlaut -30
KPX Racute Omacron -30
KPX Racute Oslash -30
KPX Racute Otilde -30
KPX Racute T -40
KPX Racute Tcaron -40
KPX Racute Tcommaaccent -40
KPX Racute U -30
KPX Racute Uacute -30
KPX Racute Ucircumflex -30
KPX Racute Udieresis -30
KPX Racute Ugrave -30
KPX Racute Uhungarumlaut -30
KPX Racute Umacron -30
KPX Racute Uogonek -30
KPX Racute Uring -30
KPX Racute V -55
KPX Racute W -35
KPX Racute Y -35
KPX Racute Yacute -35
KPX Racute Ydieresis -35
KPX Rcaron O -30
KPX Rcaron Oacute -30
KPX Rcaron Ocircumflex -30
KPX Rcaron Odieresis -30
KPX Rcaron Ograve -30
KPX Rcaron Ohungarumlaut -30
KPX Rcaron Omacron -30
KPX Rcaron Oslash -30
KPX Rcaron Otilde -30
KPX Rcaron T -40
KPX Rcaron Tcaron -40
KPX Rcaron Tcommaaccent -40
KPX Rcaron U -30
KPX Rcaron Uacute -30
KPX Rcaron Ucircumflex -30
KPX Rcaron Udieresis -30
KPX Rcaron Ugrave -30
KPX Rcaron Uhungarumlaut -30
KPX Rcaron Umacron -30
KPX Rcaron Uogonek -30
KPX Rcaron Uring -30
KPX Rcaron V -55
KPX Rcaron W -35
KPX Rcaron Y -35
KPX Rcaron Yacute -35
KPX Rcaron Ydieresis -35
KPX Rcommaaccent O -30
KPX Rcommaaccent Oacute -30
KPX Rcommaaccent Ocircumflex -30
KPX Rcommaaccent Odieresis -30
KPX Rcommaaccent Ograve -30
KPX Rcommaaccent Ohungarumlaut -30
KPX Rcommaaccent Omacron -30
KPX Rcommaaccent Oslash -30
KPX Rcommaaccent Otilde -30
KPX Rcommaaccent T -40
KPX Rcommaaccent Tcaron -40
KPX Rcommaaccent Tcommaaccent -40
KPX Rcommaaccent U -30
KPX Rcommaaccent Uacute -30
KPX Rcommaaccent Ucircumflex -30
KPX Rcommaaccent Udieresis -30
KPX Rcommaaccent Ugrave -30
KPX Rcommaaccent Uhungarumlaut -30
KPX Rcommaaccent Umacron -30
KPX Rcommaaccent Uogonek -30
KPX Rcommaaccent Uring -30
KPX Rcommaaccent V -55
KPX Rcommaaccent W -35
KPX Rcommaaccent Y -35
KPX Rcommaaccent Yacute -35
KPX Rcommaaccent Ydieresis -35
KPX T A -90
KPX T Aacute -90
KPX T Abreve -90
KPX T Acircumflex -90
KPX T Adieresis -90
KPX T Agrave -90
KPX T Amacron -90
KPX T Aogonek -90
KPX T Aring -90
KPX T Atilde -90
KPX T O -18
KPX T Oacute -18
KPX T Ocircumflex -18
KPX T Odieresis -18
KPX T Ograve -18
KPX T Ohungarumlaut -18
KPX T Omacron -18
KPX T Oslash -18
KPX T Otilde -18
KPX T a -92
KPX T aacute -92
KPX T abreve -52
KPX T acircumflex -52
KPX T adieresis -52
KPX T agrave -52
KPX T amacron -52
KPX T aogonek -92
KPX T aring -92
KPX T atilde -52
KPX T colon -74
KPX T comma -74
KPX T e -92
KPX T eacute -92
KPX T ecaron -92
KPX T ecircumflex -92
KPX T edieresis -52
KPX T edotaccent -92
KPX T egrave -52
KPX T emacron -52
KPX T eogonek -92
KPX T hyphen -92
KPX T i -18
KPX T iacute -18
KPX T iogonek -18
KPX T o -92
KPX T oacute -92
KPX T ocircumflex -92
KPX T odieresis -92
KPX T ograve -92
KPX T ohungarumlaut -92
KPX T omacron -92
KPX T oslash -92
KPX T otilde -92
KPX T period -90
KPX T r -74
KPX T racute -74
KPX T rcaron -74
KPX T rcommaaccent -74
KPX T semicolon -74
KPX T u -92
KPX T uacute -92
KPX T ucircumflex -92
KPX T udieresis -92
KPX T ugrave -92
KPX T uhungarumlaut -92
KPX T umacron -92
KPX T uogonek -92
KPX T uring -92
KPX T w -74
KPX T y -34
KPX T yacute -34
KPX T ydieresis -34
KPX Tcaron A -90
KPX Tcaron Aacute -90
KPX Tcaron Abreve -90
KPX Tcaron Acircumflex -90
KPX Tcaron Adieresis -90
KPX Tcaron Agrave -90
KPX Tcaron Amacron -90
KPX Tcaron Aogonek -90
KPX Tcaron Aring -90
KPX Tcaron Atilde -90
KPX Tcaron O -18
KPX Tcaron Oacute -18
KPX Tcaron Ocircumflex -18
KPX Tcaron Odieresis -18
KPX Tcaron Ograve -18
KPX Tcaron Ohungarumlaut -18
KPX Tcaron Omacron -18
KPX Tcaron Oslash -18
KPX Tcaron Otilde -18
KPX Tcaron a -92
KPX Tcaron aacute -92
KPX Tcaron abreve -52
KPX Tcaron acircumflex -52
KPX Tcaron adieresis -52
KPX Tcaron agrave -52
KPX Tcaron amacron -52
KPX Tcaron aogonek -92
KPX Tcaron aring -92
KPX Tcaron atilde -52
KPX Tcaron colon -74
KPX Tcaron comma -74
KPX Tcaron e -92
KPX Tcaron eacute -92
KPX Tcaron ecaron -92
KPX Tcaron ecircumflex -92
KPX Tcaron edieresis -52
KPX Tcaron edotaccent -92
KPX Tcaron egrave -52
KPX Tcaron emacron -52
KPX Tcaron eogonek -92
KPX Tcaron hyphen -92
KPX Tcaron i -18
KPX Tcaron iacute -18
KPX Tcaron iogonek -18
KPX Tcaron o -92
KPX Tcaron oacute -92
KPX Tcaron ocircumflex -92
KPX Tcaron odieresis -92
KPX Tcaron ograve -92
KPX Tcaron ohungarumlaut -92
KPX Tcaron omacron -92
KPX Tcaron oslash -92
KPX Tcaron otilde -92
KPX Tcaron period -90
KPX Tcaron r -74
KPX Tcaron racute -74
KPX Tcaron rcaron -74
KPX Tcaron rcommaaccent -74
KPX Tcaron semicolon -74
KPX Tcaron u -92
KPX Tcaron uacute -92
KPX Tcaron ucircumflex -92
KPX Tcaron udieresis -92
KPX Tcaron ugrave -92
KPX Tcaron uhungarumlaut -92
KPX Tcaron umacron -92
KPX Tcaron uogonek -92
KPX Tcaron uring -92
KPX Tcaron w -74
KPX Tcaron y -34
KPX Tcaron yacute -34
KPX Tcaron ydieresis -34
KPX Tcommaaccent A -90
KPX Tcommaaccent Aacute -90
KPX Tcommaaccent Abreve -90
KPX Tcommaaccent Acircumflex -90
KPX Tcommaaccent Adieresis -90
KPX Tcommaaccent Agrave -90
KPX Tcommaaccent Amacron -90
KPX Tcommaaccent Aogonek -90
KPX Tcommaaccent Aring -90
KPX Tcommaaccent Atilde -90
KPX Tcommaaccent O -18
KPX Tcommaaccent Oacute -18
KPX Tcommaaccent Ocircumflex -18
KPX Tcommaaccent Odieresis -18
KPX Tcommaaccent Ograve -18
KPX Tcommaaccent Ohungarumlaut -18
KPX Tcommaaccent Omacron -18
KPX Tcommaaccent Oslash -18
KPX Tcommaaccent Otilde -18
KPX Tcommaaccent a -92
KPX Tcommaaccent aacute -92
KPX Tcommaaccent abreve -52
KPX Tcommaaccent acircumflex -52
KPX Tcommaaccent adieresis -52
KPX Tcommaaccent agrave -52
KPX Tcommaaccent amacron -52
KPX Tcommaaccent aogonek -92
KPX Tcommaaccent aring -92
KPX Tcommaaccent atilde -52
KPX Tcommaaccent colon -74
KPX Tcommaaccent comma -74
KPX Tcommaaccent e -92
KPX Tcommaaccent eacute -92
KPX Tcommaaccent ecaron -92
KPX Tcommaaccent ecircumflex -92
KPX Tcommaaccent edieresis -52
KPX Tcommaaccent edotaccent -92
KPX Tcommaaccent egrave -52
KPX Tcommaaccent emacron -52
KPX Tcommaaccent eogonek -92
KPX Tcommaaccent hyphen -92
KPX Tcommaaccent i -18
KPX Tcommaaccent iacute -18
KPX Tcommaaccent iogonek -18
KPX Tcommaaccent o -92
KPX Tcommaaccent oacute -92
KPX Tcommaaccent ocircumflex -92
KPX Tcommaaccent odieresis -92
KPX Tcommaaccent ograve -92
KPX Tcommaaccent ohungarumlaut -92
KPX Tcommaaccent omacron -92
KPX Tcommaaccent oslash -92
KPX Tcommaaccent otilde -92
KPX Tcommaaccent period -90
KPX Tcommaaccent r -74
KPX Tcommaaccent racute -74
KPX Tcommaaccent rcaron -74
KPX Tcommaaccent rcommaaccent -74
KPX Tcommaaccent semicolon -74
KPX Tcommaaccent u -92
KPX Tcommaaccent uacute -92
KPX Tcommaaccent ucircumflex -92
KPX Tcommaaccent udieresis -92
KPX Tcommaaccent ugrave -92
KPX Tcommaaccent uhungarumlaut -92
KPX Tcommaaccent umacron -92
KPX Tcommaaccent uogonek -92
KPX Tcommaaccent uring -92
KPX Tcommaaccent w -74
KPX Tcommaaccent y -34
KPX Tcommaaccent yacute -34
KPX Tcommaaccent ydieresis -34
KPX U A -60
KPX U Aacute -60
KPX U Abreve -60
KPX U Acircumflex -60
KPX U Adieresis -60
KPX U Agrave -60
KPX U Amacron -60
KPX U Aogonek -60
KPX U Aring -60
KPX U Atilde -60
KPX U comma -50
KPX U period -50
KPX Uacute A -60
KPX Uacute Aacute -60
KPX Uacute Abreve -60
KPX Uacute Acircumflex -60
KPX Uacute Adieresis -60
KPX Uacute Agrave -60
KPX Uacute Amacron -60
KPX Uacute Aogonek -60
KPX Uacute Aring -60
KPX Uacute Atilde -60
KPX Uacute comma -50
KPX Uacute period -50
KPX Ucircumflex A -60
KPX Ucircumflex Aacute -60
KPX Ucircumflex Abreve -60
KPX Ucircumflex Acircumflex -60
KPX Ucircumflex Adieresis -60
KPX Ucircumflex Agrave -60
KPX Ucircumflex Amacron -60
KPX Ucircumflex Aogonek -60
KPX Ucircumflex Aring -60
KPX Ucircumflex Atilde -60
KPX Ucircumflex comma -50
KPX Ucircumflex period -50
KPX Udieresis A -60
KPX Udieresis Aacute -60
KPX Udieresis Abreve -60
KPX Udieresis Acircumflex -60
KPX Udieresis Adieresis -60
KPX Udieresis Agrave -60
KPX Udieresis Amacron -60
KPX Udieresis Aogonek -60
KPX Udieresis Aring -60
KPX Udieresis Atilde -60
KPX Udieresis comma -50
KPX Udieresis period -50
KPX Ugrave A -60
KPX Ugrave Aacute -60
KPX Ugrave Abreve -60
KPX Ugrave Acircumflex -60
KPX Ugrave Adieresis -60
KPX Ugrave Agrave -60
KPX Ugrave Amacron -60
KPX Ugrave Aogonek -60
KPX Ugrave Aring -60
KPX Ugrave Atilde -60
KPX Ugrave comma -50
KPX Ugrave period -50
KPX Uhungarumlaut A -60
KPX Uhungarumlaut Aacute -60
KPX Uhungarumlaut Abreve -60
KPX Uhungarumlaut Acircumflex -60
KPX Uhungarumlaut Adieresis -60
KPX Uhungarumlaut Agrave -60
KPX Uhungarumlaut Amacron -60
KPX Uhungarumlaut Aogonek -60
KPX Uhungarumlaut Aring -60
KPX Uhungarumlaut Atilde -60
KPX Uhungarumlaut comma -50
KPX Uhungarumlaut period -50
KPX Umacron A -60
KPX Umacron Aacute -60
KPX Umacron Abreve -60
KPX Umacron Acircumflex -60
KPX Umacron Adieresis -60
KPX Umacron Agrave -60
KPX Umacron Amacron -60
KPX Umacron Aogonek -60
KPX Umacron Aring -60
KPX Umacron Atilde -60
KPX Umacron comma -50
KPX Umacron period -50
KPX Uogonek A -60
KPX Uogonek Aacute -60
KPX Uogonek Abreve -60
KPX Uogonek Acircumflex -60
KPX Uogonek Adieresis -60
KPX Uogonek Agrave -60
KPX Uogonek Amacron -60
KPX Uogonek Aogonek -60
KPX Uogonek Aring -60
KPX Uogonek Atilde -60
KPX Uogonek comma -50
KPX Uogonek period -50
KPX Uring A -60
KPX Uring Aacute -60
KPX Uring Abreve -60
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C 57 ; WX 500 ; N nine ; B 23 -17 492 676 ;
C 58 ; WX 333 ; N colon ; B 50 -11 261 441 ;
C 59 ; WX 333 ; N semicolon ; B 27 -129 261 441 ;
C 60 ; WX 675 ; N less ; B 84 -8 592 514 ;
C 61 ; WX 675 ; N equal ; B 86 120 590 386 ;
C 62 ; WX 675 ; N greater ; B 84 -8 592 514 ;
C 63 ; WX 500 ; N question ; B 132 -12 472 664 ;
C 64 ; WX 920 ; N at ; B 118 -18 806 666 ;
C 65 ; WX 611 ; N A ; B -51 0 564 668 ;
C 66 ; WX 611 ; N B ; B -8 0 588 653 ;
C 67 ; WX 667 ; N C ; B 66 -18 689 666 ;
C 68 ; WX 722 ; N D ; B -8 0 700 653 ;
C 69 ; WX 611 ; N E ; B -1 0 634 653 ;
C 70 ; WX 611 ; N F ; B 8 0 645 653 ;
C 71 ; WX 722 ; N G ; B 52 -18 722 666 ;
C 72 ; WX 722 ; N H ; B -8 0 767 653 ;
C 73 ; WX 333 ; N I ; B -8 0 384 653 ;
C 74 ; WX 444 ; N J ; B -6 -18 491 653 ;
C 75 ; WX 667 ; N K ; B 7 0 722 653 ;
C 76 ; WX 556 ; N L ; B -8 0 559 653 ;
C 77 ; WX 833 ; N M ; B -18 0 873 653 ;
C 78 ; WX 667 ; N N ; B -20 -15 727 653 ;
C 79 ; WX 722 ; N O ; B 60 -18 699 666 ;
C 80 ; WX 611 ; N P ; B 0 0 605 653 ;
C 81 ; WX 722 ; N Q ; B 59 -182 699 666 ;
C 82 ; WX 611 ; N R ; B -13 0 588 653 ;
C 83 ; WX 500 ; N S ; B 17 -18 508 667 ;
C 84 ; WX 556 ; N T ; B 59 0 633 653 ;
C 85 ; WX 722 ; N U ; B 102 -18 765 653 ;
C 86 ; WX 611 ; N V ; B 76 -18 688 653 ;
C 87 ; WX 833 ; N W ; B 71 -18 906 653 ;
C 88 ; WX 611 ; N X ; B -29 0 655 653 ;
C 89 ; WX 556 ; N Y ; B 78 0 633 653 ;
C 90 ; WX 556 ; N Z ; B -6 0 606 653 ;
C 91 ; WX 389 ; N bracketleft ; B 21 -153 391 663 ;
C 92 ; WX 278 ; N backslash ; B -41 -18 319 666 ;
C 93 ; WX 389 ; N bracketright ; B 12 -153 382 663 ;
C 94 ; WX 422 ; N asciicircum ; B 0 301 422 666 ;
C 95 ; WX 500 ; N underscore ; B 0 -125 500 -75 ;
C 96 ; WX 333 ; N quoteleft ; B 171 436 310 666 ;
C 97 ; WX 500 ; N a ; B 17 -11 476 441 ;
C 98 ; WX 500 ; N b ; B 23 -11 473 683 ;
C 99 ; WX 444 ; N c ; B 30 -11 425 441 ;
C 100 ; WX 500 ; N d ; B 15 -13 527 683 ;
C 101 ; WX 444 ; N e ; B 31 -11 412 441 ;
C 102 ; WX 278 ; N f ; B -147 -207 424 678 ; L i fi ; L l fl ;
C 103 ; WX 500 ; N g ; B 8 -206 472 441 ;
C 104 ; WX 500 ; N h ; B 19 -9 478 683 ;
C 105 ; WX 278 ; N i ; B 49 -11 264 654 ;
C 106 ; WX 278 ; N j ; B -124 -207 276 654 ;
C 107 ; WX 444 ; N k ; B 14 -11 461 683 ;
C 108 ; WX 278 ; N l ; B 41 -11 279 683 ;
C 109 ; WX 722 ; N m ; B 12 -9 704 441 ;
C 110 ; WX 500 ; N n ; B 14 -9 474 441 ;
C 111 ; WX 500 ; N o ; B 27 -11 468 441 ;
C 112 ; WX 500 ; N p ; B -75 -205 469 441 ;
C 113 ; WX 500 ; N q ; B 25 -209 483 441 ;
C 114 ; WX 389 ; N r ; B 45 0 412 441 ;
C 115 ; WX 389 ; N s ; B 16 -13 366 442 ;
C 116 ; WX 278 ; N t ; B 37 -11 296 546 ;
C 117 ; WX 500 ; N u ; B 42 -11 475 441 ;
C 118 ; WX 444 ; N v ; B 21 -18 426 441 ;
C 119 ; WX 667 ; N w ; B 16 -18 648 441 ;
C 120 ; WX 444 ; N x ; B -27 -11 447 441 ;
C 121 ; WX 444 ; N y ; B -24 -206 426 441 ;
C 122 ; WX 389 ; N z ; B -2 -81 380 428 ;
C 123 ; WX 400 ; N braceleft ; B 51 -177 407 687 ;
C 124 ; WX 275 ; N bar ; B 105 -217 171 783 ;
C 125 ; WX 400 ; N braceright ; B -7 -177 349 687 ;
C 126 ; WX 541 ; N asciitilde ; B 40 183 502 323 ;
C 161 ; WX 389 ; N exclamdown ; B 59 -205 322 473 ;
C 162 ; WX 500 ; N cent ; B 77 -143 472 560 ;
C 163 ; WX 500 ; N sterling ; B 10 -6 517 670 ;
C 164 ; WX 167 ; N fraction ; B -169 -10 337 676 ;
C 165 ; WX 500 ; N yen ; B 27 0 603 653 ;
C 166 ; WX 500 ; N florin ; B 25 -182 507 682 ;
C 167 ; WX 500 ; N section ; B 53 -162 461 666 ;
C 168 ; WX 500 ; N currency ; B -22 53 522 597 ;
C 169 ; WX 214 ; N quotesingle ; B 132 421 241 666 ;
C 170 ; WX 556 ; N quotedblleft ; B 166 436 514 666 ;
C 171 ; WX 500 ; N guillemotleft ; B 53 37 445 403 ;
C 172 ; WX 333 ; N guilsinglleft ; B 51 37 281 403 ;
C 173 ; WX 333 ; N guilsinglright ; B 52 37 282 403 ;
C 174 ; WX 500 ; N fi ; B -141 -207 481 681 ;
C 175 ; WX 500 ; N fl ; B -141 -204 518 682 ;
C 177 ; WX 500 ; N endash ; B -6 197 505 243 ;
C 178 ; WX 500 ; N dagger ; B 101 -159 488 666 ;
C 179 ; WX 500 ; N daggerdbl ; B 22 -143 491 666 ;
C 180 ; WX 250 ; N periodcentered ; B 70 199 181 310 ;
C 182 ; WX 523 ; N paragraph ; B 55 -123 616 653 ;
C 183 ; WX 350 ; N bullet ; B 40 191 310 461 ;
C 184 ; WX 333 ; N quotesinglbase ; B 44 -129 183 101 ;
C 185 ; WX 556 ; N quotedblbase ; B 57 -129 405 101 ;
C 186 ; WX 556 ; N quotedblright ; B 151 436 499 666 ;
C 187 ; WX 500 ; N guillemotright ; B 55 37 447 403 ;
C 188 ; WX 889 ; N ellipsis ; B 57 -11 762 100 ;
C 189 ; WX 1000 ; N perthousand ; B 25 -19 1010 706 ;
C 191 ; WX 500 ; N questiondown ; B 28 -205 368 471 ;
C 193 ; WX 333 ; N grave ; B 121 492 311 664 ;
C 194 ; WX 333 ; N acute ; B 180 494 403 664 ;
C 195 ; WX 333 ; N circumflex ; B 91 492 385 661 ;
C 196 ; WX 333 ; N tilde ; B 100 517 427 624 ;
C 197 ; WX 333 ; N macron ; B 99 532 411 583 ;
C 198 ; WX 333 ; N breve ; B 117 492 418 650 ;
C 199 ; WX 333 ; N dotaccent ; B 207 548 305 646 ;
C 200 ; WX 333 ; N dieresis ; B 107 548 405 646 ;
C 202 ; WX 333 ; N ring ; B 155 492 355 691 ;
C 203 ; WX 333 ; N cedilla ; B -30 -217 182 0 ;
C 205 ; WX 333 ; N hungarumlaut ; B 93 494 486 664 ;
C 206 ; WX 333 ; N ogonek ; B 20 -169 203 40 ;
C 207 ; WX 333 ; N caron ; B 121 492 426 661 ;
C 208 ; WX 889 ; N emdash ; B -6 197 894 243 ;
C 225 ; WX 889 ; N AE ; B -27 0 911 653 ;
C 227 ; WX 276 ; N ordfeminine ; B 42 406 352 676 ;
C 232 ; WX 556 ; N Lslash ; B -8 0 559 653 ;
C 233 ; WX 722 ; N Oslash ; B 60 -105 699 722 ;
C 234 ; WX 944 ; N OE ; B 49 -8 964 666 ;
C 235 ; WX 310 ; N ordmasculine ; B 67 406 362 676 ;
C 241 ; WX 667 ; N ae ; B 23 -11 640 441 ;
C 245 ; WX 278 ; N dotlessi ; B 49 -11 235 441 ;
C 248 ; WX 278 ; N lslash ; B 41 -11 312 683 ;
C 249 ; WX 500 ; N oslash ; B 28 -135 469 554 ;
C 250 ; WX 667 ; N oe ; B 20 -12 646 441 ;
C 251 ; WX 500 ; N germandbls ; B -168 -207 493 679 ;
C -1 ; WX 333 ; N Idieresis ; B -8 0 435 818 ;
C -1 ; WX 444 ; N eacute ; B 31 -11 459 664 ;
C -1 ; WX 500 ; N abreve ; B 17 -11 502 650 ;
C -1 ; WX 500 ; N uhungarumlaut ; B 42 -11 580 664 ;
C -1 ; WX 444 ; N ecaron ; B 31 -11 482 661 ;
C -1 ; WX 556 ; N Ydieresis ; B 78 0 633 818 ;
C -1 ; WX 675 ; N divide ; B 86 -11 590 517 ;
C -1 ; WX 556 ; N Yacute ; B 78 0 633 876 ;
C -1 ; WX 611 ; N Acircumflex ; B -51 0 564 873 ;
C -1 ; WX 500 ; N aacute ; B 17 -11 487 664 ;
C -1 ; WX 722 ; N Ucircumflex ; B 102 -18 765 873 ;
C -1 ; WX 444 ; N yacute ; B -24 -206 459 664 ;
C -1 ; WX 389 ; N scommaaccent ; B 16 -217 366 442 ;
C -1 ; WX 444 ; N ecircumflex ; B 31 -11 441 661 ;
C -1 ; WX 722 ; N Uring ; B 102 -18 765 883 ;
C -1 ; WX 722 ; N Udieresis ; B 102 -18 765 818 ;
C -1 ; WX 500 ; N aogonek ; B 17 -169 476 441 ;
C -1 ; WX 722 ; N Uacute ; B 102 -18 765 876 ;
C -1 ; WX 500 ; N uogonek ; B 42 -169 477 441 ;
C -1 ; WX 611 ; N Edieresis ; B -1 0 634 818 ;
C -1 ; WX 722 ; N Dcroat ; B -8 0 700 653 ;
C -1 ; WX 250 ; N commaaccent ; B 8 -217 133 -50 ;
C -1 ; WX 760 ; N copyright ; B 41 -18 719 666 ;
C -1 ; WX 611 ; N Emacron ; B -1 0 634 795 ;
C -1 ; WX 444 ; N ccaron ; B 30 -11 482 661 ;
C -1 ; WX 500 ; N aring ; B 17 -11 476 691 ;
C -1 ; WX 667 ; N Ncommaaccent ; B -20 -187 727 653 ;
C -1 ; WX 278 ; N lacute ; B 41 -11 395 876 ;
C -1 ; WX 500 ; N agrave ; B 17 -11 476 664 ;
C -1 ; WX 556 ; N Tcommaaccent ; B 59 -217 633 653 ;
C -1 ; WX 667 ; N Cacute ; B 66 -18 690 876 ;
C -1 ; WX 500 ; N atilde ; B 17 -11 511 624 ;
C -1 ; WX 611 ; N Edotaccent ; B -1 0 634 818 ;
C -1 ; WX 389 ; N scaron ; B 16 -13 454 661 ;
C -1 ; WX 389 ; N scedilla ; B 16 -217 366 442 ;
C -1 ; WX 278 ; N iacute ; B 49 -11 355 664 ;
C -1 ; WX 471 ; N lozenge ; B 13 0 459 724 ;
C -1 ; WX 611 ; N Rcaron ; B -13 0 588 873 ;
C -1 ; WX 722 ; N Gcommaaccent ; B 52 -217 722 666 ;
C -1 ; WX 500 ; N ucircumflex ; B 42 -11 475 661 ;
C -1 ; WX 500 ; N acircumflex ; B 17 -11 476 661 ;
C -1 ; WX 611 ; N Amacron ; B -51 0 564 795 ;
C -1 ; WX 389 ; N rcaron ; B 45 0 434 661 ;
C -1 ; WX 444 ; N ccedilla ; B 30 -217 425 441 ;
C -1 ; WX 556 ; N Zdotaccent ; B -6 0 606 818 ;
C -1 ; WX 611 ; N Thorn ; B 0 0 569 653 ;
C -1 ; WX 722 ; N Omacron ; B 60 -18 699 795 ;
C -1 ; WX 611 ; N Racute ; B -13 0 588 876 ;
C -1 ; WX 500 ; N Sacute ; B 17 -18 508 876 ;
C -1 ; WX 544 ; N dcaron ; B 15 -13 658 683 ;
C -1 ; WX 722 ; N Umacron ; B 102 -18 765 795 ;
C -1 ; WX 500 ; N uring ; B 42 -11 475 691 ;
C -1 ; WX 300 ; N threesuperior ; B 43 268 339 676 ;
C -1 ; WX 722 ; N Ograve ; B 60 -18 699 876 ;
C -1 ; WX 611 ; N Agrave ; B -51 0 564 876 ;
C -1 ; WX 611 ; N Abreve ; B -51 0 564 862 ;
C -1 ; WX 675 ; N multiply ; B 93 8 582 497 ;
C -1 ; WX 500 ; N uacute ; B 42 -11 477 664 ;
C -1 ; WX 556 ; N Tcaron ; B 59 0 633 873 ;
C -1 ; WX 476 ; N partialdiff ; B 17 -38 459 710 ;
C -1 ; WX 444 ; N ydieresis ; B -24 -206 441 606 ;
C -1 ; WX 667 ; N Nacute ; B -20 -15 727 876 ;
C -1 ; WX 278 ; N icircumflex ; B 33 -11 327 661 ;
C -1 ; WX 611 ; N Ecircumflex ; B -1 0 634 873 ;
C -1 ; WX 500 ; N adieresis ; B 17 -11 489 606 ;
C -1 ; WX 444 ; N edieresis ; B 31 -11 451 606 ;
C -1 ; WX 444 ; N cacute ; B 30 -11 459 664 ;
C -1 ; WX 500 ; N nacute ; B 14 -9 477 664 ;
C -1 ; WX 500 ; N umacron ; B 42 -11 485 583 ;
C -1 ; WX 667 ; N Ncaron ; B -20 -15 727 873 ;
C -1 ; WX 333 ; N Iacute ; B -8 0 433 876 ;
C -1 ; WX 675 ; N plusminus ; B 86 0 590 506 ;
C -1 ; WX 275 ; N brokenbar ; B 105 -142 171 708 ;
C -1 ; WX 760 ; N registered ; B 41 -18 719 666 ;
C -1 ; WX 722 ; N Gbreve ; B 52 -18 722 862 ;
C -1 ; WX 333 ; N Idotaccent ; B -8 0 384 818 ;
C -1 ; WX 600 ; N summation ; B 15 -10 585 706 ;
C -1 ; WX 611 ; N Egrave ; B -1 0 634 876 ;
C -1 ; WX 389 ; N racute ; B 45 0 431 664 ;
C -1 ; WX 500 ; N omacron ; B 27 -11 495 583 ;
C -1 ; WX 556 ; N Zacute ; B -6 0 606 876 ;
C -1 ; WX 556 ; N Zcaron ; B -6 0 606 873 ;
C -1 ; WX 549 ; N greaterequal ; B 26 0 523 658 ;
C -1 ; WX 722 ; N Eth ; B -8 0 700 653 ;
C -1 ; WX 667 ; N Ccedilla ; B 66 -217 689 666 ;
C -1 ; WX 278 ; N lcommaaccent ; B 22 -217 279 683 ;
C -1 ; WX 300 ; N tcaron ; B 37 -11 407 681 ;
C -1 ; WX 444 ; N eogonek ; B 31 -169 412 441 ;
C -1 ; WX 722 ; N Uogonek ; B 102 -184 765 653 ;
C -1 ; WX 611 ; N Aacute ; B -51 0 564 876 ;
C -1 ; WX 611 ; N Adieresis ; B -51 0 564 818 ;
C -1 ; WX 444 ; N egrave ; B 31 -11 412 664 ;
C -1 ; WX 389 ; N zacute ; B -2 -81 431 664 ;
C -1 ; WX 278 ; N iogonek ; B 49 -169 264 654 ;
C -1 ; WX 722 ; N Oacute ; B 60 -18 699 876 ;
C -1 ; WX 500 ; N oacute ; B 27 -11 487 664 ;
C -1 ; WX 500 ; N amacron ; B 17 -11 495 583 ;
C -1 ; WX 389 ; N sacute ; B 16 -13 431 664 ;
C -1 ; WX 278 ; N idieresis ; B 49 -11 352 606 ;
C -1 ; WX 722 ; N Ocircumflex ; B 60 -18 699 873 ;
C -1 ; WX 722 ; N Ugrave ; B 102 -18 765 876 ;
C -1 ; WX 612 ; N Delta ; B 6 0 608 688 ;
C -1 ; WX 500 ; N thorn ; B -75 -205 469 683 ;
C -1 ; WX 300 ; N twosuperior ; B 33 271 324 676 ;
C -1 ; WX 722 ; N Odieresis ; B 60 -18 699 818 ;
C -1 ; WX 500 ; N mu ; B -30 -209 497 428 ;
C -1 ; WX 278 ; N igrave ; B 49 -11 284 664 ;
C -1 ; WX 500 ; N ohungarumlaut ; B 27 -11 590 664 ;
C -1 ; WX 611 ; N Eogonek ; B -1 -169 634 653 ;
C -1 ; WX 500 ; N dcroat ; B 15 -13 572 683 ;
C -1 ; WX 750 ; N threequarters ; B 23 -10 736 676 ;
C -1 ; WX 500 ; N Scedilla ; B 17 -217 508 667 ;
C -1 ; WX 300 ; N lcaron ; B 41 -11 407 683 ;
C -1 ; WX 667 ; N Kcommaaccent ; B 7 -217 722 653 ;
C -1 ; WX 556 ; N Lacute ; B -8 0 559 876 ;
C -1 ; WX 980 ; N trademark ; B 30 247 957 653 ;
C -1 ; WX 444 ; N edotaccent ; B 31 -11 412 606 ;
C -1 ; WX 333 ; N Igrave ; B -8 0 384 876 ;
C -1 ; WX 333 ; N Imacron ; B -8 0 441 795 ;
C -1 ; WX 611 ; N Lcaron ; B -8 0 586 653 ;
C -1 ; WX 750 ; N onehalf ; B 34 -10 749 676 ;
C -1 ; WX 549 ; N lessequal ; B 26 0 523 658 ;
C -1 ; WX 500 ; N ocircumflex ; B 27 -11 468 661 ;
C -1 ; WX 500 ; N ntilde ; B 14 -9 476 624 ;
C -1 ; WX 722 ; N Uhungarumlaut ; B 102 -18 765 876 ;
C -1 ; WX 611 ; N Eacute ; B -1 0 634 876 ;
C -1 ; WX 444 ; N emacron ; B 31 -11 457 583 ;
C -1 ; WX 500 ; N gbreve ; B 8 -206 487 650 ;
C -1 ; WX 750 ; N onequarter ; B 33 -10 736 676 ;
C -1 ; WX 500 ; N Scaron ; B 17 -18 520 873 ;
C -1 ; WX 500 ; N Scommaaccent ; B 17 -217 508 667 ;
C -1 ; WX 722 ; N Ohungarumlaut ; B 60 -18 699 876 ;
C -1 ; WX 400 ; N degree ; B 101 390 387 676 ;
C -1 ; WX 500 ; N ograve ; B 27 -11 468 664 ;
C -1 ; WX 667 ; N Ccaron ; B 66 -18 689 873 ;
C -1 ; WX 500 ; N ugrave ; B 42 -11 475 664 ;
C -1 ; WX 453 ; N radical ; B 2 -60 452 768 ;
C -1 ; WX 722 ; N Dcaron ; B -8 0 700 873 ;
C -1 ; WX 389 ; N rcommaaccent ; B -3 -217 412 441 ;
C -1 ; WX 667 ; N Ntilde ; B -20 -15 727 836 ;
C -1 ; WX 500 ; N otilde ; B 27 -11 496 624 ;
C -1 ; WX 611 ; N Rcommaaccent ; B -13 -187 588 653 ;
C -1 ; WX 556 ; N Lcommaaccent ; B -8 -217 559 653 ;
C -1 ; WX 611 ; N Atilde ; B -51 0 566 836 ;
C -1 ; WX 611 ; N Aogonek ; B -51 -169 566 668 ;
C -1 ; WX 611 ; N Aring ; B -51 0 564 883 ;
C -1 ; WX 722 ; N Otilde ; B 60 -18 699 836 ;
C -1 ; WX 389 ; N zdotaccent ; B -2 -81 380 606 ;
C -1 ; WX 611 ; N Ecaron ; B -1 0 634 873 ;
C -1 ; WX 333 ; N Iogonek ; B -8 -169 384 653 ;
C -1 ; WX 444 ; N kcommaaccent ; B 14 -187 461 683 ;
C -1 ; WX 675 ; N minus ; B 86 220 590 286 ;
C -1 ; WX 333 ; N Icircumflex ; B -8 0 425 873 ;
C -1 ; WX 500 ; N ncaron ; B 14 -9 510 661 ;
C -1 ; WX 278 ; N tcommaaccent ; B 2 -217 296 546 ;
C -1 ; WX 675 ; N logicalnot ; B 86 108 590 386 ;
C -1 ; WX 500 ; N odieresis ; B 27 -11 489 606 ;
C -1 ; WX 500 ; N udieresis ; B 42 -11 479 606 ;
C -1 ; WX 549 ; N notequal ; B 12 -29 537 541 ;
C -1 ; WX 500 ; N gcommaaccent ; B 8 -206 472 706 ;
C -1 ; WX 500 ; N eth ; B 27 -11 482 683 ;
C -1 ; WX 389 ; N zcaron ; B -2 -81 434 661 ;
C -1 ; WX 500 ; N ncommaaccent ; B 14 -187 474 441 ;
C -1 ; WX 300 ; N onesuperior ; B 43 271 284 676 ;
C -1 ; WX 278 ; N imacron ; B 46 -11 311 583 ;
C -1 ; WX 500 ; N Euro ; B 0 0 0 0 ;
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StartKernPairs 2321
KPX A C -30
KPX A Cacute -30
KPX A Ccaron -30
KPX A Ccedilla -30
KPX A G -35
KPX A Gbreve -35
KPX A Gcommaaccent -35
KPX A O -40
KPX A Oacute -40
KPX A Ocircumflex -40
KPX A Odieresis -40
KPX A Ograve -40
KPX A Ohungarumlaut -40
KPX A Omacron -40
KPX A Oslash -40
KPX A Otilde -40
KPX A Q -40
KPX A T -37
KPX A Tcaron -37
KPX A Tcommaaccent -37
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -105
KPX A W -95
KPX A Y -55
KPX A Yacute -55
KPX A Ydieresis -55
KPX A quoteright -37
KPX A u -20
KPX A uacute -20
KPX A ucircumflex -20
KPX A udieresis -20
KPX A ugrave -20
KPX A uhungarumlaut -20
KPX A umacron -20
KPX A uogonek -20
KPX A uring -20
KPX A v -55
KPX A w -55
KPX A y -55
KPX A yacute -55
KPX A ydieresis -55
KPX Aacute C -30
KPX Aacute Cacute -30
KPX Aacute Ccaron -30
KPX Aacute Ccedilla -30
KPX Aacute G -35
KPX Aacute Gbreve -35
KPX Aacute Gcommaaccent -35
KPX Aacute O -40
KPX Aacute Oacute -40
KPX Aacute Ocircumflex -40
KPX Aacute Odieresis -40
KPX Aacute Ograve -40
KPX Aacute Ohungarumlaut -40
KPX Aacute Omacron -40
KPX Aacute Oslash -40
KPX Aacute Otilde -40
KPX Aacute Q -40
KPX Aacute T -37
KPX Aacute Tcaron -37
KPX Aacute Tcommaaccent -37
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -105
KPX Aacute W -95
KPX Aacute Y -55
KPX Aacute Yacute -55
KPX Aacute Ydieresis -55
KPX Aacute quoteright -37
KPX Aacute u -20
KPX Aacute uacute -20
KPX Aacute ucircumflex -20
KPX Aacute udieresis -20
KPX Aacute ugrave -20
KPX Aacute uhungarumlaut -20
KPX Aacute umacron -20
KPX Aacute uogonek -20
KPX Aacute uring -20
KPX Aacute v -55
KPX Aacute w -55
KPX Aacute y -55
KPX Aacute yacute -55
KPX Aacute ydieresis -55
KPX Abreve C -30
KPX Abreve Cacute -30
KPX Abreve Ccaron -30
KPX Abreve Ccedilla -30
KPX Abreve G -35
KPX Abreve Gbreve -35
KPX Abreve Gcommaaccent -35
KPX Abreve O -40
KPX Abreve Oacute -40
KPX Abreve Ocircumflex -40
KPX Abreve Odieresis -40
KPX Abreve Ograve -40
KPX Abreve Ohungarumlaut -40
KPX Abreve Omacron -40
KPX Abreve Oslash -40
KPX Abreve Otilde -40
KPX Abreve Q -40
KPX Abreve T -37
KPX Abreve Tcaron -37
KPX Abreve Tcommaaccent -37
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -105
KPX Abreve W -95
KPX Abreve Y -55
KPX Abreve Yacute -55
KPX Abreve Ydieresis -55
KPX Abreve quoteright -37
KPX Abreve u -20
KPX Abreve uacute -20
KPX Abreve ucircumflex -20
KPX Abreve udieresis -20
KPX Abreve ugrave -20
KPX Abreve uhungarumlaut -20
KPX Abreve umacron -20
KPX Abreve uogonek -20
KPX Abreve uring -20
KPX Abreve v -55
KPX Abreve w -55
KPX Abreve y -55
KPX Abreve yacute -55
KPX Abreve ydieresis -55
KPX Acircumflex C -30
KPX Acircumflex Cacute -30
KPX Acircumflex Ccaron -30
KPX Acircumflex Ccedilla -30
KPX Acircumflex G -35
KPX Acircumflex Gbreve -35
KPX Acircumflex Gcommaaccent -35
KPX Acircumflex O -40
KPX Acircumflex Oacute -40
KPX Acircumflex Ocircumflex -40
KPX Acircumflex Odieresis -40
KPX Acircumflex Ograve -40
KPX Acircumflex Ohungarumlaut -40
KPX Acircumflex Omacron -40
KPX Acircumflex Oslash -40
KPX Acircumflex Otilde -40
KPX Acircumflex Q -40
KPX Acircumflex T -37
KPX Acircumflex Tcaron -37
KPX Acircumflex Tcommaaccent -37
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -105
KPX Acircumflex W -95
KPX Acircumflex Y -55
KPX Acircumflex Yacute -55
KPX Acircumflex Ydieresis -55
KPX Acircumflex quoteright -37
KPX Acircumflex u -20
KPX Acircumflex uacute -20
KPX Acircumflex ucircumflex -20
KPX Acircumflex udieresis -20
KPX Acircumflex ugrave -20
KPX Acircumflex uhungarumlaut -20
KPX Acircumflex umacron -20
KPX Acircumflex uogonek -20
KPX Acircumflex uring -20
KPX Acircumflex v -55
KPX Acircumflex w -55
KPX Acircumflex y -55
KPX Acircumflex yacute -55
KPX Acircumflex ydieresis -55
KPX Adieresis C -30
KPX Adieresis Cacute -30
KPX Adieresis Ccaron -30
KPX Adieresis Ccedilla -30
KPX Adieresis G -35
KPX Adieresis Gbreve -35
KPX Adieresis Gcommaaccent -35
KPX Adieresis O -40
KPX Adieresis Oacute -40
KPX Adieresis Ocircumflex -40
KPX Adieresis Odieresis -40
KPX Adieresis Ograve -40
KPX Adieresis Ohungarumlaut -40
KPX Adieresis Omacron -40
KPX Adieresis Oslash -40
KPX Adieresis Otilde -40
KPX Adieresis Q -40
KPX Adieresis T -37
KPX Adieresis Tcaron -37
KPX Adieresis Tcommaaccent -37
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -105
KPX Adieresis W -95
KPX Adieresis Y -55
KPX Adieresis Yacute -55
KPX Adieresis Ydieresis -55
KPX Adieresis quoteright -37
KPX Adieresis u -20
KPX Adieresis uacute -20
KPX Adieresis ucircumflex -20
KPX Adieresis udieresis -20
KPX Adieresis ugrave -20
KPX Adieresis uhungarumlaut -20
KPX Adieresis umacron -20
KPX Adieresis uogonek -20
KPX Adieresis uring -20
KPX Adieresis v -55
KPX Adieresis w -55
KPX Adieresis y -55
KPX Adieresis yacute -55
KPX Adieresis ydieresis -55
KPX Agrave C -30
KPX Agrave Cacute -30
KPX Agrave Ccaron -30
KPX Agrave Ccedilla -30
KPX Agrave G -35
KPX Agrave Gbreve -35
KPX Agrave Gcommaaccent -35
KPX Agrave O -40
KPX Agrave Oacute -40
KPX Agrave Ocircumflex -40
KPX Agrave Odieresis -40
KPX Agrave Ograve -40
KPX Agrave Ohungarumlaut -40
KPX Agrave Omacron -40
KPX Agrave Oslash -40
KPX Agrave Otilde -40
KPX Agrave Q -40
KPX Agrave T -37
KPX Agrave Tcaron -37
KPX Agrave Tcommaaccent -37
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -105
KPX Agrave W -95
KPX Agrave Y -55
KPX Agrave Yacute -55
KPX Agrave Ydieresis -55
KPX Agrave quoteright -37
KPX Agrave u -20
KPX Agrave uacute -20
KPX Agrave ucircumflex -20
KPX Agrave udieresis -20
KPX Agrave ugrave -20
KPX Agrave uhungarumlaut -20
KPX Agrave umacron -20
KPX Agrave uogonek -20
KPX Agrave uring -20
KPX Agrave v -55
KPX Agrave w -55
KPX Agrave y -55
KPX Agrave yacute -55
KPX Agrave ydieresis -55
KPX Amacron C -30
KPX Amacron Cacute -30
KPX Amacron Ccaron -30
KPX Amacron Ccedilla -30
KPX Amacron G -35
KPX Amacron Gbreve -35
KPX Amacron Gcommaaccent -35
KPX Amacron O -40
KPX Amacron Oacute -40
KPX Amacron Ocircumflex -40
KPX Amacron Odieresis -40
KPX Amacron Ograve -40
KPX Amacron Ohungarumlaut -40
KPX Amacron Omacron -40
KPX Amacron Oslash -40
KPX Amacron Otilde -40
KPX Amacron Q -40
KPX Amacron T -37
KPX Amacron Tcaron -37
KPX Amacron Tcommaaccent -37
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -105
KPX Amacron W -95
KPX Amacron Y -55
KPX Amacron Yacute -55
KPX Amacron Ydieresis -55
KPX Amacron quoteright -37
KPX Amacron u -20
KPX Amacron uacute -20
KPX Amacron ucircumflex -20
KPX Amacron udieresis -20
KPX Amacron ugrave -20
KPX Amacron uhungarumlaut -20
KPX Amacron umacron -20
KPX Amacron uogonek -20
KPX Amacron uring -20
KPX Amacron v -55
KPX Amacron w -55
KPX Amacron y -55
KPX Amacron yacute -55
KPX Amacron ydieresis -55
KPX Aogonek C -30
KPX Aogonek Cacute -30
KPX Aogonek Ccaron -30
KPX Aogonek Ccedilla -30
KPX Aogonek G -35
KPX Aogonek Gbreve -35
KPX Aogonek Gcommaaccent -35
KPX Aogonek O -40
KPX Aogonek Oacute -40
KPX Aogonek Ocircumflex -40
KPX Aogonek Odieresis -40
KPX Aogonek Ograve -40
KPX Aogonek Ohungarumlaut -40
KPX Aogonek Omacron -40
KPX Aogonek Oslash -40
KPX Aogonek Otilde -40
KPX Aogonek Q -40
KPX Aogonek T -37
KPX Aogonek Tcaron -37
KPX Aogonek Tcommaaccent -37
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -105
KPX Aogonek W -95
KPX Aogonek Y -55
KPX Aogonek Yacute -55
KPX Aogonek Ydieresis -55
KPX Aogonek quoteright -37
KPX Aogonek u -20
KPX Aogonek uacute -20
KPX Aogonek ucircumflex -20
KPX Aogonek udieresis -20
KPX Aogonek ugrave -20
KPX Aogonek uhungarumlaut -20
KPX Aogonek umacron -20
KPX Aogonek uogonek -20
KPX Aogonek uring -20
KPX Aogonek v -55
KPX Aogonek w -55
KPX Aogonek y -55
KPX Aogonek yacute -55
KPX Aogonek ydieresis -55
KPX Aring C -30
KPX Aring Cacute -30
KPX Aring Ccaron -30
KPX Aring Ccedilla -30
KPX Aring G -35
KPX Aring Gbreve -35
KPX Aring Gcommaaccent -35
KPX Aring O -40
KPX Aring Oacute -40
KPX Aring Ocircumflex -40
KPX Aring Odieresis -40
KPX Aring Ograve -40
KPX Aring Ohungarumlaut -40
KPX Aring Omacron -40
KPX Aring Oslash -40
KPX Aring Otilde -40
KPX Aring Q -40
KPX Aring T -37
KPX Aring Tcaron -37
KPX Aring Tcommaaccent -37
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -105
KPX Aring W -95
KPX Aring Y -55
KPX Aring Yacute -55
KPX Aring Ydieresis -55
KPX Aring quoteright -37
KPX Aring u -20
KPX Aring uacute -20
KPX Aring ucircumflex -20
KPX Aring udieresis -20
KPX Aring ugrave -20
KPX Aring uhungarumlaut -20
KPX Aring umacron -20
KPX Aring uogonek -20
KPX Aring uring -20
KPX Aring v -55
KPX Aring w -55
KPX Aring y -55
KPX Aring yacute -55
KPX Aring ydieresis -55
KPX Atilde C -30
KPX Atilde Cacute -30
KPX Atilde Ccaron -30
KPX Atilde Ccedilla -30
KPX Atilde G -35
KPX Atilde Gbreve -35
KPX Atilde Gcommaaccent -35
KPX Atilde O -40
KPX Atilde Oacute -40
KPX Atilde Ocircumflex -40
KPX Atilde Odieresis -40
KPX Atilde Ograve -40
KPX Atilde Ohungarumlaut -40
KPX Atilde Omacron -40
KPX Atilde Oslash -40
KPX Atilde Otilde -40
KPX Atilde Q -40
KPX Atilde T -37
KPX Atilde Tcaron -37
KPX Atilde Tcommaaccent -37
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -105
KPX Atilde W -95
KPX Atilde Y -55
KPX Atilde Yacute -55
KPX Atilde Ydieresis -55
KPX Atilde quoteright -37
KPX Atilde u -20
KPX Atilde uacute -20
KPX Atilde ucircumflex -20
KPX Atilde udieresis -20
KPX Atilde ugrave -20
KPX Atilde uhungarumlaut -20
KPX Atilde umacron -20
KPX Atilde uogonek -20
KPX Atilde uring -20
KPX Atilde v -55
KPX Atilde w -55
KPX Atilde y -55
KPX Atilde yacute -55
KPX Atilde ydieresis -55
KPX B A -25
KPX B Aacute -25
KPX B Abreve -25
KPX B Acircumflex -25
KPX B Adieresis -25
KPX B Agrave -25
KPX B Amacron -25
KPX B Aogonek -25
KPX B Aring -25
KPX B Atilde -25
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX D A -35
KPX D Aacute -35
KPX D Abreve -35
KPX D Acircumflex -35
KPX D Adieresis -35
KPX D Agrave -35
KPX D Amacron -35
KPX D Aogonek -35
KPX D Aring -35
KPX D Atilde -35
KPX D V -40
KPX D W -40
KPX D Y -40
KPX D Yacute -40
KPX D Ydieresis -40
KPX Dcaron A -35
KPX Dcaron Aacute -35
KPX Dcaron Abreve -35
KPX Dcaron Acircumflex -35
KPX Dcaron Adieresis -35
KPX Dcaron Agrave -35
KPX Dcaron Amacron -35
KPX Dcaron Aogonek -35
KPX Dcaron Aring -35
KPX Dcaron Atilde -35
KPX Dcaron V -40
KPX Dcaron W -40
KPX Dcaron Y -40
KPX Dcaron Yacute -40
KPX Dcaron Ydieresis -40
KPX Dcroat A -35
KPX Dcroat Aacute -35
KPX Dcroat Abreve -35
KPX Dcroat Acircumflex -35
KPX Dcroat Adieresis -35
KPX Dcroat Agrave -35
KPX Dcroat Amacron -35
KPX Dcroat Aogonek -35
KPX Dcroat Aring -35
KPX Dcroat Atilde -35
KPX Dcroat V -40
KPX Dcroat W -40
KPX Dcroat Y -40
KPX Dcroat Yacute -40
KPX Dcroat Ydieresis -40
KPX F A -115
KPX F Aacute -115
KPX F Abreve -115
KPX F Acircumflex -115
KPX F Adieresis -115
KPX F Agrave -115
KPX F Amacron -115
KPX F Aogonek -115
KPX F Aring -115
KPX F Atilde -115
KPX F a -75
KPX F aacute -75
KPX F abreve -75
KPX F acircumflex -75
KPX F adieresis -75
KPX F agrave -75
KPX F amacron -75
KPX F aogonek -75
KPX F aring -75
KPX F atilde -75
KPX F comma -135
KPX F e -75
KPX F eacute -75
KPX F ecaron -75
KPX F ecircumflex -75
KPX F edieresis -75
KPX F edotaccent -75
KPX F egrave -75
KPX F emacron -75
KPX F eogonek -75
KPX F i -45
KPX F iacute -45
KPX F icircumflex -45
KPX F idieresis -45
KPX F igrave -45
KPX F imacron -45
KPX F iogonek -45
KPX F o -105
KPX F oacute -105
KPX F ocircumflex -105
KPX F odieresis -105
KPX F ograve -105
KPX F ohungarumlaut -105
KPX F omacron -105
KPX F oslash -105
KPX F otilde -105
KPX F period -135
KPX F r -55
KPX F racute -55
KPX F rcaron -55
KPX F rcommaaccent -55
KPX J A -40
KPX J Aacute -40
KPX J Abreve -40
KPX J Acircumflex -40
KPX J Adieresis -40
KPX J Agrave -40
KPX J Amacron -40
KPX J Aogonek -40
KPX J Aring -40
KPX J Atilde -40
KPX J a -35
KPX J aacute -35
KPX J abreve -35
KPX J acircumflex -35
KPX J adieresis -35
KPX J agrave -35
KPX J amacron -35
KPX J aogonek -35
KPX J aring -35
KPX J atilde -35
KPX J comma -25
KPX J e -25
KPX J eacute -25
KPX J ecaron -25
KPX J ecircumflex -25
KPX J edieresis -25
KPX J edotaccent -25
KPX J egrave -25
KPX J emacron -25
KPX J eogonek -25
KPX J o -25
KPX J oacute -25
KPX J ocircumflex -25
KPX J odieresis -25
KPX J ograve -25
KPX J ohungarumlaut -25
KPX J omacron -25
KPX J oslash -25
KPX J otilde -25
KPX J period -25
KPX J u -35
KPX J uacute -35
KPX J ucircumflex -35
KPX J udieresis -35
KPX J ugrave -35
KPX J uhungarumlaut -35
KPX J umacron -35
KPX J uogonek -35
KPX J uring -35
KPX K O -50
KPX K Oacute -50
KPX K Ocircumflex -50
KPX K Odieresis -50
KPX K Ograve -50
KPX K Ohungarumlaut -50
KPX K Omacron -50
KPX K Oslash -50
KPX K Otilde -50
KPX K e -35
KPX K eacute -35
KPX K ecaron -35
KPX K ecircumflex -35
KPX K edieresis -35
KPX K edotaccent -35
KPX K egrave -35
KPX K emacron -35
KPX K eogonek -35
KPX K o -40
KPX K oacute -40
KPX K ocircumflex -40
KPX K odieresis -40
KPX K ograve -40
KPX K ohungarumlaut -40
KPX K omacron -40
KPX K oslash -40
KPX K otilde -40
KPX K u -40
KPX K uacute -40
KPX K ucircumflex -40
KPX K udieresis -40
KPX K ugrave -40
KPX K uhungarumlaut -40
KPX K umacron -40
KPX K uogonek -40
KPX K uring -40
KPX K y -40
KPX K yacute -40
KPX K ydieresis -40
KPX Kcommaaccent O -50
KPX Kcommaaccent Oacute -50
KPX Kcommaaccent Ocircumflex -50
KPX Kcommaaccent Odieresis -50
KPX Kcommaaccent Ograve -50
KPX Kcommaaccent Ohungarumlaut -50
KPX Kcommaaccent Omacron -50
KPX Kcommaaccent Oslash -50
KPX Kcommaaccent Otilde -50
KPX Kcommaaccent e -35
KPX Kcommaaccent eacute -35
KPX Kcommaaccent ecaron -35
KPX Kcommaaccent ecircumflex -35
KPX Kcommaaccent edieresis -35
KPX Kcommaaccent edotaccent -35
KPX Kcommaaccent egrave -35
KPX Kcommaaccent emacron -35
KPX Kcommaaccent eogonek -35
KPX Kcommaaccent o -40
KPX Kcommaaccent oacute -40
KPX Kcommaaccent ocircumflex -40
KPX Kcommaaccent odieresis -40
KPX Kcommaaccent ograve -40
KPX Kcommaaccent ohungarumlaut -40
KPX Kcommaaccent omacron -40
KPX Kcommaaccent oslash -40
KPX Kcommaaccent otilde -40
KPX Kcommaaccent u -40
KPX Kcommaaccent uacute -40
KPX Kcommaaccent ucircumflex -40
KPX Kcommaaccent udieresis -40
KPX Kcommaaccent ugrave -40
KPX Kcommaaccent uhungarumlaut -40
KPX Kcommaaccent umacron -40
KPX Kcommaaccent uogonek -40
KPX Kcommaaccent uring -40
KPX Kcommaaccent y -40
KPX Kcommaaccent yacute -40
KPX Kcommaaccent ydieresis -40
KPX L T -20
KPX L Tcaron -20
KPX L Tcommaaccent -20
KPX L V -55
KPX L W -55
KPX L Y -20
KPX L Yacute -20
KPX L Ydieresis -20
KPX L quoteright -37
KPX L y -30
KPX L yacute -30
KPX L ydieresis -30
KPX Lacute T -20
KPX Lacute Tcaron -20
KPX Lacute Tcommaaccent -20
KPX Lacute V -55
KPX Lacute W -55
KPX Lacute Y -20
KPX Lacute Yacute -20
KPX Lacute Ydieresis -20
KPX Lacute quoteright -37
KPX Lacute y -30
KPX Lacute yacute -30
KPX Lacute ydieresis -30
KPX Lcommaaccent T -20
KPX Lcommaaccent Tcaron -20
KPX Lcommaaccent Tcommaaccent -20
KPX Lcommaaccent V -55
KPX Lcommaaccent W -55
KPX Lcommaaccent Y -20
KPX Lcommaaccent Yacute -20
KPX Lcommaaccent Ydieresis -20
KPX Lcommaaccent quoteright -37
KPX Lcommaaccent y -30
KPX Lcommaaccent yacute -30
KPX Lcommaaccent ydieresis -30
KPX Lslash T -20
KPX Lslash Tcaron -20
KPX Lslash Tcommaaccent -20
KPX Lslash V -55
KPX Lslash W -55
KPX Lslash Y -20
KPX Lslash Yacute -20
KPX Lslash Ydieresis -20
KPX Lslash quoteright -37
KPX Lslash y -30
KPX Lslash yacute -30
KPX Lslash ydieresis -30
KPX N A -27
KPX N Aacute -27
KPX N Abreve -27
KPX N Acircumflex -27
KPX N Adieresis -27
KPX N Agrave -27
KPX N Amacron -27
KPX N Aogonek -27
KPX N Aring -27
KPX N Atilde -27
KPX Nacute A -27
KPX Nacute Aacute -27
KPX Nacute Abreve -27
KPX Nacute Acircumflex -27
KPX Nacute Adieresis -27
KPX Nacute Agrave -27
KPX Nacute Amacron -27
KPX Nacute Aogonek -27
KPX Nacute Aring -27
KPX Nacute Atilde -27
KPX Ncaron A -27
KPX Ncaron Aacute -27
KPX Ncaron Abreve -27
KPX Ncaron Acircumflex -27
KPX Ncaron Adieresis -27
KPX Ncaron Agrave -27
KPX Ncaron Amacron -27
KPX Ncaron Aogonek -27
KPX Ncaron Aring -27
KPX Ncaron Atilde -27
KPX Ncommaaccent A -27
KPX Ncommaaccent Aacute -27
KPX Ncommaaccent Abreve -27
KPX Ncommaaccent Acircumflex -27
KPX Ncommaaccent Adieresis -27
KPX Ncommaaccent Agrave -27
KPX Ncommaaccent Amacron -27
KPX Ncommaaccent Aogonek -27
KPX Ncommaaccent Aring -27
KPX Ncommaaccent Atilde -27
KPX Ntilde A -27
KPX Ntilde Aacute -27
KPX Ntilde Abreve -27
KPX Ntilde Acircumflex -27
KPX Ntilde Adieresis -27
KPX Ntilde Agrave -27
KPX Ntilde Amacron -27
KPX Ntilde Aogonek -27
KPX Ntilde Aring -27
KPX Ntilde Atilde -27
KPX O A -55
KPX O Aacute -55
KPX O Abreve -55
KPX O Acircumflex -55
KPX O Adieresis -55
KPX O Agrave -55
KPX O Amacron -55
KPX O Aogonek -55
KPX O Aring -55
KPX O Atilde -55
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -50
KPX O X -40
KPX O Y -50
KPX O Yacute -50
KPX O Ydieresis -50
KPX Oacute A -55
KPX Oacute Aacute -55
KPX Oacute Abreve -55
KPX Oacute Acircumflex -55
KPX Oacute Adieresis -55
KPX Oacute Agrave -55
KPX Oacute Amacron -55
KPX Oacute Aogonek -55
KPX Oacute Aring -55
KPX Oacute Atilde -55
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -50
KPX Oacute X -40
KPX Oacute Y -50
KPX Oacute Yacute -50
KPX Oacute Ydieresis -50
KPX Ocircumflex A -55
KPX Ocircumflex Aacute -55
KPX Ocircumflex Abreve -55
KPX Ocircumflex Acircumflex -55
KPX Ocircumflex Adieresis -55
KPX Ocircumflex Agrave -55
KPX Ocircumflex Amacron -55
KPX Ocircumflex Aogonek -55
KPX Ocircumflex Aring -55
KPX Ocircumflex Atilde -55
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -50
KPX Ocircumflex X -40
KPX Ocircumflex Y -50
KPX Ocircumflex Yacute -50
KPX Ocircumflex Ydieresis -50
KPX Odieresis A -55
KPX Odieresis Aacute -55
KPX Odieresis Abreve -55
KPX Odieresis Acircumflex -55
KPX Odieresis Adieresis -55
KPX Odieresis Agrave -55
KPX Odieresis Amacron -55
KPX Odieresis Aogonek -55
KPX Odieresis Aring -55
KPX Odieresis Atilde -55
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -50
KPX Odieresis X -40
KPX Odieresis Y -50
KPX Odieresis Yacute -50
KPX Odieresis Ydieresis -50
KPX Ograve A -55
KPX Ograve Aacute -55
KPX Ograve Abreve -55
KPX Ograve Acircumflex -55
KPX Ograve Adieresis -55
KPX Ograve Agrave -55
KPX Ograve Amacron -55
KPX Ograve Aogonek -55
KPX Ograve Aring -55
KPX Ograve Atilde -55
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -50
KPX Ograve X -40
KPX Ograve Y -50
KPX Ograve Yacute -50
KPX Ograve Ydieresis -50
KPX Ohungarumlaut A -55
KPX Ohungarumlaut Aacute -55
KPX Ohungarumlaut Abreve -55
KPX Ohungarumlaut Acircumflex -55
KPX Ohungarumlaut Adieresis -55
KPX Ohungarumlaut Agrave -55
KPX Ohungarumlaut Amacron -55
KPX Ohungarumlaut Aogonek -55
KPX Ohungarumlaut Aring -55
KPX Ohungarumlaut Atilde -55
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -50
KPX Ohungarumlaut X -40
KPX Ohungarumlaut Y -50
KPX Ohungarumlaut Yacute -50
KPX Ohungarumlaut Ydieresis -50
KPX Omacron A -55
KPX Omacron Aacute -55
KPX Omacron Abreve -55
KPX Omacron Acircumflex -55
KPX Omacron Adieresis -55
KPX Omacron Agrave -55
KPX Omacron Amacron -55
KPX Omacron Aogonek -55
KPX Omacron Aring -55
KPX Omacron Atilde -55
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -50
KPX Omacron X -40
KPX Omacron Y -50
KPX Omacron Yacute -50
KPX Omacron Ydieresis -50
KPX Oslash A -55
KPX Oslash Aacute -55
KPX Oslash Abreve -55
KPX Oslash Acircumflex -55
KPX Oslash Adieresis -55
KPX Oslash Agrave -55
KPX Oslash Amacron -55
KPX Oslash Aogonek -55
KPX Oslash Aring -55
KPX Oslash Atilde -55
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -50
KPX Oslash X -40
KPX Oslash Y -50
KPX Oslash Yacute -50
KPX Oslash Ydieresis -50
KPX Otilde A -55
KPX Otilde Aacute -55
KPX Otilde Abreve -55
KPX Otilde Acircumflex -55
KPX Otilde Adieresis -55
KPX Otilde Agrave -55
KPX Otilde Amacron -55
KPX Otilde Aogonek -55
KPX Otilde Aring -55
KPX Otilde Atilde -55
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -50
KPX Otilde X -40
KPX Otilde Y -50
KPX Otilde Yacute -50
KPX Otilde Ydieresis -50
KPX P A -90
KPX P Aacute -90
KPX P Abreve -90
KPX P Acircumflex -90
KPX P Adieresis -90
KPX P Agrave -90
KPX P Amacron -90
KPX P Aogonek -90
KPX P Aring -90
KPX P Atilde -90
KPX P a -80
KPX P aacute -80
KPX P abreve -80
KPX P acircumflex -80
KPX P adieresis -80
KPX P agrave -80
KPX P amacron -80
KPX P aogonek -80
KPX P aring -80
KPX P atilde -80
KPX P comma -135
KPX P e -80
KPX P eacute -80
KPX P ecaron -80
KPX P ecircumflex -80
KPX P edieresis -80
KPX P edotaccent -80
KPX P egrave -80
KPX P emacron -80
KPX P eogonek -80
KPX P o -80
KPX P oacute -80
KPX P ocircumflex -80
KPX P odieresis -80
KPX P ograve -80
KPX P ohungarumlaut -80
KPX P omacron -80
KPX P oslash -80
KPX P otilde -80
KPX P period -135
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX R O -40
KPX R Oacute -40
KPX R Ocircumflex -40
KPX R Odieresis -40
KPX R Ograve -40
KPX R Ohungarumlaut -40
KPX R Omacron -40
KPX R Oslash -40
KPX R Otilde -40
KPX R U -40
KPX R Uacute -40
KPX R Ucircumflex -40
KPX R Udieresis -40
KPX R Ugrave -40
KPX R Uhungarumlaut -40
KPX R Umacron -40
KPX R Uogonek -40
KPX R Uring -40
KPX R V -18
KPX R W -18
KPX R Y -18
KPX R Yacute -18
KPX R Ydieresis -18
KPX Racute O -40
KPX Racute Oacute -40
KPX Racute Ocircumflex -40
KPX Racute Odieresis -40
KPX Racute Ograve -40
KPX Racute Ohungarumlaut -40
KPX Racute Omacron -40
KPX Racute Oslash -40
KPX Racute Otilde -40
KPX Racute U -40
KPX Racute Uacute -40
KPX Racute Ucircumflex -40
KPX Racute Udieresis -40
KPX Racute Ugrave -40
KPX Racute Uhungarumlaut -40
KPX Racute Umacron -40
KPX Racute Uogonek -40
KPX Racute Uring -40
KPX Racute V -18
KPX Racute W -18
KPX Racute Y -18
KPX Racute Yacute -18
KPX Racute Ydieresis -18
KPX Rcaron O -40
KPX Rcaron Oacute -40
KPX Rcaron Ocircumflex -40
KPX Rcaron Odieresis -40
KPX Rcaron Ograve -40
KPX Rcaron Ohungarumlaut -40
KPX Rcaron Omacron -40
KPX Rcaron Oslash -40
KPX Rcaron Otilde -40
KPX Rcaron U -40
KPX Rcaron Uacute -40
KPX Rcaron Ucircumflex -40
KPX Rcaron Udieresis -40
KPX Rcaron Ugrave -40
KPX Rcaron Uhungarumlaut -40
KPX Rcaron Umacron -40
KPX Rcaron Uogonek -40
KPX Rcaron Uring -40
KPX Rcaron V -18
KPX Rcaron W -18
KPX Rcaron Y -18
KPX Rcaron Yacute -18
KPX Rcaron Ydieresis -18
KPX Rcommaaccent O -40
KPX Rcommaaccent Oacute -40
KPX Rcommaaccent Ocircumflex -40
KPX Rcommaaccent Odieresis -40
KPX Rcommaaccent Ograve -40
KPX Rcommaaccent Ohungarumlaut -40
KPX Rcommaaccent Omacron -40
KPX Rcommaaccent Oslash -40
KPX Rcommaaccent Otilde -40
KPX Rcommaaccent U -40
KPX Rcommaaccent Uacute -40
KPX Rcommaaccent Ucircumflex -40
KPX Rcommaaccent Udieresis -40
KPX Rcommaaccent Ugrave -40
KPX Rcommaaccent Uhungarumlaut -40
KPX Rcommaaccent Umacron -40
KPX Rcommaaccent Uogonek -40
KPX Rcommaaccent Uring -40
KPX Rcommaaccent V -18
KPX Rcommaaccent W -18
KPX Rcommaaccent Y -18
KPX Rcommaaccent Yacute -18
KPX Rcommaaccent Ydieresis -18
KPX T A -50
KPX T Aacute -50
KPX T Abreve -50
KPX T Acircumflex -50
KPX T Adieresis -50
KPX T Agrave -50
KPX T Amacron -50
KPX T Aogonek -50
KPX T Aring -50
KPX T Atilde -50
KPX T O -18
KPX T Oacute -18
KPX T Ocircumflex -18
KPX T Odieresis -18
KPX T Ograve -18
KPX T Ohungarumlaut -18
KPX T Omacron -18
KPX T Oslash -18
KPX T Otilde -18
KPX T a -92
KPX T aacute -92
KPX T abreve -92
KPX T acircumflex -92
KPX T adieresis -92
KPX T agrave -92
KPX T amacron -92
KPX T aogonek -92
KPX T aring -92
KPX T atilde -92
KPX T colon -55
KPX T comma -74
KPX T e -92
KPX T eacute -92
KPX T ecaron -92
KPX T ecircumflex -52
KPX T edieresis -52
KPX T edotaccent -92
KPX T egrave -52
KPX T emacron -52
KPX T eogonek -92
KPX T hyphen -74
KPX T i -55
KPX T iacute -55
KPX T iogonek -55
KPX T o -92
KPX T oacute -92
KPX T ocircumflex -92
KPX T odieresis -92
KPX T ograve -92
KPX T ohungarumlaut -92
KPX T omacron -92
KPX T oslash -92
KPX T otilde -92
KPX T period -74
KPX T r -55
KPX T racute -55
KPX T rcaron -55
KPX T rcommaaccent -55
KPX T semicolon -65
KPX T u -55
KPX T uacute -55
KPX T ucircumflex -55
KPX T udieresis -55
KPX T ugrave -55
KPX T uhungarumlaut -55
KPX T umacron -55
KPX T uogonek -55
KPX T uring -55
KPX T w -74
KPX T y -74
KPX T yacute -74
KPX T ydieresis -34
KPX Tcaron A -50
KPX Tcaron Aacute -50
KPX Tcaron Abreve -50
KPX Tcaron Acircumflex -50
KPX Tcaron Adieresis -50
KPX Tcaron Agrave -50
KPX Tcaron Amacron -50
KPX Tcaron Aogonek -50
KPX Tcaron Aring -50
KPX Tcaron Atilde -50
KPX Tcaron O -18
KPX Tcaron Oacute -18
KPX Tcaron Ocircumflex -18
KPX Tcaron Odieresis -18
KPX Tcaron Ograve -18
KPX Tcaron Ohungarumlaut -18
KPX Tcaron Omacron -18
KPX Tcaron Oslash -18
KPX Tcaron Otilde -18
KPX Tcaron a -92
KPX Tcaron aacute -92
KPX Tcaron abreve -92
KPX Tcaron acircumflex -92
KPX Tcaron adieresis -92
KPX Tcaron agrave -92
KPX Tcaron amacron -92
KPX Tcaron aogonek -92
KPX Tcaron aring -92
KPX Tcaron atilde -92
KPX Tcaron colon -55
KPX Tcaron comma -74
KPX Tcaron e -92
KPX Tcaron eacute -92
KPX Tcaron ecaron -92
KPX Tcaron ecircumflex -52
KPX Tcaron edieresis -52
KPX Tcaron edotaccent -92
KPX Tcaron egrave -52
KPX Tcaron emacron -52
KPX Tcaron eogonek -92
KPX Tcaron hyphen -74
KPX Tcaron i -55
KPX Tcaron iacute -55
KPX Tcaron iogonek -55
KPX Tcaron o -92
KPX Tcaron oacute -92
KPX Tcaron ocircumflex -92
KPX Tcaron odieresis -92
KPX Tcaron ograve -92
KPX Tcaron ohungarumlaut -92
KPX Tcaron omacron -92
KPX Tcaron oslash -92
KPX Tcaron otilde -92
KPX Tcaron period -74
KPX Tcaron r -55
KPX Tcaron racute -55
KPX Tcaron rcaron -55
KPX Tcaron rcommaaccent -55
KPX Tcaron semicolon -65
KPX Tcaron u -55
KPX Tcaron uacute -55
KPX Tcaron ucircumflex -55
KPX Tcaron udieresis -55
KPX Tcaron ugrave -55
KPX Tcaron uhungarumlaut -55
KPX Tcaron umacron -55
KPX Tcaron uogonek -55
KPX Tcaron uring -55
KPX Tcaron w -74
KPX Tcaron y -74
KPX Tcaron yacute -74
KPX Tcaron ydieresis -34
KPX Tcommaaccent A -50
KPX Tcommaaccent Aacute -50
KPX Tcommaaccent Abreve -50
KPX Tcommaaccent Acircumflex -50
KPX Tcommaaccent Adieresis -50
KPX Tcommaaccent Agrave -50
KPX Tcommaaccent Amacron -50
KPX Tcommaaccent Aogonek -50
KPX Tcommaaccent Aring -50
KPX Tcommaaccent Atilde -50
KPX Tcommaaccent O -18
KPX Tcommaaccent Oacute -18
KPX Tcommaaccent Ocircumflex -18
KPX Tcommaaccent Odieresis -18
KPX Tcommaaccent Ograve -18
KPX Tcommaaccent Ohungarumlaut -18
KPX Tcommaaccent Omacron -18
KPX Tcommaaccent Oslash -18
KPX Tcommaaccent Otilde -18
KPX Tcommaaccent a -92
KPX Tcommaaccent aacute -92
KPX Tcommaaccent abreve -92
KPX Tcommaaccent acircumflex -92
KPX Tcommaaccent adieresis -92
KPX Tcommaaccent agrave -92
KPX Tcommaaccent amacron -92
KPX Tcommaaccent aogonek -92
KPX Tcommaaccent aring -92
KPX Tcommaaccent atilde -92
KPX Tcommaaccent colon -55
KPX Tcommaaccent comma -74
KPX Tcommaaccent e -92
KPX Tcommaaccent eacute -92
KPX Tcommaaccent ecaron -92
KPX Tcommaaccent ecircumflex -52
KPX Tcommaaccent edieresis -52
KPX Tcommaaccent edotaccent -92
KPX Tcommaaccent egrave -52
KPX Tcommaaccent emacron -52
KPX Tcommaaccent eogonek -92
KPX Tcommaaccent hyphen -74
KPX Tcommaaccent i -55
KPX Tcommaaccent iacute -55
KPX Tcommaaccent iogonek -55
KPX Tcommaaccent o -92
KPX Tcommaaccent oacute -92
KPX Tcommaaccent ocircumflex -92
KPX Tcommaaccent odieresis -92
KPX Tcommaaccent ograve -92
KPX Tcommaaccent ohungarumlaut -92
KPX Tcommaaccent omacron -92
KPX Tcommaaccent oslash -92
KPX Tcommaaccent otilde -92
KPX Tcommaaccent period -74
KPX Tcommaaccent r -55
KPX Tcommaaccent racute -55
KPX Tcommaaccent rcaron -55
KPX Tcommaaccent rcommaaccent -55
KPX Tcommaaccent semicolon -65
KPX Tcommaaccent u -55
KPX Tcommaaccent uacute -55
KPX Tcommaaccent ucircumflex -55
KPX Tcommaaccent udieresis -55
KPX Tcommaaccent ugrave -55
KPX Tcommaaccent uhungarumlaut -55
KPX Tcommaaccent umacron -55
KPX Tcommaaccent uogonek -55
KPX Tcommaaccent uring -55
KPX Tcommaaccent w -74
KPX Tcommaaccent y -74
KPX Tcommaaccent yacute -74
KPX Tcommaaccent ydieresis -34
KPX U A -40
KPX U Aacute -40
KPX U Abreve -40
KPX U Acircumflex -40
KPX U Adieresis -40
KPX U Agrave -40
KPX U Amacron -40
KPX U Aogonek -40
KPX U Aring -40
KPX U Atilde -40
KPX U comma -25
KPX U period -25
KPX Uacute A -40
KPX Uacute Aacute -40
KPX Uacute Abreve -40
KPX Uacute Acircumflex -40
KPX Uacute Adieresis -40
KPX Uacute Agrave -40
KPX Uacute Amacron -40
KPX Uacute Aogonek -40
KPX Uacute Aring -40
KPX Uacute Atilde -40
KPX Uacute comma -25
KPX Uacute period -25
KPX Ucircumflex A -40
KPX Ucircumflex Aacute -40
KPX Ucircumflex Abreve -40
KPX Ucircumflex Acircumflex -40
KPX Ucircumflex Adieresis -40
KPX Ucircumflex Agrave -40
KPX Ucircumflex Amacron -40
KPX Ucircumflex Aogonek -40
KPX Ucircumflex Aring -40
KPX Ucircumflex Atilde -40
KPX Ucircumflex comma -25
KPX Ucircumflex period -25
KPX Udieresis A -40
KPX Udieresis Aacute -40
KPX Udieresis Abreve -40
KPX Udieresis Acircumflex -40
KPX Udieresis Adieresis -40
KPX Udieresis Agrave -40
KPX Udieresis Amacron -40
KPX Udieresis Aogonek -40
KPX Udieresis Aring -40
KPX Udieresis Atilde -40
KPX Udieresis comma -25
KPX Udieresis period -25
KPX Ugrave A -40
KPX Ugrave Aacute -40
KPX Ugrave Abreve -40
KPX Ugrave Acircumflex -40
KPX Ugrave Adieresis -40
KPX Ugrave Agrave -40
KPX Ugrave Amacron -40
KPX Ugrave Aogonek -40
KPX Ugrave Aring -40
KPX Ugrave Atilde -40
KPX Ugrave comma -25
KPX Ugrave period -25
KPX Uhungarumlaut A -40
KPX Uhungarumlaut Aacute -40
KPX Uhungarumlaut Abreve -40
KPX Uhungarumlaut Acircumflex -40
KPX Uhungarumlaut Adieresis -40
KPX Uhungarumlaut Agrave -40
KPX Uhungarumlaut Amacron -40
KPX Uhungarumlaut Aogonek -40
KPX Uhungarumlaut Aring -40
KPX Uhungarumlaut Atilde -40
KPX Uhungarumlaut comma -25
KPX Uhungarumlaut period -25
KPX Umacron A -40
KPX Umacron Aacute -40
KPX Umacron Abreve -40
KPX Umacron Acircumflex -40
KPX Umacron Adieresis -40
KPX Umacron Agrave -40
KPX Umacron Amacron -40
KPX Umacron Aogonek -40
KPX Umacron Aring -40
KPX Umacron Atilde -40
KPX Umacron comma -25
KPX Umacron period -25
KPX Uogonek A -40
KPX Uogonek Aacute -40
KPX Uogonek Abreve -40
KPX Uogonek Acircumflex -40
KPX Uogonek Adieresis -40
KPX Uogonek Agrave -40
KPX Uogonek Amacron -40
KPX Uogonek Aogonek -40
KPX Uogonek Aring -40
KPX Uogonek Atilde -40
KPX Uogonek comma -25
KPX Uogonek period -25
KPX Uring A -40
KPX Uring Aacute -40
KPX Uring Abreve -40
KPX Uring Acircumflex -40
KPX Uring Adieresis -40
KPX Uring Agrave -40
KPX Uring Amacron -40
KPX Uring Aogonek -40
KPX Uring Aring -40
KPX Uring Atilde -40
KPX Uring comma -25
KPX Uring period -25
KPX V A -60
KPX V Aacute -60
KPX V Abreve -60
KPX V Acircumflex -60
KPX V Adieresis -60
KPX V Agrave -60
KPX V Amacron -60
KPX V Aogonek -60
KPX V Aring -60
KPX V Atilde -60
KPX V O -30
KPX V Oacute -30
KPX V Ocircumflex -30
KPX V Odieresis -30
KPX V Ograve -30
KPX V Ohungarumlaut -30
KPX V Omacron -30
KPX V Oslash -30
KPX V Otilde -30
KPX V a -111
KPX V aacute -111
KPX V abreve -111
KPX V acircumflex -111
KPX V adieresis -111
KPX V agrave -111
KPX V amacron -111
KPX V aogonek -111
KPX V aring -111
KPX V atilde -111
KPX V colon -65
KPX V comma -129
KPX V e -111
KPX V eacute -111
KPX V ecaron -111
KPX V ecircumflex -111
KPX V edieresis -71
KPX V edotaccent -111
KPX V egrave -71
KPX V emacron -71
KPX V eogonek -111
KPX V hyphen -55
KPX V i -74
KPX V iacute -74
KPX V icircumflex -34
KPX V idieresis -34
KPX V igrave -34
KPX V imacron -34
KPX V iogonek -74
KPX V o -111
KPX V oacute -111
KPX V ocircumflex -111
KPX V odieresis -111
KPX V ograve -111
KPX V ohungarumlaut -111
KPX V omacron -111
KPX V oslash -111
KPX V otilde -111
KPX V period -129
KPX V semicolon -74
KPX V u -74
KPX V uacute -74
KPX V ucircumflex -74
KPX V udieresis -74
KPX V ugrave -74
KPX V uhungarumlaut -74
KPX V umacron -74
KPX V uogonek -74
KPX V uring -74
KPX W A -60
KPX W Aacute -60
KPX W Abreve -60
KPX W Acircumflex -60
KPX W Adieresis -60
KPX W Agrave -60
KPX W Amacron -60
KPX W Aogonek -60
KPX W Aring -60
KPX W Atilde -60
KPX W O -25
KPX W Oacute -25
KPX W Ocircumflex -25
KPX W Odieresis -25
KPX W Ograve -25
KPX W Ohungarumlaut -25
KPX W Omacron -25
KPX W Oslash -25
KPX W Otilde -25
KPX W a -92
KPX W aacute -92
KPX W abreve -92
KPX W acircumflex -92
KPX W adieresis -92
KPX W agrave -92
KPX W amacron -92
KPX W aogonek -92
KPX W aring -92
KPX W atilde -92
KPX W colon -65
KPX W comma -92
KPX W e -92
KPX W eacute -92
KPX W ecaron -92
KPX W ecircumflex -92
KPX W edieresis -52
KPX W edotaccent -92
KPX W egrave -52
KPX W emacron -52
KPX W eogonek -92
KPX W hyphen -37
KPX W i -55
KPX W iacute -55
KPX W iogonek -55
KPX W o -92
KPX W oacute -92
KPX W ocircumflex -92
KPX W odieresis -92
KPX W ograve -92
KPX W ohungarumlaut -92
KPX W omacron -92
KPX W oslash -92
KPX W otilde -92
KPX W period -92
KPX W semicolon -65
KPX W u -55
KPX W uacute -55
KPX W ucircumflex -55
KPX W udieresis -55
KPX W ugrave -55
KPX W uhungarumlaut -55
KPX W umacron -55
KPX W uogonek -55
KPX W uring -55
KPX W y -70
KPX W yacute -70
KPX W ydieresis -70
KPX Y A -50
KPX Y Aacute -50
KPX Y Abreve -50
KPX Y Acircumflex -50
KPX Y Adieresis -50
KPX Y Agrave -50
KPX Y Amacron -50
KPX Y Aogonek -50
KPX Y Aring -50
KPX Y Atilde -50
KPX Y O -15
KPX Y Oacute -15
KPX Y Ocircumflex -15
KPX Y Odieresis -15
KPX Y Ograve -15
KPX Y Ohungarumlaut -15
KPX Y Omacron -15
KPX Y Oslash -15
KPX Y Otilde -15
KPX Y a -92
KPX Y aacute -92
KPX Y abreve -92
KPX Y acircumflex -92
KPX Y adieresis -92
KPX Y agrave -92
KPX Y amacron -92
KPX Y aogonek -92
KPX Y aring -92
KPX Y atilde -92
KPX Y colon -65
KPX Y comma -92
KPX Y e -92
KPX Y eacute -92
KPX Y ecaron -92
KPX Y ecircumflex -92
KPX Y edieresis -52
KPX Y edotaccent -92
KPX Y egrave -52
KPX Y emacron -52
KPX Y eogonek -92
KPX Y hyphen -74
KPX Y i -74
KPX Y iacute -74
KPX Y icircumflex -34
KPX Y idieresis -34
KPX Y igrave -34
KPX Y imacron -34
KPX Y iogonek -74
KPX Y o -92
KPX Y oacute -92
KPX Y ocircumflex -92
KPX Y odieresis -92
KPX Y ograve -92
KPX Y ohungarumlaut -92
KPX Y omacron -92
KPX Y oslash -92
KPX Y otilde -92
KPX Y period -92
KPX Y semicolon -65
KPX Y u -92
KPX Y uacute -92
KPX Y ucircumflex -92
KPX Y udieresis -92
KPX Y ugrave -92
KPX Y uhungarumlaut -92
KPX Y umacron -92
KPX Y uogonek -92
KPX Y uring -92
KPX Yacute A -50
KPX Yacute Aacute -50
KPX Yacute Abreve -50
KPX Yacute Acircumflex -50
KPX Yacute Adieresis -50
KPX Yacute Agrave -50
KPX Yacute Amacron -50
KPX Yacute Aogonek -50
KPX Yacute Aring -50
KPX Yacute Atilde -50
KPX Yacute O -15
KPX Yacute Oacute -15
KPX Yacute Ocircumflex -15
KPX Yacute Odieresis -15
KPX Yacute Ograve -15
KPX Yacute Ohungarumlaut -15
KPX Yacute Omacron -15
KPX Yacute Oslash -15
KPX Yacute Otilde -15
KPX Yacute a -92
KPX Yacute aacute -92
KPX Yacute abreve -92
KPX Yacute acircumflex -92
KPX Yacute adieresis -92
KPX Yacute agrave -92
KPX Yacute amacron -92
KPX Yacute aogonek -92
KPX Yacute aring -92
KPX Yacute atilde -92
KPX Yacute colon -65
KPX Yacute comma -92
KPX Yacute e -92
KPX Yacute eacute -92
KPX Yacute ecaron -92
KPX Yacute ecircumflex -92
KPX Yacute edieresis -52
KPX Yacute edotaccent -92
KPX Yacute egrave -52
KPX Yacute emacron -52
KPX Yacute eogonek -92
KPX Yacute hyphen -74
KPX Yacute i -74
KPX Yacute iacute -74
KPX Yacute icircumflex -34
KPX Yacute idieresis -34
KPX Yacute igrave -34
KPX Yacute imacron -34
KPX Yacute iogonek -74
KPX Yacute o -92
KPX Yacute oacute -92
KPX Yacute ocircumflex -92
KPX Yacute odieresis -92
KPX Yacute ograve -92
KPX Yacute ohungarumlaut -92
KPX Yacute omacron -92
KPX Yacute oslash -92
KPX Yacute otilde -92
KPX Yacute period -92
KPX Yacute semicolon -65
KPX Yacute u -92
KPX Yacute uacute -92
KPX Yacute ucircumflex -92
KPX Yacute udieresis -92
KPX Yacute ugrave -92
KPX Yacute uhungarumlaut -92
KPX Yacute umacron -92
KPX Yacute uogonek -92
KPX Yacute uring -92
KPX Ydieresis A -50
KPX Ydieresis Aacute -50
KPX Ydieresis Abreve -50
KPX Ydieresis Acircumflex -50
KPX Ydieresis Adieresis -50
KPX Ydieresis Agrave -50
KPX Ydieresis Amacron -50
KPX Ydieresis Aogonek -50
KPX Ydieresis Aring -50
KPX Ydieresis Atilde -50
KPX Ydieresis O -15
KPX Ydieresis Oacute -15
KPX Ydieresis Ocircumflex -15
KPX Ydieresis Odieresis -15
KPX Ydieresis Ograve -15
KPX Ydieresis Ohungarumlaut -15
KPX Ydieresis Omacron -15
KPX Ydieresis Oslash -15
KPX Ydieresis Otilde -15
KPX Ydieresis a -92
KPX Ydieresis aacute -92
KPX Ydieresis abreve -92
KPX Ydieresis acircumflex -92
KPX Ydieresis adieresis -92
KPX Ydieresis agrave -92
KPX Ydieresis amacron -92
KPX Ydieresis aogonek -92
KPX Ydieresis aring -92
KPX Ydieresis atilde -92
KPX Ydieresis colon -65
KPX Ydieresis comma -92
KPX Ydieresis e -92
KPX Ydieresis eacute -92
KPX Ydieresis ecaron -92
KPX Ydieresis ecircumflex -92
KPX Ydieresis edieresis -52
KPX Ydieresis edotaccent -92
KPX Ydieresis egrave -52
KPX Ydieresis emacron -52
KPX Ydieresis eogonek -92
KPX Ydieresis hyphen -74
KPX Ydieresis i -74
KPX Ydieresis iacute -74
KPX Ydieresis icircumflex -34
KPX Ydieresis idieresis -34
KPX Ydieresis igrave -34
KPX Ydieresis imacron -34
KPX Ydieresis iogonek -74
KPX Ydieresis o -92
KPX Ydieresis oacute -92
KPX Ydieresis ocircumflex -92
KPX Ydieresis odieresis -92
KPX Ydieresis ograve -92
KPX Ydieresis ohungarumlaut -92
KPX Ydieresis omacron -92
KPX Ydieresis oslash -92
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C 191 ; WX 500 ; N questiondown ; B 30 -205 421 492 ;
C 193 ; WX 333 ; N grave ; B 85 516 297 697 ;
C 194 ; WX 333 ; N acute ; B 139 516 379 697 ;
C 195 ; WX 333 ; N circumflex ; B 40 516 367 690 ;
C 196 ; WX 333 ; N tilde ; B 48 536 407 655 ;
C 197 ; WX 333 ; N macron ; B 51 553 393 623 ;
C 198 ; WX 333 ; N breve ; B 71 516 387 678 ;
C 199 ; WX 333 ; N dotaccent ; B 163 550 298 684 ;
C 200 ; WX 333 ; N dieresis ; B 55 550 402 684 ;
C 202 ; WX 333 ; N ring ; B 127 516 340 729 ;
C 203 ; WX 333 ; N cedilla ; B -80 -218 156 5 ;
C 205 ; WX 333 ; N hungarumlaut ; B 69 516 498 697 ;
C 206 ; WX 333 ; N ogonek ; B 15 -183 244 34 ;
C 207 ; WX 333 ; N caron ; B 79 516 411 690 ;
C 208 ; WX 1000 ; N emdash ; B -40 178 977 269 ;
C 225 ; WX 944 ; N AE ; B -64 0 918 669 ;
C 227 ; WX 266 ; N ordfeminine ; B 16 399 330 685 ;
C 232 ; WX 611 ; N Lslash ; B -22 0 590 669 ;
C 233 ; WX 722 ; N Oslash ; B 27 -125 691 764 ;
C 234 ; WX 944 ; N OE ; B 23 -8 946 677 ;
C 235 ; WX 300 ; N ordmasculine ; B 56 400 347 685 ;
C 241 ; WX 722 ; N ae ; B -5 -13 673 462 ;
C 245 ; WX 278 ; N dotlessi ; B 2 -9 238 462 ;
C 248 ; WX 278 ; N lslash ; B -7 -9 307 699 ;
C 249 ; WX 500 ; N oslash ; B -3 -119 441 560 ;
C 250 ; WX 722 ; N oe ; B 6 -13 674 462 ;
C 251 ; WX 500 ; N germandbls ; B -200 -200 473 705 ;
C -1 ; WX 389 ; N Idieresis ; B -32 0 450 862 ;
C -1 ; WX 444 ; N eacute ; B 5 -13 435 697 ;
C -1 ; WX 500 ; N abreve ; B -21 -14 471 678 ;
C -1 ; WX 556 ; N uhungarumlaut ; B 15 -9 610 697 ;
C -1 ; WX 444 ; N ecaron ; B 5 -13 467 690 ;
C -1 ; WX 611 ; N Ydieresis ; B 73 0 659 862 ;
C -1 ; WX 570 ; N divide ; B 33 -29 537 535 ;
C -1 ; WX 611 ; N Yacute ; B 73 0 659 904 ;
C -1 ; WX 667 ; N Acircumflex ; B -67 0 593 897 ;
C -1 ; WX 500 ; N aacute ; B -21 -14 463 697 ;
C -1 ; WX 722 ; N Ucircumflex ; B 67 -18 744 897 ;
C -1 ; WX 444 ; N yacute ; B -94 -205 435 697 ;
C -1 ; WX 389 ; N scommaaccent ; B -19 -218 333 462 ;
C -1 ; WX 444 ; N ecircumflex ; B 5 -13 423 690 ;
C -1 ; WX 722 ; N Uring ; B 67 -18 744 921 ;
C -1 ; WX 722 ; N Udieresis ; B 67 -18 744 862 ;
C -1 ; WX 500 ; N aogonek ; B -21 -183 455 462 ;
C -1 ; WX 722 ; N Uacute ; B 67 -18 744 904 ;
C -1 ; WX 556 ; N uogonek ; B 15 -183 492 462 ;
C -1 ; WX 667 ; N Edieresis ; B -27 0 653 862 ;
C -1 ; WX 722 ; N Dcroat ; B -31 0 700 669 ;
C -1 ; WX 250 ; N commaaccent ; B -36 -218 131 -50 ;
C -1 ; WX 747 ; N copyright ; B 30 -18 718 685 ;
C -1 ; WX 667 ; N Emacron ; B -27 0 653 830 ;
C -1 ; WX 444 ; N ccaron ; B -5 -13 467 690 ;
C -1 ; WX 500 ; N aring ; B -21 -14 455 729 ;
C -1 ; WX 722 ; N Ncommaaccent ; B -27 -218 748 669 ;
C -1 ; WX 278 ; N lacute ; B 2 -9 392 904 ;
C -1 ; WX 500 ; N agrave ; B -21 -14 455 697 ;
C -1 ; WX 611 ; N Tcommaaccent ; B 50 -218 650 669 ;
C -1 ; WX 667 ; N Cacute ; B 32 -18 677 904 ;
C -1 ; WX 500 ; N atilde ; B -21 -14 491 655 ;
C -1 ; WX 667 ; N Edotaccent ; B -27 0 653 862 ;
C -1 ; WX 389 ; N scaron ; B -19 -13 424 690 ;
C -1 ; WX 389 ; N scedilla ; B -19 -218 333 462 ;
C -1 ; WX 278 ; N iacute ; B 2 -9 352 697 ;
C -1 ; WX 494 ; N lozenge ; B 10 0 484 745 ;
C -1 ; WX 667 ; N Rcaron ; B -29 0 623 897 ;
C -1 ; WX 722 ; N Gcommaaccent ; B 21 -218 706 685 ;
C -1 ; WX 556 ; N ucircumflex ; B 15 -9 492 690 ;
C -1 ; WX 500 ; N acircumflex ; B -21 -14 455 690 ;
C -1 ; WX 667 ; N Amacron ; B -67 0 593 830 ;
C -1 ; WX 389 ; N rcaron ; B -21 0 424 690 ;
C -1 ; WX 444 ; N ccedilla ; B -5 -218 392 462 ;
C -1 ; WX 611 ; N Zdotaccent ; B -11 0 590 862 ;
C -1 ; WX 611 ; N Thorn ; B -27 0 573 669 ;
C -1 ; WX 722 ; N Omacron ; B 27 -18 691 830 ;
C -1 ; WX 667 ; N Racute ; B -29 0 623 904 ;
C -1 ; WX 556 ; N Sacute ; B 2 -18 531 904 ;
C -1 ; WX 608 ; N dcaron ; B -21 -13 675 708 ;
C -1 ; WX 722 ; N Umacron ; B 67 -18 744 830 ;
C -1 ; WX 556 ; N uring ; B 15 -9 492 729 ;
C -1 ; WX 300 ; N threesuperior ; B 17 265 321 683 ;
C -1 ; WX 722 ; N Ograve ; B 27 -18 691 904 ;
C -1 ; WX 667 ; N Agrave ; B -67 0 593 904 ;
C -1 ; WX 667 ; N Abreve ; B -67 0 593 885 ;
C -1 ; WX 570 ; N multiply ; B 48 16 522 490 ;
C -1 ; WX 556 ; N uacute ; B 15 -9 492 697 ;
C -1 ; WX 611 ; N Tcaron ; B 50 0 650 897 ;
C -1 ; WX 494 ; N partialdiff ; B 11 -21 494 750 ;
C -1 ; WX 444 ; N ydieresis ; B -94 -205 443 655 ;
C -1 ; WX 722 ; N Nacute ; B -27 -15 748 904 ;
C -1 ; WX 278 ; N icircumflex ; B -3 -9 324 690 ;
C -1 ; WX 667 ; N Ecircumflex ; B -27 0 653 897 ;
C -1 ; WX 500 ; N adieresis ; B -21 -14 476 655 ;
C -1 ; WX 444 ; N edieresis ; B 5 -13 448 655 ;
C -1 ; WX 444 ; N cacute ; B -5 -13 435 697 ;
C -1 ; WX 556 ; N nacute ; B -6 -9 493 697 ;
C -1 ; WX 556 ; N umacron ; B 15 -9 492 623 ;
C -1 ; WX 722 ; N Ncaron ; B -27 -15 748 897 ;
C -1 ; WX 389 ; N Iacute ; B -32 0 432 904 ;
C -1 ; WX 570 ; N plusminus ; B 33 0 537 506 ;
C -1 ; WX 220 ; N brokenbar ; B 66 -143 154 707 ;
C -1 ; WX 747 ; N registered ; B 30 -18 718 685 ;
C -1 ; WX 722 ; N Gbreve ; B 21 -18 706 885 ;
C -1 ; WX 389 ; N Idotaccent ; B -32 0 406 862 ;
C -1 ; WX 600 ; N summation ; B 14 -10 585 706 ;
C -1 ; WX 667 ; N Egrave ; B -27 0 653 904 ;
C -1 ; WX 389 ; N racute ; B -21 0 407 697 ;
C -1 ; WX 500 ; N omacron ; B -3 -13 462 623 ;
C -1 ; WX 611 ; N Zacute ; B -11 0 590 904 ;
C -1 ; WX 611 ; N Zcaron ; B -11 0 590 897 ;
C -1 ; WX 549 ; N greaterequal ; B 26 0 523 704 ;
C -1 ; WX 722 ; N Eth ; B -31 0 700 669 ;
C -1 ; WX 667 ; N Ccedilla ; B 32 -218 677 685 ;
C -1 ; WX 278 ; N lcommaaccent ; B -42 -218 290 699 ;
C -1 ; WX 366 ; N tcaron ; B -11 -9 434 754 ;
C -1 ; WX 444 ; N eogonek ; B 5 -183 398 462 ;
C -1 ; WX 722 ; N Uogonek ; B 67 -183 744 669 ;
C -1 ; WX 667 ; N Aacute ; B -67 0 593 904 ;
C -1 ; WX 667 ; N Adieresis ; B -67 0 593 862 ;
C -1 ; WX 444 ; N egrave ; B 5 -13 398 697 ;
C -1 ; WX 389 ; N zacute ; B -43 -78 407 697 ;
C -1 ; WX 278 ; N iogonek ; B -20 -183 263 684 ;
C -1 ; WX 722 ; N Oacute ; B 27 -18 691 904 ;
C -1 ; WX 500 ; N oacute ; B -3 -13 463 697 ;
C -1 ; WX 500 ; N amacron ; B -21 -14 467 623 ;
C -1 ; WX 389 ; N sacute ; B -19 -13 407 697 ;
C -1 ; WX 278 ; N idieresis ; B 2 -9 364 655 ;
C -1 ; WX 722 ; N Ocircumflex ; B 27 -18 691 897 ;
C -1 ; WX 722 ; N Ugrave ; B 67 -18 744 904 ;
C -1 ; WX 612 ; N Delta ; B 6 0 608 688 ;
C -1 ; WX 500 ; N thorn ; B -120 -205 446 699 ;
C -1 ; WX 300 ; N twosuperior ; B 2 274 313 683 ;
C -1 ; WX 722 ; N Odieresis ; B 27 -18 691 862 ;
C -1 ; WX 576 ; N mu ; B -60 -207 516 449 ;
C -1 ; WX 278 ; N igrave ; B 2 -9 259 697 ;
C -1 ; WX 500 ; N ohungarumlaut ; B -3 -13 582 697 ;
C -1 ; WX 667 ; N Eogonek ; B -27 -183 653 669 ;
C -1 ; WX 500 ; N dcroat ; B -21 -13 552 699 ;
C -1 ; WX 750 ; N threequarters ; B 7 -14 726 683 ;
C -1 ; WX 556 ; N Scedilla ; B 2 -218 526 685 ;
C -1 ; WX 382 ; N lcaron ; B 2 -9 448 708 ;
C -1 ; WX 667 ; N Kcommaaccent ; B -21 -218 702 669 ;
C -1 ; WX 611 ; N Lacute ; B -22 0 590 904 ;
C -1 ; WX 1000 ; N trademark ; B 32 263 968 669 ;
C -1 ; WX 444 ; N edotaccent ; B 5 -13 398 655 ;
C -1 ; WX 389 ; N Igrave ; B -32 0 406 904 ;
C -1 ; WX 389 ; N Imacron ; B -32 0 461 830 ;
C -1 ; WX 611 ; N Lcaron ; B -22 0 671 718 ;
C -1 ; WX 750 ; N onehalf ; B -9 -14 723 683 ;
C -1 ; WX 549 ; N lessequal ; B 29 0 526 704 ;
C -1 ; WX 500 ; N ocircumflex ; B -3 -13 451 690 ;
C -1 ; WX 556 ; N ntilde ; B -6 -9 504 655 ;
C -1 ; WX 722 ; N Uhungarumlaut ; B 67 -18 744 904 ;
C -1 ; WX 667 ; N Eacute ; B -27 0 653 904 ;
C -1 ; WX 444 ; N emacron ; B 5 -13 439 623 ;
C -1 ; WX 500 ; N gbreve ; B -52 -203 478 678 ;
C -1 ; WX 750 ; N onequarter ; B 7 -14 721 683 ;
C -1 ; WX 556 ; N Scaron ; B 2 -18 553 897 ;
C -1 ; WX 556 ; N Scommaaccent ; B 2 -218 526 685 ;
C -1 ; WX 722 ; N Ohungarumlaut ; B 27 -18 723 904 ;
C -1 ; WX 400 ; N degree ; B 83 397 369 683 ;
C -1 ; WX 500 ; N ograve ; B -3 -13 441 697 ;
C -1 ; WX 667 ; N Ccaron ; B 32 -18 677 897 ;
C -1 ; WX 556 ; N ugrave ; B 15 -9 492 697 ;
C -1 ; WX 549 ; N radical ; B 10 -46 512 850 ;
C -1 ; WX 722 ; N Dcaron ; B -46 0 685 897 ;
C -1 ; WX 389 ; N rcommaaccent ; B -67 -218 389 462 ;
C -1 ; WX 722 ; N Ntilde ; B -27 -15 748 862 ;
C -1 ; WX 500 ; N otilde ; B -3 -13 491 655 ;
C -1 ; WX 667 ; N Rcommaaccent ; B -29 -218 623 669 ;
C -1 ; WX 611 ; N Lcommaaccent ; B -22 -218 590 669 ;
C -1 ; WX 667 ; N Atilde ; B -67 0 593 862 ;
C -1 ; WX 667 ; N Aogonek ; B -67 -183 604 683 ;
C -1 ; WX 667 ; N Aring ; B -67 0 593 921 ;
C -1 ; WX 722 ; N Otilde ; B 27 -18 691 862 ;
C -1 ; WX 389 ; N zdotaccent ; B -43 -78 368 655 ;
C -1 ; WX 667 ; N Ecaron ; B -27 0 653 897 ;
C -1 ; WX 389 ; N Iogonek ; B -32 -183 406 669 ;
C -1 ; WX 500 ; N kcommaaccent ; B -23 -218 483 699 ;
C -1 ; WX 606 ; N minus ; B 51 209 555 297 ;
C -1 ; WX 389 ; N Icircumflex ; B -32 0 450 897 ;
C -1 ; WX 556 ; N ncaron ; B -6 -9 523 690 ;
C -1 ; WX 278 ; N tcommaaccent ; B -62 -218 281 594 ;
C -1 ; WX 606 ; N logicalnot ; B 51 108 555 399 ;
C -1 ; WX 500 ; N odieresis ; B -3 -13 471 655 ;
C -1 ; WX 556 ; N udieresis ; B 15 -9 499 655 ;
C -1 ; WX 549 ; N notequal ; B 15 -49 540 570 ;
C -1 ; WX 500 ; N gcommaaccent ; B -52 -203 478 767 ;
C -1 ; WX 500 ; N eth ; B -3 -13 454 699 ;
C -1 ; WX 389 ; N zcaron ; B -43 -78 424 690 ;
C -1 ; WX 556 ; N ncommaaccent ; B -6 -218 493 462 ;
C -1 ; WX 300 ; N onesuperior ; B 30 274 301 683 ;
C -1 ; WX 278 ; N imacron ; B 2 -9 294 623 ;
C -1 ; WX 500 ; N Euro ; B 0 0 0 0 ;
EndCharMetrics
StartKernData
StartKernPairs 2038
KPX A C -65
KPX A Cacute -65
KPX A Ccaron -65
KPX A Ccedilla -65
KPX A G -60
KPX A Gbreve -60
KPX A Gcommaaccent -60
KPX A O -50
KPX A Oacute -50
KPX A Ocircumflex -50
KPX A Odieresis -50
KPX A Ograve -50
KPX A Ohungarumlaut -50
KPX A Omacron -50
KPX A Oslash -50
KPX A Otilde -50
KPX A Q -55
KPX A T -55
KPX A Tcaron -55
KPX A Tcommaaccent -55
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -95
KPX A W -100
KPX A Y -70
KPX A Yacute -70
KPX A Ydieresis -70
KPX A quoteright -74
KPX A u -30
KPX A uacute -30
KPX A ucircumflex -30
KPX A udieresis -30
KPX A ugrave -30
KPX A uhungarumlaut -30
KPX A umacron -30
KPX A uogonek -30
KPX A uring -30
KPX A v -74
KPX A w -74
KPX A y -74
KPX A yacute -74
KPX A ydieresis -74
KPX Aacute C -65
KPX Aacute Cacute -65
KPX Aacute Ccaron -65
KPX Aacute Ccedilla -65
KPX Aacute G -60
KPX Aacute Gbreve -60
KPX Aacute Gcommaaccent -60
KPX Aacute O -50
KPX Aacute Oacute -50
KPX Aacute Ocircumflex -50
KPX Aacute Odieresis -50
KPX Aacute Ograve -50
KPX Aacute Ohungarumlaut -50
KPX Aacute Omacron -50
KPX Aacute Oslash -50
KPX Aacute Otilde -50
KPX Aacute Q -55
KPX Aacute T -55
KPX Aacute Tcaron -55
KPX Aacute Tcommaaccent -55
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -95
KPX Aacute W -100
KPX Aacute Y -70
KPX Aacute Yacute -70
KPX Aacute Ydieresis -70
KPX Aacute quoteright -74
KPX Aacute u -30
KPX Aacute uacute -30
KPX Aacute ucircumflex -30
KPX Aacute udieresis -30
KPX Aacute ugrave -30
KPX Aacute uhungarumlaut -30
KPX Aacute umacron -30
KPX Aacute uogonek -30
KPX Aacute uring -30
KPX Aacute v -74
KPX Aacute w -74
KPX Aacute y -74
KPX Aacute yacute -74
KPX Aacute ydieresis -74
KPX Abreve C -65
KPX Abreve Cacute -65
KPX Abreve Ccaron -65
KPX Abreve Ccedilla -65
KPX Abreve G -60
KPX Abreve Gbreve -60
KPX Abreve Gcommaaccent -60
KPX Abreve O -50
KPX Abreve Oacute -50
KPX Abreve Ocircumflex -50
KPX Abreve Odieresis -50
KPX Abreve Ograve -50
KPX Abreve Ohungarumlaut -50
KPX Abreve Omacron -50
KPX Abreve Oslash -50
KPX Abreve Otilde -50
KPX Abreve Q -55
KPX Abreve T -55
KPX Abreve Tcaron -55
KPX Abreve Tcommaaccent -55
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -95
KPX Abreve W -100
KPX Abreve Y -70
KPX Abreve Yacute -70
KPX Abreve Ydieresis -70
KPX Abreve quoteright -74
KPX Abreve u -30
KPX Abreve uacute -30
KPX Abreve ucircumflex -30
KPX Abreve udieresis -30
KPX Abreve ugrave -30
KPX Abreve uhungarumlaut -30
KPX Abreve umacron -30
KPX Abreve uogonek -30
KPX Abreve uring -30
KPX Abreve v -74
KPX Abreve w -74
KPX Abreve y -74
KPX Abreve yacute -74
KPX Abreve ydieresis -74
KPX Acircumflex C -65
KPX Acircumflex Cacute -65
KPX Acircumflex Ccaron -65
KPX Acircumflex Ccedilla -65
KPX Acircumflex G -60
KPX Acircumflex Gbreve -60
KPX Acircumflex Gcommaaccent -60
KPX Acircumflex O -50
KPX Acircumflex Oacute -50
KPX Acircumflex Ocircumflex -50
KPX Acircumflex Odieresis -50
KPX Acircumflex Ograve -50
KPX Acircumflex Ohungarumlaut -50
KPX Acircumflex Omacron -50
KPX Acircumflex Oslash -50
KPX Acircumflex Otilde -50
KPX Acircumflex Q -55
KPX Acircumflex T -55
KPX Acircumflex Tcaron -55
KPX Acircumflex Tcommaaccent -55
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -95
KPX Acircumflex W -100
KPX Acircumflex Y -70
KPX Acircumflex Yacute -70
KPX Acircumflex Ydieresis -70
KPX Acircumflex quoteright -74
KPX Acircumflex u -30
KPX Acircumflex uacute -30
KPX Acircumflex ucircumflex -30
KPX Acircumflex udieresis -30
KPX Acircumflex ugrave -30
KPX Acircumflex uhungarumlaut -30
KPX Acircumflex umacron -30
KPX Acircumflex uogonek -30
KPX Acircumflex uring -30
KPX Acircumflex v -74
KPX Acircumflex w -74
KPX Acircumflex y -74
KPX Acircumflex yacute -74
KPX Acircumflex ydieresis -74
KPX Adieresis C -65
KPX Adieresis Cacute -65
KPX Adieresis Ccaron -65
KPX Adieresis Ccedilla -65
KPX Adieresis G -60
KPX Adieresis Gbreve -60
KPX Adieresis Gcommaaccent -60
KPX Adieresis O -50
KPX Adieresis Oacute -50
KPX Adieresis Ocircumflex -50
KPX Adieresis Odieresis -50
KPX Adieresis Ograve -50
KPX Adieresis Ohungarumlaut -50
KPX Adieresis Omacron -50
KPX Adieresis Oslash -50
KPX Adieresis Otilde -50
KPX Adieresis Q -55
KPX Adieresis T -55
KPX Adieresis Tcaron -55
KPX Adieresis Tcommaaccent -55
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -95
KPX Adieresis W -100
KPX Adieresis Y -70
KPX Adieresis Yacute -70
KPX Adieresis Ydieresis -70
KPX Adieresis quoteright -74
KPX Adieresis u -30
KPX Adieresis uacute -30
KPX Adieresis ucircumflex -30
KPX Adieresis udieresis -30
KPX Adieresis ugrave -30
KPX Adieresis uhungarumlaut -30
KPX Adieresis umacron -30
KPX Adieresis uogonek -30
KPX Adieresis uring -30
KPX Adieresis v -74
KPX Adieresis w -74
KPX Adieresis y -74
KPX Adieresis yacute -74
KPX Adieresis ydieresis -74
KPX Agrave C -65
KPX Agrave Cacute -65
KPX Agrave Ccaron -65
KPX Agrave Ccedilla -65
KPX Agrave G -60
KPX Agrave Gbreve -60
KPX Agrave Gcommaaccent -60
KPX Agrave O -50
KPX Agrave Oacute -50
KPX Agrave Ocircumflex -50
KPX Agrave Odieresis -50
KPX Agrave Ograve -50
KPX Agrave Ohungarumlaut -50
KPX Agrave Omacron -50
KPX Agrave Oslash -50
KPX Agrave Otilde -50
KPX Agrave Q -55
KPX Agrave T -55
KPX Agrave Tcaron -55
KPX Agrave Tcommaaccent -55
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -95
KPX Agrave W -100
KPX Agrave Y -70
KPX Agrave Yacute -70
KPX Agrave Ydieresis -70
KPX Agrave quoteright -74
KPX Agrave u -30
KPX Agrave uacute -30
KPX Agrave ucircumflex -30
KPX Agrave udieresis -30
KPX Agrave ugrave -30
KPX Agrave uhungarumlaut -30
KPX Agrave umacron -30
KPX Agrave uogonek -30
KPX Agrave uring -30
KPX Agrave v -74
KPX Agrave w -74
KPX Agrave y -74
KPX Agrave yacute -74
KPX Agrave ydieresis -74
KPX Amacron C -65
KPX Amacron Cacute -65
KPX Amacron Ccaron -65
KPX Amacron Ccedilla -65
KPX Amacron G -60
KPX Amacron Gbreve -60
KPX Amacron Gcommaaccent -60
KPX Amacron O -50
KPX Amacron Oacute -50
KPX Amacron Ocircumflex -50
KPX Amacron Odieresis -50
KPX Amacron Ograve -50
KPX Amacron Ohungarumlaut -50
KPX Amacron Omacron -50
KPX Amacron Oslash -50
KPX Amacron Otilde -50
KPX Amacron Q -55
KPX Amacron T -55
KPX Amacron Tcaron -55
KPX Amacron Tcommaaccent -55
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -95
KPX Amacron W -100
KPX Amacron Y -70
KPX Amacron Yacute -70
KPX Amacron Ydieresis -70
KPX Amacron quoteright -74
KPX Amacron u -30
KPX Amacron uacute -30
KPX Amacron ucircumflex -30
KPX Amacron udieresis -30
KPX Amacron ugrave -30
KPX Amacron uhungarumlaut -30
KPX Amacron umacron -30
KPX Amacron uogonek -30
KPX Amacron uring -30
KPX Amacron v -74
KPX Amacron w -74
KPX Amacron y -74
KPX Amacron yacute -74
KPX Amacron ydieresis -74
KPX Aogonek C -65
KPX Aogonek Cacute -65
KPX Aogonek Ccaron -65
KPX Aogonek Ccedilla -65
KPX Aogonek G -60
KPX Aogonek Gbreve -60
KPX Aogonek Gcommaaccent -60
KPX Aogonek O -50
KPX Aogonek Oacute -50
KPX Aogonek Ocircumflex -50
KPX Aogonek Odieresis -50
KPX Aogonek Ograve -50
KPX Aogonek Ohungarumlaut -50
KPX Aogonek Omacron -50
KPX Aogonek Oslash -50
KPX Aogonek Otilde -50
KPX Aogonek Q -55
KPX Aogonek T -55
KPX Aogonek Tcaron -55
KPX Aogonek Tcommaaccent -55
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -95
KPX Aogonek W -100
KPX Aogonek Y -70
KPX Aogonek Yacute -70
KPX Aogonek Ydieresis -70
KPX Aogonek quoteright -74
KPX Aogonek u -30
KPX Aogonek uacute -30
KPX Aogonek ucircumflex -30
KPX Aogonek udieresis -30
KPX Aogonek ugrave -30
KPX Aogonek uhungarumlaut -30
KPX Aogonek umacron -30
KPX Aogonek uogonek -30
KPX Aogonek uring -30
KPX Aogonek v -74
KPX Aogonek w -74
KPX Aogonek y -34
KPX Aogonek yacute -34
KPX Aogonek ydieresis -34
KPX Aring C -65
KPX Aring Cacute -65
KPX Aring Ccaron -65
KPX Aring Ccedilla -65
KPX Aring G -60
KPX Aring Gbreve -60
KPX Aring Gcommaaccent -60
KPX Aring O -50
KPX Aring Oacute -50
KPX Aring Ocircumflex -50
KPX Aring Odieresis -50
KPX Aring Ograve -50
KPX Aring Ohungarumlaut -50
KPX Aring Omacron -50
KPX Aring Oslash -50
KPX Aring Otilde -50
KPX Aring Q -55
KPX Aring T -55
KPX Aring Tcaron -55
KPX Aring Tcommaaccent -55
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -95
KPX Aring W -100
KPX Aring Y -70
KPX Aring Yacute -70
KPX Aring Ydieresis -70
KPX Aring quoteright -74
KPX Aring u -30
KPX Aring uacute -30
KPX Aring ucircumflex -30
KPX Aring udieresis -30
KPX Aring ugrave -30
KPX Aring uhungarumlaut -30
KPX Aring umacron -30
KPX Aring uogonek -30
KPX Aring uring -30
KPX Aring v -74
KPX Aring w -74
KPX Aring y -74
KPX Aring yacute -74
KPX Aring ydieresis -74
KPX Atilde C -65
KPX Atilde Cacute -65
KPX Atilde Ccaron -65
KPX Atilde Ccedilla -65
KPX Atilde G -60
KPX Atilde Gbreve -60
KPX Atilde Gcommaaccent -60
KPX Atilde O -50
KPX Atilde Oacute -50
KPX Atilde Ocircumflex -50
KPX Atilde Odieresis -50
KPX Atilde Ograve -50
KPX Atilde Ohungarumlaut -50
KPX Atilde Omacron -50
KPX Atilde Oslash -50
KPX Atilde Otilde -50
KPX Atilde Q -55
KPX Atilde T -55
KPX Atilde Tcaron -55
KPX Atilde Tcommaaccent -55
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -95
KPX Atilde W -100
KPX Atilde Y -70
KPX Atilde Yacute -70
KPX Atilde Ydieresis -70
KPX Atilde quoteright -74
KPX Atilde u -30
KPX Atilde uacute -30
KPX Atilde ucircumflex -30
KPX Atilde udieresis -30
KPX Atilde ugrave -30
KPX Atilde uhungarumlaut -30
KPX Atilde umacron -30
KPX Atilde uogonek -30
KPX Atilde uring -30
KPX Atilde v -74
KPX Atilde w -74
KPX Atilde y -74
KPX Atilde yacute -74
KPX Atilde ydieresis -74
KPX B A -25
KPX B Aacute -25
KPX B Abreve -25
KPX B Acircumflex -25
KPX B Adieresis -25
KPX B Agrave -25
KPX B Amacron -25
KPX B Aogonek -25
KPX B Aring -25
KPX B Atilde -25
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX D A -25
KPX D Aacute -25
KPX D Abreve -25
KPX D Acircumflex -25
KPX D Adieresis -25
KPX D Agrave -25
KPX D Amacron -25
KPX D Aogonek -25
KPX D Aring -25
KPX D Atilde -25
KPX D V -50
KPX D W -40
KPX D Y -50
KPX D Yacute -50
KPX D Ydieresis -50
KPX Dcaron A -25
KPX Dcaron Aacute -25
KPX Dcaron Abreve -25
KPX Dcaron Acircumflex -25
KPX Dcaron Adieresis -25
KPX Dcaron Agrave -25
KPX Dcaron Amacron -25
KPX Dcaron Aogonek -25
KPX Dcaron Aring -25
KPX Dcaron Atilde -25
KPX Dcaron V -50
KPX Dcaron W -40
KPX Dcaron Y -50
KPX Dcaron Yacute -50
KPX Dcaron Ydieresis -50
KPX Dcroat A -25
KPX Dcroat Aacute -25
KPX Dcroat Abreve -25
KPX Dcroat Acircumflex -25
KPX Dcroat Adieresis -25
KPX Dcroat Agrave -25
KPX Dcroat Amacron -25
KPX Dcroat Aogonek -25
KPX Dcroat Aring -25
KPX Dcroat Atilde -25
KPX Dcroat V -50
KPX Dcroat W -40
KPX Dcroat Y -50
KPX Dcroat Yacute -50
KPX Dcroat Ydieresis -50
KPX F A -100
KPX F Aacute -100
KPX F Abreve -100
KPX F Acircumflex -100
KPX F Adieresis -100
KPX F Agrave -100
KPX F Amacron -100
KPX F Aogonek -100
KPX F Aring -100
KPX F Atilde -100
KPX F a -95
KPX F aacute -95
KPX F abreve -95
KPX F acircumflex -95
KPX F adieresis -95
KPX F agrave -95
KPX F amacron -95
KPX F aogonek -95
KPX F aring -95
KPX F atilde -95
KPX F comma -129
KPX F e -100
KPX F eacute -100
KPX F ecaron -100
KPX F ecircumflex -100
KPX F edieresis -100
KPX F edotaccent -100
KPX F egrave -100
KPX F emacron -100
KPX F eogonek -100
KPX F i -40
KPX F iacute -40
KPX F icircumflex -40
KPX F idieresis -40
KPX F igrave -40
KPX F imacron -40
KPX F iogonek -40
KPX F o -70
KPX F oacute -70
KPX F ocircumflex -70
KPX F odieresis -70
KPX F ograve -70
KPX F ohungarumlaut -70
KPX F omacron -70
KPX F oslash -70
KPX F otilde -70
KPX F period -129
KPX F r -50
KPX F racute -50
KPX F rcaron -50
KPX F rcommaaccent -50
KPX J A -25
KPX J Aacute -25
KPX J Abreve -25
KPX J Acircumflex -25
KPX J Adieresis -25
KPX J Agrave -25
KPX J Amacron -25
KPX J Aogonek -25
KPX J Aring -25
KPX J Atilde -25
KPX J a -40
KPX J aacute -40
KPX J abreve -40
KPX J acircumflex -40
KPX J adieresis -40
KPX J agrave -40
KPX J amacron -40
KPX J aogonek -40
KPX J aring -40
KPX J atilde -40
KPX J comma -10
KPX J e -40
KPX J eacute -40
KPX J ecaron -40
KPX J ecircumflex -40
KPX J edieresis -40
KPX J edotaccent -40
KPX J egrave -40
KPX J emacron -40
KPX J eogonek -40
KPX J o -40
KPX J oacute -40
KPX J ocircumflex -40
KPX J odieresis -40
KPX J ograve -40
KPX J ohungarumlaut -40
KPX J omacron -40
KPX J oslash -40
KPX J otilde -40
KPX J period -10
KPX J u -40
KPX J uacute -40
KPX J ucircumflex -40
KPX J udieresis -40
KPX J ugrave -40
KPX J uhungarumlaut -40
KPX J umacron -40
KPX J uogonek -40
KPX J uring -40
KPX K O -30
KPX K Oacute -30
KPX K Ocircumflex -30
KPX K Odieresis -30
KPX K Ograve -30
KPX K Ohungarumlaut -30
KPX K Omacron -30
KPX K Oslash -30
KPX K Otilde -30
KPX K e -25
KPX K eacute -25
KPX K ecaron -25
KPX K ecircumflex -25
KPX K edieresis -25
KPX K edotaccent -25
KPX K egrave -25
KPX K emacron -25
KPX K eogonek -25
KPX K o -25
KPX K oacute -25
KPX K ocircumflex -25
KPX K odieresis -25
KPX K ograve -25
KPX K ohungarumlaut -25
KPX K omacron -25
KPX K oslash -25
KPX K otilde -25
KPX K u -20
KPX K uacute -20
KPX K ucircumflex -20
KPX K udieresis -20
KPX K ugrave -20
KPX K uhungarumlaut -20
KPX K umacron -20
KPX K uogonek -20
KPX K uring -20
KPX K y -20
KPX K yacute -20
KPX K ydieresis -20
KPX Kcommaaccent O -30
KPX Kcommaaccent Oacute -30
KPX Kcommaaccent Ocircumflex -30
KPX Kcommaaccent Odieresis -30
KPX Kcommaaccent Ograve -30
KPX Kcommaaccent Ohungarumlaut -30
KPX Kcommaaccent Omacron -30
KPX Kcommaaccent Oslash -30
KPX Kcommaaccent Otilde -30
KPX Kcommaaccent e -25
KPX Kcommaaccent eacute -25
KPX Kcommaaccent ecaron -25
KPX Kcommaaccent ecircumflex -25
KPX Kcommaaccent edieresis -25
KPX Kcommaaccent edotaccent -25
KPX Kcommaaccent egrave -25
KPX Kcommaaccent emacron -25
KPX Kcommaaccent eogonek -25
KPX Kcommaaccent o -25
KPX Kcommaaccent oacute -25
KPX Kcommaaccent ocircumflex -25
KPX Kcommaaccent odieresis -25
KPX Kcommaaccent ograve -25
KPX Kcommaaccent ohungarumlaut -25
KPX Kcommaaccent omacron -25
KPX Kcommaaccent oslash -25
KPX Kcommaaccent otilde -25
KPX Kcommaaccent u -20
KPX Kcommaaccent uacute -20
KPX Kcommaaccent ucircumflex -20
KPX Kcommaaccent udieresis -20
KPX Kcommaaccent ugrave -20
KPX Kcommaaccent uhungarumlaut -20
KPX Kcommaaccent umacron -20
KPX Kcommaaccent uogonek -20
KPX Kcommaaccent uring -20
KPX Kcommaaccent y -20
KPX Kcommaaccent yacute -20
KPX Kcommaaccent ydieresis -20
KPX L T -18
KPX L Tcaron -18
KPX L Tcommaaccent -18
KPX L V -37
KPX L W -37
KPX L Y -37
KPX L Yacute -37
KPX L Ydieresis -37
KPX L quoteright -55
KPX L y -37
KPX L yacute -37
KPX L ydieresis -37
KPX Lacute T -18
KPX Lacute Tcaron -18
KPX Lacute Tcommaaccent -18
KPX Lacute V -37
KPX Lacute W -37
KPX Lacute Y -37
KPX Lacute Yacute -37
KPX Lacute Ydieresis -37
KPX Lacute quoteright -55
KPX Lacute y -37
KPX Lacute yacute -37
KPX Lacute ydieresis -37
KPX Lcommaaccent T -18
KPX Lcommaaccent Tcaron -18
KPX Lcommaaccent Tcommaaccent -18
KPX Lcommaaccent V -37
KPX Lcommaaccent W -37
KPX Lcommaaccent Y -37
KPX Lcommaaccent Yacute -37
KPX Lcommaaccent Ydieresis -37
KPX Lcommaaccent quoteright -55
KPX Lcommaaccent y -37
KPX Lcommaaccent yacute -37
KPX Lcommaaccent ydieresis -37
KPX Lslash T -18
KPX Lslash Tcaron -18
KPX Lslash Tcommaaccent -18
KPX Lslash V -37
KPX Lslash W -37
KPX Lslash Y -37
KPX Lslash Yacute -37
KPX Lslash Ydieresis -37
KPX Lslash quoteright -55
KPX Lslash y -37
KPX Lslash yacute -37
KPX Lslash ydieresis -37
KPX N A -30
KPX N Aacute -30
KPX N Abreve -30
KPX N Acircumflex -30
KPX N Adieresis -30
KPX N Agrave -30
KPX N Amacron -30
KPX N Aogonek -30
KPX N Aring -30
KPX N Atilde -30
KPX Nacute A -30
KPX Nacute Aacute -30
KPX Nacute Abreve -30
KPX Nacute Acircumflex -30
KPX Nacute Adieresis -30
KPX Nacute Agrave -30
KPX Nacute Amacron -30
KPX Nacute Aogonek -30
KPX Nacute Aring -30
KPX Nacute Atilde -30
KPX Ncaron A -30
KPX Ncaron Aacute -30
KPX Ncaron Abreve -30
KPX Ncaron Acircumflex -30
KPX Ncaron Adieresis -30
KPX Ncaron Agrave -30
KPX Ncaron Amacron -30
KPX Ncaron Aogonek -30
KPX Ncaron Aring -30
KPX Ncaron Atilde -30
KPX Ncommaaccent A -30
KPX Ncommaaccent Aacute -30
KPX Ncommaaccent Abreve -30
KPX Ncommaaccent Acircumflex -30
KPX Ncommaaccent Adieresis -30
KPX Ncommaaccent Agrave -30
KPX Ncommaaccent Amacron -30
KPX Ncommaaccent Aogonek -30
KPX Ncommaaccent Aring -30
KPX Ncommaaccent Atilde -30
KPX Ntilde A -30
KPX Ntilde Aacute -30
KPX Ntilde Abreve -30
KPX Ntilde Acircumflex -30
KPX Ntilde Adieresis -30
KPX Ntilde Agrave -30
KPX Ntilde Amacron -30
KPX Ntilde Aogonek -30
KPX Ntilde Aring -30
KPX Ntilde Atilde -30
KPX O A -40
KPX O Aacute -40
KPX O Abreve -40
KPX O Acircumflex -40
KPX O Adieresis -40
KPX O Agrave -40
KPX O Amacron -40
KPX O Aogonek -40
KPX O Aring -40
KPX O Atilde -40
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -50
KPX O X -40
KPX O Y -50
KPX O Yacute -50
KPX O Ydieresis -50
KPX Oacute A -40
KPX Oacute Aacute -40
KPX Oacute Abreve -40
KPX Oacute Acircumflex -40
KPX Oacute Adieresis -40
KPX Oacute Agrave -40
KPX Oacute Amacron -40
KPX Oacute Aogonek -40
KPX Oacute Aring -40
KPX Oacute Atilde -40
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -50
KPX Oacute X -40
KPX Oacute Y -50
KPX Oacute Yacute -50
KPX Oacute Ydieresis -50
KPX Ocircumflex A -40
KPX Ocircumflex Aacute -40
KPX Ocircumflex Abreve -40
KPX Ocircumflex Acircumflex -40
KPX Ocircumflex Adieresis -40
KPX Ocircumflex Agrave -40
KPX Ocircumflex Amacron -40
KPX Ocircumflex Aogonek -40
KPX Ocircumflex Aring -40
KPX Ocircumflex Atilde -40
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -50
KPX Ocircumflex X -40
KPX Ocircumflex Y -50
KPX Ocircumflex Yacute -50
KPX Ocircumflex Ydieresis -50
KPX Odieresis A -40
KPX Odieresis Aacute -40
KPX Odieresis Abreve -40
KPX Odieresis Acircumflex -40
KPX Odieresis Adieresis -40
KPX Odieresis Agrave -40
KPX Odieresis Amacron -40
KPX Odieresis Aogonek -40
KPX Odieresis Aring -40
KPX Odieresis Atilde -40
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -50
KPX Odieresis X -40
KPX Odieresis Y -50
KPX Odieresis Yacute -50
KPX Odieresis Ydieresis -50
KPX Ograve A -40
KPX Ograve Aacute -40
KPX Ograve Abreve -40
KPX Ograve Acircumflex -40
KPX Ograve Adieresis -40
KPX Ograve Agrave -40
KPX Ograve Amacron -40
KPX Ograve Aogonek -40
KPX Ograve Aring -40
KPX Ograve Atilde -40
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -50
KPX Ograve X -40
KPX Ograve Y -50
KPX Ograve Yacute -50
KPX Ograve Ydieresis -50
KPX Ohungarumlaut A -40
KPX Ohungarumlaut Aacute -40
KPX Ohungarumlaut Abreve -40
KPX Ohungarumlaut Acircumflex -40
KPX Ohungarumlaut Adieresis -40
KPX Ohungarumlaut Agrave -40
KPX Ohungarumlaut Amacron -40
KPX Ohungarumlaut Aogonek -40
KPX Ohungarumlaut Aring -40
KPX Ohungarumlaut Atilde -40
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -50
KPX Ohungarumlaut X -40
KPX Ohungarumlaut Y -50
KPX Ohungarumlaut Yacute -50
KPX Ohungarumlaut Ydieresis -50
KPX Omacron A -40
KPX Omacron Aacute -40
KPX Omacron Abreve -40
KPX Omacron Acircumflex -40
KPX Omacron Adieresis -40
KPX Omacron Agrave -40
KPX Omacron Amacron -40
KPX Omacron Aogonek -40
KPX Omacron Aring -40
KPX Omacron Atilde -40
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -50
KPX Omacron X -40
KPX Omacron Y -50
KPX Omacron Yacute -50
KPX Omacron Ydieresis -50
KPX Oslash A -40
KPX Oslash Aacute -40
KPX Oslash Abreve -40
KPX Oslash Acircumflex -40
KPX Oslash Adieresis -40
KPX Oslash Agrave -40
KPX Oslash Amacron -40
KPX Oslash Aogonek -40
KPX Oslash Aring -40
KPX Oslash Atilde -40
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -50
KPX Oslash X -40
KPX Oslash Y -50
KPX Oslash Yacute -50
KPX Oslash Ydieresis -50
KPX Otilde A -40
KPX Otilde Aacute -40
KPX Otilde Abreve -40
KPX Otilde Acircumflex -40
KPX Otilde Adieresis -40
KPX Otilde Agrave -40
KPX Otilde Amacron -40
KPX Otilde Aogonek -40
KPX Otilde Aring -40
KPX Otilde Atilde -40
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -50
KPX Otilde X -40
KPX Otilde Y -50
KPX Otilde Yacute -50
KPX Otilde Ydieresis -50
KPX P A -85
KPX P Aacute -85
KPX P Abreve -85
KPX P Acircumflex -85
KPX P Adieresis -85
KPX P Agrave -85
KPX P Amacron -85
KPX P Aogonek -85
KPX P Aring -85
KPX P Atilde -85
KPX P a -40
KPX P aacute -40
KPX P abreve -40
KPX P acircumflex -40
KPX P adieresis -40
KPX P agrave -40
KPX P amacron -40
KPX P aogonek -40
KPX P aring -40
KPX P atilde -40
KPX P comma -129
KPX P e -50
KPX P eacute -50
KPX P ecaron -50
KPX P ecircumflex -50
KPX P edieresis -50
KPX P edotaccent -50
KPX P egrave -50
KPX P emacron -50
KPX P eogonek -50
KPX P o -55
KPX P oacute -55
KPX P ocircumflex -55
KPX P odieresis -55
KPX P ograve -55
KPX P ohungarumlaut -55
KPX P omacron -55
KPX P oslash -55
KPX P otilde -55
KPX P period -129
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX R O -40
KPX R Oacute -40
KPX R Ocircumflex -40
KPX R Odieresis -40
KPX R Ograve -40
KPX R Ohungarumlaut -40
KPX R Omacron -40
KPX R Oslash -40
KPX R Otilde -40
KPX R T -30
KPX R Tcaron -30
KPX R Tcommaaccent -30
KPX R U -40
KPX R Uacute -40
KPX R Ucircumflex -40
KPX R Udieresis -40
KPX R Ugrave -40
KPX R Uhungarumlaut -40
KPX R Umacron -40
KPX R Uogonek -40
KPX R Uring -40
KPX R V -18
KPX R W -18
KPX R Y -18
KPX R Yacute -18
KPX R Ydieresis -18
KPX Racute O -40
KPX Racute Oacute -40
KPX Racute Ocircumflex -40
KPX Racute Odieresis -40
KPX Racute Ograve -40
KPX Racute Ohungarumlaut -40
KPX Racute Omacron -40
KPX Racute Oslash -40
KPX Racute Otilde -40
KPX Racute T -30
KPX Racute Tcaron -30
KPX Racute Tcommaaccent -30
KPX Racute U -40
KPX Racute Uacute -40
KPX Racute Ucircumflex -40
KPX Racute Udieresis -40
KPX Racute Ugrave -40
KPX Racute Uhungarumlaut -40
KPX Racute Umacron -40
KPX Racute Uogonek -40
KPX Racute Uring -40
KPX Racute V -18
KPX Racute W -18
KPX Racute Y -18
KPX Racute Yacute -18
KPX Racute Ydieresis -18
KPX Rcaron O -40
KPX Rcaron Oacute -40
KPX Rcaron Ocircumflex -40
KPX Rcaron Odieresis -40
KPX Rcaron Ograve -40
KPX Rcaron Ohungarumlaut -40
KPX Rcaron Omacron -40
KPX Rcaron Oslash -40
KPX Rcaron Otilde -40
KPX Rcaron T -30
KPX Rcaron Tcaron -30
KPX Rcaron Tcommaaccent -30
KPX Rcaron U -40
KPX Rcaron Uacute -40
KPX Rcaron Ucircumflex -40
KPX Rcaron Udieresis -40
KPX Rcaron Ugrave -40
KPX Rcaron Uhungarumlaut -40
KPX Rcaron Umacron -40
KPX Rcaron Uogonek -40
KPX Rcaron Uring -40
KPX Rcaron V -18
KPX Rcaron W -18
KPX Rcaron Y -18
KPX Rcaron Yacute -18
KPX Rcaron Ydieresis -18
KPX Rcommaaccent O -40
KPX Rcommaaccent Oacute -40
KPX Rcommaaccent Ocircumflex -40
KPX Rcommaaccent Odieresis -40
KPX Rcommaaccent Ograve -40
KPX Rcommaaccent Ohungarumlaut -40
KPX Rcommaaccent Omacron -40
KPX Rcommaaccent Oslash -40
KPX Rcommaaccent Otilde -40
KPX Rcommaaccent T -30
KPX Rcommaaccent Tcaron -30
KPX Rcommaaccent Tcommaaccent -30
KPX Rcommaaccent U -40
KPX Rcommaaccent Uacute -40
KPX Rcommaaccent Ucircumflex -40
KPX Rcommaaccent Udieresis -40
KPX Rcommaaccent Ugrave -40
KPX Rcommaaccent Uhungarumlaut -40
KPX Rcommaaccent Umacron -40
KPX Rcommaaccent Uogonek -40
KPX Rcommaaccent Uring -40
KPX Rcommaaccent V -18
KPX Rcommaaccent W -18
KPX Rcommaaccent Y -18
KPX Rcommaaccent Yacute -18
KPX Rcommaaccent Ydieresis -18
KPX T A -55
KPX T Aacute -55
KPX T Abreve -55
KPX T Acircumflex -55
KPX T Adieresis -55
KPX T Agrave -55
KPX T Amacron -55
KPX T Aogonek -55
KPX T Aring -55
KPX T Atilde -55
KPX T O -18
KPX T Oacute -18
KPX T Ocircumflex -18
KPX T Odieresis -18
KPX T Ograve -18
KPX T Ohungarumlaut -18
KPX T Omacron -18
KPX T Oslash -18
KPX T Otilde -18
KPX T a -92
KPX T aacute -92
KPX T abreve -92
KPX T acircumflex -92
KPX T adieresis -92
KPX T agrave -92
KPX T amacron -92
KPX T aogonek -92
KPX T aring -92
KPX T atilde -92
KPX T colon -74
KPX T comma -92
KPX T e -92
KPX T eacute -92
KPX T ecaron -92
KPX T ecircumflex -92
KPX T edieresis -52
KPX T edotaccent -92
KPX T egrave -52
KPX T emacron -52
KPX T eogonek -92
KPX T hyphen -92
KPX T i -37
KPX T iacute -37
KPX T iogonek -37
KPX T o -95
KPX T oacute -95
KPX T ocircumflex -95
KPX T odieresis -95
KPX T ograve -95
KPX T ohungarumlaut -95
KPX T omacron -95
KPX T oslash -95
KPX T otilde -95
KPX T period -92
KPX T r -37
KPX T racute -37
KPX T rcaron -37
KPX T rcommaaccent -37
KPX T semicolon -74
KPX T u -37
KPX T uacute -37
KPX T ucircumflex -37
KPX T udieresis -37
KPX T ugrave -37
KPX T uhungarumlaut -37
KPX T umacron -37
KPX T uogonek -37
KPX T uring -37
KPX T w -37
KPX T y -37
KPX T yacute -37
KPX T ydieresis -37
KPX Tcaron A -55
KPX Tcaron Aacute -55
KPX Tcaron Abreve -55
KPX Tcaron Acircumflex -55
KPX Tcaron Adieresis -55
KPX Tcaron Agrave -55
KPX Tcaron Amacron -55
KPX Tcaron Aogonek -55
KPX Tcaron Aring -55
KPX Tcaron Atilde -55
KPX Tcaron O -18
KPX Tcaron Oacute -18
KPX Tcaron Ocircumflex -18
KPX Tcaron Odieresis -18
KPX Tcaron Ograve -18
KPX Tcaron Ohungarumlaut -18
KPX Tcaron Omacron -18
KPX Tcaron Oslash -18
KPX Tcaron Otilde -18
KPX Tcaron a -92
KPX Tcaron aacute -92
KPX Tcaron abreve -92
KPX Tcaron acircumflex -92
KPX Tcaron adieresis -92
KPX Tcaron agrave -92
KPX Tcaron amacron -92
KPX Tcaron aogonek -92
KPX Tcaron aring -92
KPX Tcaron atilde -92
KPX Tcaron colon -74
KPX Tcaron comma -92
KPX Tcaron e -92
KPX Tcaron eacute -92
KPX Tcaron ecaron -92
KPX Tcaron ecircumflex -92
KPX Tcaron edieresis -52
KPX Tcaron edotaccent -92
KPX Tcaron egrave -52
KPX Tcaron emacron -52
KPX Tcaron eogonek -92
KPX Tcaron hyphen -92
KPX Tcaron i -37
KPX Tcaron iacute -37
KPX Tcaron iogonek -37
KPX Tcaron o -95
KPX Tcaron oacute -95
KPX Tcaron ocircumflex -95
KPX Tcaron odieresis -95
KPX Tcaron ograve -95
KPX Tcaron ohungarumlaut -95
KPX Tcaron omacron -95
KPX Tcaron oslash -95
KPX Tcaron otilde -95
KPX Tcaron period -92
KPX Tcaron r -37
KPX Tcaron racute -37
KPX Tcaron rcaron -37
KPX Tcaron rcommaaccent -37
KPX Tcaron semicolon -74
KPX Tcaron u -37
KPX Tcaron uacute -37
KPX Tcaron ucircumflex -37
KPX Tcaron udieresis -37
KPX Tcaron ugrave -37
KPX Tcaron uhungarumlaut -37
KPX Tcaron umacron -37
KPX Tcaron uogonek -37
KPX Tcaron uring -37
KPX Tcaron w -37
KPX Tcaron y -37
KPX Tcaron yacute -37
KPX Tcaron ydieresis -37
KPX Tcommaaccent A -55
KPX Tcommaaccent Aacute -55
KPX Tcommaaccent Abreve -55
KPX Tcommaaccent Acircumflex -55
KPX Tcommaaccent Adieresis -55
KPX Tcommaaccent Agrave -55
KPX Tcommaaccent Amacron -55
KPX Tcommaaccent Aogonek -55
KPX Tcommaaccent Aring -55
KPX Tcommaaccent Atilde -55
KPX Tcommaaccent O -18
KPX Tcommaaccent Oacute -18
KPX Tcommaaccent Ocircumflex -18
KPX Tcommaaccent Odieresis -18
KPX Tcommaaccent Ograve -18
KPX Tcommaaccent Ohungarumlaut -18
KPX Tcommaaccent Omacron -18
KPX Tcommaaccent Oslash -18
KPX Tcommaaccent Otilde -18
KPX Tcommaaccent a -92
KPX Tcommaaccent aacute -92
KPX Tcommaaccent abreve -92
KPX Tcommaaccent acircumflex -92
KPX Tcommaaccent adieresis -92
KPX Tcommaaccent agrave -92
KPX Tcommaaccent amacron -92
KPX Tcommaaccent aogonek -92
KPX Tcommaaccent aring -92
KPX Tcommaaccent atilde -92
KPX Tcommaaccent colon -74
KPX Tcommaaccent comma -92
KPX Tcommaaccent e -92
KPX Tcommaaccent eacute -92
KPX Tcommaaccent ecaron -92
KPX Tcommaaccent ecircumflex -92
KPX Tcommaaccent edieresis -52
KPX Tcommaaccent edotaccent -92
KPX Tcommaaccent egrave -52
KPX Tcommaaccent emacron -52
KPX Tcommaaccent eogonek -92
KPX Tcommaaccent hyphen -92
KPX Tcommaaccent i -37
KPX Tcommaaccent iacute -37
KPX Tcommaaccent iogonek -37
KPX Tcommaaccent o -95
KPX Tcommaaccent oacute -95
KPX Tcommaaccent ocircumflex -95
KPX Tcommaaccent odieresis -95
KPX Tcommaaccent ograve -95
KPX Tcommaaccent ohungarumlaut -95
KPX Tcommaaccent omacron -95
KPX Tcommaaccent oslash -95
KPX Tcommaaccent otilde -95
KPX Tcommaaccent period -92
KPX Tcommaaccent r -37
KPX Tcommaaccent racute -37
KPX Tcommaaccent rcaron -37
KPX Tcommaaccent rcommaaccent -37
KPX Tcommaaccent semicolon -74
KPX Tcommaaccent u -37
KPX Tcommaaccent uacute -37
KPX Tcommaaccent ucircumflex -37
KPX Tcommaaccent udieresis -37
KPX Tcommaaccent ugrave -37
KPX Tcommaaccent uhungarumlaut -37
KPX Tcommaaccent umacron -37
KPX Tcommaaccent uogonek -37
KPX Tcommaaccent uring -37
KPX Tcommaaccent w -37
KPX Tcommaaccent y -37
KPX Tcommaaccent yacute -37
KPX Tcommaaccent ydieresis -37
KPX U A -45
KPX U Aacute -45
KPX U Abreve -45
KPX U Acircumflex -45
KPX U Adieresis -45
KPX U Agrave -45
KPX U Amacron -45
KPX U Aogonek -45
KPX U Aring -45
KPX U Atilde -45
KPX Uacute A -45
KPX Uacute Aacute -45
KPX Uacute Abreve -45
KPX Uacute Acircumflex -45
KPX Uacute Adieresis -45
KPX Uacute Agrave -45
KPX Uacute Amacron -45
KPX Uacute Aogonek -45
KPX Uacute Aring -45
KPX Uacute Atilde -45
KPX Ucircumflex A -45
KPX Ucircumflex Aacute -45
KPX Ucircumflex Abreve -45
KPX Ucircumflex Acircumflex -45
KPX Ucircumflex Adieresis -45
KPX Ucircumflex Agrave -45
KPX Ucircumflex Amacron -45
KPX Ucircumflex Aogonek -45
KPX Ucircumflex Aring -45
KPX Ucircumflex Atilde -45
KPX Udieresis A -45
KPX Udieresis Aacute -45
KPX Udieresis Abreve -45
KPX Udieresis Acircumflex -45
KPX Udieresis Adieresis -45
KPX Udieresis Agrave -45
KPX Udieresis Amacron -45
KPX Udieresis Aogonek -45
KPX Udieresis Aring -45
KPX Udieresis Atilde -45
KPX Ugrave A -45
KPX Ugrave Aacute -45
KPX Ugrave Abreve -45
KPX Ugrave Acircumflex -45
KPX Ugrave Adieresis -45
KPX Ugrave Agrave -45
KPX Ugrave Amacron -45
KPX Ugrave Aogonek -45
KPX Ugrave Aring -45
KPX Ugrave Atilde -45
KPX Uhungarumlaut A -45
KPX Uhungarumlaut Aacute -45
KPX Uhungarumlaut Abreve -45
KPX Uhungarumlaut Acircumflex -45
KPX Uhungarumlaut Adieresis -45
KPX Uhungarumlaut Agrave -45
KPX Uhungarumlaut Amacron -45
KPX Uhungarumlaut Aogonek -45
KPX Uhungarumlaut Aring -45
KPX Uhungarumlaut Atilde -45
KPX Umacron A -45
KPX Umacron Aacute -45
KPX Umacron Abreve -45
KPX Umacron Acircumflex -45
KPX Umacron Adieresis -45
KPX Umacron Agrave -45
KPX Umacron Amacron -45
KPX Umacron Aogonek -45
KPX Umacron Aring -45
KPX Umacron Atilde -45
KPX Uogonek A -45
KPX Uogonek Aacute -45
KPX Uogonek Abreve -45
KPX Uogonek Acircumflex -45
KPX Uogonek Adieresis -45
KPX Uogonek Agrave -45
KPX Uogonek Amacron -45
KPX Uogonek Aogonek -45
KPX Uogonek Aring -45
KPX Uogonek Atilde -45
KPX Uring A -45
KPX Uring Aacute -45
KPX Uring Abreve -45
KPX Uring Acircumflex -45
KPX Uring Adieresis -45
KPX Uring Agrave -45
KPX Uring Amacron -45
KPX Uring Aogonek -45
KPX Uring Aring -45
KPX Uring Atilde -45
KPX V A -85
KPX V Aacute -85
KPX V Abreve -85
KPX V Acircumflex -85
KPX V Adieresis -85
KPX V Agrave -85
KPX V Amacron -85
KPX V Aogonek -85
KPX V Aring -85
KPX V Atilde -85
KPX V G -10
KPX V Gbreve -10
KPX V Gcommaaccent -10
KPX V O -30
KPX V Oacute -30
KPX V Ocircumflex -30
KPX V Odieresis -30
KPX V Ograve -30
KPX V Ohungarumlaut -30
KPX V Omacron -30
KPX V Oslash -30
KPX V Otilde -30
KPX V a -111
KPX V aacute -111
KPX V abreve -111
KPX V acircumflex -111
KPX V adieresis -111
KPX V agrave -111
KPX V amacron -111
KPX V aogonek -111
KPX V aring -111
KPX V atilde -111
KPX V colon -74
KPX V comma -129
KPX V e -111
KPX V eacute -111
KPX V ecaron -111
KPX V ecircumflex -111
KPX V edieresis -71
KPX V edotaccent -111
KPX V egrave -71
KPX V emacron -71
KPX V eogonek -111
KPX V hyphen -70
KPX V i -55
KPX V iacute -55
KPX V iogonek -55
KPX V o -111
KPX V oacute -111
KPX V ocircumflex -111
KPX V odieresis -111
KPX V ograve -111
KPX V ohungarumlaut -111
KPX V omacron -111
KPX V oslash -111
KPX V otilde -111
KPX V period -129
KPX V semicolon -74
KPX V u -55
KPX V uacute -55
KPX V ucircumflex -55
KPX V udieresis -55
KPX V ugrave -55
KPX V uhungarumlaut -55
KPX V umacron -55
KPX V uogonek -55
KPX V uring -55
KPX W A -74
KPX W Aacute -74
KPX W Abreve -74
KPX W Acircumflex -74
KPX W Adieresis -74
KPX W Agrave -74
KPX W Amacron -74
KPX W Aogonek -74
KPX W Aring -74
KPX W Atilde -74
KPX W O -15
KPX W Oacute -15
KPX W Ocircumflex -15
KPX W Odieresis -15
KPX W Ograve -15
KPX W Ohungarumlaut -15
KPX W Omacron -15
KPX W Oslash -15
KPX W Otilde -15
KPX W a -85
KPX W aacute -85
KPX W abreve -85
KPX W acircumflex -85
KPX W adieresis -85
KPX W agrave -85
KPX W amacron -85
KPX W aogonek -85
KPX W aring -85
KPX W atilde -85
KPX W colon -55
KPX W comma -74
KPX W e -90
KPX W eacute -90
KPX W ecaron -90
KPX W ecircumflex -90
KPX W edieresis -50
KPX W edotaccent -90
KPX W egrave -50
KPX W emacron -50
KPX W eogonek -90
KPX W hyphen -50
KPX W i -37
KPX W iacute -37
KPX W iogonek -37
KPX W o -80
KPX W oacute -80
KPX W ocircumflex -80
KPX W odieresis -80
KPX W ograve -80
KPX W ohungarumlaut -80
KPX W omacron -80
KPX W oslash -80
KPX W otilde -80
KPX W period -74
KPX W semicolon -55
KPX W u -55
KPX W uacute -55
KPX W ucircumflex -55
KPX W udieresis -55
KPX W ugrave -55
KPX W uhungarumlaut -55
KPX W umacron -55
KPX W uogonek -55
KPX W uring -55
KPX W y -55
KPX W yacute -55
KPX W ydieresis -55
KPX Y A -74
KPX Y Aacute -74
KPX Y Abreve -74
KPX Y Acircumflex -74
KPX Y Adieresis -74
KPX Y Agrave -74
KPX Y Amacron -74
KPX Y Aogonek -74
KPX Y Aring -74
KPX Y Atilde -74
KPX Y O -25
KPX Y Oacute -25
KPX Y Ocircumflex -25
KPX Y Odieresis -25
KPX Y Ograve -25
KPX Y Ohungarumlaut -25
KPX Y Omacron -25
KPX Y Oslash -25
KPX Y Otilde -25
KPX Y a -92
KPX Y aacute -92
KPX Y abreve -92
KPX Y acircumflex -92
KPX Y adieresis -92
KPX Y agrave -92
KPX Y amacron -92
KPX Y aogonek -92
KPX Y aring -92
KPX Y atilde -92
KPX Y colon -92
KPX Y comma -92
KPX Y e -111
KPX Y eacute -111
KPX Y ecaron -111
KPX Y ecircumflex -71
KPX Y edieresis -71
KPX Y edotaccent -111
KPX Y egrave -71
KPX Y emacron -71
KPX Y eogonek -111
KPX Y hyphen -92
KPX Y i -55
KPX Y iacute -55
KPX Y iogonek -55
KPX Y o -111
KPX Y oacute -111
KPX Y ocircumflex -111
KPX Y odieresis -111
KPX Y ograve -111
KPX Y ohungarumlaut -111
KPX Y omacron -111
KPX Y oslash -111
KPX Y otilde -111
KPX Y period -74
KPX Y semicolon -92
KPX Y u -92
KPX Y uacute -92
KPX Y ucircumflex -92
KPX Y udieresis -92
KPX Y ugrave -92
KPX Y uhungarumlaut -92
KPX Y umacron -92
KPX Y uogonek -92
KPX Y uring -92
KPX Yacute A -74
KPX Yacute Aacute -74
KPX Yacute Abreve -74
KPX Yacute Acircumflex -74
KPX Yacute Adieresis -74
KPX Yacute Agrave -74
KPX Yacute Amacron -74
KPX Yacute Aogonek -74
KPX Yacute Aring -74
KPX Yacute Atilde -74
KPX Yacute O -25
KPX Yacute Oacute -25
KPX Yacute Ocircumflex -25
KPX Yacute Odieresis -25
KPX Yacute Ograve -25
KPX Yacute Ohungarumlaut -25
KPX Yacute Omacron -25
KPX Yacute Oslash -25
KPX Yacute Otilde -25
KPX Yacute a -92
KPX Yacute aacute -92
KPX Yacute abreve -92
KPX Yacute acircumflex -92
KPX Yacute adieresis -92
KPX Yacute agrave -92
KPX Yacute amacron -92
KPX Yacute aogonek -92
KPX Yacute aring -92
KPX Yacute atilde -92
KPX Yacute colon -92
KPX Yacute comma -92
KPX Yacute e -111
KPX Yacute eacute -111
KPX Yacute ecaron -111
KPX Yacute ecircumflex -71
KPX Yacute edieresis -71
KPX Yacute edotaccent -111
KPX Yacute egrave -71
KPX Yacute emacron -71
KPX Yacute eogonek -111
KPX Yacute hyphen -92
KPX Yacute i -55
KPX Yacute iacute -55
KPX Yacute iogonek -55
KPX Yacute o -111
KPX Yacute oacute -111
KPX Yacute ocircumflex -111
KPX Yacute odieresis -111
KPX Yacute ograve -111
KPX Yacute ohungarumlaut -111
KPX Yacute omacron -111
KPX Yacute oslash -111
KPX Yacute otilde -111
KPX Yacute period -74
KPX Yacute semicolon -92
KPX Yacute u -92
KPX Yacute uacute -92
KPX Yacute ucircumflex -92
KPX Yacute udieresis -92
KPX Yacute ugrave -92
KPX Yacute uhungarumlaut -92
KPX Yacute umacron -92
KPX Yacute uogonek -92
KPX Yacute uring -92
KPX Ydieresis A -74
KPX Ydieresis Aacute -74
KPX Ydieresis Abreve -74
KPX Ydieresis Acircumflex -74
KPX Ydieresis Adieresis -74
KPX Ydieresis Agrave -74
KPX Ydieresis Amacron -74
KPX Ydieresis Aogonek -74
KPX Ydieresis Aring -74
KPX Ydieresis Atilde -74
KPX Ydieresis O -25
KPX Ydieresis Oacute -25
KPX Ydieresis Ocircumflex -25
KPX Ydieresis Odieresis -25
KPX Ydieresis Ograve -25
KPX Ydieresis Ohungarumlaut -25
KPX Ydieresis Omacron -25
KPX Ydieresis Oslash -25
KPX Ydieresis Otilde -25
KPX Ydieresis a -92
KPX Ydieresis aacute -92
KPX Ydieresis abreve -92
KPX Ydieresis acircumflex -92
KPX Ydieresis adieresis -92
KPX Ydieresis agrave -92
KPX Ydieresis amacron -92
KPX Ydieresis aogonek -92
KPX Ydieresis aring -92
KPX Ydieresis atilde -92
KPX Ydieresis colon -92
KPX Ydieresis comma -92
KPX Ydieresis e -111
KPX Ydieresis eacute -111
KPX Ydieresis ecaron -111
KPX Ydieresis ecircumflex -71
KPX Ydieresis edieresis -71
KPX Ydieresis edotaccent -111
KPX Ydieresis egrave -71
KPX Ydieresis emacron -71
KPX Ydieresis eogonek -111
KPX Ydieresis hyphen -92
KPX Ydieresis i -55
KPX Ydieresis iacute -55
KPX Ydieresis iogonek -55
KPX Ydieresis o -111
KPX Ydieresis oacute -111
KPX Ydieresis ocircumflex -111
KPX Ydieresis odieresis -111
KPX Ydieresis ograve -111
KPX Ydieresis ohungarumlaut -111
KPX Ydieresis omacron -111
KPX Ydieresis oslash -111
KPX Ydieresis otilde -111
KPX Ydieresis period -74
KPX Ydieresis semicolon -92
KPX Ydieresis u -92
KPX Ydieresis uacute -92
KPX Ydieresis ucircumflex -92
KPX Ydieresis udieresis -92
KPX Ydieresis ugrave -92
KPX Ydieresis uhungarumlaut -92
KPX Ydieresis umacron -92
KPX Ydieresis uogonek -92
KPX Ydieresis uring -92
KPX b b -10
KPX b period -40
KPX b u -20
KPX b uacute -20
KPX b ucircumflex -20
KPX b udieresis -20
KPX b ugrave -20
KPX b uhungarumlaut -20
KPX b umacron -20
KPX b uogonek -20
KPX b uring -20
KPX c h -10
KPX c k -10
KPX c kcommaaccent -10
KPX cacute h -10
KPX cacute k -10
KPX cacute kcommaaccent -10
KPX ccaron h -10
KPX ccaron k -10
KPX ccaron kcommaaccent -10
KPX ccedilla h -10
KPX ccedilla k -10
KPX ccedilla kcommaaccent -10
KPX comma quotedblright -95
KPX comma quoteright -95
KPX e b -10
KPX eacute b -10
KPX ecaron b -10
KPX ecircumflex b -10
KPX edieresis b -10
KPX edotaccent b -10
KPX egrave b -10
KPX emacron b -10
KPX eogonek b -10
KPX f comma -10
KPX f dotlessi -30
KPX f e -10
KPX f eacute -10
KPX f edotaccent -10
KPX f eogonek -10
KPX f f -18
KPX f o -10
KPX f oacute -10
KPX f ocircumflex -10
KPX f ograve -10
KPX f ohungarumlaut -10
KPX f oslash -10
KPX f otilde -10
KPX f period -10
KPX f quoteright 55
KPX k e -30
KPX k eacute -30
KPX k ecaron -30
KPX k ecircumflex -30
KPX k edieresis -30
KPX k edotaccent -30
KPX k egrave -30
KPX k emacron -30
KPX k eogonek -30
KPX k o -10
KPX k oacute -10
KPX k ocircumflex -10
KPX k odieresis -10
KPX k ograve -10
KPX k ohungarumlaut -10
KPX k omacron -10
KPX k oslash -10
KPX k otilde -10
KPX kcommaaccent e -30
KPX kcommaaccent eacute -30
KPX kcommaaccent ecaron -30
KPX kcommaaccent ecircumflex -30
KPX kcommaaccent edieresis -30
KPX kcommaaccent edotaccent -30
KPX kcommaaccent egrave -30
KPX kcommaaccent emacron -30
KPX kcommaaccent eogonek -30
KPX kcommaaccent o -10
KPX kcommaaccent oacute -10
KPX kcommaaccent ocircumflex -10
KPX kcommaaccent odieresis -10
KPX kcommaaccent ograve -10
KPX kcommaaccent ohungarumlaut -10
KPX kcommaaccent omacron -10
KPX kcommaaccent oslash -10
KPX kcommaaccent otilde -10
KPX n v -40
KPX nacute v -40
KPX ncaron v -40
KPX ncommaaccent v -40
KPX ntilde v -40
KPX o v -15
KPX o w -25
KPX o x -10
KPX o y -10
KPX o yacute -10
KPX o ydieresis -10
KPX oacute v -15
KPX oacute w -25
KPX oacute x -10
KPX oacute y -10
KPX oacute yacute -10
KPX oacute ydieresis -10
KPX ocircumflex v -15
KPX ocircumflex w -25
KPX ocircumflex x -10
KPX ocircumflex y -10
KPX ocircumflex yacute -10
KPX ocircumflex ydieresis -10
KPX odieresis v -15
KPX odieresis w -25
KPX odieresis x -10
KPX odieresis y -10
KPX odieresis yacute -10
KPX odieresis ydieresis -10
KPX ograve v -15
KPX ograve w -25
KPX ograve x -10
KPX ograve y -10
KPX ograve yacute -10
KPX ograve ydieresis -10
KPX ohungarumlaut v -15
KPX ohungarumlaut w -25
KPX ohungarumlaut x -10
KPX ohungarumlaut y -10
KPX ohungarumlaut yacute -10
KPX ohungarumlaut ydieresis -10
KPX omacron v -15
KPX omacron w -25
KPX omacron x -10
KPX omacron y -10
KPX omacron yacute -10
KPX omacron ydieresis -10
KPX oslash v -15
KPX oslash w -25
KPX oslash x -10
KPX oslash y -10
KPX oslash yacute -10
KPX oslash ydieresis -10
KPX otilde v -15
KPX otilde w -25
KPX otilde x -10
KPX otilde y -10
KPX otilde yacute -10
KPX otilde ydieresis -10
KPX period quotedblright -95
KPX period quoteright -95
KPX quoteleft quoteleft -74
KPX quoteright d -15
KPX quoteright dcroat -15
KPX quoteright quoteright -74
KPX quoteright r -15
KPX quoteright racute -15
KPX quoteright rcaron -15
KPX quoteright rcommaaccent -15
KPX quoteright s -74
KPX quoteright sacute -74
KPX quoteright scaron -74
KPX quoteright scedilla -74
KPX quoteright scommaaccent -74
KPX quoteright space -74
KPX quoteright t -37
KPX quoteright tcommaaccent -37
KPX quoteright v -15
KPX r comma -65
KPX r period -65
KPX racute comma -65
KPX racute period -65
KPX rcaron comma -65
KPX rcaron period -65
KPX rcommaaccent comma -65
KPX rcommaaccent period -65
KPX space A -37
KPX space Aacute -37
KPX space Abreve -37
KPX space Acircumflex -37
KPX space Adieresis -37
KPX space Agrave -37
KPX space Amacron -37
KPX space Aogonek -37
KPX space Aring -37
KPX space Atilde -37
KPX space V -70
KPX space W -70
KPX space Y -70
KPX space Yacute -70
KPX space Ydieresis -70
KPX v comma -37
KPX v e -15
KPX v eacute -15
KPX v ecaron -15
KPX v ecircumflex -15
KPX v edieresis -15
KPX v edotaccent -15
KPX v egrave -15
KPX v emacron -15
KPX v eogonek -15
KPX v o -15
KPX v oacute -15
KPX v ocircumflex -15
KPX v odieresis -15
KPX v ograve -15
KPX v ohungarumlaut -15
KPX v omacron -15
KPX v oslash -15
KPX v otilde -15
KPX v period -37
KPX w a -10
KPX w aacute -10
KPX w abreve -10
KPX w acircumflex -10
KPX w adieresis -10
KPX w agrave -10
KPX w amacron -10
KPX w aogonek -10
KPX w aring -10
KPX w atilde -10
KPX w comma -37
KPX w e -10
KPX w eacute -10
KPX w ecaron -10
KPX w ecircumflex -10
KPX w edieresis -10
KPX w edotaccent -10
KPX w egrave -10
KPX w emacron -10
KPX w eogonek -10
KPX w o -15
KPX w oacute -15
KPX w ocircumflex -15
KPX w odieresis -15
KPX w ograve -15
KPX w ohungarumlaut -15
KPX w omacron -15
KPX w oslash -15
KPX w otilde -15
KPX w period -37
KPX x e -10
KPX x eacute -10
KPX x ecaron -10
KPX x ecircumflex -10
KPX x edieresis -10
KPX x edotaccent -10
KPX x egrave -10
KPX x emacron -10
KPX x eogonek -10
KPX y comma -37
KPX y period -37
KPX yacute comma -37
KPX yacute period -37
KPX ydieresis comma -37
KPX ydieresis period -37
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C 51 ; WX 556 ; N three ; B 34 -19 522 703 ;
C 52 ; WX 556 ; N four ; B 25 0 523 703 ;
C 53 ; WX 556 ; N five ; B 32 -19 514 688 ;
C 54 ; WX 556 ; N six ; B 38 -19 518 703 ;
C 55 ; WX 556 ; N seven ; B 37 0 523 688 ;
C 56 ; WX 556 ; N eight ; B 38 -19 517 703 ;
C 57 ; WX 556 ; N nine ; B 42 -19 514 703 ;
C 58 ; WX 278 ; N colon ; B 87 0 191 516 ;
C 59 ; WX 278 ; N semicolon ; B 87 -147 191 516 ;
C 60 ; WX 584 ; N less ; B 48 11 536 495 ;
C 61 ; WX 584 ; N equal ; B 39 115 545 390 ;
C 62 ; WX 584 ; N greater ; B 48 11 536 495 ;
C 63 ; WX 556 ; N question ; B 56 0 492 727 ;
C 64 ; WX 1015 ; N at ; B 147 -19 868 737 ;
C 65 ; WX 667 ; N A ; B 14 0 654 718 ;
C 66 ; WX 667 ; N B ; B 74 0 627 718 ;
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C 83 ; WX 667 ; N S ; B 49 -19 620 737 ;
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C 85 ; WX 722 ; N U ; B 79 -19 644 718 ;
C 86 ; WX 667 ; N V ; B 20 0 647 718 ;
C 87 ; WX 944 ; N W ; B 16 0 928 718 ;
C 88 ; WX 667 ; N X ; B 19 0 648 718 ;
C 89 ; WX 667 ; N Y ; B 14 0 653 718 ;
C 90 ; WX 611 ; N Z ; B 23 0 588 718 ;
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C 100 ; WX 556 ; N d ; B 35 -15 499 718 ;
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C 103 ; WX 556 ; N g ; B 40 -220 499 538 ;
C 104 ; WX 556 ; N h ; B 65 0 491 718 ;
C 105 ; WX 222 ; N i ; B 67 0 155 718 ;
C 106 ; WX 222 ; N j ; B -16 -210 155 718 ;
C 107 ; WX 500 ; N k ; B 67 0 501 718 ;
C 108 ; WX 222 ; N l ; B 67 0 155 718 ;
C 109 ; WX 833 ; N m ; B 65 0 769 538 ;
C 110 ; WX 556 ; N n ; B 65 0 491 538 ;
C 111 ; WX 556 ; N o ; B 35 -14 521 538 ;
C 112 ; WX 556 ; N p ; B 58 -207 517 538 ;
C 113 ; WX 556 ; N q ; B 35 -207 494 538 ;
C 114 ; WX 333 ; N r ; B 77 0 332 538 ;
C 115 ; WX 500 ; N s ; B 32 -15 464 538 ;
C 116 ; WX 278 ; N t ; B 14 -7 257 669 ;
C 117 ; WX 556 ; N u ; B 68 -15 489 523 ;
C 118 ; WX 500 ; N v ; B 8 0 492 523 ;
C 119 ; WX 722 ; N w ; B 14 0 709 523 ;
C 120 ; WX 500 ; N x ; B 11 0 490 523 ;
C 121 ; WX 500 ; N y ; B 11 -214 489 523 ;
C 122 ; WX 500 ; N z ; B 31 0 469 523 ;
C 123 ; WX 334 ; N braceleft ; B 42 -196 292 722 ;
C 124 ; WX 260 ; N bar ; B 94 -225 167 775 ;
C 125 ; WX 334 ; N braceright ; B 42 -196 292 722 ;
C 126 ; WX 584 ; N asciitilde ; B 61 180 523 326 ;
C 161 ; WX 333 ; N exclamdown ; B 118 -195 215 523 ;
C 162 ; WX 556 ; N cent ; B 51 -115 513 623 ;
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C 164 ; WX 167 ; N fraction ; B -166 -19 333 703 ;
C 165 ; WX 556 ; N yen ; B 3 0 553 688 ;
C 166 ; WX 556 ; N florin ; B -11 -207 501 737 ;
C 167 ; WX 556 ; N section ; B 43 -191 512 737 ;
C 168 ; WX 556 ; N currency ; B 28 99 528 603 ;
C 169 ; WX 191 ; N quotesingle ; B 59 463 132 718 ;
C 170 ; WX 333 ; N quotedblleft ; B 38 470 307 725 ;
C 171 ; WX 556 ; N guillemotleft ; B 97 108 459 446 ;
C 172 ; WX 333 ; N guilsinglleft ; B 88 108 245 446 ;
C 173 ; WX 333 ; N guilsinglright ; B 88 108 245 446 ;
C 174 ; WX 500 ; N fi ; B 14 0 434 728 ;
C 175 ; WX 500 ; N fl ; B 14 0 432 728 ;
C 177 ; WX 556 ; N endash ; B 0 240 556 313 ;
C 178 ; WX 556 ; N dagger ; B 43 -159 514 718 ;
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C 182 ; WX 537 ; N paragraph ; B 18 -173 497 718 ;
C 183 ; WX 350 ; N bullet ; B 18 202 333 517 ;
C 184 ; WX 222 ; N quotesinglbase ; B 53 -149 157 106 ;
C 185 ; WX 333 ; N quotedblbase ; B 26 -149 295 106 ;
C 186 ; WX 333 ; N quotedblright ; B 26 463 295 718 ;
C 187 ; WX 556 ; N guillemotright ; B 97 108 459 446 ;
C 188 ; WX 1000 ; N ellipsis ; B 115 0 885 106 ;
C 189 ; WX 1000 ; N perthousand ; B 7 -19 994 703 ;
C 191 ; WX 611 ; N questiondown ; B 91 -201 527 525 ;
C 193 ; WX 333 ; N grave ; B 14 593 211 734 ;
C 194 ; WX 333 ; N acute ; B 122 593 319 734 ;
C 195 ; WX 333 ; N circumflex ; B 21 593 312 734 ;
C 196 ; WX 333 ; N tilde ; B -4 606 337 722 ;
C 197 ; WX 333 ; N macron ; B 10 627 323 684 ;
C 198 ; WX 333 ; N breve ; B 13 595 321 731 ;
C 199 ; WX 333 ; N dotaccent ; B 121 604 212 706 ;
C 200 ; WX 333 ; N dieresis ; B 40 604 293 706 ;
C 202 ; WX 333 ; N ring ; B 75 572 259 756 ;
C 203 ; WX 333 ; N cedilla ; B 45 -225 259 0 ;
C 205 ; WX 333 ; N hungarumlaut ; B 31 593 409 734 ;
C 206 ; WX 333 ; N ogonek ; B 73 -225 287 0 ;
C 207 ; WX 333 ; N caron ; B 21 593 312 734 ;
C 208 ; WX 1000 ; N emdash ; B 0 240 1000 313 ;
C 225 ; WX 1000 ; N AE ; B 8 0 951 718 ;
C 227 ; WX 370 ; N ordfeminine ; B 24 405 346 737 ;
C 232 ; WX 556 ; N Lslash ; B -20 0 537 718 ;
C 233 ; WX 778 ; N Oslash ; B 39 -19 740 737 ;
C 234 ; WX 1000 ; N OE ; B 36 -19 965 737 ;
C 235 ; WX 365 ; N ordmasculine ; B 25 405 341 737 ;
C 241 ; WX 889 ; N ae ; B 36 -15 847 538 ;
C 245 ; WX 278 ; N dotlessi ; B 95 0 183 523 ;
C 248 ; WX 222 ; N lslash ; B -20 0 242 718 ;
C 249 ; WX 611 ; N oslash ; B 28 -22 537 545 ;
C 250 ; WX 944 ; N oe ; B 35 -15 902 538 ;
C 251 ; WX 611 ; N germandbls ; B 67 -15 571 728 ;
C -1 ; WX 278 ; N Idieresis ; B 13 0 266 901 ;
C -1 ; WX 556 ; N eacute ; B 40 -15 516 734 ;
C -1 ; WX 556 ; N abreve ; B 36 -15 530 731 ;
C -1 ; WX 556 ; N uhungarumlaut ; B 68 -15 521 734 ;
C -1 ; WX 556 ; N ecaron ; B 40 -15 516 734 ;
C -1 ; WX 667 ; N Ydieresis ; B 14 0 653 901 ;
C -1 ; WX 584 ; N divide ; B 39 -19 545 524 ;
C -1 ; WX 667 ; N Yacute ; B 14 0 653 929 ;
C -1 ; WX 667 ; N Acircumflex ; B 14 0 654 929 ;
C -1 ; WX 556 ; N aacute ; B 36 -15 530 734 ;
C -1 ; WX 722 ; N Ucircumflex ; B 79 -19 644 929 ;
C -1 ; WX 500 ; N yacute ; B 11 -214 489 734 ;
C -1 ; WX 500 ; N scommaaccent ; B 32 -225 464 538 ;
C -1 ; WX 556 ; N ecircumflex ; B 40 -15 516 734 ;
C -1 ; WX 722 ; N Uring ; B 79 -19 644 931 ;
C -1 ; WX 722 ; N Udieresis ; B 79 -19 644 901 ;
C -1 ; WX 556 ; N aogonek ; B 36 -220 547 538 ;
C -1 ; WX 722 ; N Uacute ; B 79 -19 644 929 ;
C -1 ; WX 556 ; N uogonek ; B 68 -225 519 523 ;
C -1 ; WX 667 ; N Edieresis ; B 86 0 616 901 ;
C -1 ; WX 722 ; N Dcroat ; B 0 0 674 718 ;
C -1 ; WX 250 ; N commaaccent ; B 87 -225 181 -40 ;
C -1 ; WX 737 ; N copyright ; B -14 -19 752 737 ;
C -1 ; WX 667 ; N Emacron ; B 86 0 616 879 ;
C -1 ; WX 500 ; N ccaron ; B 30 -15 477 734 ;
C -1 ; WX 556 ; N aring ; B 36 -15 530 756 ;
C -1 ; WX 722 ; N Ncommaaccent ; B 76 -225 646 718 ;
C -1 ; WX 222 ; N lacute ; B 67 0 264 929 ;
C -1 ; WX 556 ; N agrave ; B 36 -15 530 734 ;
C -1 ; WX 611 ; N Tcommaaccent ; B 14 -225 597 718 ;
C -1 ; WX 722 ; N Cacute ; B 44 -19 681 929 ;
C -1 ; WX 556 ; N atilde ; B 36 -15 530 722 ;
C -1 ; WX 667 ; N Edotaccent ; B 86 0 616 901 ;
C -1 ; WX 500 ; N scaron ; B 32 -15 464 734 ;
C -1 ; WX 500 ; N scedilla ; B 32 -225 464 538 ;
C -1 ; WX 278 ; N iacute ; B 95 0 292 734 ;
C -1 ; WX 471 ; N lozenge ; B 10 0 462 728 ;
C -1 ; WX 722 ; N Rcaron ; B 88 0 684 929 ;
C -1 ; WX 778 ; N Gcommaaccent ; B 48 -225 704 737 ;
C -1 ; WX 556 ; N ucircumflex ; B 68 -15 489 734 ;
C -1 ; WX 556 ; N acircumflex ; B 36 -15 530 734 ;
C -1 ; WX 667 ; N Amacron ; B 14 0 654 879 ;
C -1 ; WX 333 ; N rcaron ; B 61 0 352 734 ;
C -1 ; WX 500 ; N ccedilla ; B 30 -225 477 538 ;
C -1 ; WX 611 ; N Zdotaccent ; B 23 0 588 901 ;
C -1 ; WX 667 ; N Thorn ; B 86 0 622 718 ;
C -1 ; WX 778 ; N Omacron ; B 39 -19 739 879 ;
C -1 ; WX 722 ; N Racute ; B 88 0 684 929 ;
C -1 ; WX 667 ; N Sacute ; B 49 -19 620 929 ;
C -1 ; WX 643 ; N dcaron ; B 35 -15 655 718 ;
C -1 ; WX 722 ; N Umacron ; B 79 -19 644 879 ;
C -1 ; WX 556 ; N uring ; B 68 -15 489 756 ;
C -1 ; WX 333 ; N threesuperior ; B 5 270 325 703 ;
C -1 ; WX 778 ; N Ograve ; B 39 -19 739 929 ;
C -1 ; WX 667 ; N Agrave ; B 14 0 654 929 ;
C -1 ; WX 667 ; N Abreve ; B 14 0 654 926 ;
C -1 ; WX 584 ; N multiply ; B 39 0 545 506 ;
C -1 ; WX 556 ; N uacute ; B 68 -15 489 734 ;
C -1 ; WX 611 ; N Tcaron ; B 14 0 597 929 ;
C -1 ; WX 476 ; N partialdiff ; B 13 -38 463 714 ;
C -1 ; WX 500 ; N ydieresis ; B 11 -214 489 706 ;
C -1 ; WX 722 ; N Nacute ; B 76 0 646 929 ;
C -1 ; WX 278 ; N icircumflex ; B -6 0 285 734 ;
C -1 ; WX 667 ; N Ecircumflex ; B 86 0 616 929 ;
C -1 ; WX 556 ; N adieresis ; B 36 -15 530 706 ;
C -1 ; WX 556 ; N edieresis ; B 40 -15 516 706 ;
C -1 ; WX 500 ; N cacute ; B 30 -15 477 734 ;
C -1 ; WX 556 ; N nacute ; B 65 0 491 734 ;
C -1 ; WX 556 ; N umacron ; B 68 -15 489 684 ;
C -1 ; WX 722 ; N Ncaron ; B 76 0 646 929 ;
C -1 ; WX 278 ; N Iacute ; B 91 0 292 929 ;
C -1 ; WX 584 ; N plusminus ; B 39 0 545 506 ;
C -1 ; WX 260 ; N brokenbar ; B 94 -150 167 700 ;
C -1 ; WX 737 ; N registered ; B -14 -19 752 737 ;
C -1 ; WX 778 ; N Gbreve ; B 48 -19 704 926 ;
C -1 ; WX 278 ; N Idotaccent ; B 91 0 188 901 ;
C -1 ; WX 600 ; N summation ; B 15 -10 586 706 ;
C -1 ; WX 667 ; N Egrave ; B 86 0 616 929 ;
C -1 ; WX 333 ; N racute ; B 77 0 332 734 ;
C -1 ; WX 556 ; N omacron ; B 35 -14 521 684 ;
C -1 ; WX 611 ; N Zacute ; B 23 0 588 929 ;
C -1 ; WX 611 ; N Zcaron ; B 23 0 588 929 ;
C -1 ; WX 549 ; N greaterequal ; B 26 0 523 674 ;
C -1 ; WX 722 ; N Eth ; B 0 0 674 718 ;
C -1 ; WX 722 ; N Ccedilla ; B 44 -225 681 737 ;
C -1 ; WX 222 ; N lcommaaccent ; B 67 -225 167 718 ;
C -1 ; WX 317 ; N tcaron ; B 14 -7 329 808 ;
C -1 ; WX 556 ; N eogonek ; B 40 -225 516 538 ;
C -1 ; WX 722 ; N Uogonek ; B 79 -225 644 718 ;
C -1 ; WX 667 ; N Aacute ; B 14 0 654 929 ;
C -1 ; WX 667 ; N Adieresis ; B 14 0 654 901 ;
C -1 ; WX 556 ; N egrave ; B 40 -15 516 734 ;
C -1 ; WX 500 ; N zacute ; B 31 0 469 734 ;
C -1 ; WX 222 ; N iogonek ; B -31 -225 183 718 ;
C -1 ; WX 778 ; N Oacute ; B 39 -19 739 929 ;
C -1 ; WX 556 ; N oacute ; B 35 -14 521 734 ;
C -1 ; WX 556 ; N amacron ; B 36 -15 530 684 ;
C -1 ; WX 500 ; N sacute ; B 32 -15 464 734 ;
C -1 ; WX 278 ; N idieresis ; B 13 0 266 706 ;
C -1 ; WX 778 ; N Ocircumflex ; B 39 -19 739 929 ;
C -1 ; WX 722 ; N Ugrave ; B 79 -19 644 929 ;
C -1 ; WX 612 ; N Delta ; B 6 0 608 688 ;
C -1 ; WX 556 ; N thorn ; B 58 -207 517 718 ;
C -1 ; WX 333 ; N twosuperior ; B 4 281 323 703 ;
C -1 ; WX 778 ; N Odieresis ; B 39 -19 739 901 ;
C -1 ; WX 556 ; N mu ; B 68 -207 489 523 ;
C -1 ; WX 278 ; N igrave ; B -13 0 184 734 ;
C -1 ; WX 556 ; N ohungarumlaut ; B 35 -14 521 734 ;
C -1 ; WX 667 ; N Eogonek ; B 86 -220 633 718 ;
C -1 ; WX 556 ; N dcroat ; B 35 -15 550 718 ;
C -1 ; WX 834 ; N threequarters ; B 45 -19 810 703 ;
C -1 ; WX 667 ; N Scedilla ; B 49 -225 620 737 ;
C -1 ; WX 299 ; N lcaron ; B 67 0 311 718 ;
C -1 ; WX 667 ; N Kcommaaccent ; B 76 -225 663 718 ;
C -1 ; WX 556 ; N Lacute ; B 76 0 537 929 ;
C -1 ; WX 1000 ; N trademark ; B 46 306 903 718 ;
C -1 ; WX 556 ; N edotaccent ; B 40 -15 516 706 ;
C -1 ; WX 278 ; N Igrave ; B -13 0 188 929 ;
C -1 ; WX 278 ; N Imacron ; B -17 0 296 879 ;
C -1 ; WX 556 ; N Lcaron ; B 76 0 537 718 ;
C -1 ; WX 834 ; N onehalf ; B 43 -19 773 703 ;
C -1 ; WX 549 ; N lessequal ; B 26 0 523 674 ;
C -1 ; WX 556 ; N ocircumflex ; B 35 -14 521 734 ;
C -1 ; WX 556 ; N ntilde ; B 65 0 491 722 ;
C -1 ; WX 722 ; N Uhungarumlaut ; B 79 -19 644 929 ;
C -1 ; WX 667 ; N Eacute ; B 86 0 616 929 ;
C -1 ; WX 556 ; N emacron ; B 40 -15 516 684 ;
C -1 ; WX 556 ; N gbreve ; B 40 -220 499 731 ;
C -1 ; WX 834 ; N onequarter ; B 73 -19 756 703 ;
C -1 ; WX 667 ; N Scaron ; B 49 -19 620 929 ;
C -1 ; WX 667 ; N Scommaaccent ; B 49 -225 620 737 ;
C -1 ; WX 778 ; N Ohungarumlaut ; B 39 -19 739 929 ;
C -1 ; WX 400 ; N degree ; B 54 411 346 703 ;
C -1 ; WX 556 ; N ograve ; B 35 -14 521 734 ;
C -1 ; WX 722 ; N Ccaron ; B 44 -19 681 929 ;
C -1 ; WX 556 ; N ugrave ; B 68 -15 489 734 ;
C -1 ; WX 453 ; N radical ; B -4 -80 458 762 ;
C -1 ; WX 722 ; N Dcaron ; B 81 0 674 929 ;
C -1 ; WX 333 ; N rcommaaccent ; B 77 -225 332 538 ;
C -1 ; WX 722 ; N Ntilde ; B 76 0 646 917 ;
C -1 ; WX 556 ; N otilde ; B 35 -14 521 722 ;
C -1 ; WX 722 ; N Rcommaaccent ; B 88 -225 684 718 ;
C -1 ; WX 556 ; N Lcommaaccent ; B 76 -225 537 718 ;
C -1 ; WX 667 ; N Atilde ; B 14 0 654 917 ;
C -1 ; WX 667 ; N Aogonek ; B 14 -225 654 718 ;
C -1 ; WX 667 ; N Aring ; B 14 0 654 931 ;
C -1 ; WX 778 ; N Otilde ; B 39 -19 739 917 ;
C -1 ; WX 500 ; N zdotaccent ; B 31 0 469 706 ;
C -1 ; WX 667 ; N Ecaron ; B 86 0 616 929 ;
C -1 ; WX 278 ; N Iogonek ; B -3 -225 211 718 ;
C -1 ; WX 500 ; N kcommaaccent ; B 67 -225 501 718 ;
C -1 ; WX 584 ; N minus ; B 39 216 545 289 ;
C -1 ; WX 278 ; N Icircumflex ; B -6 0 285 929 ;
C -1 ; WX 556 ; N ncaron ; B 65 0 491 734 ;
C -1 ; WX 278 ; N tcommaaccent ; B 14 -225 257 669 ;
C -1 ; WX 584 ; N logicalnot ; B 39 108 545 390 ;
C -1 ; WX 556 ; N odieresis ; B 35 -14 521 706 ;
C -1 ; WX 556 ; N udieresis ; B 68 -15 489 706 ;
C -1 ; WX 549 ; N notequal ; B 12 -35 537 551 ;
C -1 ; WX 556 ; N gcommaaccent ; B 40 -220 499 822 ;
C -1 ; WX 556 ; N eth ; B 35 -15 522 737 ;
C -1 ; WX 500 ; N zcaron ; B 31 0 469 734 ;
C -1 ; WX 556 ; N ncommaaccent ; B 65 -225 491 538 ;
C -1 ; WX 333 ; N onesuperior ; B 43 281 222 703 ;
C -1 ; WX 278 ; N imacron ; B 5 0 272 684 ;
C -1 ; WX 556 ; N Euro ; B 0 0 0 0 ;
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KPX A C -30
KPX A Cacute -30
KPX A Ccaron -30
KPX A Ccedilla -30
KPX A G -30
KPX A Gbreve -30
KPX A Gcommaaccent -30
KPX A O -30
KPX A Oacute -30
KPX A Ocircumflex -30
KPX A Odieresis -30
KPX A Ograve -30
KPX A Ohungarumlaut -30
KPX A Omacron -30
KPX A Oslash -30
KPX A Otilde -30
KPX A Q -30
KPX A T -120
KPX A Tcaron -120
KPX A Tcommaaccent -120
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -70
KPX A W -50
KPX A Y -100
KPX A Yacute -100
KPX A Ydieresis -100
KPX A u -30
KPX A uacute -30
KPX A ucircumflex -30
KPX A udieresis -30
KPX A ugrave -30
KPX A uhungarumlaut -30
KPX A umacron -30
KPX A uogonek -30
KPX A uring -30
KPX A v -40
KPX A w -40
KPX A y -40
KPX A yacute -40
KPX A ydieresis -40
KPX Aacute C -30
KPX Aacute Cacute -30
KPX Aacute Ccaron -30
KPX Aacute Ccedilla -30
KPX Aacute G -30
KPX Aacute Gbreve -30
KPX Aacute Gcommaaccent -30
KPX Aacute O -30
KPX Aacute Oacute -30
KPX Aacute Ocircumflex -30
KPX Aacute Odieresis -30
KPX Aacute Ograve -30
KPX Aacute Ohungarumlaut -30
KPX Aacute Omacron -30
KPX Aacute Oslash -30
KPX Aacute Otilde -30
KPX Aacute Q -30
KPX Aacute T -120
KPX Aacute Tcaron -120
KPX Aacute Tcommaaccent -120
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -70
KPX Aacute W -50
KPX Aacute Y -100
KPX Aacute Yacute -100
KPX Aacute Ydieresis -100
KPX Aacute u -30
KPX Aacute uacute -30
KPX Aacute ucircumflex -30
KPX Aacute udieresis -30
KPX Aacute ugrave -30
KPX Aacute uhungarumlaut -30
KPX Aacute umacron -30
KPX Aacute uogonek -30
KPX Aacute uring -30
KPX Aacute v -40
KPX Aacute w -40
KPX Aacute y -40
KPX Aacute yacute -40
KPX Aacute ydieresis -40
KPX Abreve C -30
KPX Abreve Cacute -30
KPX Abreve Ccaron -30
KPX Abreve Ccedilla -30
KPX Abreve G -30
KPX Abreve Gbreve -30
KPX Abreve Gcommaaccent -30
KPX Abreve O -30
KPX Abreve Oacute -30
KPX Abreve Ocircumflex -30
KPX Abreve Odieresis -30
KPX Abreve Ograve -30
KPX Abreve Ohungarumlaut -30
KPX Abreve Omacron -30
KPX Abreve Oslash -30
KPX Abreve Otilde -30
KPX Abreve Q -30
KPX Abreve T -120
KPX Abreve Tcaron -120
KPX Abreve Tcommaaccent -120
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -70
KPX Abreve W -50
KPX Abreve Y -100
KPX Abreve Yacute -100
KPX Abreve Ydieresis -100
KPX Abreve u -30
KPX Abreve uacute -30
KPX Abreve ucircumflex -30
KPX Abreve udieresis -30
KPX Abreve ugrave -30
KPX Abreve uhungarumlaut -30
KPX Abreve umacron -30
KPX Abreve uogonek -30
KPX Abreve uring -30
KPX Abreve v -40
KPX Abreve w -40
KPX Abreve y -40
KPX Abreve yacute -40
KPX Abreve ydieresis -40
KPX Acircumflex C -30
KPX Acircumflex Cacute -30
KPX Acircumflex Ccaron -30
KPX Acircumflex Ccedilla -30
KPX Acircumflex G -30
KPX Acircumflex Gbreve -30
KPX Acircumflex Gcommaaccent -30
KPX Acircumflex O -30
KPX Acircumflex Oacute -30
KPX Acircumflex Ocircumflex -30
KPX Acircumflex Odieresis -30
KPX Acircumflex Ograve -30
KPX Acircumflex Ohungarumlaut -30
KPX Acircumflex Omacron -30
KPX Acircumflex Oslash -30
KPX Acircumflex Otilde -30
KPX Acircumflex Q -30
KPX Acircumflex T -120
KPX Acircumflex Tcaron -120
KPX Acircumflex Tcommaaccent -120
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -70
KPX Acircumflex W -50
KPX Acircumflex Y -100
KPX Acircumflex Yacute -100
KPX Acircumflex Ydieresis -100
KPX Acircumflex u -30
KPX Acircumflex uacute -30
KPX Acircumflex ucircumflex -30
KPX Acircumflex udieresis -30
KPX Acircumflex ugrave -30
KPX Acircumflex uhungarumlaut -30
KPX Acircumflex umacron -30
KPX Acircumflex uogonek -30
KPX Acircumflex uring -30
KPX Acircumflex v -40
KPX Acircumflex w -40
KPX Acircumflex y -40
KPX Acircumflex yacute -40
KPX Acircumflex ydieresis -40
KPX Adieresis C -30
KPX Adieresis Cacute -30
KPX Adieresis Ccaron -30
KPX Adieresis Ccedilla -30
KPX Adieresis G -30
KPX Adieresis Gbreve -30
KPX Adieresis Gcommaaccent -30
KPX Adieresis O -30
KPX Adieresis Oacute -30
KPX Adieresis Ocircumflex -30
KPX Adieresis Odieresis -30
KPX Adieresis Ograve -30
KPX Adieresis Ohungarumlaut -30
KPX Adieresis Omacron -30
KPX Adieresis Oslash -30
KPX Adieresis Otilde -30
KPX Adieresis Q -30
KPX Adieresis T -120
KPX Adieresis Tcaron -120
KPX Adieresis Tcommaaccent -120
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -70
KPX Adieresis W -50
KPX Adieresis Y -100
KPX Adieresis Yacute -100
KPX Adieresis Ydieresis -100
KPX Adieresis u -30
KPX Adieresis uacute -30
KPX Adieresis ucircumflex -30
KPX Adieresis udieresis -30
KPX Adieresis ugrave -30
KPX Adieresis uhungarumlaut -30
KPX Adieresis umacron -30
KPX Adieresis uogonek -30
KPX Adieresis uring -30
KPX Adieresis v -40
KPX Adieresis w -40
KPX Adieresis y -40
KPX Adieresis yacute -40
KPX Adieresis ydieresis -40
KPX Agrave C -30
KPX Agrave Cacute -30
KPX Agrave Ccaron -30
KPX Agrave Ccedilla -30
KPX Agrave G -30
KPX Agrave Gbreve -30
KPX Agrave Gcommaaccent -30
KPX Agrave O -30
KPX Agrave Oacute -30
KPX Agrave Ocircumflex -30
KPX Agrave Odieresis -30
KPX Agrave Ograve -30
KPX Agrave Ohungarumlaut -30
KPX Agrave Omacron -30
KPX Agrave Oslash -30
KPX Agrave Otilde -30
KPX Agrave Q -30
KPX Agrave T -120
KPX Agrave Tcaron -120
KPX Agrave Tcommaaccent -120
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -70
KPX Agrave W -50
KPX Agrave Y -100
KPX Agrave Yacute -100
KPX Agrave Ydieresis -100
KPX Agrave u -30
KPX Agrave uacute -30
KPX Agrave ucircumflex -30
KPX Agrave udieresis -30
KPX Agrave ugrave -30
KPX Agrave uhungarumlaut -30
KPX Agrave umacron -30
KPX Agrave uogonek -30
KPX Agrave uring -30
KPX Agrave v -40
KPX Agrave w -40
KPX Agrave y -40
KPX Agrave yacute -40
KPX Agrave ydieresis -40
KPX Amacron C -30
KPX Amacron Cacute -30
KPX Amacron Ccaron -30
KPX Amacron Ccedilla -30
KPX Amacron G -30
KPX Amacron Gbreve -30
KPX Amacron Gcommaaccent -30
KPX Amacron O -30
KPX Amacron Oacute -30
KPX Amacron Ocircumflex -30
KPX Amacron Odieresis -30
KPX Amacron Ograve -30
KPX Amacron Ohungarumlaut -30
KPX Amacron Omacron -30
KPX Amacron Oslash -30
KPX Amacron Otilde -30
KPX Amacron Q -30
KPX Amacron T -120
KPX Amacron Tcaron -120
KPX Amacron Tcommaaccent -120
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -70
KPX Amacron W -50
KPX Amacron Y -100
KPX Amacron Yacute -100
KPX Amacron Ydieresis -100
KPX Amacron u -30
KPX Amacron uacute -30
KPX Amacron ucircumflex -30
KPX Amacron udieresis -30
KPX Amacron ugrave -30
KPX Amacron uhungarumlaut -30
KPX Amacron umacron -30
KPX Amacron uogonek -30
KPX Amacron uring -30
KPX Amacron v -40
KPX Amacron w -40
KPX Amacron y -40
KPX Amacron yacute -40
KPX Amacron ydieresis -40
KPX Aogonek C -30
KPX Aogonek Cacute -30
KPX Aogonek Ccaron -30
KPX Aogonek Ccedilla -30
KPX Aogonek G -30
KPX Aogonek Gbreve -30
KPX Aogonek Gcommaaccent -30
KPX Aogonek O -30
KPX Aogonek Oacute -30
KPX Aogonek Ocircumflex -30
KPX Aogonek Odieresis -30
KPX Aogonek Ograve -30
KPX Aogonek Ohungarumlaut -30
KPX Aogonek Omacron -30
KPX Aogonek Oslash -30
KPX Aogonek Otilde -30
KPX Aogonek Q -30
KPX Aogonek T -120
KPX Aogonek Tcaron -120
KPX Aogonek Tcommaaccent -120
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -70
KPX Aogonek W -50
KPX Aogonek Y -100
KPX Aogonek Yacute -100
KPX Aogonek Ydieresis -100
KPX Aogonek u -30
KPX Aogonek uacute -30
KPX Aogonek ucircumflex -30
KPX Aogonek udieresis -30
KPX Aogonek ugrave -30
KPX Aogonek uhungarumlaut -30
KPX Aogonek umacron -30
KPX Aogonek uogonek -30
KPX Aogonek uring -30
KPX Aogonek v -40
KPX Aogonek w -40
KPX Aogonek y -40
KPX Aogonek yacute -40
KPX Aogonek ydieresis -40
KPX Aring C -30
KPX Aring Cacute -30
KPX Aring Ccaron -30
KPX Aring Ccedilla -30
KPX Aring G -30
KPX Aring Gbreve -30
KPX Aring Gcommaaccent -30
KPX Aring O -30
KPX Aring Oacute -30
KPX Aring Ocircumflex -30
KPX Aring Odieresis -30
KPX Aring Ograve -30
KPX Aring Ohungarumlaut -30
KPX Aring Omacron -30
KPX Aring Oslash -30
KPX Aring Otilde -30
KPX Aring Q -30
KPX Aring T -120
KPX Aring Tcaron -120
KPX Aring Tcommaaccent -120
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -70
KPX Aring W -50
KPX Aring Y -100
KPX Aring Yacute -100
KPX Aring Ydieresis -100
KPX Aring u -30
KPX Aring uacute -30
KPX Aring ucircumflex -30
KPX Aring udieresis -30
KPX Aring ugrave -30
KPX Aring uhungarumlaut -30
KPX Aring umacron -30
KPX Aring uogonek -30
KPX Aring uring -30
KPX Aring v -40
KPX Aring w -40
KPX Aring y -40
KPX Aring yacute -40
KPX Aring ydieresis -40
KPX Atilde C -30
KPX Atilde Cacute -30
KPX Atilde Ccaron -30
KPX Atilde Ccedilla -30
KPX Atilde G -30
KPX Atilde Gbreve -30
KPX Atilde Gcommaaccent -30
KPX Atilde O -30
KPX Atilde Oacute -30
KPX Atilde Ocircumflex -30
KPX Atilde Odieresis -30
KPX Atilde Ograve -30
KPX Atilde Ohungarumlaut -30
KPX Atilde Omacron -30
KPX Atilde Oslash -30
KPX Atilde Otilde -30
KPX Atilde Q -30
KPX Atilde T -120
KPX Atilde Tcaron -120
KPX Atilde Tcommaaccent -120
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -70
KPX Atilde W -50
KPX Atilde Y -100
KPX Atilde Yacute -100
KPX Atilde Ydieresis -100
KPX Atilde u -30
KPX Atilde uacute -30
KPX Atilde ucircumflex -30
KPX Atilde udieresis -30
KPX Atilde ugrave -30
KPX Atilde uhungarumlaut -30
KPX Atilde umacron -30
KPX Atilde uogonek -30
KPX Atilde uring -30
KPX Atilde v -40
KPX Atilde w -40
KPX Atilde y -40
KPX Atilde yacute -40
KPX Atilde ydieresis -40
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX B comma -20
KPX B period -20
KPX C comma -30
KPX C period -30
KPX Cacute comma -30
KPX Cacute period -30
KPX Ccaron comma -30
KPX Ccaron period -30
KPX Ccedilla comma -30
KPX Ccedilla period -30
KPX D A -40
KPX D Aacute -40
KPX D Abreve -40
KPX D Acircumflex -40
KPX D Adieresis -40
KPX D Agrave -40
KPX D Amacron -40
KPX D Aogonek -40
KPX D Aring -40
KPX D Atilde -40
KPX D V -70
KPX D W -40
KPX D Y -90
KPX D Yacute -90
KPX D Ydieresis -90
KPX D comma -70
KPX D period -70
KPX Dcaron A -40
KPX Dcaron Aacute -40
KPX Dcaron Abreve -40
KPX Dcaron Acircumflex -40
KPX Dcaron Adieresis -40
KPX Dcaron Agrave -40
KPX Dcaron Amacron -40
KPX Dcaron Aogonek -40
KPX Dcaron Aring -40
KPX Dcaron Atilde -40
KPX Dcaron V -70
KPX Dcaron W -40
KPX Dcaron Y -90
KPX Dcaron Yacute -90
KPX Dcaron Ydieresis -90
KPX Dcaron comma -70
KPX Dcaron period -70
KPX Dcroat A -40
KPX Dcroat Aacute -40
KPX Dcroat Abreve -40
KPX Dcroat Acircumflex -40
KPX Dcroat Adieresis -40
KPX Dcroat Agrave -40
KPX Dcroat Amacron -40
KPX Dcroat Aogonek -40
KPX Dcroat Aring -40
KPX Dcroat Atilde -40
KPX Dcroat V -70
KPX Dcroat W -40
KPX Dcroat Y -90
KPX Dcroat Yacute -90
KPX Dcroat Ydieresis -90
KPX Dcroat comma -70
KPX Dcroat period -70
KPX F A -80
KPX F Aacute -80
KPX F Abreve -80
KPX F Acircumflex -80
KPX F Adieresis -80
KPX F Agrave -80
KPX F Amacron -80
KPX F Aogonek -80
KPX F Aring -80
KPX F Atilde -80
KPX F a -50
KPX F aacute -50
KPX F abreve -50
KPX F acircumflex -50
KPX F adieresis -50
KPX F agrave -50
KPX F amacron -50
KPX F aogonek -50
KPX F aring -50
KPX F atilde -50
KPX F comma -150
KPX F e -30
KPX F eacute -30
KPX F ecaron -30
KPX F ecircumflex -30
KPX F edieresis -30
KPX F edotaccent -30
KPX F egrave -30
KPX F emacron -30
KPX F eogonek -30
KPX F o -30
KPX F oacute -30
KPX F ocircumflex -30
KPX F odieresis -30
KPX F ograve -30
KPX F ohungarumlaut -30
KPX F omacron -30
KPX F oslash -30
KPX F otilde -30
KPX F period -150
KPX F r -45
KPX F racute -45
KPX F rcaron -45
KPX F rcommaaccent -45
KPX J A -20
KPX J Aacute -20
KPX J Abreve -20
KPX J Acircumflex -20
KPX J Adieresis -20
KPX J Agrave -20
KPX J Amacron -20
KPX J Aogonek -20
KPX J Aring -20
KPX J Atilde -20
KPX J a -20
KPX J aacute -20
KPX J abreve -20
KPX J acircumflex -20
KPX J adieresis -20
KPX J agrave -20
KPX J amacron -20
KPX J aogonek -20
KPX J aring -20
KPX J atilde -20
KPX J comma -30
KPX J period -30
KPX J u -20
KPX J uacute -20
KPX J ucircumflex -20
KPX J udieresis -20
KPX J ugrave -20
KPX J uhungarumlaut -20
KPX J umacron -20
KPX J uogonek -20
KPX J uring -20
KPX K O -50
KPX K Oacute -50
KPX K Ocircumflex -50
KPX K Odieresis -50
KPX K Ograve -50
KPX K Ohungarumlaut -50
KPX K Omacron -50
KPX K Oslash -50
KPX K Otilde -50
KPX K e -40
KPX K eacute -40
KPX K ecaron -40
KPX K ecircumflex -40
KPX K edieresis -40
KPX K edotaccent -40
KPX K egrave -40
KPX K emacron -40
KPX K eogonek -40
KPX K o -40
KPX K oacute -40
KPX K ocircumflex -40
KPX K odieresis -40
KPX K ograve -40
KPX K ohungarumlaut -40
KPX K omacron -40
KPX K oslash -40
KPX K otilde -40
KPX K u -30
KPX K uacute -30
KPX K ucircumflex -30
KPX K udieresis -30
KPX K ugrave -30
KPX K uhungarumlaut -30
KPX K umacron -30
KPX K uogonek -30
KPX K uring -30
KPX K y -50
KPX K yacute -50
KPX K ydieresis -50
KPX Kcommaaccent O -50
KPX Kcommaaccent Oacute -50
KPX Kcommaaccent Ocircumflex -50
KPX Kcommaaccent Odieresis -50
KPX Kcommaaccent Ograve -50
KPX Kcommaaccent Ohungarumlaut -50
KPX Kcommaaccent Omacron -50
KPX Kcommaaccent Oslash -50
KPX Kcommaaccent Otilde -50
KPX Kcommaaccent e -40
KPX Kcommaaccent eacute -40
KPX Kcommaaccent ecaron -40
KPX Kcommaaccent ecircumflex -40
KPX Kcommaaccent edieresis -40
KPX Kcommaaccent edotaccent -40
KPX Kcommaaccent egrave -40
KPX Kcommaaccent emacron -40
KPX Kcommaaccent eogonek -40
KPX Kcommaaccent o -40
KPX Kcommaaccent oacute -40
KPX Kcommaaccent ocircumflex -40
KPX Kcommaaccent odieresis -40
KPX Kcommaaccent ograve -40
KPX Kcommaaccent ohungarumlaut -40
KPX Kcommaaccent omacron -40
KPX Kcommaaccent oslash -40
KPX Kcommaaccent otilde -40
KPX Kcommaaccent u -30
KPX Kcommaaccent uacute -30
KPX Kcommaaccent ucircumflex -30
KPX Kcommaaccent udieresis -30
KPX Kcommaaccent ugrave -30
KPX Kcommaaccent uhungarumlaut -30
KPX Kcommaaccent umacron -30
KPX Kcommaaccent uogonek -30
KPX Kcommaaccent uring -30
KPX Kcommaaccent y -50
KPX Kcommaaccent yacute -50
KPX Kcommaaccent ydieresis -50
KPX L T -110
KPX L Tcaron -110
KPX L Tcommaaccent -110
KPX L V -110
KPX L W -70
KPX L Y -140
KPX L Yacute -140
KPX L Ydieresis -140
KPX L quotedblright -140
KPX L quoteright -160
KPX L y -30
KPX L yacute -30
KPX L ydieresis -30
KPX Lacute T -110
KPX Lacute Tcaron -110
KPX Lacute Tcommaaccent -110
KPX Lacute V -110
KPX Lacute W -70
KPX Lacute Y -140
KPX Lacute Yacute -140
KPX Lacute Ydieresis -140
KPX Lacute quotedblright -140
KPX Lacute quoteright -160
KPX Lacute y -30
KPX Lacute yacute -30
KPX Lacute ydieresis -30
KPX Lcaron T -110
KPX Lcaron Tcaron -110
KPX Lcaron Tcommaaccent -110
KPX Lcaron V -110
KPX Lcaron W -70
KPX Lcaron Y -140
KPX Lcaron Yacute -140
KPX Lcaron Ydieresis -140
KPX Lcaron quotedblright -140
KPX Lcaron quoteright -160
KPX Lcaron y -30
KPX Lcaron yacute -30
KPX Lcaron ydieresis -30
KPX Lcommaaccent T -110
KPX Lcommaaccent Tcaron -110
KPX Lcommaaccent Tcommaaccent -110
KPX Lcommaaccent V -110
KPX Lcommaaccent W -70
KPX Lcommaaccent Y -140
KPX Lcommaaccent Yacute -140
KPX Lcommaaccent Ydieresis -140
KPX Lcommaaccent quotedblright -140
KPX Lcommaaccent quoteright -160
KPX Lcommaaccent y -30
KPX Lcommaaccent yacute -30
KPX Lcommaaccent ydieresis -30
KPX Lslash T -110
KPX Lslash Tcaron -110
KPX Lslash Tcommaaccent -110
KPX Lslash V -110
KPX Lslash W -70
KPX Lslash Y -140
KPX Lslash Yacute -140
KPX Lslash Ydieresis -140
KPX Lslash quotedblright -140
KPX Lslash quoteright -160
KPX Lslash y -30
KPX Lslash yacute -30
KPX Lslash ydieresis -30
KPX O A -20
KPX O Aacute -20
KPX O Abreve -20
KPX O Acircumflex -20
KPX O Adieresis -20
KPX O Agrave -20
KPX O Amacron -20
KPX O Aogonek -20
KPX O Aring -20
KPX O Atilde -20
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -30
KPX O X -60
KPX O Y -70
KPX O Yacute -70
KPX O Ydieresis -70
KPX O comma -40
KPX O period -40
KPX Oacute A -20
KPX Oacute Aacute -20
KPX Oacute Abreve -20
KPX Oacute Acircumflex -20
KPX Oacute Adieresis -20
KPX Oacute Agrave -20
KPX Oacute Amacron -20
KPX Oacute Aogonek -20
KPX Oacute Aring -20
KPX Oacute Atilde -20
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -30
KPX Oacute X -60
KPX Oacute Y -70
KPX Oacute Yacute -70
KPX Oacute Ydieresis -70
KPX Oacute comma -40
KPX Oacute period -40
KPX Ocircumflex A -20
KPX Ocircumflex Aacute -20
KPX Ocircumflex Abreve -20
KPX Ocircumflex Acircumflex -20
KPX Ocircumflex Adieresis -20
KPX Ocircumflex Agrave -20
KPX Ocircumflex Amacron -20
KPX Ocircumflex Aogonek -20
KPX Ocircumflex Aring -20
KPX Ocircumflex Atilde -20
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -30
KPX Ocircumflex X -60
KPX Ocircumflex Y -70
KPX Ocircumflex Yacute -70
KPX Ocircumflex Ydieresis -70
KPX Ocircumflex comma -40
KPX Ocircumflex period -40
KPX Odieresis A -20
KPX Odieresis Aacute -20
KPX Odieresis Abreve -20
KPX Odieresis Acircumflex -20
KPX Odieresis Adieresis -20
KPX Odieresis Agrave -20
KPX Odieresis Amacron -20
KPX Odieresis Aogonek -20
KPX Odieresis Aring -20
KPX Odieresis Atilde -20
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -30
KPX Odieresis X -60
KPX Odieresis Y -70
KPX Odieresis Yacute -70
KPX Odieresis Ydieresis -70
KPX Odieresis comma -40
KPX Odieresis period -40
KPX Ograve A -20
KPX Ograve Aacute -20
KPX Ograve Abreve -20
KPX Ograve Acircumflex -20
KPX Ograve Adieresis -20
KPX Ograve Agrave -20
KPX Ograve Amacron -20
KPX Ograve Aogonek -20
KPX Ograve Aring -20
KPX Ograve Atilde -20
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -30
KPX Ograve X -60
KPX Ograve Y -70
KPX Ograve Yacute -70
KPX Ograve Ydieresis -70
KPX Ograve comma -40
KPX Ograve period -40
KPX Ohungarumlaut A -20
KPX Ohungarumlaut Aacute -20
KPX Ohungarumlaut Abreve -20
KPX Ohungarumlaut Acircumflex -20
KPX Ohungarumlaut Adieresis -20
KPX Ohungarumlaut Agrave -20
KPX Ohungarumlaut Amacron -20
KPX Ohungarumlaut Aogonek -20
KPX Ohungarumlaut Aring -20
KPX Ohungarumlaut Atilde -20
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -30
KPX Ohungarumlaut X -60
KPX Ohungarumlaut Y -70
KPX Ohungarumlaut Yacute -70
KPX Ohungarumlaut Ydieresis -70
KPX Ohungarumlaut comma -40
KPX Ohungarumlaut period -40
KPX Omacron A -20
KPX Omacron Aacute -20
KPX Omacron Abreve -20
KPX Omacron Acircumflex -20
KPX Omacron Adieresis -20
KPX Omacron Agrave -20
KPX Omacron Amacron -20
KPX Omacron Aogonek -20
KPX Omacron Aring -20
KPX Omacron Atilde -20
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -30
KPX Omacron X -60
KPX Omacron Y -70
KPX Omacron Yacute -70
KPX Omacron Ydieresis -70
KPX Omacron comma -40
KPX Omacron period -40
KPX Oslash A -20
KPX Oslash Aacute -20
KPX Oslash Abreve -20
KPX Oslash Acircumflex -20
KPX Oslash Adieresis -20
KPX Oslash Agrave -20
KPX Oslash Amacron -20
KPX Oslash Aogonek -20
KPX Oslash Aring -20
KPX Oslash Atilde -20
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -30
KPX Oslash X -60
KPX Oslash Y -70
KPX Oslash Yacute -70
KPX Oslash Ydieresis -70
KPX Oslash comma -40
KPX Oslash period -40
KPX Otilde A -20
KPX Otilde Aacute -20
KPX Otilde Abreve -20
KPX Otilde Acircumflex -20
KPX Otilde Adieresis -20
KPX Otilde Agrave -20
KPX Otilde Amacron -20
KPX Otilde Aogonek -20
KPX Otilde Aring -20
KPX Otilde Atilde -20
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -30
KPX Otilde X -60
KPX Otilde Y -70
KPX Otilde Yacute -70
KPX Otilde Ydieresis -70
KPX Otilde comma -40
KPX Otilde period -40
KPX P A -120
KPX P Aacute -120
KPX P Abreve -120
KPX P Acircumflex -120
KPX P Adieresis -120
KPX P Agrave -120
KPX P Amacron -120
KPX P Aogonek -120
KPX P Aring -120
KPX P Atilde -120
KPX P a -40
KPX P aacute -40
KPX P abreve -40
KPX P acircumflex -40
KPX P adieresis -40
KPX P agrave -40
KPX P amacron -40
KPX P aogonek -40
KPX P aring -40
KPX P atilde -40
KPX P comma -180
KPX P e -50
KPX P eacute -50
KPX P ecaron -50
KPX P ecircumflex -50
KPX P edieresis -50
KPX P edotaccent -50
KPX P egrave -50
KPX P emacron -50
KPX P eogonek -50
KPX P o -50
KPX P oacute -50
KPX P ocircumflex -50
KPX P odieresis -50
KPX P ograve -50
KPX P ohungarumlaut -50
KPX P omacron -50
KPX P oslash -50
KPX P otilde -50
KPX P period -180
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX R O -20
KPX R Oacute -20
KPX R Ocircumflex -20
KPX R Odieresis -20
KPX R Ograve -20
KPX R Ohungarumlaut -20
KPX R Omacron -20
KPX R Oslash -20
KPX R Otilde -20
KPX R T -30
KPX R Tcaron -30
KPX R Tcommaaccent -30
KPX R U -40
KPX R Uacute -40
KPX R Ucircumflex -40
KPX R Udieresis -40
KPX R Ugrave -40
KPX R Uhungarumlaut -40
KPX R Umacron -40
KPX R Uogonek -40
KPX R Uring -40
KPX R V -50
KPX R W -30
KPX R Y -50
KPX R Yacute -50
KPX R Ydieresis -50
KPX Racute O -20
KPX Racute Oacute -20
KPX Racute Ocircumflex -20
KPX Racute Odieresis -20
KPX Racute Ograve -20
KPX Racute Ohungarumlaut -20
KPX Racute Omacron -20
KPX Racute Oslash -20
KPX Racute Otilde -20
KPX Racute T -30
KPX Racute Tcaron -30
KPX Racute Tcommaaccent -30
KPX Racute U -40
KPX Racute Uacute -40
KPX Racute Ucircumflex -40
KPX Racute Udieresis -40
KPX Racute Ugrave -40
KPX Racute Uhungarumlaut -40
KPX Racute Umacron -40
KPX Racute Uogonek -40
KPX Racute Uring -40
KPX Racute V -50
KPX Racute W -30
KPX Racute Y -50
KPX Racute Yacute -50
KPX Racute Ydieresis -50
KPX Rcaron O -20
KPX Rcaron Oacute -20
KPX Rcaron Ocircumflex -20
KPX Rcaron Odieresis -20
KPX Rcaron Ograve -20
KPX Rcaron Ohungarumlaut -20
KPX Rcaron Omacron -20
KPX Rcaron Oslash -20
KPX Rcaron Otilde -20
KPX Rcaron T -30
KPX Rcaron Tcaron -30
KPX Rcaron Tcommaaccent -30
KPX Rcaron U -40
KPX Rcaron Uacute -40
KPX Rcaron Ucircumflex -40
KPX Rcaron Udieresis -40
KPX Rcaron Ugrave -40
KPX Rcaron Uhungarumlaut -40
KPX Rcaron Umacron -40
KPX Rcaron Uogonek -40
KPX Rcaron Uring -40
KPX Rcaron V -50
KPX Rcaron W -30
KPX Rcaron Y -50
KPX Rcaron Yacute -50
KPX Rcaron Ydieresis -50
KPX Rcommaaccent O -20
KPX Rcommaaccent Oacute -20
KPX Rcommaaccent Ocircumflex -20
KPX Rcommaaccent Odieresis -20
KPX Rcommaaccent Ograve -20
KPX Rcommaaccent Ohungarumlaut -20
KPX Rcommaaccent Omacron -20
KPX Rcommaaccent Oslash -20
KPX Rcommaaccent Otilde -20
KPX Rcommaaccent T -30
KPX Rcommaaccent Tcaron -30
KPX Rcommaaccent Tcommaaccent -30
KPX Rcommaaccent U -40
KPX Rcommaaccent Uacute -40
KPX Rcommaaccent Ucircumflex -40
KPX Rcommaaccent Udieresis -40
KPX Rcommaaccent Ugrave -40
KPX Rcommaaccent Uhungarumlaut -40
KPX Rcommaaccent Umacron -40
KPX Rcommaaccent Uogonek -40
KPX Rcommaaccent Uring -40
KPX Rcommaaccent V -50
KPX Rcommaaccent W -30
KPX Rcommaaccent Y -50
KPX Rcommaaccent Yacute -50
KPX Rcommaaccent Ydieresis -50
KPX S comma -20
KPX S period -20
KPX Sacute comma -20
KPX Sacute period -20
KPX Scaron comma -20
KPX Scaron period -20
KPX Scedilla comma -20
KPX Scedilla period -20
KPX Scommaaccent comma -20
KPX Scommaaccent period -20
KPX T A -120
KPX T Aacute -120
KPX T Abreve -120
KPX T Acircumflex -120
KPX T Adieresis -120
KPX T Agrave -120
KPX T Amacron -120
KPX T Aogonek -120
KPX T Aring -120
KPX T Atilde -120
KPX T O -40
KPX T Oacute -40
KPX T Ocircumflex -40
KPX T Odieresis -40
KPX T Ograve -40
KPX T Ohungarumlaut -40
KPX T Omacron -40
KPX T Oslash -40
KPX T Otilde -40
KPX T a -120
KPX T aacute -120
KPX T abreve -60
KPX T acircumflex -120
KPX T adieresis -120
KPX T agrave -120
KPX T amacron -60
KPX T aogonek -120
KPX T aring -120
KPX T atilde -60
KPX T colon -20
KPX T comma -120
KPX T e -120
KPX T eacute -120
KPX T ecaron -120
KPX T ecircumflex -120
KPX T edieresis -120
KPX T edotaccent -120
KPX T egrave -60
KPX T emacron -60
KPX T eogonek -120
KPX T hyphen -140
KPX T o -120
KPX T oacute -120
KPX T ocircumflex -120
KPX T odieresis -120
KPX T ograve -120
KPX T ohungarumlaut -120
KPX T omacron -60
KPX T oslash -120
KPX T otilde -60
KPX T period -120
KPX T r -120
KPX T racute -120
KPX T rcaron -120
KPX T rcommaaccent -120
KPX T semicolon -20
KPX T u -120
KPX T uacute -120
KPX T ucircumflex -120
KPX T udieresis -120
KPX T ugrave -120
KPX T uhungarumlaut -120
KPX T umacron -60
KPX T uogonek -120
KPX T uring -120
KPX T w -120
KPX T y -120
KPX T yacute -120
KPX T ydieresis -60
KPX Tcaron A -120
KPX Tcaron Aacute -120
KPX Tcaron Abreve -120
KPX Tcaron Acircumflex -120
KPX Tcaron Adieresis -120
KPX Tcaron Agrave -120
KPX Tcaron Amacron -120
KPX Tcaron Aogonek -120
KPX Tcaron Aring -120
KPX Tcaron Atilde -120
KPX Tcaron O -40
KPX Tcaron Oacute -40
KPX Tcaron Ocircumflex -40
KPX Tcaron Odieresis -40
KPX Tcaron Ograve -40
KPX Tcaron Ohungarumlaut -40
KPX Tcaron Omacron -40
KPX Tcaron Oslash -40
KPX Tcaron Otilde -40
KPX Tcaron a -120
KPX Tcaron aacute -120
KPX Tcaron abreve -60
KPX Tcaron acircumflex -120
KPX Tcaron adieresis -120
KPX Tcaron agrave -120
KPX Tcaron amacron -60
KPX Tcaron aogonek -120
KPX Tcaron aring -120
KPX Tcaron atilde -60
KPX Tcaron colon -20
KPX Tcaron comma -120
KPX Tcaron e -120
KPX Tcaron eacute -120
KPX Tcaron ecaron -120
KPX Tcaron ecircumflex -120
KPX Tcaron edieresis -120
KPX Tcaron edotaccent -120
KPX Tcaron egrave -60
KPX Tcaron emacron -60
KPX Tcaron eogonek -120
KPX Tcaron hyphen -140
KPX Tcaron o -120
KPX Tcaron oacute -120
KPX Tcaron ocircumflex -120
KPX Tcaron odieresis -120
KPX Tcaron ograve -120
KPX Tcaron ohungarumlaut -120
KPX Tcaron omacron -60
KPX Tcaron oslash -120
KPX Tcaron otilde -60
KPX Tcaron period -120
KPX Tcaron r -120
KPX Tcaron racute -120
KPX Tcaron rcaron -120
KPX Tcaron rcommaaccent -120
KPX Tcaron semicolon -20
KPX Tcaron u -120
KPX Tcaron uacute -120
KPX Tcaron ucircumflex -120
KPX Tcaron udieresis -120
KPX Tcaron ugrave -120
KPX Tcaron uhungarumlaut -120
KPX Tcaron umacron -60
KPX Tcaron uogonek -120
KPX Tcaron uring -120
KPX Tcaron w -120
KPX Tcaron y -120
KPX Tcaron yacute -120
KPX Tcaron ydieresis -60
KPX Tcommaaccent A -120
KPX Tcommaaccent Aacute -120
KPX Tcommaaccent Abreve -120
KPX Tcommaaccent Acircumflex -120
KPX Tcommaaccent Adieresis -120
KPX Tcommaaccent Agrave -120
KPX Tcommaaccent Amacron -120
KPX Tcommaaccent Aogonek -120
KPX Tcommaaccent Aring -120
KPX Tcommaaccent Atilde -120
KPX Tcommaaccent O -40
KPX Tcommaaccent Oacute -40
KPX Tcommaaccent Ocircumflex -40
KPX Tcommaaccent Odieresis -40
KPX Tcommaaccent Ograve -40
KPX Tcommaaccent Ohungarumlaut -40
KPX Tcommaaccent Omacron -40
KPX Tcommaaccent Oslash -40
KPX Tcommaaccent Otilde -40
KPX Tcommaaccent a -120
KPX Tcommaaccent aacute -120
KPX Tcommaaccent abreve -60
KPX Tcommaaccent acircumflex -120
KPX Tcommaaccent adieresis -120
KPX Tcommaaccent agrave -120
KPX Tcommaaccent amacron -60
KPX Tcommaaccent aogonek -120
KPX Tcommaaccent aring -120
KPX Tcommaaccent atilde -60
KPX Tcommaaccent colon -20
KPX Tcommaaccent comma -120
KPX Tcommaaccent e -120
KPX Tcommaaccent eacute -120
KPX Tcommaaccent ecaron -120
KPX Tcommaaccent ecircumflex -120
KPX Tcommaaccent edieresis -120
KPX Tcommaaccent edotaccent -120
KPX Tcommaaccent egrave -60
KPX Tcommaaccent emacron -60
KPX Tcommaaccent eogonek -120
KPX Tcommaaccent hyphen -140
KPX Tcommaaccent o -120
KPX Tcommaaccent oacute -120
KPX Tcommaaccent ocircumflex -120
KPX Tcommaaccent odieresis -120
KPX Tcommaaccent ograve -120
KPX Tcommaaccent ohungarumlaut -120
KPX Tcommaaccent omacron -60
KPX Tcommaaccent oslash -120
KPX Tcommaaccent otilde -60
KPX Tcommaaccent period -120
KPX Tcommaaccent r -120
KPX Tcommaaccent racute -120
KPX Tcommaaccent rcaron -120
KPX Tcommaaccent rcommaaccent -120
KPX Tcommaaccent semicolon -20
KPX Tcommaaccent u -120
KPX Tcommaaccent uacute -120
KPX Tcommaaccent ucircumflex -120
KPX Tcommaaccent udieresis -120
KPX Tcommaaccent ugrave -120
KPX Tcommaaccent uhungarumlaut -120
KPX Tcommaaccent umacron -60
KPX Tcommaaccent uogonek -120
KPX Tcommaaccent uring -120
KPX Tcommaaccent w -120
KPX Tcommaaccent y -120
KPX Tcommaaccent yacute -120
KPX Tcommaaccent ydieresis -60
KPX U A -40
KPX U Aacute -40
KPX U Abreve -40
KPX U Acircumflex -40
KPX U Adieresis -40
KPX U Agrave -40
KPX U Amacron -40
KPX U Aogonek -40
KPX U Aring -40
KPX U Atilde -40
KPX U comma -40
KPX U period -40
KPX Uacute A -40
KPX Uacute Aacute -40
KPX Uacute Abreve -40
KPX Uacute Acircumflex -40
KPX Uacute Adieresis -40
KPX Uacute Agrave -40
KPX Uacute Amacron -40
KPX Uacute Aogonek -40
KPX Uacute Aring -40
KPX Uacute Atilde -40
KPX Uacute comma -40
KPX Uacute period -40
KPX Ucircumflex A -40
KPX Ucircumflex Aacute -40
KPX Ucircumflex Abreve -40
KPX Ucircumflex Acircumflex -40
KPX Ucircumflex Adieresis -40
KPX Ucircumflex Agrave -40
KPX Ucircumflex Amacron -40
KPX Ucircumflex Aogonek -40
KPX Ucircumflex Aring -40
KPX Ucircumflex Atilde -40
KPX Ucircumflex comma -40
KPX Ucircumflex period -40
KPX Udieresis A -40
KPX Udieresis Aacute -40
KPX Udieresis Abreve -40
KPX Udieresis Acircumflex -40
KPX Udieresis Adieresis -40
KPX Udieresis Agrave -40
KPX Udieresis Amacron -40
KPX Udieresis Aogonek -40
KPX Udieresis Aring -40
KPX Udieresis Atilde -40
KPX Udieresis comma -40
KPX Udieresis period -40
KPX Ugrave A -40
KPX Ugrave Aacute -40
KPX Ugrave Abreve -40
KPX Ugrave Acircumflex -40
KPX Ugrave Adieresis -40
KPX Ugrave Agrave -40
KPX Ugrave Amacron -40
KPX Ugrave Aogonek -40
KPX Ugrave Aring -40
KPX Ugrave Atilde -40
KPX Ugrave comma -40
KPX Ugrave period -40
KPX Uhungarumlaut A -40
KPX Uhungarumlaut Aacute -40
KPX Uhungarumlaut Abreve -40
KPX Uhungarumlaut Acircumflex -40
KPX Uhungarumlaut Adieresis -40
KPX Uhungarumlaut Agrave -40
KPX Uhungarumlaut Amacron -40
KPX Uhungarumlaut Aogonek -40
KPX Uhungarumlaut Aring -40
KPX Uhungarumlaut Atilde -40
KPX Uhungarumlaut comma -40
KPX Uhungarumlaut period -40
KPX Umacron A -40
KPX Umacron Aacute -40
KPX Umacron Abreve -40
KPX Umacron Acircumflex -40
KPX Umacron Adieresis -40
KPX Umacron Agrave -40
KPX Umacron Amacron -40
KPX Umacron Aogonek -40
KPX Umacron Aring -40
KPX Umacron Atilde -40
KPX Umacron comma -40
KPX Umacron period -40
KPX Uogonek A -40
KPX Uogonek Aacute -40
KPX Uogonek Abreve -40
KPX Uogonek Acircumflex -40
KPX Uogonek Adieresis -40
KPX Uogonek Agrave -40
KPX Uogonek Amacron -40
KPX Uogonek Aogonek -40
KPX Uogonek Aring -40
KPX Uogonek Atilde -40
KPX Uogonek comma -40
KPX Uogonek period -40
KPX Uring A -40
KPX Uring Aacute -40
KPX Uring Abreve -40
KPX Uring Acircumflex -40
KPX Uring Adieresis -40
KPX Uring Agrave -40
KPX Uring Amacron -40
KPX Uring Aogonek -40
KPX Uring Aring -40
KPX Uring Atilde -40
KPX Uring comma -40
KPX Uring period -40
KPX V A -80
KPX V Aacute -80
KPX V Abreve -80
KPX V Acircumflex -80
KPX V Adieresis -80
KPX V Agrave -80
KPX V Amacron -80
KPX V Aogonek -80
KPX V Aring -80
KPX V Atilde -80
KPX V G -40
KPX V Gbreve -40
KPX V Gcommaaccent -40
KPX V O -40
KPX V Oacute -40
KPX V Ocircumflex -40
KPX V Odieresis -40
KPX V Ograve -40
KPX V Ohungarumlaut -40
KPX V Omacron -40
KPX V Oslash -40
KPX V Otilde -40
KPX V a -70
KPX V aacute -70
KPX V abreve -70
KPX V acircumflex -70
KPX V adieresis -70
KPX V agrave -70
KPX V amacron -70
KPX V aogonek -70
KPX V aring -70
KPX V atilde -70
KPX V colon -40
KPX V comma -125
KPX V e -80
KPX V eacute -80
KPX V ecaron -80
KPX V ecircumflex -80
KPX V edieresis -80
KPX V edotaccent -80
KPX V egrave -80
KPX V emacron -80
KPX V eogonek -80
KPX V hyphen -80
KPX V o -80
KPX V oacute -80
KPX V ocircumflex -80
KPX V odieresis -80
KPX V ograve -80
KPX V ohungarumlaut -80
KPX V omacron -80
KPX V oslash -80
KPX V otilde -80
KPX V period -125
KPX V semicolon -40
KPX V u -70
KPX V uacute -70
KPX V ucircumflex -70
KPX V udieresis -70
KPX V ugrave -70
KPX V uhungarumlaut -70
KPX V umacron -70
KPX V uogonek -70
KPX V uring -70
KPX W A -50
KPX W Aacute -50
KPX W Abreve -50
KPX W Acircumflex -50
KPX W Adieresis -50
KPX W Agrave -50
KPX W Amacron -50
KPX W Aogonek -50
KPX W Aring -50
KPX W Atilde -50
KPX W O -20
KPX W Oacute -20
KPX W Ocircumflex -20
KPX W Odieresis -20
KPX W Ograve -20
KPX W Ohungarumlaut -20
KPX W Omacron -20
KPX W Oslash -20
KPX W Otilde -20
KPX W a -40
KPX W aacute -40
KPX W abreve -40
KPX W acircumflex -40
KPX W adieresis -40
KPX W agrave -40
KPX W amacron -40
KPX W aogonek -40
KPX W aring -40
KPX W atilde -40
KPX W comma -80
KPX W e -30
KPX W eacute -30
KPX W ecaron -30
KPX W ecircumflex -30
KPX W edieresis -30
KPX W edotaccent -30
KPX W egrave -30
KPX W emacron -30
KPX W eogonek -30
KPX W hyphen -40
KPX W o -30
KPX W oacute -30
KPX W ocircumflex -30
KPX W odieresis -30
KPX W ograve -30
KPX W ohungarumlaut -30
KPX W omacron -30
KPX W oslash -30
KPX W otilde -30
KPX W period -80
KPX W u -30
KPX W uacute -30
KPX W ucircumflex -30
KPX W udieresis -30
KPX W ugrave -30
KPX W uhungarumlaut -30
KPX W umacron -30
KPX W uogonek -30
KPX W uring -30
KPX W y -20
KPX W yacute -20
KPX W ydieresis -20
KPX Y A -110
KPX Y Aacute -110
KPX Y Abreve -110
KPX Y Acircumflex -110
KPX Y Adieresis -110
KPX Y Agrave -110
KPX Y Amacron -110
KPX Y Aogonek -110
KPX Y Aring -110
KPX Y Atilde -110
KPX Y O -85
KPX Y Oacute -85
KPX Y Ocircumflex -85
KPX Y Odieresis -85
KPX Y Ograve -85
KPX Y Ohungarumlaut -85
KPX Y Omacron -85
KPX Y Oslash -85
KPX Y Otilde -85
KPX Y a -140
KPX Y aacute -140
KPX Y abreve -70
KPX Y acircumflex -140
KPX Y adieresis -140
KPX Y agrave -140
KPX Y amacron -70
KPX Y aogonek -140
KPX Y aring -140
KPX Y atilde -140
KPX Y colon -60
KPX Y comma -140
KPX Y e -140
KPX Y eacute -140
KPX Y ecaron -140
KPX Y ecircumflex -140
KPX Y edieresis -140
KPX Y edotaccent -140
KPX Y egrave -140
KPX Y emacron -70
KPX Y eogonek -140
KPX Y hyphen -140
KPX Y i -20
KPX Y iacute -20
KPX Y iogonek -20
KPX Y o -140
KPX Y oacute -140
KPX Y ocircumflex -140
KPX Y odieresis -140
KPX Y ograve -140
KPX Y ohungarumlaut -140
KPX Y omacron -140
KPX Y oslash -140
KPX Y otilde -140
KPX Y period -140
KPX Y semicolon -60
KPX Y u -110
KPX Y uacute -110
KPX Y ucircumflex -110
KPX Y udieresis -110
KPX Y ugrave -110
KPX Y uhungarumlaut -110
KPX Y umacron -110
KPX Y uogonek -110
KPX Y uring -110
KPX Yacute A -110
KPX Yacute Aacute -110
KPX Yacute Abreve -110
KPX Yacute Acircumflex -110
KPX Yacute Adieresis -110
KPX Yacute Agrave -110
KPX Yacute Amacron -110
KPX Yacute Aogonek -110
KPX Yacute Aring -110
KPX Yacute Atilde -110
KPX Yacute O -85
KPX Yacute Oacute -85
KPX Yacute Ocircumflex -85
KPX Yacute Odieresis -85
KPX Yacute Ograve -85
KPX Yacute Ohungarumlaut -85
KPX Yacute Omacron -85
KPX Yacute Oslash -85
KPX Yacute Otilde -85
KPX Yacute a -140
KPX Yacute aacute -140
KPX Yacute abreve -70
KPX Yacute acircumflex -140
KPX Yacute adieresis -140
KPX Yacute agrave -140
KPX Yacute amacron -70
KPX Yacute aogonek -140
KPX Yacute aring -140
KPX Yacute atilde -70
KPX Yacute colon -60
KPX Yacute comma -140
KPX Yacute e -140
KPX Yacute eacute -140
KPX Yacute ecaron -140
KPX Yacute ecircumflex -140
KPX Yacute edieresis -140
KPX Yacute edotaccent -140
KPX Yacute egrave -140
KPX Yacute emacron -70
KPX Yacute eogonek -140
KPX Yacute hyphen -140
KPX Yacute i -20
KPX Yacute iacute -20
KPX Yacute iogonek -20
KPX Yacute o -140
KPX Yacute oacute -140
KPX Yacute ocircumflex -140
KPX Yacute odieresis -140
KPX Yacute ograve -140
KPX Yacute ohungarumlaut -140
KPX Yacute omacron -70
KPX Yacute oslash -140
KPX Yacute otilde -140
KPX Yacute period -140
KPX Yacute semicolon -60
KPX Yacute u -110
KPX Yacute uacute -110
KPX Yacute ucircumflex -110
KPX Yacute udieresis -110
KPX Yacute ugrave -110
KPX Yacute uhungarumlaut -110
KPX Yacute umacron -110
KPX Yacute uogonek -110
KPX Yacute uring -110
KPX Ydieresis A -110
KPX Ydieresis Aacute -110
KPX Ydieresis Abreve -110
KPX Ydieresis Acircumflex -110
KPX Ydieresis Adieresis -110
KPX Ydieresis Agrave -110
KPX Ydieresis Amacron -110
KPX Ydieresis Aogonek -110
KPX Ydieresis Aring -110
KPX Ydieresis Atilde -110
KPX Ydieresis O -85
KPX Ydieresis Oacute -85
KPX Ydieresis Ocircumflex -85
KPX Ydieresis Odieresis -85
KPX Ydieresis Ograve -85
KPX Ydieresis Ohungarumlaut -85
KPX Ydieresis Omacron -85
KPX Ydieresis Oslash -85
KPX Ydieresis Otilde -85
KPX Ydieresis a -140
KPX Ydieresis aacute -140
KPX Ydieresis abreve -70
KPX Ydieresis acircumflex -140
KPX Ydieresis adieresis -140
KPX Ydieresis agrave -140
KPX Ydieresis amacron -70
KPX Ydieresis aogonek -140
KPX Ydieresis aring -140
KPX Ydieresis atilde -70
KPX Ydieresis colon -60
KPX Ydieresis comma -140
KPX Ydieresis e -140
KPX Ydieresis eacute -140
KPX Ydieresis ecaron -140
KPX Ydieresis ecircumflex -140
KPX Ydieresis edieresis -140
KPX Ydieresis edotaccent -140
KPX Ydieresis egrave -140
KPX Ydieresis emacron -70
KPX Ydieresis eogonek -140
KPX Ydieresis hyphen -140
KPX Ydieresis i -20
KPX Ydieresis iacute -20
KPX Ydieresis iogonek -20
KPX Ydieresis o -140
KPX Ydieresis oacute -140
KPX Ydieresis ocircumflex -140
KPX Ydieresis odieresis -140
KPX Ydieresis ograve -140
KPX Ydieresis ohungarumlaut -140
KPX Ydieresis omacron -140
KPX Ydieresis oslash -140
KPX Ydieresis otilde -140
KPX Ydieresis period -140
KPX Ydieresis semicolon -60
KPX Ydieresis u -110
KPX Ydieresis uacute -110
KPX Ydieresis ucircumflex -110
KPX Ydieresis udieresis -110
KPX Ydieresis ugrave -110
KPX Ydieresis uhungarumlaut -110
KPX Ydieresis umacron -110
KPX Ydieresis uogonek -110
KPX Ydieresis uring -110
KPX a v -20
KPX a w -20
KPX a y -30
KPX a yacute -30
KPX a ydieresis -30
KPX aacute v -20
KPX aacute w -20
KPX aacute y -30
KPX aacute yacute -30
KPX aacute ydieresis -30
KPX abreve v -20
KPX abreve w -20
KPX abreve y -30
KPX abreve yacute -30
KPX abreve ydieresis -30
KPX acircumflex v -20
KPX acircumflex w -20
KPX acircumflex y -30
KPX acircumflex yacute -30
KPX acircumflex ydieresis -30
KPX adieresis v -20
KPX adieresis w -20
KPX adieresis y -30
KPX adieresis yacute -30
KPX adieresis ydieresis -30
KPX agrave v -20
KPX agrave w -20
KPX agrave y -30
KPX agrave yacute -30
KPX agrave ydieresis -30
KPX amacron v -20
KPX amacron w -20
KPX amacron y -30
KPX amacron yacute -30
KPX amacron ydieresis -30
KPX aogonek v -20
KPX aogonek w -20
KPX aogonek y -30
KPX aogonek yacute -30
KPX aogonek ydieresis -30
KPX aring v -20
KPX aring w -20
KPX aring y -30
KPX aring yacute -30
KPX aring ydieresis -30
KPX atilde v -20
KPX atilde w -20
KPX atilde y -30
KPX atilde yacute -30
KPX atilde ydieresis -30
KPX b b -10
KPX b comma -40
KPX b l -20
KPX b lacute -20
KPX b lcommaaccent -20
KPX b lslash -20
KPX b period -40
KPX b u -20
KPX b uacute -20
KPX b ucircumflex -20
KPX b udieresis -20
KPX b ugrave -20
KPX b uhungarumlaut -20
KPX b umacron -20
KPX b uogonek -20
KPX b uring -20
KPX b v -20
KPX b y -20
KPX b yacute -20
KPX b ydieresis -20
KPX c comma -15
KPX c k -20
KPX c kcommaaccent -20
KPX cacute comma -15
KPX cacute k -20
KPX cacute kcommaaccent -20
KPX ccaron comma -15
KPX ccaron k -20
KPX ccaron kcommaaccent -20
KPX ccedilla comma -15
KPX ccedilla k -20
KPX ccedilla kcommaaccent -20
KPX colon space -50
KPX comma quotedblright -100
KPX comma quoteright -100
KPX e comma -15
KPX e period -15
KPX e v -30
KPX e w -20
KPX e x -30
KPX e y -20
KPX e yacute -20
KPX e ydieresis -20
KPX eacute comma -15
KPX eacute period -15
KPX eacute v -30
KPX eacute w -20
KPX eacute x -30
KPX eacute y -20
KPX eacute yacute -20
KPX eacute ydieresis -20
KPX ecaron comma -15
KPX ecaron period -15
KPX ecaron v -30
KPX ecaron w -20
KPX ecaron x -30
KPX ecaron y -20
KPX ecaron yacute -20
KPX ecaron ydieresis -20
KPX ecircumflex comma -15
KPX ecircumflex period -15
KPX ecircumflex v -30
KPX ecircumflex w -20
KPX ecircumflex x -30
KPX ecircumflex y -20
KPX ecircumflex yacute -20
KPX ecircumflex ydieresis -20
KPX edieresis comma -15
KPX edieresis period -15
KPX edieresis v -30
KPX edieresis w -20
KPX edieresis x -30
KPX edieresis y -20
KPX edieresis yacute -20
KPX edieresis ydieresis -20
KPX edotaccent comma -15
KPX edotaccent period -15
KPX edotaccent v -30
KPX edotaccent w -20
KPX edotaccent x -30
KPX edotaccent y -20
KPX edotaccent yacute -20
KPX edotaccent ydieresis -20
KPX egrave comma -15
KPX egrave period -15
KPX egrave v -30
KPX egrave w -20
KPX egrave x -30
KPX egrave y -20
KPX egrave yacute -20
KPX egrave ydieresis -20
KPX emacron comma -15
KPX emacron period -15
KPX emacron v -30
KPX emacron w -20
KPX emacron x -30
KPX emacron y -20
KPX emacron yacute -20
KPX emacron ydieresis -20
KPX eogonek comma -15
KPX eogonek period -15
KPX eogonek v -30
KPX eogonek w -20
KPX eogonek x -30
KPX eogonek y -20
KPX eogonek yacute -20
KPX eogonek ydieresis -20
KPX f a -30
KPX f aacute -30
KPX f abreve -30
KPX f acircumflex -30
KPX f adieresis -30
KPX f agrave -30
KPX f amacron -30
KPX f aogonek -30
KPX f aring -30
KPX f atilde -30
KPX f comma -30
KPX f dotlessi -28
KPX f e -30
KPX f eacute -30
KPX f ecaron -30
KPX f ecircumflex -30
KPX f edieresis -30
KPX f edotaccent -30
KPX f egrave -30
KPX f emacron -30
KPX f eogonek -30
KPX f o -30
KPX f oacute -30
KPX f ocircumflex -30
KPX f odieresis -30
KPX f ograve -30
KPX f ohungarumlaut -30
KPX f omacron -30
KPX f oslash -30
KPX f otilde -30
KPX f period -30
KPX f quotedblright 60
KPX f quoteright 50
KPX g r -10
KPX g racute -10
KPX g rcaron -10
KPX g rcommaaccent -10
KPX gbreve r -10
KPX gbreve racute -10
KPX gbreve rcaron -10
KPX gbreve rcommaaccent -10
KPX gcommaaccent r -10
KPX gcommaaccent racute -10
KPX gcommaaccent rcaron -10
KPX gcommaaccent rcommaaccent -10
KPX h y -30
KPX h yacute -30
KPX h ydieresis -30
KPX k e -20
KPX k eacute -20
KPX k ecaron -20
KPX k ecircumflex -20
KPX k edieresis -20
KPX k edotaccent -20
KPX k egrave -20
KPX k emacron -20
KPX k eogonek -20
KPX k o -20
KPX k oacute -20
KPX k ocircumflex -20
KPX k odieresis -20
KPX k ograve -20
KPX k ohungarumlaut -20
KPX k omacron -20
KPX k oslash -20
KPX k otilde -20
KPX kcommaaccent e -20
KPX kcommaaccent eacute -20
KPX kcommaaccent ecaron -20
KPX kcommaaccent ecircumflex -20
KPX kcommaaccent edieresis -20
KPX kcommaaccent edotaccent -20
KPX kcommaaccent egrave -20
KPX kcommaaccent emacron -20
KPX kcommaaccent eogonek -20
KPX kcommaaccent o -20
KPX kcommaaccent oacute -20
KPX kcommaaccent ocircumflex -20
KPX kcommaaccent odieresis -20
KPX kcommaaccent ograve -20
KPX kcommaaccent ohungarumlaut -20
KPX kcommaaccent omacron -20
KPX kcommaaccent oslash -20
KPX kcommaaccent otilde -20
KPX m u -10
KPX m uacute -10
KPX m ucircumflex -10
KPX m udieresis -10
KPX m ugrave -10
KPX m uhungarumlaut -10
KPX m umacron -10
KPX m uogonek -10
KPX m uring -10
KPX m y -15
KPX m yacute -15
KPX m ydieresis -15
KPX n u -10
KPX n uacute -10
KPX n ucircumflex -10
KPX n udieresis -10
KPX n ugrave -10
KPX n uhungarumlaut -10
KPX n umacron -10
KPX n uogonek -10
KPX n uring -10
KPX n v -20
KPX n y -15
KPX n yacute -15
KPX n ydieresis -15
KPX nacute u -10
KPX nacute uacute -10
KPX nacute ucircumflex -10
KPX nacute udieresis -10
KPX nacute ugrave -10
KPX nacute uhungarumlaut -10
KPX nacute umacron -10
KPX nacute uogonek -10
KPX nacute uring -10
KPX nacute v -20
KPX nacute y -15
KPX nacute yacute -15
KPX nacute ydieresis -15
KPX ncaron u -10
KPX ncaron uacute -10
KPX ncaron ucircumflex -10
KPX ncaron udieresis -10
KPX ncaron ugrave -10
KPX ncaron uhungarumlaut -10
KPX ncaron umacron -10
KPX ncaron uogonek -10
KPX ncaron uring -10
KPX ncaron v -20
KPX ncaron y -15
KPX ncaron yacute -15
KPX ncaron ydieresis -15
KPX ncommaaccent u -10
KPX ncommaaccent uacute -10
KPX ncommaaccent ucircumflex -10
KPX ncommaaccent udieresis -10
KPX ncommaaccent ugrave -10
KPX ncommaaccent uhungarumlaut -10
KPX ncommaaccent umacron -10
KPX ncommaaccent uogonek -10
KPX ncommaaccent uring -10
KPX ncommaaccent v -20
KPX ncommaaccent y -15
KPX ncommaaccent yacute -15
KPX ncommaaccent ydieresis -15
KPX ntilde u -10
KPX ntilde uacute -10
KPX ntilde ucircumflex -10
KPX ntilde udieresis -10
KPX ntilde ugrave -10
KPX ntilde uhungarumlaut -10
KPX ntilde umacron -10
KPX ntilde uogonek -10
KPX ntilde uring -10
KPX ntilde v -20
KPX ntilde y -15
KPX ntilde yacute -15
KPX ntilde ydieresis -15
KPX o comma -40
KPX o period -40
KPX o v -15
KPX o w -15
KPX o x -30
KPX o y -30
KPX o yacute -30
KPX o ydieresis -30
KPX oacute comma -40
KPX oacute period -40
KPX oacute v -15
KPX oacute w -15
KPX oacute x -30
KPX oacute y -30
KPX oacute yacute -30
KPX oacute ydieresis -30
KPX ocircumflex comma -40
KPX ocircumflex period -40
KPX ocircumflex v -15
KPX ocircumflex w -15
KPX ocircumflex x -30
KPX ocircumflex y -30
KPX ocircumflex yacute -30
KPX ocircumflex ydieresis -30
KPX odieresis comma -40
KPX odieresis period -40
KPX odieresis v -15
KPX odieresis w -15
KPX odieresis x -30
KPX odieresis y -30
KPX odieresis yacute -30
KPX odieresis ydieresis -30
KPX ograve comma -40
KPX ograve period -40
KPX ograve v -15
KPX ograve w -15
KPX ograve x -30
KPX ograve y -30
KPX ograve yacute -30
KPX ograve ydieresis -30
KPX ohungarumlaut comma -40
KPX ohungarumlaut period -40
KPX ohungarumlaut v -15
KPX ohungarumlaut w -15
KPX ohungarumlaut x -30
KPX ohungarumlaut y -30
KPX ohungarumlaut yacute -30
KPX ohungarumlaut ydieresis -30
KPX omacron comma -40
KPX omacron period -40
KPX omacron v -15
KPX omacron w -15
KPX omacron x -30
KPX omacron y -30
KPX omacron yacute -30
KPX omacron ydieresis -30
KPX oslash a -55
KPX oslash aacute -55
KPX oslash abreve -55
KPX oslash acircumflex -55
KPX oslash adieresis -55
KPX oslash agrave -55
KPX oslash amacron -55
KPX oslash aogonek -55
KPX oslash aring -55
KPX oslash atilde -55
KPX oslash b -55
KPX oslash c -55
KPX oslash cacute -55
KPX oslash ccaron -55
KPX oslash ccedilla -55
KPX oslash comma -95
KPX oslash d -55
KPX oslash dcroat -55
KPX oslash e -55
KPX oslash eacute -55
KPX oslash ecaron -55
KPX oslash ecircumflex -55
KPX oslash edieresis -55
KPX oslash edotaccent -55
KPX oslash egrave -55
KPX oslash emacron -55
KPX oslash eogonek -55
KPX oslash f -55
KPX oslash g -55
KPX oslash gbreve -55
KPX oslash gcommaaccent -55
KPX oslash h -55
KPX oslash i -55
KPX oslash iacute -55
KPX oslash icircumflex -55
KPX oslash idieresis -55
KPX oslash igrave -55
KPX oslash imacron -55
KPX oslash iogonek -55
KPX oslash j -55
KPX oslash k -55
KPX oslash kcommaaccent -55
KPX oslash l -55
KPX oslash lacute -55
KPX oslash lcommaaccent -55
KPX oslash lslash -55
KPX oslash m -55
KPX oslash n -55
KPX oslash nacute -55
KPX oslash ncaron -55
KPX oslash ncommaaccent -55
KPX oslash ntilde -55
KPX oslash o -55
KPX oslash oacute -55
KPX oslash ocircumflex -55
KPX oslash odieresis -55
KPX oslash ograve -55
KPX oslash ohungarumlaut -55
KPX oslash omacron -55
KPX oslash oslash -55
KPX oslash otilde -55
KPX oslash p -55
KPX oslash period -95
KPX oslash q -55
KPX oslash r -55
KPX oslash racute -55
KPX oslash rcaron -55
KPX oslash rcommaaccent -55
KPX oslash s -55
KPX oslash sacute -55
KPX oslash scaron -55
KPX oslash scedilla -55
KPX oslash scommaaccent -55
KPX oslash t -55
KPX oslash tcommaaccent -55
KPX oslash u -55
KPX oslash uacute -55
KPX oslash ucircumflex -55
KPX oslash udieresis -55
KPX oslash ugrave -55
KPX oslash uhungarumlaut -55
KPX oslash umacron -55
KPX oslash uogonek -55
KPX oslash uring -55
KPX oslash v -70
KPX oslash w -70
KPX oslash x -85
KPX oslash y -70
KPX oslash yacute -70
KPX oslash ydieresis -70
KPX oslash z -55
KPX oslash zacute -55
KPX oslash zcaron -55
KPX oslash zdotaccent -55
KPX otilde comma -40
KPX otilde period -40
KPX otilde v -15
KPX otilde w -15
KPX otilde x -30
KPX otilde y -30
KPX otilde yacute -30
KPX otilde ydieresis -30
KPX p comma -35
KPX p period -35
KPX p y -30
KPX p yacute -30
KPX p ydieresis -30
KPX period quotedblright -100
KPX period quoteright -100
KPX period space -60
KPX quotedblright space -40
KPX quoteleft quoteleft -57
KPX quoteright d -50
KPX quoteright dcroat -50
KPX quoteright quoteright -57
KPX quoteright r -50
KPX quoteright racute -50
KPX quoteright rcaron -50
KPX quoteright rcommaaccent -50
KPX quoteright s -50
KPX quoteright sacute -50
KPX quoteright scaron -50
KPX quoteright scedilla -50
KPX quoteright scommaaccent -50
KPX quoteright space -70
KPX r a -10
KPX r aacute -10
KPX r abreve -10
KPX r acircumflex -10
KPX r adieresis -10
KPX r agrave -10
KPX r amacron -10
KPX r aogonek -10
KPX r aring -10
KPX r atilde -10
KPX r colon 30
KPX r comma -50
KPX r i 15
KPX r iacute 15
KPX r icircumflex 15
KPX r idieresis 15
KPX r igrave 15
KPX r imacron 15
KPX r iogonek 15
KPX r k 15
KPX r kcommaaccent 15
KPX r l 15
KPX r lacute 15
KPX r lcommaaccent 15
KPX r lslash 15
KPX r m 25
KPX r n 25
KPX r nacute 25
KPX r ncaron 25
KPX r ncommaaccent 25
KPX r ntilde 25
KPX r p 30
KPX r period -50
KPX r semicolon 30
KPX r t 40
KPX r tcommaaccent 40
KPX r u 15
KPX r uacute 15
KPX r ucircumflex 15
KPX r udieresis 15
KPX r ugrave 15
KPX r uhungarumlaut 15
KPX r umacron 15
KPX r uogonek 15
KPX r uring 15
KPX r v 30
KPX r y 30
KPX r yacute 30
KPX r ydieresis 30
KPX racute a -10
KPX racute aacute -10
KPX racute abreve -10
KPX racute acircumflex -10
KPX racute adieresis -10
KPX racute agrave -10
KPX racute amacron -10
KPX racute aogonek -10
KPX racute aring -10
KPX racute atilde -10
KPX racute colon 30
KPX racute comma -50
KPX racute i 15
KPX racute iacute 15
KPX racute icircumflex 15
KPX racute idieresis 15
KPX racute igrave 15
KPX racute imacron 15
KPX racute iogonek 15
KPX racute k 15
KPX racute kcommaaccent 15
KPX racute l 15
KPX racute lacute 15
KPX racute lcommaaccent 15
KPX racute lslash 15
KPX racute m 25
KPX racute n 25
KPX racute nacute 25
KPX racute ncaron 25
KPX racute ncommaaccent 25
KPX racute ntilde 25
KPX racute p 30
KPX racute period -50
KPX racute semicolon 30
KPX racute t 40
KPX racute tcommaaccent 40
KPX racute u 15
KPX racute uacute 15
KPX racute ucircumflex 15
KPX racute udieresis 15
KPX racute ugrave 15
KPX racute uhungarumlaut 15
KPX racute umacron 15
KPX racute uogonek 15
KPX racute uring 15
KPX racute v 30
KPX racute y 30
KPX racute yacute 30
KPX racute ydieresis 30
KPX rcaron a -10
KPX rcaron aacute -10
KPX rcaron abreve -10
KPX rcaron acircumflex -10
KPX rcaron adieresis -10
KPX rcaron agrave -10
KPX rcaron amacron -10
KPX rcaron aogonek -10
KPX rcaron aring -10
KPX rcaron atilde -10
KPX rcaron colon 30
KPX rcaron comma -50
KPX rcaron i 15
KPX rcaron iacute 15
KPX rcaron icircumflex 15
KPX rcaron idieresis 15
KPX rcaron igrave 15
KPX rcaron imacron 15
KPX rcaron iogonek 15
KPX rcaron k 15
KPX rcaron kcommaaccent 15
KPX rcaron l 15
KPX rcaron lacute 15
KPX rcaron lcommaaccent 15
KPX rcaron lslash 15
KPX rcaron m 25
KPX rcaron n 25
KPX rcaron nacute 25
KPX rcaron ncaron 25
KPX rcaron ncommaaccent 25
KPX rcaron ntilde 25
KPX rcaron p 30
KPX rcaron period -50
KPX rcaron semicolon 30
KPX rcaron t 40
KPX rcaron tcommaaccent 40
KPX rcaron u 15
KPX rcaron uacute 15
KPX rcaron ucircumflex 15
KPX rcaron udieresis 15
KPX rcaron ugrave 15
KPX rcaron uhungarumlaut 15
KPX rcaron umacron 15
KPX rcaron uogonek 15
KPX rcaron uring 15
KPX rcaron v 30
KPX rcaron y 30
KPX rcaron yacute 30
KPX rcaron ydieresis 30
KPX rcommaaccent a -10
KPX rcommaaccent aacute -10
KPX rcommaaccent abreve -10
KPX rcommaaccent acircumflex -10
KPX rcommaaccent adieresis -10
KPX rcommaaccent agrave -10
KPX rcommaaccent amacron -10
KPX rcommaaccent aogonek -10
KPX rcommaaccent aring -10
KPX rcommaaccent atilde -10
KPX rcommaaccent colon 30
KPX rcommaaccent comma -50
KPX rcommaaccent i 15
KPX rcommaaccent iacute 15
KPX rcommaaccent icircumflex 15
KPX rcommaaccent idieresis 15
KPX rcommaaccent igrave 15
KPX rcommaaccent imacron 15
KPX rcommaaccent iogonek 15
KPX rcommaaccent k 15
KPX rcommaaccent kcommaaccent 15
KPX rcommaaccent l 15
KPX rcommaaccent lacute 15
KPX rcommaaccent lcommaaccent 15
KPX rcommaaccent lslash 15
KPX rcommaaccent m 25
KPX rcommaaccent n 25
KPX rcommaaccent nacute 25
KPX rcommaaccent ncaron 25
KPX rcommaaccent ncommaaccent 25
KPX rcommaaccent ntilde 25
KPX rcommaaccent p 30
KPX rcommaaccent period -50
KPX rcommaaccent semicolon 30
KPX rcommaaccent t 40
KPX rcommaaccent tcommaaccent 40
KPX rcommaaccent u 15
KPX rcommaaccent uacute 15
KPX rcommaaccent ucircumflex 15
KPX rcommaaccent udieresis 15
KPX rcommaaccent ugrave 15
KPX rcommaaccent uhungarumlaut 15
KPX rcommaaccent umacron 15
KPX rcommaaccent uogonek 15
KPX rcommaaccent uring 15
KPX rcommaaccent v 30
KPX rcommaaccent y 30
KPX rcommaaccent yacute 30
KPX rcommaaccent ydieresis 30
KPX s comma -15
KPX s period -15
KPX s w -30
KPX sacute comma -15
KPX sacute period -15
KPX sacute w -30
KPX scaron comma -15
KPX scaron period -15
KPX scaron w -30
KPX scedilla comma -15
KPX scedilla period -15
KPX scedilla w -30
KPX scommaaccent comma -15
KPX scommaaccent period -15
KPX scommaaccent w -30
KPX semicolon space -50
KPX space T -50
KPX space Tcaron -50
KPX space Tcommaaccent -50
KPX space V -50
KPX space W -40
KPX space Y -90
KPX space Yacute -90
KPX space Ydieresis -90
KPX space quotedblleft -30
KPX space quoteleft -60
KPX v a -25
KPX v aacute -25
KPX v abreve -25
KPX v acircumflex -25
KPX v adieresis -25
KPX v agrave -25
KPX v amacron -25
KPX v aogonek -25
KPX v aring -25
KPX v atilde -25
KPX v comma -80
KPX v e -25
KPX v eacute -25
KPX v ecaron -25
KPX v ecircumflex -25
KPX v edieresis -25
KPX v edotaccent -25
KPX v egrave -25
KPX v emacron -25
KPX v eogonek -25
KPX v o -25
KPX v oacute -25
KPX v ocircumflex -25
KPX v odieresis -25
KPX v ograve -25
KPX v ohungarumlaut -25
KPX v omacron -25
KPX v oslash -25
KPX v otilde -25
KPX v period -80
KPX w a -15
KPX w aacute -15
KPX w abreve -15
KPX w acircumflex -15
KPX w adieresis -15
KPX w agrave -15
KPX w amacron -15
KPX w aogonek -15
KPX w aring -15
KPX w atilde -15
KPX w comma -60
KPX w e -10
KPX w eacute -10
KPX w ecaron -10
KPX w ecircumflex -10
KPX w edieresis -10
KPX w edotaccent -10
KPX w egrave -10
KPX w emacron -10
KPX w eogonek -10
KPX w o -10
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C -1 ; WX 722 ; N Rcommaaccent ; B 76 -228 677 718 ;
C -1 ; WX 611 ; N Lcommaaccent ; B 76 -228 583 718 ;
C -1 ; WX 722 ; N Atilde ; B 20 0 702 923 ;
C -1 ; WX 722 ; N Aogonek ; B 20 -224 742 718 ;
C -1 ; WX 722 ; N Aring ; B 20 0 702 962 ;
C -1 ; WX 778 ; N Otilde ; B 44 -19 734 923 ;
C -1 ; WX 500 ; N zdotaccent ; B 20 0 480 729 ;
C -1 ; WX 667 ; N Ecaron ; B 76 0 621 936 ;
C -1 ; WX 278 ; N Iogonek ; B -11 -228 222 718 ;
C -1 ; WX 556 ; N kcommaaccent ; B 69 -228 562 718 ;
C -1 ; WX 584 ; N minus ; B 40 197 544 309 ;
C -1 ; WX 278 ; N Icircumflex ; B -37 0 316 936 ;
C -1 ; WX 611 ; N ncaron ; B 65 0 546 750 ;
C -1 ; WX 333 ; N tcommaaccent ; B 10 -228 309 676 ;
C -1 ; WX 584 ; N logicalnot ; B 40 108 544 419 ;
C -1 ; WX 611 ; N odieresis ; B 34 -14 578 729 ;
C -1 ; WX 611 ; N udieresis ; B 66 -14 545 729 ;
C -1 ; WX 549 ; N notequal ; B 15 -49 540 570 ;
C -1 ; WX 611 ; N gcommaaccent ; B 40 -217 553 850 ;
C -1 ; WX 611 ; N eth ; B 34 -14 578 737 ;
C -1 ; WX 500 ; N zcaron ; B 20 0 480 750 ;
C -1 ; WX 611 ; N ncommaaccent ; B 65 -228 546 546 ;
C -1 ; WX 333 ; N onesuperior ; B 26 283 237 710 ;
C -1 ; WX 278 ; N imacron ; B -8 0 285 678 ;
C -1 ; WX 556 ; N Euro ; B 0 0 0 0 ;
EndCharMetrics
StartKernData
StartKernPairs 2481
KPX A C -40
KPX A Cacute -40
KPX A Ccaron -40
KPX A Ccedilla -40
KPX A G -50
KPX A Gbreve -50
KPX A Gcommaaccent -50
KPX A O -40
KPX A Oacute -40
KPX A Ocircumflex -40
KPX A Odieresis -40
KPX A Ograve -40
KPX A Ohungarumlaut -40
KPX A Omacron -40
KPX A Oslash -40
KPX A Otilde -40
KPX A Q -40
KPX A T -90
KPX A Tcaron -90
KPX A Tcommaaccent -90
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -80
KPX A W -60
KPX A Y -110
KPX A Yacute -110
KPX A Ydieresis -110
KPX A u -30
KPX A uacute -30
KPX A ucircumflex -30
KPX A udieresis -30
KPX A ugrave -30
KPX A uhungarumlaut -30
KPX A umacron -30
KPX A uogonek -30
KPX A uring -30
KPX A v -40
KPX A w -30
KPX A y -30
KPX A yacute -30
KPX A ydieresis -30
KPX Aacute C -40
KPX Aacute Cacute -40
KPX Aacute Ccaron -40
KPX Aacute Ccedilla -40
KPX Aacute G -50
KPX Aacute Gbreve -50
KPX Aacute Gcommaaccent -50
KPX Aacute O -40
KPX Aacute Oacute -40
KPX Aacute Ocircumflex -40
KPX Aacute Odieresis -40
KPX Aacute Ograve -40
KPX Aacute Ohungarumlaut -40
KPX Aacute Omacron -40
KPX Aacute Oslash -40
KPX Aacute Otilde -40
KPX Aacute Q -40
KPX Aacute T -90
KPX Aacute Tcaron -90
KPX Aacute Tcommaaccent -90
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -80
KPX Aacute W -60
KPX Aacute Y -110
KPX Aacute Yacute -110
KPX Aacute Ydieresis -110
KPX Aacute u -30
KPX Aacute uacute -30
KPX Aacute ucircumflex -30
KPX Aacute udieresis -30
KPX Aacute ugrave -30
KPX Aacute uhungarumlaut -30
KPX Aacute umacron -30
KPX Aacute uogonek -30
KPX Aacute uring -30
KPX Aacute v -40
KPX Aacute w -30
KPX Aacute y -30
KPX Aacute yacute -30
KPX Aacute ydieresis -30
KPX Abreve C -40
KPX Abreve Cacute -40
KPX Abreve Ccaron -40
KPX Abreve Ccedilla -40
KPX Abreve G -50
KPX Abreve Gbreve -50
KPX Abreve Gcommaaccent -50
KPX Abreve O -40
KPX Abreve Oacute -40
KPX Abreve Ocircumflex -40
KPX Abreve Odieresis -40
KPX Abreve Ograve -40
KPX Abreve Ohungarumlaut -40
KPX Abreve Omacron -40
KPX Abreve Oslash -40
KPX Abreve Otilde -40
KPX Abreve Q -40
KPX Abreve T -90
KPX Abreve Tcaron -90
KPX Abreve Tcommaaccent -90
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -80
KPX Abreve W -60
KPX Abreve Y -110
KPX Abreve Yacute -110
KPX Abreve Ydieresis -110
KPX Abreve u -30
KPX Abreve uacute -30
KPX Abreve ucircumflex -30
KPX Abreve udieresis -30
KPX Abreve ugrave -30
KPX Abreve uhungarumlaut -30
KPX Abreve umacron -30
KPX Abreve uogonek -30
KPX Abreve uring -30
KPX Abreve v -40
KPX Abreve w -30
KPX Abreve y -30
KPX Abreve yacute -30
KPX Abreve ydieresis -30
KPX Acircumflex C -40
KPX Acircumflex Cacute -40
KPX Acircumflex Ccaron -40
KPX Acircumflex Ccedilla -40
KPX Acircumflex G -50
KPX Acircumflex Gbreve -50
KPX Acircumflex Gcommaaccent -50
KPX Acircumflex O -40
KPX Acircumflex Oacute -40
KPX Acircumflex Ocircumflex -40
KPX Acircumflex Odieresis -40
KPX Acircumflex Ograve -40
KPX Acircumflex Ohungarumlaut -40
KPX Acircumflex Omacron -40
KPX Acircumflex Oslash -40
KPX Acircumflex Otilde -40
KPX Acircumflex Q -40
KPX Acircumflex T -90
KPX Acircumflex Tcaron -90
KPX Acircumflex Tcommaaccent -90
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -80
KPX Acircumflex W -60
KPX Acircumflex Y -110
KPX Acircumflex Yacute -110
KPX Acircumflex Ydieresis -110
KPX Acircumflex u -30
KPX Acircumflex uacute -30
KPX Acircumflex ucircumflex -30
KPX Acircumflex udieresis -30
KPX Acircumflex ugrave -30
KPX Acircumflex uhungarumlaut -30
KPX Acircumflex umacron -30
KPX Acircumflex uogonek -30
KPX Acircumflex uring -30
KPX Acircumflex v -40
KPX Acircumflex w -30
KPX Acircumflex y -30
KPX Acircumflex yacute -30
KPX Acircumflex ydieresis -30
KPX Adieresis C -40
KPX Adieresis Cacute -40
KPX Adieresis Ccaron -40
KPX Adieresis Ccedilla -40
KPX Adieresis G -50
KPX Adieresis Gbreve -50
KPX Adieresis Gcommaaccent -50
KPX Adieresis O -40
KPX Adieresis Oacute -40
KPX Adieresis Ocircumflex -40
KPX Adieresis Odieresis -40
KPX Adieresis Ograve -40
KPX Adieresis Ohungarumlaut -40
KPX Adieresis Omacron -40
KPX Adieresis Oslash -40
KPX Adieresis Otilde -40
KPX Adieresis Q -40
KPX Adieresis T -90
KPX Adieresis Tcaron -90
KPX Adieresis Tcommaaccent -90
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -80
KPX Adieresis W -60
KPX Adieresis Y -110
KPX Adieresis Yacute -110
KPX Adieresis Ydieresis -110
KPX Adieresis u -30
KPX Adieresis uacute -30
KPX Adieresis ucircumflex -30
KPX Adieresis udieresis -30
KPX Adieresis ugrave -30
KPX Adieresis uhungarumlaut -30
KPX Adieresis umacron -30
KPX Adieresis uogonek -30
KPX Adieresis uring -30
KPX Adieresis v -40
KPX Adieresis w -30
KPX Adieresis y -30
KPX Adieresis yacute -30
KPX Adieresis ydieresis -30
KPX Agrave C -40
KPX Agrave Cacute -40
KPX Agrave Ccaron -40
KPX Agrave Ccedilla -40
KPX Agrave G -50
KPX Agrave Gbreve -50
KPX Agrave Gcommaaccent -50
KPX Agrave O -40
KPX Agrave Oacute -40
KPX Agrave Ocircumflex -40
KPX Agrave Odieresis -40
KPX Agrave Ograve -40
KPX Agrave Ohungarumlaut -40
KPX Agrave Omacron -40
KPX Agrave Oslash -40
KPX Agrave Otilde -40
KPX Agrave Q -40
KPX Agrave T -90
KPX Agrave Tcaron -90
KPX Agrave Tcommaaccent -90
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -80
KPX Agrave W -60
KPX Agrave Y -110
KPX Agrave Yacute -110
KPX Agrave Ydieresis -110
KPX Agrave u -30
KPX Agrave uacute -30
KPX Agrave ucircumflex -30
KPX Agrave udieresis -30
KPX Agrave ugrave -30
KPX Agrave uhungarumlaut -30
KPX Agrave umacron -30
KPX Agrave uogonek -30
KPX Agrave uring -30
KPX Agrave v -40
KPX Agrave w -30
KPX Agrave y -30
KPX Agrave yacute -30
KPX Agrave ydieresis -30
KPX Amacron C -40
KPX Amacron Cacute -40
KPX Amacron Ccaron -40
KPX Amacron Ccedilla -40
KPX Amacron G -50
KPX Amacron Gbreve -50
KPX Amacron Gcommaaccent -50
KPX Amacron O -40
KPX Amacron Oacute -40
KPX Amacron Ocircumflex -40
KPX Amacron Odieresis -40
KPX Amacron Ograve -40
KPX Amacron Ohungarumlaut -40
KPX Amacron Omacron -40
KPX Amacron Oslash -40
KPX Amacron Otilde -40
KPX Amacron Q -40
KPX Amacron T -90
KPX Amacron Tcaron -90
KPX Amacron Tcommaaccent -90
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -80
KPX Amacron W -60
KPX Amacron Y -110
KPX Amacron Yacute -110
KPX Amacron Ydieresis -110
KPX Amacron u -30
KPX Amacron uacute -30
KPX Amacron ucircumflex -30
KPX Amacron udieresis -30
KPX Amacron ugrave -30
KPX Amacron uhungarumlaut -30
KPX Amacron umacron -30
KPX Amacron uogonek -30
KPX Amacron uring -30
KPX Amacron v -40
KPX Amacron w -30
KPX Amacron y -30
KPX Amacron yacute -30
KPX Amacron ydieresis -30
KPX Aogonek C -40
KPX Aogonek Cacute -40
KPX Aogonek Ccaron -40
KPX Aogonek Ccedilla -40
KPX Aogonek G -50
KPX Aogonek Gbreve -50
KPX Aogonek Gcommaaccent -50
KPX Aogonek O -40
KPX Aogonek Oacute -40
KPX Aogonek Ocircumflex -40
KPX Aogonek Odieresis -40
KPX Aogonek Ograve -40
KPX Aogonek Ohungarumlaut -40
KPX Aogonek Omacron -40
KPX Aogonek Oslash -40
KPX Aogonek Otilde -40
KPX Aogonek Q -40
KPX Aogonek T -90
KPX Aogonek Tcaron -90
KPX Aogonek Tcommaaccent -90
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -80
KPX Aogonek W -60
KPX Aogonek Y -110
KPX Aogonek Yacute -110
KPX Aogonek Ydieresis -110
KPX Aogonek u -30
KPX Aogonek uacute -30
KPX Aogonek ucircumflex -30
KPX Aogonek udieresis -30
KPX Aogonek ugrave -30
KPX Aogonek uhungarumlaut -30
KPX Aogonek umacron -30
KPX Aogonek uogonek -30
KPX Aogonek uring -30
KPX Aogonek v -40
KPX Aogonek w -30
KPX Aogonek y -30
KPX Aogonek yacute -30
KPX Aogonek ydieresis -30
KPX Aring C -40
KPX Aring Cacute -40
KPX Aring Ccaron -40
KPX Aring Ccedilla -40
KPX Aring G -50
KPX Aring Gbreve -50
KPX Aring Gcommaaccent -50
KPX Aring O -40
KPX Aring Oacute -40
KPX Aring Ocircumflex -40
KPX Aring Odieresis -40
KPX Aring Ograve -40
KPX Aring Ohungarumlaut -40
KPX Aring Omacron -40
KPX Aring Oslash -40
KPX Aring Otilde -40
KPX Aring Q -40
KPX Aring T -90
KPX Aring Tcaron -90
KPX Aring Tcommaaccent -90
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -80
KPX Aring W -60
KPX Aring Y -110
KPX Aring Yacute -110
KPX Aring Ydieresis -110
KPX Aring u -30
KPX Aring uacute -30
KPX Aring ucircumflex -30
KPX Aring udieresis -30
KPX Aring ugrave -30
KPX Aring uhungarumlaut -30
KPX Aring umacron -30
KPX Aring uogonek -30
KPX Aring uring -30
KPX Aring v -40
KPX Aring w -30
KPX Aring y -30
KPX Aring yacute -30
KPX Aring ydieresis -30
KPX Atilde C -40
KPX Atilde Cacute -40
KPX Atilde Ccaron -40
KPX Atilde Ccedilla -40
KPX Atilde G -50
KPX Atilde Gbreve -50
KPX Atilde Gcommaaccent -50
KPX Atilde O -40
KPX Atilde Oacute -40
KPX Atilde Ocircumflex -40
KPX Atilde Odieresis -40
KPX Atilde Ograve -40
KPX Atilde Ohungarumlaut -40
KPX Atilde Omacron -40
KPX Atilde Oslash -40
KPX Atilde Otilde -40
KPX Atilde Q -40
KPX Atilde T -90
KPX Atilde Tcaron -90
KPX Atilde Tcommaaccent -90
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -80
KPX Atilde W -60
KPX Atilde Y -110
KPX Atilde Yacute -110
KPX Atilde Ydieresis -110
KPX Atilde u -30
KPX Atilde uacute -30
KPX Atilde ucircumflex -30
KPX Atilde udieresis -30
KPX Atilde ugrave -30
KPX Atilde uhungarumlaut -30
KPX Atilde umacron -30
KPX Atilde uogonek -30
KPX Atilde uring -30
KPX Atilde v -40
KPX Atilde w -30
KPX Atilde y -30
KPX Atilde yacute -30
KPX Atilde ydieresis -30
KPX B A -30
KPX B Aacute -30
KPX B Abreve -30
KPX B Acircumflex -30
KPX B Adieresis -30
KPX B Agrave -30
KPX B Amacron -30
KPX B Aogonek -30
KPX B Aring -30
KPX B Atilde -30
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX D A -40
KPX D Aacute -40
KPX D Abreve -40
KPX D Acircumflex -40
KPX D Adieresis -40
KPX D Agrave -40
KPX D Amacron -40
KPX D Aogonek -40
KPX D Aring -40
KPX D Atilde -40
KPX D V -40
KPX D W -40
KPX D Y -70
KPX D Yacute -70
KPX D Ydieresis -70
KPX D comma -30
KPX D period -30
KPX Dcaron A -40
KPX Dcaron Aacute -40
KPX Dcaron Abreve -40
KPX Dcaron Acircumflex -40
KPX Dcaron Adieresis -40
KPX Dcaron Agrave -40
KPX Dcaron Amacron -40
KPX Dcaron Aogonek -40
KPX Dcaron Aring -40
KPX Dcaron Atilde -40
KPX Dcaron V -40
KPX Dcaron W -40
KPX Dcaron Y -70
KPX Dcaron Yacute -70
KPX Dcaron Ydieresis -70
KPX Dcaron comma -30
KPX Dcaron period -30
KPX Dcroat A -40
KPX Dcroat Aacute -40
KPX Dcroat Abreve -40
KPX Dcroat Acircumflex -40
KPX Dcroat Adieresis -40
KPX Dcroat Agrave -40
KPX Dcroat Amacron -40
KPX Dcroat Aogonek -40
KPX Dcroat Aring -40
KPX Dcroat Atilde -40
KPX Dcroat V -40
KPX Dcroat W -40
KPX Dcroat Y -70
KPX Dcroat Yacute -70
KPX Dcroat Ydieresis -70
KPX Dcroat comma -30
KPX Dcroat period -30
KPX F A -80
KPX F Aacute -80
KPX F Abreve -80
KPX F Acircumflex -80
KPX F Adieresis -80
KPX F Agrave -80
KPX F Amacron -80
KPX F Aogonek -80
KPX F Aring -80
KPX F Atilde -80
KPX F a -20
KPX F aacute -20
KPX F abreve -20
KPX F acircumflex -20
KPX F adieresis -20
KPX F agrave -20
KPX F amacron -20
KPX F aogonek -20
KPX F aring -20
KPX F atilde -20
KPX F comma -100
KPX F period -100
KPX J A -20
KPX J Aacute -20
KPX J Abreve -20
KPX J Acircumflex -20
KPX J Adieresis -20
KPX J Agrave -20
KPX J Amacron -20
KPX J Aogonek -20
KPX J Aring -20
KPX J Atilde -20
KPX J comma -20
KPX J period -20
KPX J u -20
KPX J uacute -20
KPX J ucircumflex -20
KPX J udieresis -20
KPX J ugrave -20
KPX J uhungarumlaut -20
KPX J umacron -20
KPX J uogonek -20
KPX J uring -20
KPX K O -30
KPX K Oacute -30
KPX K Ocircumflex -30
KPX K Odieresis -30
KPX K Ograve -30
KPX K Ohungarumlaut -30
KPX K Omacron -30
KPX K Oslash -30
KPX K Otilde -30
KPX K e -15
KPX K eacute -15
KPX K ecaron -15
KPX K ecircumflex -15
KPX K edieresis -15
KPX K edotaccent -15
KPX K egrave -15
KPX K emacron -15
KPX K eogonek -15
KPX K o -35
KPX K oacute -35
KPX K ocircumflex -35
KPX K odieresis -35
KPX K ograve -35
KPX K ohungarumlaut -35
KPX K omacron -35
KPX K oslash -35
KPX K otilde -35
KPX K u -30
KPX K uacute -30
KPX K ucircumflex -30
KPX K udieresis -30
KPX K ugrave -30
KPX K uhungarumlaut -30
KPX K umacron -30
KPX K uogonek -30
KPX K uring -30
KPX K y -40
KPX K yacute -40
KPX K ydieresis -40
KPX Kcommaaccent O -30
KPX Kcommaaccent Oacute -30
KPX Kcommaaccent Ocircumflex -30
KPX Kcommaaccent Odieresis -30
KPX Kcommaaccent Ograve -30
KPX Kcommaaccent Ohungarumlaut -30
KPX Kcommaaccent Omacron -30
KPX Kcommaaccent Oslash -30
KPX Kcommaaccent Otilde -30
KPX Kcommaaccent e -15
KPX Kcommaaccent eacute -15
KPX Kcommaaccent ecaron -15
KPX Kcommaaccent ecircumflex -15
KPX Kcommaaccent edieresis -15
KPX Kcommaaccent edotaccent -15
KPX Kcommaaccent egrave -15
KPX Kcommaaccent emacron -15
KPX Kcommaaccent eogonek -15
KPX Kcommaaccent o -35
KPX Kcommaaccent oacute -35
KPX Kcommaaccent ocircumflex -35
KPX Kcommaaccent odieresis -35
KPX Kcommaaccent ograve -35
KPX Kcommaaccent ohungarumlaut -35
KPX Kcommaaccent omacron -35
KPX Kcommaaccent oslash -35
KPX Kcommaaccent otilde -35
KPX Kcommaaccent u -30
KPX Kcommaaccent uacute -30
KPX Kcommaaccent ucircumflex -30
KPX Kcommaaccent udieresis -30
KPX Kcommaaccent ugrave -30
KPX Kcommaaccent uhungarumlaut -30
KPX Kcommaaccent umacron -30
KPX Kcommaaccent uogonek -30
KPX Kcommaaccent uring -30
KPX Kcommaaccent y -40
KPX Kcommaaccent yacute -40
KPX Kcommaaccent ydieresis -40
KPX L T -90
KPX L Tcaron -90
KPX L Tcommaaccent -90
KPX L V -110
KPX L W -80
KPX L Y -120
KPX L Yacute -120
KPX L Ydieresis -120
KPX L quotedblright -140
KPX L quoteright -140
KPX L y -30
KPX L yacute -30
KPX L ydieresis -30
KPX Lacute T -90
KPX Lacute Tcaron -90
KPX Lacute Tcommaaccent -90
KPX Lacute V -110
KPX Lacute W -80
KPX Lacute Y -120
KPX Lacute Yacute -120
KPX Lacute Ydieresis -120
KPX Lacute quotedblright -140
KPX Lacute quoteright -140
KPX Lacute y -30
KPX Lacute yacute -30
KPX Lacute ydieresis -30
KPX Lcommaaccent T -90
KPX Lcommaaccent Tcaron -90
KPX Lcommaaccent Tcommaaccent -90
KPX Lcommaaccent V -110
KPX Lcommaaccent W -80
KPX Lcommaaccent Y -120
KPX Lcommaaccent Yacute -120
KPX Lcommaaccent Ydieresis -120
KPX Lcommaaccent quotedblright -140
KPX Lcommaaccent quoteright -140
KPX Lcommaaccent y -30
KPX Lcommaaccent yacute -30
KPX Lcommaaccent ydieresis -30
KPX Lslash T -90
KPX Lslash Tcaron -90
KPX Lslash Tcommaaccent -90
KPX Lslash V -110
KPX Lslash W -80
KPX Lslash Y -120
KPX Lslash Yacute -120
KPX Lslash Ydieresis -120
KPX Lslash quotedblright -140
KPX Lslash quoteright -140
KPX Lslash y -30
KPX Lslash yacute -30
KPX Lslash ydieresis -30
KPX O A -50
KPX O Aacute -50
KPX O Abreve -50
KPX O Acircumflex -50
KPX O Adieresis -50
KPX O Agrave -50
KPX O Amacron -50
KPX O Aogonek -50
KPX O Aring -50
KPX O Atilde -50
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -50
KPX O X -50
KPX O Y -70
KPX O Yacute -70
KPX O Ydieresis -70
KPX O comma -40
KPX O period -40
KPX Oacute A -50
KPX Oacute Aacute -50
KPX Oacute Abreve -50
KPX Oacute Acircumflex -50
KPX Oacute Adieresis -50
KPX Oacute Agrave -50
KPX Oacute Amacron -50
KPX Oacute Aogonek -50
KPX Oacute Aring -50
KPX Oacute Atilde -50
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -50
KPX Oacute X -50
KPX Oacute Y -70
KPX Oacute Yacute -70
KPX Oacute Ydieresis -70
KPX Oacute comma -40
KPX Oacute period -40
KPX Ocircumflex A -50
KPX Ocircumflex Aacute -50
KPX Ocircumflex Abreve -50
KPX Ocircumflex Acircumflex -50
KPX Ocircumflex Adieresis -50
KPX Ocircumflex Agrave -50
KPX Ocircumflex Amacron -50
KPX Ocircumflex Aogonek -50
KPX Ocircumflex Aring -50
KPX Ocircumflex Atilde -50
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -50
KPX Ocircumflex X -50
KPX Ocircumflex Y -70
KPX Ocircumflex Yacute -70
KPX Ocircumflex Ydieresis -70
KPX Ocircumflex comma -40
KPX Ocircumflex period -40
KPX Odieresis A -50
KPX Odieresis Aacute -50
KPX Odieresis Abreve -50
KPX Odieresis Acircumflex -50
KPX Odieresis Adieresis -50
KPX Odieresis Agrave -50
KPX Odieresis Amacron -50
KPX Odieresis Aogonek -50
KPX Odieresis Aring -50
KPX Odieresis Atilde -50
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -50
KPX Odieresis X -50
KPX Odieresis Y -70
KPX Odieresis Yacute -70
KPX Odieresis Ydieresis -70
KPX Odieresis comma -40
KPX Odieresis period -40
KPX Ograve A -50
KPX Ograve Aacute -50
KPX Ograve Abreve -50
KPX Ograve Acircumflex -50
KPX Ograve Adieresis -50
KPX Ograve Agrave -50
KPX Ograve Amacron -50
KPX Ograve Aogonek -50
KPX Ograve Aring -50
KPX Ograve Atilde -50
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -50
KPX Ograve X -50
KPX Ograve Y -70
KPX Ograve Yacute -70
KPX Ograve Ydieresis -70
KPX Ograve comma -40
KPX Ograve period -40
KPX Ohungarumlaut A -50
KPX Ohungarumlaut Aacute -50
KPX Ohungarumlaut Abreve -50
KPX Ohungarumlaut Acircumflex -50
KPX Ohungarumlaut Adieresis -50
KPX Ohungarumlaut Agrave -50
KPX Ohungarumlaut Amacron -50
KPX Ohungarumlaut Aogonek -50
KPX Ohungarumlaut Aring -50
KPX Ohungarumlaut Atilde -50
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -50
KPX Ohungarumlaut X -50
KPX Ohungarumlaut Y -70
KPX Ohungarumlaut Yacute -70
KPX Ohungarumlaut Ydieresis -70
KPX Ohungarumlaut comma -40
KPX Ohungarumlaut period -40
KPX Omacron A -50
KPX Omacron Aacute -50
KPX Omacron Abreve -50
KPX Omacron Acircumflex -50
KPX Omacron Adieresis -50
KPX Omacron Agrave -50
KPX Omacron Amacron -50
KPX Omacron Aogonek -50
KPX Omacron Aring -50
KPX Omacron Atilde -50
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -50
KPX Omacron X -50
KPX Omacron Y -70
KPX Omacron Yacute -70
KPX Omacron Ydieresis -70
KPX Omacron comma -40
KPX Omacron period -40
KPX Oslash A -50
KPX Oslash Aacute -50
KPX Oslash Abreve -50
KPX Oslash Acircumflex -50
KPX Oslash Adieresis -50
KPX Oslash Agrave -50
KPX Oslash Amacron -50
KPX Oslash Aogonek -50
KPX Oslash Aring -50
KPX Oslash Atilde -50
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -50
KPX Oslash X -50
KPX Oslash Y -70
KPX Oslash Yacute -70
KPX Oslash Ydieresis -70
KPX Oslash comma -40
KPX Oslash period -40
KPX Otilde A -50
KPX Otilde Aacute -50
KPX Otilde Abreve -50
KPX Otilde Acircumflex -50
KPX Otilde Adieresis -50
KPX Otilde Agrave -50
KPX Otilde Amacron -50
KPX Otilde Aogonek -50
KPX Otilde Aring -50
KPX Otilde Atilde -50
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -50
KPX Otilde X -50
KPX Otilde Y -70
KPX Otilde Yacute -70
KPX Otilde Ydieresis -70
KPX Otilde comma -40
KPX Otilde period -40
KPX P A -100
KPX P Aacute -100
KPX P Abreve -100
KPX P Acircumflex -100
KPX P Adieresis -100
KPX P Agrave -100
KPX P Amacron -100
KPX P Aogonek -100
KPX P Aring -100
KPX P Atilde -100
KPX P a -30
KPX P aacute -30
KPX P abreve -30
KPX P acircumflex -30
KPX P adieresis -30
KPX P agrave -30
KPX P amacron -30
KPX P aogonek -30
KPX P aring -30
KPX P atilde -30
KPX P comma -120
KPX P e -30
KPX P eacute -30
KPX P ecaron -30
KPX P ecircumflex -30
KPX P edieresis -30
KPX P edotaccent -30
KPX P egrave -30
KPX P emacron -30
KPX P eogonek -30
KPX P o -40
KPX P oacute -40
KPX P ocircumflex -40
KPX P odieresis -40
KPX P ograve -40
KPX P ohungarumlaut -40
KPX P omacron -40
KPX P oslash -40
KPX P otilde -40
KPX P period -120
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX Q comma 20
KPX Q period 20
KPX R O -20
KPX R Oacute -20
KPX R Ocircumflex -20
KPX R Odieresis -20
KPX R Ograve -20
KPX R Ohungarumlaut -20
KPX R Omacron -20
KPX R Oslash -20
KPX R Otilde -20
KPX R T -20
KPX R Tcaron -20
KPX R Tcommaaccent -20
KPX R U -20
KPX R Uacute -20
KPX R Ucircumflex -20
KPX R Udieresis -20
KPX R Ugrave -20
KPX R Uhungarumlaut -20
KPX R Umacron -20
KPX R Uogonek -20
KPX R Uring -20
KPX R V -50
KPX R W -40
KPX R Y -50
KPX R Yacute -50
KPX R Ydieresis -50
KPX Racute O -20
KPX Racute Oacute -20
KPX Racute Ocircumflex -20
KPX Racute Odieresis -20
KPX Racute Ograve -20
KPX Racute Ohungarumlaut -20
KPX Racute Omacron -20
KPX Racute Oslash -20
KPX Racute Otilde -20
KPX Racute T -20
KPX Racute Tcaron -20
KPX Racute Tcommaaccent -20
KPX Racute U -20
KPX Racute Uacute -20
KPX Racute Ucircumflex -20
KPX Racute Udieresis -20
KPX Racute Ugrave -20
KPX Racute Uhungarumlaut -20
KPX Racute Umacron -20
KPX Racute Uogonek -20
KPX Racute Uring -20
KPX Racute V -50
KPX Racute W -40
KPX Racute Y -50
KPX Racute Yacute -50
KPX Racute Ydieresis -50
KPX Rcaron O -20
KPX Rcaron Oacute -20
KPX Rcaron Ocircumflex -20
KPX Rcaron Odieresis -20
KPX Rcaron Ograve -20
KPX Rcaron Ohungarumlaut -20
KPX Rcaron Omacron -20
KPX Rcaron Oslash -20
KPX Rcaron Otilde -20
KPX Rcaron T -20
KPX Rcaron Tcaron -20
KPX Rcaron Tcommaaccent -20
KPX Rcaron U -20
KPX Rcaron Uacute -20
KPX Rcaron Ucircumflex -20
KPX Rcaron Udieresis -20
KPX Rcaron Ugrave -20
KPX Rcaron Uhungarumlaut -20
KPX Rcaron Umacron -20
KPX Rcaron Uogonek -20
KPX Rcaron Uring -20
KPX Rcaron V -50
KPX Rcaron W -40
KPX Rcaron Y -50
KPX Rcaron Yacute -50
KPX Rcaron Ydieresis -50
KPX Rcommaaccent O -20
KPX Rcommaaccent Oacute -20
KPX Rcommaaccent Ocircumflex -20
KPX Rcommaaccent Odieresis -20
KPX Rcommaaccent Ograve -20
KPX Rcommaaccent Ohungarumlaut -20
KPX Rcommaaccent Omacron -20
KPX Rcommaaccent Oslash -20
KPX Rcommaaccent Otilde -20
KPX Rcommaaccent T -20
KPX Rcommaaccent Tcaron -20
KPX Rcommaaccent Tcommaaccent -20
KPX Rcommaaccent U -20
KPX Rcommaaccent Uacute -20
KPX Rcommaaccent Ucircumflex -20
KPX Rcommaaccent Udieresis -20
KPX Rcommaaccent Ugrave -20
KPX Rcommaaccent Uhungarumlaut -20
KPX Rcommaaccent Umacron -20
KPX Rcommaaccent Uogonek -20
KPX Rcommaaccent Uring -20
KPX Rcommaaccent V -50
KPX Rcommaaccent W -40
KPX Rcommaaccent Y -50
KPX Rcommaaccent Yacute -50
KPX Rcommaaccent Ydieresis -50
KPX T A -90
KPX T Aacute -90
KPX T Abreve -90
KPX T Acircumflex -90
KPX T Adieresis -90
KPX T Agrave -90
KPX T Amacron -90
KPX T Aogonek -90
KPX T Aring -90
KPX T Atilde -90
KPX T O -40
KPX T Oacute -40
KPX T Ocircumflex -40
KPX T Odieresis -40
KPX T Ograve -40
KPX T Ohungarumlaut -40
KPX T Omacron -40
KPX T Oslash -40
KPX T Otilde -40
KPX T a -80
KPX T aacute -80
KPX T abreve -80
KPX T acircumflex -80
KPX T adieresis -80
KPX T agrave -80
KPX T amacron -80
KPX T aogonek -80
KPX T aring -80
KPX T atilde -80
KPX T colon -40
KPX T comma -80
KPX T e -60
KPX T eacute -60
KPX T ecaron -60
KPX T ecircumflex -60
KPX T edieresis -60
KPX T edotaccent -60
KPX T egrave -60
KPX T emacron -60
KPX T eogonek -60
KPX T hyphen -120
KPX T o -80
KPX T oacute -80
KPX T ocircumflex -80
KPX T odieresis -80
KPX T ograve -80
KPX T ohungarumlaut -80
KPX T omacron -80
KPX T oslash -80
KPX T otilde -80
KPX T period -80
KPX T r -80
KPX T racute -80
KPX T rcommaaccent -80
KPX T semicolon -40
KPX T u -90
KPX T uacute -90
KPX T ucircumflex -90
KPX T udieresis -90
KPX T ugrave -90
KPX T uhungarumlaut -90
KPX T umacron -90
KPX T uogonek -90
KPX T uring -90
KPX T w -60
KPX T y -60
KPX T yacute -60
KPX T ydieresis -60
KPX Tcaron A -90
KPX Tcaron Aacute -90
KPX Tcaron Abreve -90
KPX Tcaron Acircumflex -90
KPX Tcaron Adieresis -90
KPX Tcaron Agrave -90
KPX Tcaron Amacron -90
KPX Tcaron Aogonek -90
KPX Tcaron Aring -90
KPX Tcaron Atilde -90
KPX Tcaron O -40
KPX Tcaron Oacute -40
KPX Tcaron Ocircumflex -40
KPX Tcaron Odieresis -40
KPX Tcaron Ograve -40
KPX Tcaron Ohungarumlaut -40
KPX Tcaron Omacron -40
KPX Tcaron Oslash -40
KPX Tcaron Otilde -40
KPX Tcaron a -80
KPX Tcaron aacute -80
KPX Tcaron abreve -80
KPX Tcaron acircumflex -80
KPX Tcaron adieresis -80
KPX Tcaron agrave -80
KPX Tcaron amacron -80
KPX Tcaron aogonek -80
KPX Tcaron aring -80
KPX Tcaron atilde -80
KPX Tcaron colon -40
KPX Tcaron comma -80
KPX Tcaron e -60
KPX Tcaron eacute -60
KPX Tcaron ecaron -60
KPX Tcaron ecircumflex -60
KPX Tcaron edieresis -60
KPX Tcaron edotaccent -60
KPX Tcaron egrave -60
KPX Tcaron emacron -60
KPX Tcaron eogonek -60
KPX Tcaron hyphen -120
KPX Tcaron o -80
KPX Tcaron oacute -80
KPX Tcaron ocircumflex -80
KPX Tcaron odieresis -80
KPX Tcaron ograve -80
KPX Tcaron ohungarumlaut -80
KPX Tcaron omacron -80
KPX Tcaron oslash -80
KPX Tcaron otilde -80
KPX Tcaron period -80
KPX Tcaron r -80
KPX Tcaron racute -80
KPX Tcaron rcommaaccent -80
KPX Tcaron semicolon -40
KPX Tcaron u -90
KPX Tcaron uacute -90
KPX Tcaron ucircumflex -90
KPX Tcaron udieresis -90
KPX Tcaron ugrave -90
KPX Tcaron uhungarumlaut -90
KPX Tcaron umacron -90
KPX Tcaron uogonek -90
KPX Tcaron uring -90
KPX Tcaron w -60
KPX Tcaron y -60
KPX Tcaron yacute -60
KPX Tcaron ydieresis -60
KPX Tcommaaccent A -90
KPX Tcommaaccent Aacute -90
KPX Tcommaaccent Abreve -90
KPX Tcommaaccent Acircumflex -90
KPX Tcommaaccent Adieresis -90
KPX Tcommaaccent Agrave -90
KPX Tcommaaccent Amacron -90
KPX Tcommaaccent Aogonek -90
KPX Tcommaaccent Aring -90
KPX Tcommaaccent Atilde -90
KPX Tcommaaccent O -40
KPX Tcommaaccent Oacute -40
KPX Tcommaaccent Ocircumflex -40
KPX Tcommaaccent Odieresis -40
KPX Tcommaaccent Ograve -40
KPX Tcommaaccent Ohungarumlaut -40
KPX Tcommaaccent Omacron -40
KPX Tcommaaccent Oslash -40
KPX Tcommaaccent Otilde -40
KPX Tcommaaccent a -80
KPX Tcommaaccent aacute -80
KPX Tcommaaccent abreve -80
KPX Tcommaaccent acircumflex -80
KPX Tcommaaccent adieresis -80
KPX Tcommaaccent agrave -80
KPX Tcommaaccent amacron -80
KPX Tcommaaccent aogonek -80
KPX Tcommaaccent aring -80
KPX Tcommaaccent atilde -80
KPX Tcommaaccent colon -40
KPX Tcommaaccent comma -80
KPX Tcommaaccent e -60
KPX Tcommaaccent eacute -60
KPX Tcommaaccent ecaron -60
KPX Tcommaaccent ecircumflex -60
KPX Tcommaaccent edieresis -60
KPX Tcommaaccent edotaccent -60
KPX Tcommaaccent egrave -60
KPX Tcommaaccent emacron -60
KPX Tcommaaccent eogonek -60
KPX Tcommaaccent hyphen -120
KPX Tcommaaccent o -80
KPX Tcommaaccent oacute -80
KPX Tcommaaccent ocircumflex -80
KPX Tcommaaccent odieresis -80
KPX Tcommaaccent ograve -80
KPX Tcommaaccent ohungarumlaut -80
KPX Tcommaaccent omacron -80
KPX Tcommaaccent oslash -80
KPX Tcommaaccent otilde -80
KPX Tcommaaccent period -80
KPX Tcommaaccent r -80
KPX Tcommaaccent racute -80
KPX Tcommaaccent rcommaaccent -80
KPX Tcommaaccent semicolon -40
KPX Tcommaaccent u -90
KPX Tcommaaccent uacute -90
KPX Tcommaaccent ucircumflex -90
KPX Tcommaaccent udieresis -90
KPX Tcommaaccent ugrave -90
KPX Tcommaaccent uhungarumlaut -90
KPX Tcommaaccent umacron -90
KPX Tcommaaccent uogonek -90
KPX Tcommaaccent uring -90
KPX Tcommaaccent w -60
KPX Tcommaaccent y -60
KPX Tcommaaccent yacute -60
KPX Tcommaaccent ydieresis -60
KPX U A -50
KPX U Aacute -50
KPX U Abreve -50
KPX U Acircumflex -50
KPX U Adieresis -50
KPX U Agrave -50
KPX U Amacron -50
KPX U Aogonek -50
KPX U Aring -50
KPX U Atilde -50
KPX U comma -30
KPX U period -30
KPX Uacute A -50
KPX Uacute Aacute -50
KPX Uacute Abreve -50
KPX Uacute Acircumflex -50
KPX Uacute Adieresis -50
KPX Uacute Agrave -50
KPX Uacute Amacron -50
KPX Uacute Aogonek -50
KPX Uacute Aring -50
KPX Uacute Atilde -50
KPX Uacute comma -30
KPX Uacute period -30
KPX Ucircumflex A -50
KPX Ucircumflex Aacute -50
KPX Ucircumflex Abreve -50
KPX Ucircumflex Acircumflex -50
KPX Ucircumflex Adieresis -50
KPX Ucircumflex Agrave -50
KPX Ucircumflex Amacron -50
KPX Ucircumflex Aogonek -50
KPX Ucircumflex Aring -50
KPX Ucircumflex Atilde -50
KPX Ucircumflex comma -30
KPX Ucircumflex period -30
KPX Udieresis A -50
KPX Udieresis Aacute -50
KPX Udieresis Abreve -50
KPX Udieresis Acircumflex -50
KPX Udieresis Adieresis -50
KPX Udieresis Agrave -50
KPX Udieresis Amacron -50
KPX Udieresis Aogonek -50
KPX Udieresis Aring -50
KPX Udieresis Atilde -50
KPX Udieresis comma -30
KPX Udieresis period -30
KPX Ugrave A -50
KPX Ugrave Aacute -50
KPX Ugrave Abreve -50
KPX Ugrave Acircumflex -50
KPX Ugrave Adieresis -50
KPX Ugrave Agrave -50
KPX Ugrave Amacron -50
KPX Ugrave Aogonek -50
KPX Ugrave Aring -50
KPX Ugrave Atilde -50
KPX Ugrave comma -30
KPX Ugrave period -30
KPX Uhungarumlaut A -50
KPX Uhungarumlaut Aacute -50
KPX Uhungarumlaut Abreve -50
KPX Uhungarumlaut Acircumflex -50
KPX Uhungarumlaut Adieresis -50
KPX Uhungarumlaut Agrave -50
KPX Uhungarumlaut Amacron -50
KPX Uhungarumlaut Aogonek -50
KPX Uhungarumlaut Aring -50
KPX Uhungarumlaut Atilde -50
KPX Uhungarumlaut comma -30
KPX Uhungarumlaut period -30
KPX Umacron A -50
KPX Umacron Aacute -50
KPX Umacron Abreve -50
KPX Umacron Acircumflex -50
KPX Umacron Adieresis -50
KPX Umacron Agrave -50
KPX Umacron Amacron -50
KPX Umacron Aogonek -50
KPX Umacron Aring -50
KPX Umacron Atilde -50
KPX Umacron comma -30
KPX Umacron period -30
KPX Uogonek A -50
KPX Uogonek Aacute -50
KPX Uogonek Abreve -50
KPX Uogonek Acircumflex -50
KPX Uogonek Adieresis -50
KPX Uogonek Agrave -50
KPX Uogonek Amacron -50
KPX Uogonek Aogonek -50
KPX Uogonek Aring -50
KPX Uogonek Atilde -50
KPX Uogonek comma -30
KPX Uogonek period -30
KPX Uring A -50
KPX Uring Aacute -50
KPX Uring Abreve -50
KPX Uring Acircumflex -50
KPX Uring Adieresis -50
KPX Uring Agrave -50
KPX Uring Amacron -50
KPX Uring Aogonek -50
KPX Uring Aring -50
KPX Uring Atilde -50
KPX Uring comma -30
KPX Uring period -30
KPX V A -80
KPX V Aacute -80
KPX V Abreve -80
KPX V Acircumflex -80
KPX V Adieresis -80
KPX V Agrave -80
KPX V Amacron -80
KPX V Aogonek -80
KPX V Aring -80
KPX V Atilde -80
KPX V G -50
KPX V Gbreve -50
KPX V Gcommaaccent -50
KPX V O -50
KPX V Oacute -50
KPX V Ocircumflex -50
KPX V Odieresis -50
KPX V Ograve -50
KPX V Ohungarumlaut -50
KPX V Omacron -50
KPX V Oslash -50
KPX V Otilde -50
KPX V a -60
KPX V aacute -60
KPX V abreve -60
KPX V acircumflex -60
KPX V adieresis -60
KPX V agrave -60
KPX V amacron -60
KPX V aogonek -60
KPX V aring -60
KPX V atilde -60
KPX V colon -40
KPX V comma -120
KPX V e -50
KPX V eacute -50
KPX V ecaron -50
KPX V ecircumflex -50
KPX V edieresis -50
KPX V edotaccent -50
KPX V egrave -50
KPX V emacron -50
KPX V eogonek -50
KPX V hyphen -80
KPX V o -90
KPX V oacute -90
KPX V ocircumflex -90
KPX V odieresis -90
KPX V ograve -90
KPX V ohungarumlaut -90
KPX V omacron -90
KPX V oslash -90
KPX V otilde -90
KPX V period -120
KPX V semicolon -40
KPX V u -60
KPX V uacute -60
KPX V ucircumflex -60
KPX V udieresis -60
KPX V ugrave -60
KPX V uhungarumlaut -60
KPX V umacron -60
KPX V uogonek -60
KPX V uring -60
KPX W A -60
KPX W Aacute -60
KPX W Abreve -60
KPX W Acircumflex -60
KPX W Adieresis -60
KPX W Agrave -60
KPX W Amacron -60
KPX W Aogonek -60
KPX W Aring -60
KPX W Atilde -60
KPX W O -20
KPX W Oacute -20
KPX W Ocircumflex -20
KPX W Odieresis -20
KPX W Ograve -20
KPX W Ohungarumlaut -20
KPX W Omacron -20
KPX W Oslash -20
KPX W Otilde -20
KPX W a -40
KPX W aacute -40
KPX W abreve -40
KPX W acircumflex -40
KPX W adieresis -40
KPX W agrave -40
KPX W amacron -40
KPX W aogonek -40
KPX W aring -40
KPX W atilde -40
KPX W colon -10
KPX W comma -80
KPX W e -35
KPX W eacute -35
KPX W ecaron -35
KPX W ecircumflex -35
KPX W edieresis -35
KPX W edotaccent -35
KPX W egrave -35
KPX W emacron -35
KPX W eogonek -35
KPX W hyphen -40
KPX W o -60
KPX W oacute -60
KPX W ocircumflex -60
KPX W odieresis -60
KPX W ograve -60
KPX W ohungarumlaut -60
KPX W omacron -60
KPX W oslash -60
KPX W otilde -60
KPX W period -80
KPX W semicolon -10
KPX W u -45
KPX W uacute -45
KPX W ucircumflex -45
KPX W udieresis -45
KPX W ugrave -45
KPX W uhungarumlaut -45
KPX W umacron -45
KPX W uogonek -45
KPX W uring -45
KPX W y -20
KPX W yacute -20
KPX W ydieresis -20
KPX Y A -110
KPX Y Aacute -110
KPX Y Abreve -110
KPX Y Acircumflex -110
KPX Y Adieresis -110
KPX Y Agrave -110
KPX Y Amacron -110
KPX Y Aogonek -110
KPX Y Aring -110
KPX Y Atilde -110
KPX Y O -70
KPX Y Oacute -70
KPX Y Ocircumflex -70
KPX Y Odieresis -70
KPX Y Ograve -70
KPX Y Ohungarumlaut -70
KPX Y Omacron -70
KPX Y Oslash -70
KPX Y Otilde -70
KPX Y a -90
KPX Y aacute -90
KPX Y abreve -90
KPX Y acircumflex -90
KPX Y adieresis -90
KPX Y agrave -90
KPX Y amacron -90
KPX Y aogonek -90
KPX Y aring -90
KPX Y atilde -90
KPX Y colon -50
KPX Y comma -100
KPX Y e -80
KPX Y eacute -80
KPX Y ecaron -80
KPX Y ecircumflex -80
KPX Y edieresis -80
KPX Y edotaccent -80
KPX Y egrave -80
KPX Y emacron -80
KPX Y eogonek -80
KPX Y o -100
KPX Y oacute -100
KPX Y ocircumflex -100
KPX Y odieresis -100
KPX Y ograve -100
KPX Y ohungarumlaut -100
KPX Y omacron -100
KPX Y oslash -100
KPX Y otilde -100
KPX Y period -100
KPX Y semicolon -50
KPX Y u -100
KPX Y uacute -100
KPX Y ucircumflex -100
KPX Y udieresis -100
KPX Y ugrave -100
KPX Y uhungarumlaut -100
KPX Y umacron -100
KPX Y uogonek -100
KPX Y uring -100
KPX Yacute A -110
KPX Yacute Aacute -110
KPX Yacute Abreve -110
KPX Yacute Acircumflex -110
KPX Yacute Adieresis -110
KPX Yacute Agrave -110
KPX Yacute Amacron -110
KPX Yacute Aogonek -110
KPX Yacute Aring -110
KPX Yacute Atilde -110
KPX Yacute O -70
KPX Yacute Oacute -70
KPX Yacute Ocircumflex -70
KPX Yacute Odieresis -70
KPX Yacute Ograve -70
KPX Yacute Ohungarumlaut -70
KPX Yacute Omacron -70
KPX Yacute Oslash -70
KPX Yacute Otilde -70
KPX Yacute a -90
KPX Yacute aacute -90
KPX Yacute abreve -90
KPX Yacute acircumflex -90
KPX Yacute adieresis -90
KPX Yacute agrave -90
KPX Yacute amacron -90
KPX Yacute aogonek -90
KPX Yacute aring -90
KPX Yacute atilde -90
KPX Yacute colon -50
KPX Yacute comma -100
KPX Yacute e -80
KPX Yacute eacute -80
KPX Yacute ecaron -80
KPX Yacute ecircumflex -80
KPX Yacute edieresis -80
KPX Yacute edotaccent -80
KPX Yacute egrave -80
KPX Yacute emacron -80
KPX Yacute eogonek -80
KPX Yacute o -100
KPX Yacute oacute -100
KPX Yacute ocircumflex -100
KPX Yacute odieresis -100
KPX Yacute ograve -100
KPX Yacute ohungarumlaut -100
KPX Yacute omacron -100
KPX Yacute oslash -100
KPX Yacute otilde -100
KPX Yacute period -100
KPX Yacute semicolon -50
KPX Yacute u -100
KPX Yacute uacute -100
KPX Yacute ucircumflex -100
KPX Yacute udieresis -100
KPX Yacute ugrave -100
KPX Yacute uhungarumlaut -100
KPX Yacute umacron -100
KPX Yacute uogonek -100
KPX Yacute uring -100
KPX Ydieresis A -110
KPX Ydieresis Aacute -110
KPX Ydieresis Abreve -110
KPX Ydieresis Acircumflex -110
KPX Ydieresis Adieresis -110
KPX Ydieresis Agrave -110
KPX Ydieresis Amacron -110
KPX Ydieresis Aogonek -110
KPX Ydieresis Aring -110
KPX Ydieresis Atilde -110
KPX Ydieresis O -70
KPX Ydieresis Oacute -70
KPX Ydieresis Ocircumflex -70
KPX Ydieresis Odieresis -70
KPX Ydieresis Ograve -70
KPX Ydieresis Ohungarumlaut -70
KPX Ydieresis Omacron -70
KPX Ydieresis Oslash -70
KPX Ydieresis Otilde -70
KPX Ydieresis a -90
KPX Ydieresis aacute -90
KPX Ydieresis abreve -90
KPX Ydieresis acircumflex -90
KPX Ydieresis adieresis -90
KPX Ydieresis agrave -90
KPX Ydieresis amacron -90
KPX Ydieresis aogonek -90
KPX Ydieresis aring -90
KPX Ydieresis atilde -90
KPX Ydieresis colon -50
KPX Ydieresis comma -100
KPX Ydieresis e -80
KPX Ydieresis eacute -80
KPX Ydieresis ecaron -80
KPX Ydieresis ecircumflex -80
KPX Ydieresis edieresis -80
KPX Ydieresis edotaccent -80
KPX Ydieresis egrave -80
KPX Ydieresis emacron -80
KPX Ydieresis eogonek -80
KPX Ydieresis o -100
KPX Ydieresis oacute -100
KPX Ydieresis ocircumflex -100
KPX Ydieresis odieresis -100
KPX Ydieresis ograve -100
KPX Ydieresis ohungarumlaut -100
KPX Ydieresis omacron -100
KPX Ydieresis oslash -100
KPX Ydieresis otilde -100
KPX Ydieresis period -100
KPX Ydieresis semicolon -50
KPX Ydieresis u -100
KPX Ydieresis uacute -100
KPX Ydieresis ucircumflex -100
KPX Ydieresis udieresis -100
KPX Ydieresis ugrave -100
KPX Ydieresis uhungarumlaut -100
KPX Ydieresis umacron -100
KPX Ydieresis uogonek -100
KPX Ydieresis uring -100
KPX a g -10
KPX a gbreve -10
KPX a gcommaaccent -10
KPX a v -15
KPX a w -15
KPX a y -20
KPX a yacute -20
KPX a ydieresis -20
KPX aacute g -10
KPX aacute gbreve -10
KPX aacute gcommaaccent -10
KPX aacute v -15
KPX aacute w -15
KPX aacute y -20
KPX aacute yacute -20
KPX aacute ydieresis -20
KPX abreve g -10
KPX abreve gbreve -10
KPX abreve gcommaaccent -10
KPX abreve v -15
KPX abreve w -15
KPX abreve y -20
KPX abreve yacute -20
KPX abreve ydieresis -20
KPX acircumflex g -10
KPX acircumflex gbreve -10
KPX acircumflex gcommaaccent -10
KPX acircumflex v -15
KPX acircumflex w -15
KPX acircumflex y -20
KPX acircumflex yacute -20
KPX acircumflex ydieresis -20
KPX adieresis g -10
KPX adieresis gbreve -10
KPX adieresis gcommaaccent -10
KPX adieresis v -15
KPX adieresis w -15
KPX adieresis y -20
KPX adieresis yacute -20
KPX adieresis ydieresis -20
KPX agrave g -10
KPX agrave gbreve -10
KPX agrave gcommaaccent -10
KPX agrave v -15
KPX agrave w -15
KPX agrave y -20
KPX agrave yacute -20
KPX agrave ydieresis -20
KPX amacron g -10
KPX amacron gbreve -10
KPX amacron gcommaaccent -10
KPX amacron v -15
KPX amacron w -15
KPX amacron y -20
KPX amacron yacute -20
KPX amacron ydieresis -20
KPX aogonek g -10
KPX aogonek gbreve -10
KPX aogonek gcommaaccent -10
KPX aogonek v -15
KPX aogonek w -15
KPX aogonek y -20
KPX aogonek yacute -20
KPX aogonek ydieresis -20
KPX aring g -10
KPX aring gbreve -10
KPX aring gcommaaccent -10
KPX aring v -15
KPX aring w -15
KPX aring y -20
KPX aring yacute -20
KPX aring ydieresis -20
KPX atilde g -10
KPX atilde gbreve -10
KPX atilde gcommaaccent -10
KPX atilde v -15
KPX atilde w -15
KPX atilde y -20
KPX atilde yacute -20
KPX atilde ydieresis -20
KPX b l -10
KPX b lacute -10
KPX b lcommaaccent -10
KPX b lslash -10
KPX b u -20
KPX b uacute -20
KPX b ucircumflex -20
KPX b udieresis -20
KPX b ugrave -20
KPX b uhungarumlaut -20
KPX b umacron -20
KPX b uogonek -20
KPX b uring -20
KPX b v -20
KPX b y -20
KPX b yacute -20
KPX b ydieresis -20
KPX c h -10
KPX c k -20
KPX c kcommaaccent -20
KPX c l -20
KPX c lacute -20
KPX c lcommaaccent -20
KPX c lslash -20
KPX c y -10
KPX c yacute -10
KPX c ydieresis -10
KPX cacute h -10
KPX cacute k -20
KPX cacute kcommaaccent -20
KPX cacute l -20
KPX cacute lacute -20
KPX cacute lcommaaccent -20
KPX cacute lslash -20
KPX cacute y -10
KPX cacute yacute -10
KPX cacute ydieresis -10
KPX ccaron h -10
KPX ccaron k -20
KPX ccaron kcommaaccent -20
KPX ccaron l -20
KPX ccaron lacute -20
KPX ccaron lcommaaccent -20
KPX ccaron lslash -20
KPX ccaron y -10
KPX ccaron yacute -10
KPX ccaron ydieresis -10
KPX ccedilla h -10
KPX ccedilla k -20
KPX ccedilla kcommaaccent -20
KPX ccedilla l -20
KPX ccedilla lacute -20
KPX ccedilla lcommaaccent -20
KPX ccedilla lslash -20
KPX ccedilla y -10
KPX ccedilla yacute -10
KPX ccedilla ydieresis -10
KPX colon space -40
KPX comma quotedblright -120
KPX comma quoteright -120
KPX comma space -40
KPX d d -10
KPX d dcroat -10
KPX d v -15
KPX d w -15
KPX d y -15
KPX d yacute -15
KPX d ydieresis -15
KPX dcroat d -10
KPX dcroat dcroat -10
KPX dcroat v -15
KPX dcroat w -15
KPX dcroat y -15
KPX dcroat yacute -15
KPX dcroat ydieresis -15
KPX e comma 10
KPX e period 20
KPX e v -15
KPX e w -15
KPX e x -15
KPX e y -15
KPX e yacute -15
KPX e ydieresis -15
KPX eacute comma 10
KPX eacute period 20
KPX eacute v -15
KPX eacute w -15
KPX eacute x -15
KPX eacute y -15
KPX eacute yacute -15
KPX eacute ydieresis -15
KPX ecaron comma 10
KPX ecaron period 20
KPX ecaron v -15
KPX ecaron w -15
KPX ecaron x -15
KPX ecaron y -15
KPX ecaron yacute -15
KPX ecaron ydieresis -15
KPX ecircumflex comma 10
KPX ecircumflex period 20
KPX ecircumflex v -15
KPX ecircumflex w -15
KPX ecircumflex x -15
KPX ecircumflex y -15
KPX ecircumflex yacute -15
KPX ecircumflex ydieresis -15
KPX edieresis comma 10
KPX edieresis period 20
KPX edieresis v -15
KPX edieresis w -15
KPX edieresis x -15
KPX edieresis y -15
KPX edieresis yacute -15
KPX edieresis ydieresis -15
KPX edotaccent comma 10
KPX edotaccent period 20
KPX edotaccent v -15
KPX edotaccent w -15
KPX edotaccent x -15
KPX edotaccent y -15
KPX edotaccent yacute -15
KPX edotaccent ydieresis -15
KPX egrave comma 10
KPX egrave period 20
KPX egrave v -15
KPX egrave w -15
KPX egrave x -15
KPX egrave y -15
KPX egrave yacute -15
KPX egrave ydieresis -15
KPX emacron comma 10
KPX emacron period 20
KPX emacron v -15
KPX emacron w -15
KPX emacron x -15
KPX emacron y -15
KPX emacron yacute -15
KPX emacron ydieresis -15
KPX eogonek comma 10
KPX eogonek period 20
KPX eogonek v -15
KPX eogonek w -15
KPX eogonek x -15
KPX eogonek y -15
KPX eogonek yacute -15
KPX eogonek ydieresis -15
KPX f comma -10
KPX f e -10
KPX f eacute -10
KPX f ecaron -10
KPX f ecircumflex -10
KPX f edieresis -10
KPX f edotaccent -10
KPX f egrave -10
KPX f emacron -10
KPX f eogonek -10
KPX f o -20
KPX f oacute -20
KPX f ocircumflex -20
KPX f odieresis -20
KPX f ograve -20
KPX f ohungarumlaut -20
KPX f omacron -20
KPX f oslash -20
KPX f otilde -20
KPX f period -10
KPX f quotedblright 30
KPX f quoteright 30
KPX g e 10
KPX g eacute 10
KPX g ecaron 10
KPX g ecircumflex 10
KPX g edieresis 10
KPX g edotaccent 10
KPX g egrave 10
KPX g emacron 10
KPX g eogonek 10
KPX g g -10
KPX g gbreve -10
KPX g gcommaaccent -10
KPX gbreve e 10
KPX gbreve eacute 10
KPX gbreve ecaron 10
KPX gbreve ecircumflex 10
KPX gbreve edieresis 10
KPX gbreve edotaccent 10
KPX gbreve egrave 10
KPX gbreve emacron 10
KPX gbreve eogonek 10
KPX gbreve g -10
KPX gbreve gbreve -10
KPX gbreve gcommaaccent -10
KPX gcommaaccent e 10
KPX gcommaaccent eacute 10
KPX gcommaaccent ecaron 10
KPX gcommaaccent ecircumflex 10
KPX gcommaaccent edieresis 10
KPX gcommaaccent edotaccent 10
KPX gcommaaccent egrave 10
KPX gcommaaccent emacron 10
KPX gcommaaccent eogonek 10
KPX gcommaaccent g -10
KPX gcommaaccent gbreve -10
KPX gcommaaccent gcommaaccent -10
KPX h y -20
KPX h yacute -20
KPX h ydieresis -20
KPX k o -15
KPX k oacute -15
KPX k ocircumflex -15
KPX k odieresis -15
KPX k ograve -15
KPX k ohungarumlaut -15
KPX k omacron -15
KPX k oslash -15
KPX k otilde -15
KPX kcommaaccent o -15
KPX kcommaaccent oacute -15
KPX kcommaaccent ocircumflex -15
KPX kcommaaccent odieresis -15
KPX kcommaaccent ograve -15
KPX kcommaaccent ohungarumlaut -15
KPX kcommaaccent omacron -15
KPX kcommaaccent oslash -15
KPX kcommaaccent otilde -15
KPX l w -15
KPX l y -15
KPX l yacute -15
KPX l ydieresis -15
KPX lacute w -15
KPX lacute y -15
KPX lacute yacute -15
KPX lacute ydieresis -15
KPX lcommaaccent w -15
KPX lcommaaccent y -15
KPX lcommaaccent yacute -15
KPX lcommaaccent ydieresis -15
KPX lslash w -15
KPX lslash y -15
KPX lslash yacute -15
KPX lslash ydieresis -15
KPX m u -20
KPX m uacute -20
KPX m ucircumflex -20
KPX m udieresis -20
KPX m ugrave -20
KPX m uhungarumlaut -20
KPX m umacron -20
KPX m uogonek -20
KPX m uring -20
KPX m y -30
KPX m yacute -30
KPX m ydieresis -30
KPX n u -10
KPX n uacute -10
KPX n ucircumflex -10
KPX n udieresis -10
KPX n ugrave -10
KPX n uhungarumlaut -10
KPX n umacron -10
KPX n uogonek -10
KPX n uring -10
KPX n v -40
KPX n y -20
KPX n yacute -20
KPX n ydieresis -20
KPX nacute u -10
KPX nacute uacute -10
KPX nacute ucircumflex -10
KPX nacute udieresis -10
KPX nacute ugrave -10
KPX nacute uhungarumlaut -10
KPX nacute umacron -10
KPX nacute uogonek -10
KPX nacute uring -10
KPX nacute v -40
KPX nacute y -20
KPX nacute yacute -20
KPX nacute ydieresis -20
KPX ncaron u -10
KPX ncaron uacute -10
KPX ncaron ucircumflex -10
KPX ncaron udieresis -10
KPX ncaron ugrave -10
KPX ncaron uhungarumlaut -10
KPX ncaron umacron -10
KPX ncaron uogonek -10
KPX ncaron uring -10
KPX ncaron v -40
KPX ncaron y -20
KPX ncaron yacute -20
KPX ncaron ydieresis -20
KPX ncommaaccent u -10
KPX ncommaaccent uacute -10
KPX ncommaaccent ucircumflex -10
KPX ncommaaccent udieresis -10
KPX ncommaaccent ugrave -10
KPX ncommaaccent uhungarumlaut -10
KPX ncommaaccent umacron -10
KPX ncommaaccent uogonek -10
KPX ncommaaccent uring -10
KPX ncommaaccent v -40
KPX ncommaaccent y -20
KPX ncommaaccent yacute -20
KPX ncommaaccent ydieresis -20
KPX ntilde u -10
KPX ntilde uacute -10
KPX ntilde ucircumflex -10
KPX ntilde udieresis -10
KPX ntilde ugrave -10
KPX ntilde uhungarumlaut -10
KPX ntilde umacron -10
KPX ntilde uogonek -10
KPX ntilde uring -10
KPX ntilde v -40
KPX ntilde y -20
KPX ntilde yacute -20
KPX ntilde ydieresis -20
KPX o v -20
KPX o w -15
KPX o x -30
KPX o y -20
KPX o yacute -20
KPX o ydieresis -20
KPX oacute v -20
KPX oacute w -15
KPX oacute x -30
KPX oacute y -20
KPX oacute yacute -20
KPX oacute ydieresis -20
KPX ocircumflex v -20
KPX ocircumflex w -15
KPX ocircumflex x -30
KPX ocircumflex y -20
KPX ocircumflex yacute -20
KPX ocircumflex ydieresis -20
KPX odieresis v -20
KPX odieresis w -15
KPX odieresis x -30
KPX odieresis y -20
KPX odieresis yacute -20
KPX odieresis ydieresis -20
KPX ograve v -20
KPX ograve w -15
KPX ograve x -30
KPX ograve y -20
KPX ograve yacute -20
KPX ograve ydieresis -20
KPX ohungarumlaut v -20
KPX ohungarumlaut w -15
KPX ohungarumlaut x -30
KPX ohungarumlaut y -20
KPX ohungarumlaut yacute -20
KPX ohungarumlaut ydieresis -20
KPX omacron v -20
KPX omacron w -15
KPX omacron x -30
KPX omacron y -20
KPX omacron yacute -20
KPX omacron ydieresis -20
KPX oslash v -20
KPX oslash w -15
KPX oslash x -30
KPX oslash y -20
KPX oslash yacute -20
KPX oslash ydieresis -20
KPX otilde v -20
KPX otilde w -15
KPX otilde x -30
KPX otilde y -20
KPX otilde yacute -20
KPX otilde ydieresis -20
KPX p y -15
KPX p yacute -15
KPX p ydieresis -15
KPX period quotedblright -120
KPX period quoteright -120
KPX period space -40
KPX quotedblright space -80
KPX quoteleft quoteleft -46
KPX quoteright d -80
KPX quoteright dcroat -80
KPX quoteright l -20
KPX quoteright lacute -20
KPX quoteright lcommaaccent -20
KPX quoteright lslash -20
KPX quoteright quoteright -46
KPX quoteright r -40
KPX quoteright racute -40
KPX quoteright rcaron -40
KPX quoteright rcommaaccent -40
KPX quoteright s -60
KPX quoteright sacute -60
KPX quoteright scaron -60
KPX quoteright scedilla -60
KPX quoteright scommaaccent -60
KPX quoteright space -80
KPX quoteright v -20
KPX r c -20
KPX r cacute -20
KPX r ccaron -20
KPX r ccedilla -20
KPX r comma -60
KPX r d -20
KPX r dcroat -20
KPX r g -15
KPX r gbreve -15
KPX r gcommaaccent -15
KPX r hyphen -20
KPX r o -20
KPX r oacute -20
KPX r ocircumflex -20
KPX r odieresis -20
KPX r ograve -20
KPX r ohungarumlaut -20
KPX r omacron -20
KPX r oslash -20
KPX r otilde -20
KPX r period -60
KPX r q -20
KPX r s -15
KPX r sacute -15
KPX r scaron -15
KPX r scedilla -15
KPX r scommaaccent -15
KPX r t 20
KPX r tcommaaccent 20
KPX r v 10
KPX r y 10
KPX r yacute 10
KPX r ydieresis 10
KPX racute c -20
KPX racute cacute -20
KPX racute ccaron -20
KPX racute ccedilla -20
KPX racute comma -60
KPX racute d -20
KPX racute dcroat -20
KPX racute g -15
KPX racute gbreve -15
KPX racute gcommaaccent -15
KPX racute hyphen -20
KPX racute o -20
KPX racute oacute -20
KPX racute ocircumflex -20
KPX racute odieresis -20
KPX racute ograve -20
KPX racute ohungarumlaut -20
KPX racute omacron -20
KPX racute oslash -20
KPX racute otilde -20
KPX racute period -60
KPX racute q -20
KPX racute s -15
KPX racute sacute -15
KPX racute scaron -15
KPX racute scedilla -15
KPX racute scommaaccent -15
KPX racute t 20
KPX racute tcommaaccent 20
KPX racute v 10
KPX racute y 10
KPX racute yacute 10
KPX racute ydieresis 10
KPX rcaron c -20
KPX rcaron cacute -20
KPX rcaron ccaron -20
KPX rcaron ccedilla -20
KPX rcaron comma -60
KPX rcaron d -20
KPX rcaron dcroat -20
KPX rcaron g -15
KPX rcaron gbreve -15
KPX rcaron gcommaaccent -15
KPX rcaron hyphen -20
KPX rcaron o -20
KPX rcaron oacute -20
KPX rcaron ocircumflex -20
KPX rcaron odieresis -20
KPX rcaron ograve -20
KPX rcaron ohungarumlaut -20
KPX rcaron omacron -20
KPX rcaron oslash -20
KPX rcaron otilde -20
KPX rcaron period -60
KPX rcaron q -20
KPX rcaron s -15
KPX rcaron sacute -15
KPX rcaron scaron -15
KPX rcaron scedilla -15
KPX rcaron scommaaccent -15
KPX rcaron t 20
KPX rcaron tcommaaccent 20
KPX rcaron v 10
KPX rcaron y 10
KPX rcaron yacute 10
KPX rcaron ydieresis 10
KPX rcommaaccent c -20
KPX rcommaaccent cacute -20
KPX rcommaaccent ccaron -20
KPX rcommaaccent ccedilla -20
KPX rcommaaccent comma -60
KPX rcommaaccent d -20
KPX rcommaaccent dcroat -20
KPX rcommaaccent g -15
KPX rcommaaccent gbreve -15
KPX rcommaaccent gcommaaccent -15
KPX rcommaaccent hyphen -20
KPX rcommaaccent o -20
KPX rcommaaccent oacute -20
KPX rcommaaccent ocircumflex -20
KPX rcommaaccent odieresis -20
KPX rcommaaccent ograve -20
KPX rcommaaccent ohungarumlaut -20
KPX rcommaaccent omacron -20
KPX rcommaaccent oslash -20
KPX rcommaaccent otilde -20
KPX rcommaaccent period -60
KPX rcommaaccent q -20
KPX rcommaaccent s -15
KPX rcommaaccent sacute -15
KPX rcommaaccent scaron -15
KPX rcommaaccent scedilla -15
KPX rcommaaccent scommaaccent -15
KPX rcommaaccent t 20
KPX rcommaaccent tcommaaccent 20
KPX rcommaaccent v 10
KPX rcommaaccent y 10
KPX rcommaaccent yacute 10
KPX rcommaaccent ydieresis 10
KPX s w -15
KPX sacute w -15
KPX scaron w -15
KPX scedilla w -15
KPX scommaaccent w -15
KPX semicolon space -40
KPX space T -100
KPX space Tcaron -100
KPX space Tcommaaccent -100
KPX space V -80
KPX space W -80
KPX space Y -120
KPX space Yacute -120
KPX space Ydieresis -120
KPX space quotedblleft -80
KPX space quoteleft -60
KPX v a -20
KPX v aacute -20
KPX v abreve -20
KPX v acircumflex -20
KPX v adieresis -20
KPX v agrave -20
KPX v amacron -20
KPX v aogonek -20
KPX v aring -20
KPX v atilde -20
KPX v comma -80
KPX v o -30
KPX v oacute -30
KPX v ocircumflex -30
KPX v odieresis -30
KPX v ograve -30
KPX v ohungarumlaut -30
KPX v omacron -30
KPX v oslash -30
KPX v otilde -30
KPX v period -80
KPX w comma -40
KPX w o -20
KPX w oacute -20
KPX w ocircumflex -20
KPX w odieresis -20
KPX w ograve -20
KPX w ohungarumlaut -20
KPX w omacron -20
KPX w oslash -20
KPX w otilde -20
KPX w period -40
KPX x e -10
KPX x eacute -10
KPX x ecaron -10
KPX x ecircumflex -10
KPX x edieresis -10
KPX x edotaccent -10
KPX x egrave -10
KPX x emacron -10
KPX x eogonek -10
KPX y a -30
KPX y aacute -30
KPX y abreve -30
KPX y acircumflex -30
KPX y adieresis -30
KPX y agrave -30
KPX y amacron -30
KPX y aogonek -30
KPX y aring -30
KPX y atilde -30
KPX y comma -80
KPX y e -10
KPX y eacute -10
KPX y ecaron -10
KPX y ecircumflex -10
KPX y edieresis -10
KPX y edotaccent -10
KPX y egrave -10
KPX y emacron -10
KPX y eogonek -10
KPX y o -25
KPX y oacute -25
KPX y ocircumflex -25
KPX y odieresis -25
KPX y ograve -25
KPX y ohungarumlaut -25
KPX y omacron -25
KPX y oslash -25
KPX y otilde -25
KPX y period -80
KPX yacute a -30
KPX yacute aacute -30
KPX yacute abreve -30
KPX yacute acircumflex -30
KPX yacute adieresis -30
KPX yacute agrave -30
KPX yacute amacron -30
KPX yacute aogonek -30
KPX yacute aring -30
KPX yacute atilde -30
KPX yacute comma -80
KPX yacute e -10
KPX yacute eacute -10
KPX yacute ecaron -10
KPX yacute ecircumflex -10
KPX yacute edieresis -10
KPX yacute edotaccent -10
KPX yacute egrave -10
KPX yacute emacron -10
KPX yacute eogonek -10
KPX yacute o -25
KPX yacute oacute -25
KPX yacute ocircumflex -25
KPX yacute odieresis -25
KPX yacute ograve -25
KPX yacute ohungarumlaut -25
KPX yacute omacron -25
KPX yacute oslash -25
KPX yacute otilde -25
KPX yacute period -80
KPX ydieresis a -30
KPX ydieresis aacute -30
KPX ydieresis abreve -30
KPX ydieresis acircumflex -30
KPX ydieresis adieresis -30
KPX ydieresis agrave -30
KPX ydieresis amacron -30
KPX ydieresis aogonek -30
KPX ydieresis aring -30
KPX ydieresis atilde -30
KPX ydieresis comma -80
KPX ydieresis e -10
KPX ydieresis eacute -10
KPX ydieresis ecaron -10
KPX ydieresis ecircumflex -10
KPX ydieresis edieresis -10
KPX ydieresis edotaccent -10
KPX ydieresis egrave -10
KPX ydieresis emacron -10
KPX ydieresis eogonek -10
KPX ydieresis o -25
KPX ydieresis oacute -25
KPX ydieresis ocircumflex -25
KPX ydieresis odieresis -25
KPX ydieresis ograve -25
KPX ydieresis ohungarumlaut -25
KPX ydieresis omacron -25
KPX ydieresis oslash -25
KPX ydieresis otilde -25
KPX ydieresis period -80
KPX z e 10
KPX z eacute 10
KPX z ecaron 10
KPX z ecircumflex 10
KPX z edieresis 10
KPX z edotaccent 10
KPX z egrave 10
KPX z emacron 10
KPX z eogonek 10
KPX zacute e 10
KPX zacute eacute 10
KPX zacute ecaron 10
KPX zacute ecircumflex 10
KPX zacute edieresis 10
KPX zacute edotaccent 10
KPX zacute egrave 10
KPX zacute emacron 10
KPX zacute eogonek 10
KPX zcaron e 10
KPX zcaron eacute 10
KPX zcaron ecaron 10
KPX zcaron ecircumflex 10
KPX zcaron edieresis 10
KPX zcaron edotaccent 10
KPX zcaron egrave 10
KPX zcaron emacron 10
KPX zcaron eogonek 10
KPX zdotaccent e 10
KPX zdotaccent eacute 10
KPX zdotaccent ecaron 10
KPX zdotaccent ecircumflex 10
KPX zdotaccent edieresis 10
KPX zdotaccent edotaccent 10
KPX zdotaccent egrave 10
KPX zdotaccent emacron 10
KPX zdotaccent eogonek 10
EndKernPairs
EndKernData
EndFontMetrics"

let helvetica_oblique_afm = "StartFontMetrics 4.1
Comment Copyright (c) 1985, 1987, 1989, 1990, 1997 Adobe Systems Incorporated.  All Rights Reserved.
Comment Creation Date: Thu May  1 12:44:31 1997
Comment UniqueID 43055
Comment VMusage 14960 69346
FontName Helvetica-Oblique
FullName Helvetica Oblique
FamilyName Helvetica
Weight Medium
ItalicAngle -12
IsFixedPitch false
CharacterSet ExtendedRoman
FontBBox -170 -225 1116 931 
UnderlinePosition -100
UnderlineThickness 50
Version 002.000
Notice Copyright (c) 1985, 1987, 1989, 1990, 1997 Adobe Systems Incorporated.  All Rights Reserved.Helvetica is a trademark of Linotype-Hell AG and/or its subsidiaries.
EncodingScheme AdobeStandardEncoding
CapHeight 718
XHeight 523
Ascender 718
Descender -207
StdHW 76
StdVW 88
StartCharMetrics 315
C 32 ; WX 278 ; N space ; B 0 0 0 0 ;
C 33 ; WX 278 ; N exclam ; B 90 0 340 718 ;
C 34 ; WX 355 ; N quotedbl ; B 168 463 438 718 ;
C 35 ; WX 556 ; N numbersign ; B 73 0 631 688 ;
C 36 ; WX 556 ; N dollar ; B 69 -115 617 775 ;
C 37 ; WX 889 ; N percent ; B 147 -19 889 703 ;
C 38 ; WX 667 ; N ampersand ; B 77 -15 647 718 ;
C 39 ; WX 222 ; N quoteright ; B 151 463 310 718 ;
C 40 ; WX 333 ; N parenleft ; B 108 -207 454 733 ;
C 41 ; WX 333 ; N parenright ; B -9 -207 337 733 ;
C 42 ; WX 389 ; N asterisk ; B 165 431 475 718 ;
C 43 ; WX 584 ; N plus ; B 85 0 606 505 ;
C 44 ; WX 278 ; N comma ; B 56 -147 214 106 ;
C 45 ; WX 333 ; N hyphen ; B 93 232 357 322 ;
C 46 ; WX 278 ; N period ; B 87 0 214 106 ;
C 47 ; WX 278 ; N slash ; B -21 -19 452 737 ;
C 48 ; WX 556 ; N zero ; B 93 -19 608 703 ;
C 49 ; WX 556 ; N one ; B 207 0 508 703 ;
C 50 ; WX 556 ; N two ; B 26 0 617 703 ;
C 51 ; WX 556 ; N three ; B 75 -19 610 703 ;
C 52 ; WX 556 ; N four ; B 61 0 576 703 ;
C 53 ; WX 556 ; N five ; B 68 -19 621 688 ;
C 54 ; WX 556 ; N six ; B 91 -19 615 703 ;
C 55 ; WX 556 ; N seven ; B 137 0 669 688 ;
C 56 ; WX 556 ; N eight ; B 74 -19 607 703 ;
C 57 ; WX 556 ; N nine ; B 82 -19 609 703 ;
C 58 ; WX 278 ; N colon ; B 87 0 301 516 ;
C 59 ; WX 278 ; N semicolon ; B 56 -147 301 516 ;
C 60 ; WX 584 ; N less ; B 94 11 641 495 ;
C 61 ; WX 584 ; N equal ; B 63 115 628 390 ;
C 62 ; WX 584 ; N greater ; B 50 11 597 495 ;
C 63 ; WX 556 ; N question ; B 161 0 610 727 ;
C 64 ; WX 1015 ; N at ; B 215 -19 965 737 ;
C 65 ; WX 667 ; N A ; B 14 0 654 718 ;
C 66 ; WX 667 ; N B ; B 74 0 712 718 ;
C 67 ; WX 722 ; N C ; B 108 -19 782 737 ;
C 68 ; WX 722 ; N D ; B 81 0 764 718 ;
C 69 ; WX 667 ; N E ; B 86 0 762 718 ;
C 70 ; WX 611 ; N F ; B 86 0 736 718 ;
C 71 ; WX 778 ; N G ; B 111 -19 799 737 ;
C 72 ; WX 722 ; N H ; B 77 0 799 718 ;
C 73 ; WX 278 ; N I ; B 91 0 341 718 ;
C 74 ; WX 500 ; N J ; B 47 -19 581 718 ;
C 75 ; WX 667 ; N K ; B 76 0 808 718 ;
C 76 ; WX 556 ; N L ; B 76 0 555 718 ;
C 77 ; WX 833 ; N M ; B 73 0 914 718 ;
C 78 ; WX 722 ; N N ; B 76 0 799 718 ;
C 79 ; WX 778 ; N O ; B 105 -19 826 737 ;
C 80 ; WX 667 ; N P ; B 86 0 737 718 ;
C 81 ; WX 778 ; N Q ; B 105 -56 826 737 ;
C 82 ; WX 722 ; N R ; B 88 0 773 718 ;
C 83 ; WX 667 ; N S ; B 90 -19 713 737 ;
C 84 ; WX 611 ; N T ; B 148 0 750 718 ;
C 85 ; WX 722 ; N U ; B 123 -19 797 718 ;
C 86 ; WX 667 ; N V ; B 173 0 800 718 ;
C 87 ; WX 944 ; N W ; B 169 0 1081 718 ;
C 88 ; WX 667 ; N X ; B 19 0 790 718 ;
C 89 ; WX 667 ; N Y ; B 167 0 806 718 ;
C 90 ; WX 611 ; N Z ; B 23 0 741 718 ;
C 91 ; WX 278 ; N bracketleft ; B 21 -196 403 722 ;
C 92 ; WX 278 ; N backslash ; B 140 -19 291 737 ;
C 93 ; WX 278 ; N bracketright ; B -14 -196 368 722 ;
C 94 ; WX 469 ; N asciicircum ; B 42 264 539 688 ;
C 95 ; WX 556 ; N underscore ; B -27 -125 540 -75 ;
C 96 ; WX 222 ; N quoteleft ; B 165 470 323 725 ;
C 97 ; WX 556 ; N a ; B 61 -15 559 538 ;
C 98 ; WX 556 ; N b ; B 58 -15 584 718 ;
C 99 ; WX 500 ; N c ; B 74 -15 553 538 ;
C 100 ; WX 556 ; N d ; B 84 -15 652 718 ;
C 101 ; WX 556 ; N e ; B 84 -15 578 538 ;
C 102 ; WX 278 ; N f ; B 86 0 416 728 ; L i fi ; L l fl ;
C 103 ; WX 556 ; N g ; B 42 -220 610 538 ;
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C -1 ; WX 667 ; N Yacute ; B 167 0 806 929 ;
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C -1 ; WX 471 ; N lozenge ; B 88 0 540 728 ;
C -1 ; WX 722 ; N Rcaron ; B 88 0 773 929 ;
C -1 ; WX 778 ; N Gcommaaccent ; B 111 -225 799 737 ;
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C -1 ; WX 722 ; N Umacron ; B 123 -19 797 879 ;
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C -1 ; WX 333 ; N threesuperior ; B 90 270 436 703 ;
C -1 ; WX 778 ; N Ograve ; B 105 -19 826 929 ;
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C -1 ; WX 556 ; N edieresis ; B 84 -15 578 706 ;
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C -1 ; WX 667 ; N Egrave ; B 86 0 762 929 ;
C -1 ; WX 333 ; N racute ; B 77 0 475 734 ;
C -1 ; WX 556 ; N omacron ; B 83 -14 585 684 ;
C -1 ; WX 611 ; N Zacute ; B 23 0 741 929 ;
C -1 ; WX 611 ; N Zcaron ; B 23 0 741 929 ;
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C -1 ; WX 722 ; N Eth ; B 69 0 764 718 ;
C -1 ; WX 722 ; N Ccedilla ; B 108 -225 782 737 ;
C -1 ; WX 222 ; N lcommaaccent ; B 25 -225 308 718 ;
C -1 ; WX 317 ; N tcaron ; B 102 -7 501 808 ;
C -1 ; WX 556 ; N eogonek ; B 84 -225 578 538 ;
C -1 ; WX 722 ; N Uogonek ; B 123 -225 797 718 ;
C -1 ; WX 667 ; N Aacute ; B 14 0 683 929 ;
C -1 ; WX 667 ; N Adieresis ; B 14 0 654 901 ;
C -1 ; WX 556 ; N egrave ; B 84 -15 578 734 ;
C -1 ; WX 500 ; N zacute ; B 31 0 571 734 ;
C -1 ; WX 222 ; N iogonek ; B -61 -225 308 718 ;
C -1 ; WX 778 ; N Oacute ; B 105 -19 826 929 ;
C -1 ; WX 556 ; N oacute ; B 83 -14 587 734 ;
C -1 ; WX 556 ; N amacron ; B 61 -15 580 684 ;
C -1 ; WX 500 ; N sacute ; B 63 -15 559 734 ;
C -1 ; WX 278 ; N idieresis ; B 95 0 416 706 ;
C -1 ; WX 778 ; N Ocircumflex ; B 105 -19 826 929 ;
C -1 ; WX 722 ; N Ugrave ; B 123 -19 797 929 ;
C -1 ; WX 612 ; N Delta ; B 6 0 608 688 ;
C -1 ; WX 556 ; N thorn ; B 14 -207 584 718 ;
C -1 ; WX 333 ; N twosuperior ; B 64 281 449 703 ;
C -1 ; WX 778 ; N Odieresis ; B 105 -19 826 901 ;
C -1 ; WX 556 ; N mu ; B 24 -207 600 523 ;
C -1 ; WX 278 ; N igrave ; B 95 0 310 734 ;
C -1 ; WX 556 ; N ohungarumlaut ; B 83 -14 677 734 ;
C -1 ; WX 667 ; N Eogonek ; B 86 -220 762 718 ;
C -1 ; WX 556 ; N dcroat ; B 84 -15 689 718 ;
C -1 ; WX 834 ; N threequarters ; B 130 -19 861 703 ;
C -1 ; WX 667 ; N Scedilla ; B 90 -225 713 737 ;
C -1 ; WX 299 ; N lcaron ; B 67 0 464 718 ;
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C -1 ; WX 556 ; N Lacute ; B 76 0 555 929 ;
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C -1 ; WX 722 ; N Uhungarumlaut ; B 123 -19 801 929 ;
C -1 ; WX 667 ; N Eacute ; B 86 0 762 929 ;
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KPX A C -30
KPX A Cacute -30
KPX A Ccaron -30
KPX A Ccedilla -30
KPX A G -30
KPX A Gbreve -30
KPX A Gcommaaccent -30
KPX A O -30
KPX A Oacute -30
KPX A Ocircumflex -30
KPX A Odieresis -30
KPX A Ograve -30
KPX A Ohungarumlaut -30
KPX A Omacron -30
KPX A Oslash -30
KPX A Otilde -30
KPX A Q -30
KPX A T -120
KPX A Tcaron -120
KPX A Tcommaaccent -120
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -70
KPX A W -50
KPX A Y -100
KPX A Yacute -100
KPX A Ydieresis -100
KPX A u -30
KPX A uacute -30
KPX A ucircumflex -30
KPX A udieresis -30
KPX A ugrave -30
KPX A uhungarumlaut -30
KPX A umacron -30
KPX A uogonek -30
KPX A uring -30
KPX A v -40
KPX A w -40
KPX A y -40
KPX A yacute -40
KPX A ydieresis -40
KPX Aacute C -30
KPX Aacute Cacute -30
KPX Aacute Ccaron -30
KPX Aacute Ccedilla -30
KPX Aacute G -30
KPX Aacute Gbreve -30
KPX Aacute Gcommaaccent -30
KPX Aacute O -30
KPX Aacute Oacute -30
KPX Aacute Ocircumflex -30
KPX Aacute Odieresis -30
KPX Aacute Ograve -30
KPX Aacute Ohungarumlaut -30
KPX Aacute Omacron -30
KPX Aacute Oslash -30
KPX Aacute Otilde -30
KPX Aacute Q -30
KPX Aacute T -120
KPX Aacute Tcaron -120
KPX Aacute Tcommaaccent -120
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -70
KPX Aacute W -50
KPX Aacute Y -100
KPX Aacute Yacute -100
KPX Aacute Ydieresis -100
KPX Aacute u -30
KPX Aacute uacute -30
KPX Aacute ucircumflex -30
KPX Aacute udieresis -30
KPX Aacute ugrave -30
KPX Aacute uhungarumlaut -30
KPX Aacute umacron -30
KPX Aacute uogonek -30
KPX Aacute uring -30
KPX Aacute v -40
KPX Aacute w -40
KPX Aacute y -40
KPX Aacute yacute -40
KPX Aacute ydieresis -40
KPX Abreve C -30
KPX Abreve Cacute -30
KPX Abreve Ccaron -30
KPX Abreve Ccedilla -30
KPX Abreve G -30
KPX Abreve Gbreve -30
KPX Abreve Gcommaaccent -30
KPX Abreve O -30
KPX Abreve Oacute -30
KPX Abreve Ocircumflex -30
KPX Abreve Odieresis -30
KPX Abreve Ograve -30
KPX Abreve Ohungarumlaut -30
KPX Abreve Omacron -30
KPX Abreve Oslash -30
KPX Abreve Otilde -30
KPX Abreve Q -30
KPX Abreve T -120
KPX Abreve Tcaron -120
KPX Abreve Tcommaaccent -120
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -70
KPX Abreve W -50
KPX Abreve Y -100
KPX Abreve Yacute -100
KPX Abreve Ydieresis -100
KPX Abreve u -30
KPX Abreve uacute -30
KPX Abreve ucircumflex -30
KPX Abreve udieresis -30
KPX Abreve ugrave -30
KPX Abreve uhungarumlaut -30
KPX Abreve umacron -30
KPX Abreve uogonek -30
KPX Abreve uring -30
KPX Abreve v -40
KPX Abreve w -40
KPX Abreve y -40
KPX Abreve yacute -40
KPX Abreve ydieresis -40
KPX Acircumflex C -30
KPX Acircumflex Cacute -30
KPX Acircumflex Ccaron -30
KPX Acircumflex Ccedilla -30
KPX Acircumflex G -30
KPX Acircumflex Gbreve -30
KPX Acircumflex Gcommaaccent -30
KPX Acircumflex O -30
KPX Acircumflex Oacute -30
KPX Acircumflex Ocircumflex -30
KPX Acircumflex Odieresis -30
KPX Acircumflex Ograve -30
KPX Acircumflex Ohungarumlaut -30
KPX Acircumflex Omacron -30
KPX Acircumflex Oslash -30
KPX Acircumflex Otilde -30
KPX Acircumflex Q -30
KPX Acircumflex T -120
KPX Acircumflex Tcaron -120
KPX Acircumflex Tcommaaccent -120
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -70
KPX Acircumflex W -50
KPX Acircumflex Y -100
KPX Acircumflex Yacute -100
KPX Acircumflex Ydieresis -100
KPX Acircumflex u -30
KPX Acircumflex uacute -30
KPX Acircumflex ucircumflex -30
KPX Acircumflex udieresis -30
KPX Acircumflex ugrave -30
KPX Acircumflex uhungarumlaut -30
KPX Acircumflex umacron -30
KPX Acircumflex uogonek -30
KPX Acircumflex uring -30
KPX Acircumflex v -40
KPX Acircumflex w -40
KPX Acircumflex y -40
KPX Acircumflex yacute -40
KPX Acircumflex ydieresis -40
KPX Adieresis C -30
KPX Adieresis Cacute -30
KPX Adieresis Ccaron -30
KPX Adieresis Ccedilla -30
KPX Adieresis G -30
KPX Adieresis Gbreve -30
KPX Adieresis Gcommaaccent -30
KPX Adieresis O -30
KPX Adieresis Oacute -30
KPX Adieresis Ocircumflex -30
KPX Adieresis Odieresis -30
KPX Adieresis Ograve -30
KPX Adieresis Ohungarumlaut -30
KPX Adieresis Omacron -30
KPX Adieresis Oslash -30
KPX Adieresis Otilde -30
KPX Adieresis Q -30
KPX Adieresis T -120
KPX Adieresis Tcaron -120
KPX Adieresis Tcommaaccent -120
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -70
KPX Adieresis W -50
KPX Adieresis Y -100
KPX Adieresis Yacute -100
KPX Adieresis Ydieresis -100
KPX Adieresis u -30
KPX Adieresis uacute -30
KPX Adieresis ucircumflex -30
KPX Adieresis udieresis -30
KPX Adieresis ugrave -30
KPX Adieresis uhungarumlaut -30
KPX Adieresis umacron -30
KPX Adieresis uogonek -30
KPX Adieresis uring -30
KPX Adieresis v -40
KPX Adieresis w -40
KPX Adieresis y -40
KPX Adieresis yacute -40
KPX Adieresis ydieresis -40
KPX Agrave C -30
KPX Agrave Cacute -30
KPX Agrave Ccaron -30
KPX Agrave Ccedilla -30
KPX Agrave G -30
KPX Agrave Gbreve -30
KPX Agrave Gcommaaccent -30
KPX Agrave O -30
KPX Agrave Oacute -30
KPX Agrave Ocircumflex -30
KPX Agrave Odieresis -30
KPX Agrave Ograve -30
KPX Agrave Ohungarumlaut -30
KPX Agrave Omacron -30
KPX Agrave Oslash -30
KPX Agrave Otilde -30
KPX Agrave Q -30
KPX Agrave T -120
KPX Agrave Tcaron -120
KPX Agrave Tcommaaccent -120
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -70
KPX Agrave W -50
KPX Agrave Y -100
KPX Agrave Yacute -100
KPX Agrave Ydieresis -100
KPX Agrave u -30
KPX Agrave uacute -30
KPX Agrave ucircumflex -30
KPX Agrave udieresis -30
KPX Agrave ugrave -30
KPX Agrave uhungarumlaut -30
KPX Agrave umacron -30
KPX Agrave uogonek -30
KPX Agrave uring -30
KPX Agrave v -40
KPX Agrave w -40
KPX Agrave y -40
KPX Agrave yacute -40
KPX Agrave ydieresis -40
KPX Amacron C -30
KPX Amacron Cacute -30
KPX Amacron Ccaron -30
KPX Amacron Ccedilla -30
KPX Amacron G -30
KPX Amacron Gbreve -30
KPX Amacron Gcommaaccent -30
KPX Amacron O -30
KPX Amacron Oacute -30
KPX Amacron Ocircumflex -30
KPX Amacron Odieresis -30
KPX Amacron Ograve -30
KPX Amacron Ohungarumlaut -30
KPX Amacron Omacron -30
KPX Amacron Oslash -30
KPX Amacron Otilde -30
KPX Amacron Q -30
KPX Amacron T -120
KPX Amacron Tcaron -120
KPX Amacron Tcommaaccent -120
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -70
KPX Amacron W -50
KPX Amacron Y -100
KPX Amacron Yacute -100
KPX Amacron Ydieresis -100
KPX Amacron u -30
KPX Amacron uacute -30
KPX Amacron ucircumflex -30
KPX Amacron udieresis -30
KPX Amacron ugrave -30
KPX Amacron uhungarumlaut -30
KPX Amacron umacron -30
KPX Amacron uogonek -30
KPX Amacron uring -30
KPX Amacron v -40
KPX Amacron w -40
KPX Amacron y -40
KPX Amacron yacute -40
KPX Amacron ydieresis -40
KPX Aogonek C -30
KPX Aogonek Cacute -30
KPX Aogonek Ccaron -30
KPX Aogonek Ccedilla -30
KPX Aogonek G -30
KPX Aogonek Gbreve -30
KPX Aogonek Gcommaaccent -30
KPX Aogonek O -30
KPX Aogonek Oacute -30
KPX Aogonek Ocircumflex -30
KPX Aogonek Odieresis -30
KPX Aogonek Ograve -30
KPX Aogonek Ohungarumlaut -30
KPX Aogonek Omacron -30
KPX Aogonek Oslash -30
KPX Aogonek Otilde -30
KPX Aogonek Q -30
KPX Aogonek T -120
KPX Aogonek Tcaron -120
KPX Aogonek Tcommaaccent -120
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -70
KPX Aogonek W -50
KPX Aogonek Y -100
KPX Aogonek Yacute -100
KPX Aogonek Ydieresis -100
KPX Aogonek u -30
KPX Aogonek uacute -30
KPX Aogonek ucircumflex -30
KPX Aogonek udieresis -30
KPX Aogonek ugrave -30
KPX Aogonek uhungarumlaut -30
KPX Aogonek umacron -30
KPX Aogonek uogonek -30
KPX Aogonek uring -30
KPX Aogonek v -40
KPX Aogonek w -40
KPX Aogonek y -40
KPX Aogonek yacute -40
KPX Aogonek ydieresis -40
KPX Aring C -30
KPX Aring Cacute -30
KPX Aring Ccaron -30
KPX Aring Ccedilla -30
KPX Aring G -30
KPX Aring Gbreve -30
KPX Aring Gcommaaccent -30
KPX Aring O -30
KPX Aring Oacute -30
KPX Aring Ocircumflex -30
KPX Aring Odieresis -30
KPX Aring Ograve -30
KPX Aring Ohungarumlaut -30
KPX Aring Omacron -30
KPX Aring Oslash -30
KPX Aring Otilde -30
KPX Aring Q -30
KPX Aring T -120
KPX Aring Tcaron -120
KPX Aring Tcommaaccent -120
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -70
KPX Aring W -50
KPX Aring Y -100
KPX Aring Yacute -100
KPX Aring Ydieresis -100
KPX Aring u -30
KPX Aring uacute -30
KPX Aring ucircumflex -30
KPX Aring udieresis -30
KPX Aring ugrave -30
KPX Aring uhungarumlaut -30
KPX Aring umacron -30
KPX Aring uogonek -30
KPX Aring uring -30
KPX Aring v -40
KPX Aring w -40
KPX Aring y -40
KPX Aring yacute -40
KPX Aring ydieresis -40
KPX Atilde C -30
KPX Atilde Cacute -30
KPX Atilde Ccaron -30
KPX Atilde Ccedilla -30
KPX Atilde G -30
KPX Atilde Gbreve -30
KPX Atilde Gcommaaccent -30
KPX Atilde O -30
KPX Atilde Oacute -30
KPX Atilde Ocircumflex -30
KPX Atilde Odieresis -30
KPX Atilde Ograve -30
KPX Atilde Ohungarumlaut -30
KPX Atilde Omacron -30
KPX Atilde Oslash -30
KPX Atilde Otilde -30
KPX Atilde Q -30
KPX Atilde T -120
KPX Atilde Tcaron -120
KPX Atilde Tcommaaccent -120
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -70
KPX Atilde W -50
KPX Atilde Y -100
KPX Atilde Yacute -100
KPX Atilde Ydieresis -100
KPX Atilde u -30
KPX Atilde uacute -30
KPX Atilde ucircumflex -30
KPX Atilde udieresis -30
KPX Atilde ugrave -30
KPX Atilde uhungarumlaut -30
KPX Atilde umacron -30
KPX Atilde uogonek -30
KPX Atilde uring -30
KPX Atilde v -40
KPX Atilde w -40
KPX Atilde y -40
KPX Atilde yacute -40
KPX Atilde ydieresis -40
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX B comma -20
KPX B period -20
KPX C comma -30
KPX C period -30
KPX Cacute comma -30
KPX Cacute period -30
KPX Ccaron comma -30
KPX Ccaron period -30
KPX Ccedilla comma -30
KPX Ccedilla period -30
KPX D A -40
KPX D Aacute -40
KPX D Abreve -40
KPX D Acircumflex -40
KPX D Adieresis -40
KPX D Agrave -40
KPX D Amacron -40
KPX D Aogonek -40
KPX D Aring -40
KPX D Atilde -40
KPX D V -70
KPX D W -40
KPX D Y -90
KPX D Yacute -90
KPX D Ydieresis -90
KPX D comma -70
KPX D period -70
KPX Dcaron A -40
KPX Dcaron Aacute -40
KPX Dcaron Abreve -40
KPX Dcaron Acircumflex -40
KPX Dcaron Adieresis -40
KPX Dcaron Agrave -40
KPX Dcaron Amacron -40
KPX Dcaron Aogonek -40
KPX Dcaron Aring -40
KPX Dcaron Atilde -40
KPX Dcaron V -70
KPX Dcaron W -40
KPX Dcaron Y -90
KPX Dcaron Yacute -90
KPX Dcaron Ydieresis -90
KPX Dcaron comma -70
KPX Dcaron period -70
KPX Dcroat A -40
KPX Dcroat Aacute -40
KPX Dcroat Abreve -40
KPX Dcroat Acircumflex -40
KPX Dcroat Adieresis -40
KPX Dcroat Agrave -40
KPX Dcroat Amacron -40
KPX Dcroat Aogonek -40
KPX Dcroat Aring -40
KPX Dcroat Atilde -40
KPX Dcroat V -70
KPX Dcroat W -40
KPX Dcroat Y -90
KPX Dcroat Yacute -90
KPX Dcroat Ydieresis -90
KPX Dcroat comma -70
KPX Dcroat period -70
KPX F A -80
KPX F Aacute -80
KPX F Abreve -80
KPX F Acircumflex -80
KPX F Adieresis -80
KPX F Agrave -80
KPX F Amacron -80
KPX F Aogonek -80
KPX F Aring -80
KPX F Atilde -80
KPX F a -50
KPX F aacute -50
KPX F abreve -50
KPX F acircumflex -50
KPX F adieresis -50
KPX F agrave -50
KPX F amacron -50
KPX F aogonek -50
KPX F aring -50
KPX F atilde -50
KPX F comma -150
KPX F e -30
KPX F eacute -30
KPX F ecaron -30
KPX F ecircumflex -30
KPX F edieresis -30
KPX F edotaccent -30
KPX F egrave -30
KPX F emacron -30
KPX F eogonek -30
KPX F o -30
KPX F oacute -30
KPX F ocircumflex -30
KPX F odieresis -30
KPX F ograve -30
KPX F ohungarumlaut -30
KPX F omacron -30
KPX F oslash -30
KPX F otilde -30
KPX F period -150
KPX F r -45
KPX F racute -45
KPX F rcaron -45
KPX F rcommaaccent -45
KPX J A -20
KPX J Aacute -20
KPX J Abreve -20
KPX J Acircumflex -20
KPX J Adieresis -20
KPX J Agrave -20
KPX J Amacron -20
KPX J Aogonek -20
KPX J Aring -20
KPX J Atilde -20
KPX J a -20
KPX J aacute -20
KPX J abreve -20
KPX J acircumflex -20
KPX J adieresis -20
KPX J agrave -20
KPX J amacron -20
KPX J aogonek -20
KPX J aring -20
KPX J atilde -20
KPX J comma -30
KPX J period -30
KPX J u -20
KPX J uacute -20
KPX J ucircumflex -20
KPX J udieresis -20
KPX J ugrave -20
KPX J uhungarumlaut -20
KPX J umacron -20
KPX J uogonek -20
KPX J uring -20
KPX K O -50
KPX K Oacute -50
KPX K Ocircumflex -50
KPX K Odieresis -50
KPX K Ograve -50
KPX K Ohungarumlaut -50
KPX K Omacron -50
KPX K Oslash -50
KPX K Otilde -50
KPX K e -40
KPX K eacute -40
KPX K ecaron -40
KPX K ecircumflex -40
KPX K edieresis -40
KPX K edotaccent -40
KPX K egrave -40
KPX K emacron -40
KPX K eogonek -40
KPX K o -40
KPX K oacute -40
KPX K ocircumflex -40
KPX K odieresis -40
KPX K ograve -40
KPX K ohungarumlaut -40
KPX K omacron -40
KPX K oslash -40
KPX K otilde -40
KPX K u -30
KPX K uacute -30
KPX K ucircumflex -30
KPX K udieresis -30
KPX K ugrave -30
KPX K uhungarumlaut -30
KPX K umacron -30
KPX K uogonek -30
KPX K uring -30
KPX K y -50
KPX K yacute -50
KPX K ydieresis -50
KPX Kcommaaccent O -50
KPX Kcommaaccent Oacute -50
KPX Kcommaaccent Ocircumflex -50
KPX Kcommaaccent Odieresis -50
KPX Kcommaaccent Ograve -50
KPX Kcommaaccent Ohungarumlaut -50
KPX Kcommaaccent Omacron -50
KPX Kcommaaccent Oslash -50
KPX Kcommaaccent Otilde -50
KPX Kcommaaccent e -40
KPX Kcommaaccent eacute -40
KPX Kcommaaccent ecaron -40
KPX Kcommaaccent ecircumflex -40
KPX Kcommaaccent edieresis -40
KPX Kcommaaccent edotaccent -40
KPX Kcommaaccent egrave -40
KPX Kcommaaccent emacron -40
KPX Kcommaaccent eogonek -40
KPX Kcommaaccent o -40
KPX Kcommaaccent oacute -40
KPX Kcommaaccent ocircumflex -40
KPX Kcommaaccent odieresis -40
KPX Kcommaaccent ograve -40
KPX Kcommaaccent ohungarumlaut -40
KPX Kcommaaccent omacron -40
KPX Kcommaaccent oslash -40
KPX Kcommaaccent otilde -40
KPX Kcommaaccent u -30
KPX Kcommaaccent uacute -30
KPX Kcommaaccent ucircumflex -30
KPX Kcommaaccent udieresis -30
KPX Kcommaaccent ugrave -30
KPX Kcommaaccent uhungarumlaut -30
KPX Kcommaaccent umacron -30
KPX Kcommaaccent uogonek -30
KPX Kcommaaccent uring -30
KPX Kcommaaccent y -50
KPX Kcommaaccent yacute -50
KPX Kcommaaccent ydieresis -50
KPX L T -110
KPX L Tcaron -110
KPX L Tcommaaccent -110
KPX L V -110
KPX L W -70
KPX L Y -140
KPX L Yacute -140
KPX L Ydieresis -140
KPX L quotedblright -140
KPX L quoteright -160
KPX L y -30
KPX L yacute -30
KPX L ydieresis -30
KPX Lacute T -110
KPX Lacute Tcaron -110
KPX Lacute Tcommaaccent -110
KPX Lacute V -110
KPX Lacute W -70
KPX Lacute Y -140
KPX Lacute Yacute -140
KPX Lacute Ydieresis -140
KPX Lacute quotedblright -140
KPX Lacute quoteright -160
KPX Lacute y -30
KPX Lacute yacute -30
KPX Lacute ydieresis -30
KPX Lcaron T -110
KPX Lcaron Tcaron -110
KPX Lcaron Tcommaaccent -110
KPX Lcaron V -110
KPX Lcaron W -70
KPX Lcaron Y -140
KPX Lcaron Yacute -140
KPX Lcaron Ydieresis -140
KPX Lcaron quotedblright -140
KPX Lcaron quoteright -160
KPX Lcaron y -30
KPX Lcaron yacute -30
KPX Lcaron ydieresis -30
KPX Lcommaaccent T -110
KPX Lcommaaccent Tcaron -110
KPX Lcommaaccent Tcommaaccent -110
KPX Lcommaaccent V -110
KPX Lcommaaccent W -70
KPX Lcommaaccent Y -140
KPX Lcommaaccent Yacute -140
KPX Lcommaaccent Ydieresis -140
KPX Lcommaaccent quotedblright -140
KPX Lcommaaccent quoteright -160
KPX Lcommaaccent y -30
KPX Lcommaaccent yacute -30
KPX Lcommaaccent ydieresis -30
KPX Lslash T -110
KPX Lslash Tcaron -110
KPX Lslash Tcommaaccent -110
KPX Lslash V -110
KPX Lslash W -70
KPX Lslash Y -140
KPX Lslash Yacute -140
KPX Lslash Ydieresis -140
KPX Lslash quotedblright -140
KPX Lslash quoteright -160
KPX Lslash y -30
KPX Lslash yacute -30
KPX Lslash ydieresis -30
KPX O A -20
KPX O Aacute -20
KPX O Abreve -20
KPX O Acircumflex -20
KPX O Adieresis -20
KPX O Agrave -20
KPX O Amacron -20
KPX O Aogonek -20
KPX O Aring -20
KPX O Atilde -20
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -30
KPX O X -60
KPX O Y -70
KPX O Yacute -70
KPX O Ydieresis -70
KPX O comma -40
KPX O period -40
KPX Oacute A -20
KPX Oacute Aacute -20
KPX Oacute Abreve -20
KPX Oacute Acircumflex -20
KPX Oacute Adieresis -20
KPX Oacute Agrave -20
KPX Oacute Amacron -20
KPX Oacute Aogonek -20
KPX Oacute Aring -20
KPX Oacute Atilde -20
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -30
KPX Oacute X -60
KPX Oacute Y -70
KPX Oacute Yacute -70
KPX Oacute Ydieresis -70
KPX Oacute comma -40
KPX Oacute period -40
KPX Ocircumflex A -20
KPX Ocircumflex Aacute -20
KPX Ocircumflex Abreve -20
KPX Ocircumflex Acircumflex -20
KPX Ocircumflex Adieresis -20
KPX Ocircumflex Agrave -20
KPX Ocircumflex Amacron -20
KPX Ocircumflex Aogonek -20
KPX Ocircumflex Aring -20
KPX Ocircumflex Atilde -20
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -30
KPX Ocircumflex X -60
KPX Ocircumflex Y -70
KPX Ocircumflex Yacute -70
KPX Ocircumflex Ydieresis -70
KPX Ocircumflex comma -40
KPX Ocircumflex period -40
KPX Odieresis A -20
KPX Odieresis Aacute -20
KPX Odieresis Abreve -20
KPX Odieresis Acircumflex -20
KPX Odieresis Adieresis -20
KPX Odieresis Agrave -20
KPX Odieresis Amacron -20
KPX Odieresis Aogonek -20
KPX Odieresis Aring -20
KPX Odieresis Atilde -20
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -30
KPX Odieresis X -60
KPX Odieresis Y -70
KPX Odieresis Yacute -70
KPX Odieresis Ydieresis -70
KPX Odieresis comma -40
KPX Odieresis period -40
KPX Ograve A -20
KPX Ograve Aacute -20
KPX Ograve Abreve -20
KPX Ograve Acircumflex -20
KPX Ograve Adieresis -20
KPX Ograve Agrave -20
KPX Ograve Amacron -20
KPX Ograve Aogonek -20
KPX Ograve Aring -20
KPX Ograve Atilde -20
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -30
KPX Ograve X -60
KPX Ograve Y -70
KPX Ograve Yacute -70
KPX Ograve Ydieresis -70
KPX Ograve comma -40
KPX Ograve period -40
KPX Ohungarumlaut A -20
KPX Ohungarumlaut Aacute -20
KPX Ohungarumlaut Abreve -20
KPX Ohungarumlaut Acircumflex -20
KPX Ohungarumlaut Adieresis -20
KPX Ohungarumlaut Agrave -20
KPX Ohungarumlaut Amacron -20
KPX Ohungarumlaut Aogonek -20
KPX Ohungarumlaut Aring -20
KPX Ohungarumlaut Atilde -20
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -30
KPX Ohungarumlaut X -60
KPX Ohungarumlaut Y -70
KPX Ohungarumlaut Yacute -70
KPX Ohungarumlaut Ydieresis -70
KPX Ohungarumlaut comma -40
KPX Ohungarumlaut period -40
KPX Omacron A -20
KPX Omacron Aacute -20
KPX Omacron Abreve -20
KPX Omacron Acircumflex -20
KPX Omacron Adieresis -20
KPX Omacron Agrave -20
KPX Omacron Amacron -20
KPX Omacron Aogonek -20
KPX Omacron Aring -20
KPX Omacron Atilde -20
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -30
KPX Omacron X -60
KPX Omacron Y -70
KPX Omacron Yacute -70
KPX Omacron Ydieresis -70
KPX Omacron comma -40
KPX Omacron period -40
KPX Oslash A -20
KPX Oslash Aacute -20
KPX Oslash Abreve -20
KPX Oslash Acircumflex -20
KPX Oslash Adieresis -20
KPX Oslash Agrave -20
KPX Oslash Amacron -20
KPX Oslash Aogonek -20
KPX Oslash Aring -20
KPX Oslash Atilde -20
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -30
KPX Oslash X -60
KPX Oslash Y -70
KPX Oslash Yacute -70
KPX Oslash Ydieresis -70
KPX Oslash comma -40
KPX Oslash period -40
KPX Otilde A -20
KPX Otilde Aacute -20
KPX Otilde Abreve -20
KPX Otilde Acircumflex -20
KPX Otilde Adieresis -20
KPX Otilde Agrave -20
KPX Otilde Amacron -20
KPX Otilde Aogonek -20
KPX Otilde Aring -20
KPX Otilde Atilde -20
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -30
KPX Otilde X -60
KPX Otilde Y -70
KPX Otilde Yacute -70
KPX Otilde Ydieresis -70
KPX Otilde comma -40
KPX Otilde period -40
KPX P A -120
KPX P Aacute -120
KPX P Abreve -120
KPX P Acircumflex -120
KPX P Adieresis -120
KPX P Agrave -120
KPX P Amacron -120
KPX P Aogonek -120
KPX P Aring -120
KPX P Atilde -120
KPX P a -40
KPX P aacute -40
KPX P abreve -40
KPX P acircumflex -40
KPX P adieresis -40
KPX P agrave -40
KPX P amacron -40
KPX P aogonek -40
KPX P aring -40
KPX P atilde -40
KPX P comma -180
KPX P e -50
KPX P eacute -50
KPX P ecaron -50
KPX P ecircumflex -50
KPX P edieresis -50
KPX P edotaccent -50
KPX P egrave -50
KPX P emacron -50
KPX P eogonek -50
KPX P o -50
KPX P oacute -50
KPX P ocircumflex -50
KPX P odieresis -50
KPX P ograve -50
KPX P ohungarumlaut -50
KPX P omacron -50
KPX P oslash -50
KPX P otilde -50
KPX P period -180
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX R O -20
KPX R Oacute -20
KPX R Ocircumflex -20
KPX R Odieresis -20
KPX R Ograve -20
KPX R Ohungarumlaut -20
KPX R Omacron -20
KPX R Oslash -20
KPX R Otilde -20
KPX R T -30
KPX R Tcaron -30
KPX R Tcommaaccent -30
KPX R U -40
KPX R Uacute -40
KPX R Ucircumflex -40
KPX R Udieresis -40
KPX R Ugrave -40
KPX R Uhungarumlaut -40
KPX R Umacron -40
KPX R Uogonek -40
KPX R Uring -40
KPX R V -50
KPX R W -30
KPX R Y -50
KPX R Yacute -50
KPX R Ydieresis -50
KPX Racute O -20
KPX Racute Oacute -20
KPX Racute Ocircumflex -20
KPX Racute Odieresis -20
KPX Racute Ograve -20
KPX Racute Ohungarumlaut -20
KPX Racute Omacron -20
KPX Racute Oslash -20
KPX Racute Otilde -20
KPX Racute T -30
KPX Racute Tcaron -30
KPX Racute Tcommaaccent -30
KPX Racute U -40
KPX Racute Uacute -40
KPX Racute Ucircumflex -40
KPX Racute Udieresis -40
KPX Racute Ugrave -40
KPX Racute Uhungarumlaut -40
KPX Racute Umacron -40
KPX Racute Uogonek -40
KPX Racute Uring -40
KPX Racute V -50
KPX Racute W -30
KPX Racute Y -50
KPX Racute Yacute -50
KPX Racute Ydieresis -50
KPX Rcaron O -20
KPX Rcaron Oacute -20
KPX Rcaron Ocircumflex -20
KPX Rcaron Odieresis -20
KPX Rcaron Ograve -20
KPX Rcaron Ohungarumlaut -20
KPX Rcaron Omacron -20
KPX Rcaron Oslash -20
KPX Rcaron Otilde -20
KPX Rcaron T -30
KPX Rcaron Tcaron -30
KPX Rcaron Tcommaaccent -30
KPX Rcaron U -40
KPX Rcaron Uacute -40
KPX Rcaron Ucircumflex -40
KPX Rcaron Udieresis -40
KPX Rcaron Ugrave -40
KPX Rcaron Uhungarumlaut -40
KPX Rcaron Umacron -40
KPX Rcaron Uogonek -40
KPX Rcaron Uring -40
KPX Rcaron V -50
KPX Rcaron W -30
KPX Rcaron Y -50
KPX Rcaron Yacute -50
KPX Rcaron Ydieresis -50
KPX Rcommaaccent O -20
KPX Rcommaaccent Oacute -20
KPX Rcommaaccent Ocircumflex -20
KPX Rcommaaccent Odieresis -20
KPX Rcommaaccent Ograve -20
KPX Rcommaaccent Ohungarumlaut -20
KPX Rcommaaccent Omacron -20
KPX Rcommaaccent Oslash -20
KPX Rcommaaccent Otilde -20
KPX Rcommaaccent T -30
KPX Rcommaaccent Tcaron -30
KPX Rcommaaccent Tcommaaccent -30
KPX Rcommaaccent U -40
KPX Rcommaaccent Uacute -40
KPX Rcommaaccent Ucircumflex -40
KPX Rcommaaccent Udieresis -40
KPX Rcommaaccent Ugrave -40
KPX Rcommaaccent Uhungarumlaut -40
KPX Rcommaaccent Umacron -40
KPX Rcommaaccent Uogonek -40
KPX Rcommaaccent Uring -40
KPX Rcommaaccent V -50
KPX Rcommaaccent W -30
KPX Rcommaaccent Y -50
KPX Rcommaaccent Yacute -50
KPX Rcommaaccent Ydieresis -50
KPX S comma -20
KPX S period -20
KPX Sacute comma -20
KPX Sacute period -20
KPX Scaron comma -20
KPX Scaron period -20
KPX Scedilla comma -20
KPX Scedilla period -20
KPX Scommaaccent comma -20
KPX Scommaaccent period -20
KPX T A -120
KPX T Aacute -120
KPX T Abreve -120
KPX T Acircumflex -120
KPX T Adieresis -120
KPX T Agrave -120
KPX T Amacron -120
KPX T Aogonek -120
KPX T Aring -120
KPX T Atilde -120
KPX T O -40
KPX T Oacute -40
KPX T Ocircumflex -40
KPX T Odieresis -40
KPX T Ograve -40
KPX T Ohungarumlaut -40
KPX T Omacron -40
KPX T Oslash -40
KPX T Otilde -40
KPX T a -120
KPX T aacute -120
KPX T abreve -60
KPX T acircumflex -120
KPX T adieresis -120
KPX T agrave -120
KPX T amacron -60
KPX T aogonek -120
KPX T aring -120
KPX T atilde -60
KPX T colon -20
KPX T comma -120
KPX T e -120
KPX T eacute -120
KPX T ecaron -120
KPX T ecircumflex -120
KPX T edieresis -120
KPX T edotaccent -120
KPX T egrave -60
KPX T emacron -60
KPX T eogonek -120
KPX T hyphen -140
KPX T o -120
KPX T oacute -120
KPX T ocircumflex -120
KPX T odieresis -120
KPX T ograve -120
KPX T ohungarumlaut -120
KPX T omacron -60
KPX T oslash -120
KPX T otilde -60
KPX T period -120
KPX T r -120
KPX T racute -120
KPX T rcaron -120
KPX T rcommaaccent -120
KPX T semicolon -20
KPX T u -120
KPX T uacute -120
KPX T ucircumflex -120
KPX T udieresis -120
KPX T ugrave -120
KPX T uhungarumlaut -120
KPX T umacron -60
KPX T uogonek -120
KPX T uring -120
KPX T w -120
KPX T y -120
KPX T yacute -120
KPX T ydieresis -60
KPX Tcaron A -120
KPX Tcaron Aacute -120
KPX Tcaron Abreve -120
KPX Tcaron Acircumflex -120
KPX Tcaron Adieresis -120
KPX Tcaron Agrave -120
KPX Tcaron Amacron -120
KPX Tcaron Aogonek -120
KPX Tcaron Aring -120
KPX Tcaron Atilde -120
KPX Tcaron O -40
KPX Tcaron Oacute -40
KPX Tcaron Ocircumflex -40
KPX Tcaron Odieresis -40
KPX Tcaron Ograve -40
KPX Tcaron Ohungarumlaut -40
KPX Tcaron Omacron -40
KPX Tcaron Oslash -40
KPX Tcaron Otilde -40
KPX Tcaron a -120
KPX Tcaron aacute -120
KPX Tcaron abreve -60
KPX Tcaron acircumflex -120
KPX Tcaron adieresis -120
KPX Tcaron agrave -120
KPX Tcaron amacron -60
KPX Tcaron aogonek -120
KPX Tcaron aring -120
KPX Tcaron atilde -60
KPX Tcaron colon -20
KPX Tcaron comma -120
KPX Tcaron e -120
KPX Tcaron eacute -120
KPX Tcaron ecaron -120
KPX Tcaron ecircumflex -120
KPX Tcaron edieresis -120
KPX Tcaron edotaccent -120
KPX Tcaron egrave -60
KPX Tcaron emacron -60
KPX Tcaron eogonek -120
KPX Tcaron hyphen -140
KPX Tcaron o -120
KPX Tcaron oacute -120
KPX Tcaron ocircumflex -120
KPX Tcaron odieresis -120
KPX Tcaron ograve -120
KPX Tcaron ohungarumlaut -120
KPX Tcaron omacron -60
KPX Tcaron oslash -120
KPX Tcaron otilde -60
KPX Tcaron period -120
KPX Tcaron r -120
KPX Tcaron racute -120
KPX Tcaron rcaron -120
KPX Tcaron rcommaaccent -120
KPX Tcaron semicolon -20
KPX Tcaron u -120
KPX Tcaron uacute -120
KPX Tcaron ucircumflex -120
KPX Tcaron udieresis -120
KPX Tcaron ugrave -120
KPX Tcaron uhungarumlaut -120
KPX Tcaron umacron -60
KPX Tcaron uogonek -120
KPX Tcaron uring -120
KPX Tcaron w -120
KPX Tcaron y -120
KPX Tcaron yacute -120
KPX Tcaron ydieresis -60
KPX Tcommaaccent A -120
KPX Tcommaaccent Aacute -120
KPX Tcommaaccent Abreve -120
KPX Tcommaaccent Acircumflex -120
KPX Tcommaaccent Adieresis -120
KPX Tcommaaccent Agrave -120
KPX Tcommaaccent Amacron -120
KPX Tcommaaccent Aogonek -120
KPX Tcommaaccent Aring -120
KPX Tcommaaccent Atilde -120
KPX Tcommaaccent O -40
KPX Tcommaaccent Oacute -40
KPX Tcommaaccent Ocircumflex -40
KPX Tcommaaccent Odieresis -40
KPX Tcommaaccent Ograve -40
KPX Tcommaaccent Ohungarumlaut -40
KPX Tcommaaccent Omacron -40
KPX Tcommaaccent Oslash -40
KPX Tcommaaccent Otilde -40
KPX Tcommaaccent a -120
KPX Tcommaaccent aacute -120
KPX Tcommaaccent abreve -60
KPX Tcommaaccent acircumflex -120
KPX Tcommaaccent adieresis -120
KPX Tcommaaccent agrave -120
KPX Tcommaaccent amacron -60
KPX Tcommaaccent aogonek -120
KPX Tcommaaccent aring -120
KPX Tcommaaccent atilde -60
KPX Tcommaaccent colon -20
KPX Tcommaaccent comma -120
KPX Tcommaaccent e -120
KPX Tcommaaccent eacute -120
KPX Tcommaaccent ecaron -120
KPX Tcommaaccent ecircumflex -120
KPX Tcommaaccent edieresis -120
KPX Tcommaaccent edotaccent -120
KPX Tcommaaccent egrave -60
KPX Tcommaaccent emacron -60
KPX Tcommaaccent eogonek -120
KPX Tcommaaccent hyphen -140
KPX Tcommaaccent o -120
KPX Tcommaaccent oacute -120
KPX Tcommaaccent ocircumflex -120
KPX Tcommaaccent odieresis -120
KPX Tcommaaccent ograve -120
KPX Tcommaaccent ohungarumlaut -120
KPX Tcommaaccent omacron -60
KPX Tcommaaccent oslash -120
KPX Tcommaaccent otilde -60
KPX Tcommaaccent period -120
KPX Tcommaaccent r -120
KPX Tcommaaccent racute -120
KPX Tcommaaccent rcaron -120
KPX Tcommaaccent rcommaaccent -120
KPX Tcommaaccent semicolon -20
KPX Tcommaaccent u -120
KPX Tcommaaccent uacute -120
KPX Tcommaaccent ucircumflex -120
KPX Tcommaaccent udieresis -120
KPX Tcommaaccent ugrave -120
KPX Tcommaaccent uhungarumlaut -120
KPX Tcommaaccent umacron -60
KPX Tcommaaccent uogonek -120
KPX Tcommaaccent uring -120
KPX Tcommaaccent w -120
KPX Tcommaaccent y -120
KPX Tcommaaccent yacute -120
KPX Tcommaaccent ydieresis -60
KPX U A -40
KPX U Aacute -40
KPX U Abreve -40
KPX U Acircumflex -40
KPX U Adieresis -40
KPX U Agrave -40
KPX U Amacron -40
KPX U Aogonek -40
KPX U Aring -40
KPX U Atilde -40
KPX U comma -40
KPX U period -40
KPX Uacute A -40
KPX Uacute Aacute -40
KPX Uacute Abreve -40
KPX Uacute Acircumflex -40
KPX Uacute Adieresis -40
KPX Uacute Agrave -40
KPX Uacute Amacron -40
KPX Uacute Aogonek -40
KPX Uacute Aring -40
KPX Uacute Atilde -40
KPX Uacute comma -40
KPX Uacute period -40
KPX Ucircumflex A -40
KPX Ucircumflex Aacute -40
KPX Ucircumflex Abreve -40
KPX Ucircumflex Acircumflex -40
KPX Ucircumflex Adieresis -40
KPX Ucircumflex Agrave -40
KPX Ucircumflex Amacron -40
KPX Ucircumflex Aogonek -40
KPX Ucircumflex Aring -40
KPX Ucircumflex Atilde -40
KPX Ucircumflex comma -40
KPX Ucircumflex period -40
KPX Udieresis A -40
KPX Udieresis Aacute -40
KPX Udieresis Abreve -40
KPX Udieresis Acircumflex -40
KPX Udieresis Adieresis -40
KPX Udieresis Agrave -40
KPX Udieresis Amacron -40
KPX Udieresis Aogonek -40
KPX Udieresis Aring -40
KPX Udieresis Atilde -40
KPX Udieresis comma -40
KPX Udieresis period -40
KPX Ugrave A -40
KPX Ugrave Aacute -40
KPX Ugrave Abreve -40
KPX Ugrave Acircumflex -40
KPX Ugrave Adieresis -40
KPX Ugrave Agrave -40
KPX Ugrave Amacron -40
KPX Ugrave Aogonek -40
KPX Ugrave Aring -40
KPX Ugrave Atilde -40
KPX Ugrave comma -40
KPX Ugrave period -40
KPX Uhungarumlaut A -40
KPX Uhungarumlaut Aacute -40
KPX Uhungarumlaut Abreve -40
KPX Uhungarumlaut Acircumflex -40
KPX Uhungarumlaut Adieresis -40
KPX Uhungarumlaut Agrave -40
KPX Uhungarumlaut Amacron -40
KPX Uhungarumlaut Aogonek -40
KPX Uhungarumlaut Aring -40
KPX Uhungarumlaut Atilde -40
KPX Uhungarumlaut comma -40
KPX Uhungarumlaut period -40
KPX Umacron A -40
KPX Umacron Aacute -40
KPX Umacron Abreve -40
KPX Umacron Acircumflex -40
KPX Umacron Adieresis -40
KPX Umacron Agrave -40
KPX Umacron Amacron -40
KPX Umacron Aogonek -40
KPX Umacron Aring -40
KPX Umacron Atilde -40
KPX Umacron comma -40
KPX Umacron period -40
KPX Uogonek A -40
KPX Uogonek Aacute -40
KPX Uogonek Abreve -40
KPX Uogonek Acircumflex -40
KPX Uogonek Adieresis -40
KPX Uogonek Agrave -40
KPX Uogonek Amacron -40
KPX Uogonek Aogonek -40
KPX Uogonek Aring -40
KPX Uogonek Atilde -40
KPX Uogonek comma -40
KPX Uogonek period -40
KPX Uring A -40
KPX Uring Aacute -40
KPX Uring Abreve -40
KPX Uring Acircumflex -40
KPX Uring Adieresis -40
KPX Uring Agrave -40
KPX Uring Amacron -40
KPX Uring Aogonek -40
KPX Uring Aring -40
KPX Uring Atilde -40
KPX Uring comma -40
KPX Uring period -40
KPX V A -80
KPX V Aacute -80
KPX V Abreve -80
KPX V Acircumflex -80
KPX V Adieresis -80
KPX V Agrave -80
KPX V Amacron -80
KPX V Aogonek -80
KPX V Aring -80
KPX V Atilde -80
KPX V G -40
KPX V Gbreve -40
KPX V Gcommaaccent -40
KPX V O -40
KPX V Oacute -40
KPX V Ocircumflex -40
KPX V Odieresis -40
KPX V Ograve -40
KPX V Ohungarumlaut -40
KPX V Omacron -40
KPX V Oslash -40
KPX V Otilde -40
KPX V a -70
KPX V aacute -70
KPX V abreve -70
KPX V acircumflex -70
KPX V adieresis -70
KPX V agrave -70
KPX V amacron -70
KPX V aogonek -70
KPX V aring -70
KPX V atilde -70
KPX V colon -40
KPX V comma -125
KPX V e -80
KPX V eacute -80
KPX V ecaron -80
KPX V ecircumflex -80
KPX V edieresis -80
KPX V edotaccent -80
KPX V egrave -80
KPX V emacron -80
KPX V eogonek -80
KPX V hyphen -80
KPX V o -80
KPX V oacute -80
KPX V ocircumflex -80
KPX V odieresis -80
KPX V ograve -80
KPX V ohungarumlaut -80
KPX V omacron -80
KPX V oslash -80
KPX V otilde -80
KPX V period -125
KPX V semicolon -40
KPX V u -70
KPX V uacute -70
KPX V ucircumflex -70
KPX V udieresis -70
KPX V ugrave -70
KPX V uhungarumlaut -70
KPX V umacron -70
KPX V uogonek -70
KPX V uring -70
KPX W A -50
KPX W Aacute -50
KPX W Abreve -50
KPX W Acircumflex -50
KPX W Adieresis -50
KPX W Agrave -50
KPX W Amacron -50
KPX W Aogonek -50
KPX W Aring -50
KPX W Atilde -50
KPX W O -20
KPX W Oacute -20
KPX W Ocircumflex -20
KPX W Odieresis -20
KPX W Ograve -20
KPX W Ohungarumlaut -20
KPX W Omacron -20
KPX W Oslash -20
KPX W Otilde -20
KPX W a -40
KPX W aacute -40
KPX W abreve -40
KPX W acircumflex -40
KPX W adieresis -40
KPX W agrave -40
KPX W amacron -40
KPX W aogonek -40
KPX W aring -40
KPX W atilde -40
KPX W comma -80
KPX W e -30
KPX W eacute -30
KPX W ecaron -30
KPX W ecircumflex -30
KPX W edieresis -30
KPX W edotaccent -30
KPX W egrave -30
KPX W emacron -30
KPX W eogonek -30
KPX W hyphen -40
KPX W o -30
KPX W oacute -30
KPX W ocircumflex -30
KPX W odieresis -30
KPX W ograve -30
KPX W ohungarumlaut -30
KPX W omacron -30
KPX W oslash -30
KPX W otilde -30
KPX W period -80
KPX W u -30
KPX W uacute -30
KPX W ucircumflex -30
KPX W udieresis -30
KPX W ugrave -30
KPX W uhungarumlaut -30
KPX W umacron -30
KPX W uogonek -30
KPX W uring -30
KPX W y -20
KPX W yacute -20
KPX W ydieresis -20
KPX Y A -110
KPX Y Aacute -110
KPX Y Abreve -110
KPX Y Acircumflex -110
KPX Y Adieresis -110
KPX Y Agrave -110
KPX Y Amacron -110
KPX Y Aogonek -110
KPX Y Aring -110
KPX Y Atilde -110
KPX Y O -85
KPX Y Oacute -85
KPX Y Ocircumflex -85
KPX Y Odieresis -85
KPX Y Ograve -85
KPX Y Ohungarumlaut -85
KPX Y Omacron -85
KPX Y Oslash -85
KPX Y Otilde -85
KPX Y a -140
KPX Y aacute -140
KPX Y abreve -70
KPX Y acircumflex -140
KPX Y adieresis -140
KPX Y agrave -140
KPX Y amacron -70
KPX Y aogonek -140
KPX Y aring -140
KPX Y atilde -140
KPX Y colon -60
KPX Y comma -140
KPX Y e -140
KPX Y eacute -140
KPX Y ecaron -140
KPX Y ecircumflex -140
KPX Y edieresis -140
KPX Y edotaccent -140
KPX Y egrave -140
KPX Y emacron -70
KPX Y eogonek -140
KPX Y hyphen -140
KPX Y i -20
KPX Y iacute -20
KPX Y iogonek -20
KPX Y o -140
KPX Y oacute -140
KPX Y ocircumflex -140
KPX Y odieresis -140
KPX Y ograve -140
KPX Y ohungarumlaut -140
KPX Y omacron -140
KPX Y oslash -140
KPX Y otilde -140
KPX Y period -140
KPX Y semicolon -60
KPX Y u -110
KPX Y uacute -110
KPX Y ucircumflex -110
KPX Y udieresis -110
KPX Y ugrave -110
KPX Y uhungarumlaut -110
KPX Y umacron -110
KPX Y uogonek -110
KPX Y uring -110
KPX Yacute A -110
KPX Yacute Aacute -110
KPX Yacute Abreve -110
KPX Yacute Acircumflex -110
KPX Yacute Adieresis -110
KPX Yacute Agrave -110
KPX Yacute Amacron -110
KPX Yacute Aogonek -110
KPX Yacute Aring -110
KPX Yacute Atilde -110
KPX Yacute O -85
KPX Yacute Oacute -85
KPX Yacute Ocircumflex -85
KPX Yacute Odieresis -85
KPX Yacute Ograve -85
KPX Yacute Ohungarumlaut -85
KPX Yacute Omacron -85
KPX Yacute Oslash -85
KPX Yacute Otilde -85
KPX Yacute a -140
KPX Yacute aacute -140
KPX Yacute abreve -70
KPX Yacute acircumflex -140
KPX Yacute adieresis -140
KPX Yacute agrave -140
KPX Yacute amacron -70
KPX Yacute aogonek -140
KPX Yacute aring -140
KPX Yacute atilde -70
KPX Yacute colon -60
KPX Yacute comma -140
KPX Yacute e -140
KPX Yacute eacute -140
KPX Yacute ecaron -140
KPX Yacute ecircumflex -140
KPX Yacute edieresis -140
KPX Yacute edotaccent -140
KPX Yacute egrave -140
KPX Yacute emacron -70
KPX Yacute eogonek -140
KPX Yacute hyphen -140
KPX Yacute i -20
KPX Yacute iacute -20
KPX Yacute iogonek -20
KPX Yacute o -140
KPX Yacute oacute -140
KPX Yacute ocircumflex -140
KPX Yacute odieresis -140
KPX Yacute ograve -140
KPX Yacute ohungarumlaut -140
KPX Yacute omacron -70
KPX Yacute oslash -140
KPX Yacute otilde -140
KPX Yacute period -140
KPX Yacute semicolon -60
KPX Yacute u -110
KPX Yacute uacute -110
KPX Yacute ucircumflex -110
KPX Yacute udieresis -110
KPX Yacute ugrave -110
KPX Yacute uhungarumlaut -110
KPX Yacute umacron -110
KPX Yacute uogonek -110
KPX Yacute uring -110
KPX Ydieresis A -110
KPX Ydieresis Aacute -110
KPX Ydieresis Abreve -110
KPX Ydieresis Acircumflex -110
KPX Ydieresis Adieresis -110
KPX Ydieresis Agrave -110
KPX Ydieresis Amacron -110
KPX Ydieresis Aogonek -110
KPX Ydieresis Aring -110
KPX Ydieresis Atilde -110
KPX Ydieresis O -85
KPX Ydieresis Oacute -85
KPX Ydieresis Ocircumflex -85
KPX Ydieresis Odieresis -85
KPX Ydieresis Ograve -85
KPX Ydieresis Ohungarumlaut -85
KPX Ydieresis Omacron -85
KPX Ydieresis Oslash -85
KPX Ydieresis Otilde -85
KPX Ydieresis a -140
KPX Ydieresis aacute -140
KPX Ydieresis abreve -70
KPX Ydieresis acircumflex -140
KPX Ydieresis adieresis -140
KPX Ydieresis agrave -140
KPX Ydieresis amacron -70
KPX Ydieresis aogonek -140
KPX Ydieresis aring -140
KPX Ydieresis atilde -70
KPX Ydieresis colon -60
KPX Ydieresis comma -140
KPX Ydieresis e -140
KPX Ydieresis eacute -140
KPX Ydieresis ecaron -140
KPX Ydieresis ecircumflex -140
KPX Ydieresis edieresis -140
KPX Ydieresis edotaccent -140
KPX Ydieresis egrave -140
KPX Ydieresis emacron -70
KPX Ydieresis eogonek -140
KPX Ydieresis hyphen -140
KPX Ydieresis i -20
KPX Ydieresis iacute -20
KPX Ydieresis iogonek -20
KPX Ydieresis o -140
KPX Ydieresis oacute -140
KPX Ydieresis ocircumflex -140
KPX Ydieresis odieresis -140
KPX Ydieresis ograve -140
KPX Ydieresis ohungarumlaut -140
KPX Ydieresis omacron -140
KPX Ydieresis oslash -140
KPX Ydieresis otilde -140
KPX Ydieresis period -140
KPX Ydieresis semicolon -60
KPX Ydieresis u -110
KPX Ydieresis uacute -110
KPX Ydieresis ucircumflex -110
KPX Ydieresis udieresis -110
KPX Ydieresis ugrave -110
KPX Ydieresis uhungarumlaut -110
KPX Ydieresis umacron -110
KPX Ydieresis uogonek -110
KPX Ydieresis uring -110
KPX a v -20
KPX a w -20
KPX a y -30
KPX a yacute -30
KPX a ydieresis -30
KPX aacute v -20
KPX aacute w -20
KPX aacute y -30
KPX aacute yacute -30
KPX aacute ydieresis -30
KPX abreve v -20
KPX abreve w -20
KPX abreve y -30
KPX abreve yacute -30
KPX abreve ydieresis -30
KPX acircumflex v -20
KPX acircumflex w -20
KPX acircumflex y -30
KPX acircumflex yacute -30
KPX acircumflex ydieresis -30
KPX adieresis v -20
KPX adieresis w -20
KPX adieresis y -30
KPX adieresis yacute -30
KPX adieresis ydieresis -30
KPX agrave v -20
KPX agrave w -20
KPX agrave y -30
KPX agrave yacute -30
KPX agrave ydieresis -30
KPX amacron v -20
KPX amacron w -20
KPX amacron y -30
KPX amacron yacute -30
KPX amacron ydieresis -30
KPX aogonek v -20
KPX aogonek w -20
KPX aogonek y -30
KPX aogonek yacute -30
KPX aogonek ydieresis -30
KPX aring v -20
KPX aring w -20
KPX aring y -30
KPX aring yacute -30
KPX aring ydieresis -30
KPX atilde v -20
KPX atilde w -20
KPX atilde y -30
KPX atilde yacute -30
KPX atilde ydieresis -30
KPX b b -10
KPX b comma -40
KPX b l -20
KPX b lacute -20
KPX b lcommaaccent -20
KPX b lslash -20
KPX b period -40
KPX b u -20
KPX b uacute -20
KPX b ucircumflex -20
KPX b udieresis -20
KPX b ugrave -20
KPX b uhungarumlaut -20
KPX b umacron -20
KPX b uogonek -20
KPX b uring -20
KPX b v -20
KPX b y -20
KPX b yacute -20
KPX b ydieresis -20
KPX c comma -15
KPX c k -20
KPX c kcommaaccent -20
KPX cacute comma -15
KPX cacute k -20
KPX cacute kcommaaccent -20
KPX ccaron comma -15
KPX ccaron k -20
KPX ccaron kcommaaccent -20
KPX ccedilla comma -15
KPX ccedilla k -20
KPX ccedilla kcommaaccent -20
KPX colon space -50
KPX comma quotedblright -100
KPX comma quoteright -100
KPX e comma -15
KPX e period -15
KPX e v -30
KPX e w -20
KPX e x -30
KPX e y -20
KPX e yacute -20
KPX e ydieresis -20
KPX eacute comma -15
KPX eacute period -15
KPX eacute v -30
KPX eacute w -20
KPX eacute x -30
KPX eacute y -20
KPX eacute yacute -20
KPX eacute ydieresis -20
KPX ecaron comma -15
KPX ecaron period -15
KPX ecaron v -30
KPX ecaron w -20
KPX ecaron x -30
KPX ecaron y -20
KPX ecaron yacute -20
KPX ecaron ydieresis -20
KPX ecircumflex comma -15
KPX ecircumflex period -15
KPX ecircumflex v -30
KPX ecircumflex w -20
KPX ecircumflex x -30
KPX ecircumflex y -20
KPX ecircumflex yacute -20
KPX ecircumflex ydieresis -20
KPX edieresis comma -15
KPX edieresis period -15
KPX edieresis v -30
KPX edieresis w -20
KPX edieresis x -30
KPX edieresis y -20
KPX edieresis yacute -20
KPX edieresis ydieresis -20
KPX edotaccent comma -15
KPX edotaccent period -15
KPX edotaccent v -30
KPX edotaccent w -20
KPX edotaccent x -30
KPX edotaccent y -20
KPX edotaccent yacute -20
KPX edotaccent ydieresis -20
KPX egrave comma -15
KPX egrave period -15
KPX egrave v -30
KPX egrave w -20
KPX egrave x -30
KPX egrave y -20
KPX egrave yacute -20
KPX egrave ydieresis -20
KPX emacron comma -15
KPX emacron period -15
KPX emacron v -30
KPX emacron w -20
KPX emacron x -30
KPX emacron y -20
KPX emacron yacute -20
KPX emacron ydieresis -20
KPX eogonek comma -15
KPX eogonek period -15
KPX eogonek v -30
KPX eogonek w -20
KPX eogonek x -30
KPX eogonek y -20
KPX eogonek yacute -20
KPX eogonek ydieresis -20
KPX f a -30
KPX f aacute -30
KPX f abreve -30
KPX f acircumflex -30
KPX f adieresis -30
KPX f agrave -30
KPX f amacron -30
KPX f aogonek -30
KPX f aring -30
KPX f atilde -30
KPX f comma -30
KPX f dotlessi -28
KPX f e -30
KPX f eacute -30
KPX f ecaron -30
KPX f ecircumflex -30
KPX f edieresis -30
KPX f edotaccent -30
KPX f egrave -30
KPX f emacron -30
KPX f eogonek -30
KPX f o -30
KPX f oacute -30
KPX f ocircumflex -30
KPX f odieresis -30
KPX f ograve -30
KPX f ohungarumlaut -30
KPX f omacron -30
KPX f oslash -30
KPX f otilde -30
KPX f period -30
KPX f quotedblright 60
KPX f quoteright 50
KPX g r -10
KPX g racute -10
KPX g rcaron -10
KPX g rcommaaccent -10
KPX gbreve r -10
KPX gbreve racute -10
KPX gbreve rcaron -10
KPX gbreve rcommaaccent -10
KPX gcommaaccent r -10
KPX gcommaaccent racute -10
KPX gcommaaccent rcaron -10
KPX gcommaaccent rcommaaccent -10
KPX h y -30
KPX h yacute -30
KPX h ydieresis -30
KPX k e -20
KPX k eacute -20
KPX k ecaron -20
KPX k ecircumflex -20
KPX k edieresis -20
KPX k edotaccent -20
KPX k egrave -20
KPX k emacron -20
KPX k eogonek -20
KPX k o -20
KPX k oacute -20
KPX k ocircumflex -20
KPX k odieresis -20
KPX k ograve -20
KPX k ohungarumlaut -20
KPX k omacron -20
KPX k oslash -20
KPX k otilde -20
KPX kcommaaccent e -20
KPX kcommaaccent eacute -20
KPX kcommaaccent ecaron -20
KPX kcommaaccent ecircumflex -20
KPX kcommaaccent edieresis -20
KPX kcommaaccent edotaccent -20
KPX kcommaaccent egrave -20
KPX kcommaaccent emacron -20
KPX kcommaaccent eogonek -20
KPX kcommaaccent o -20
KPX kcommaaccent oacute -20
KPX kcommaaccent ocircumflex -20
KPX kcommaaccent odieresis -20
KPX kcommaaccent ograve -20
KPX kcommaaccent ohungarumlaut -20
KPX kcommaaccent omacron -20
KPX kcommaaccent oslash -20
KPX kcommaaccent otilde -20
KPX m u -10
KPX m uacute -10
KPX m ucircumflex -10
KPX m udieresis -10
KPX m ugrave -10
KPX m uhungarumlaut -10
KPX m umacron -10
KPX m uogonek -10
KPX m uring -10
KPX m y -15
KPX m yacute -15
KPX m ydieresis -15
KPX n u -10
KPX n uacute -10
KPX n ucircumflex -10
KPX n udieresis -10
KPX n ugrave -10
KPX n uhungarumlaut -10
KPX n umacron -10
KPX n uogonek -10
KPX n uring -10
KPX n v -20
KPX n y -15
KPX n yacute -15
KPX n ydieresis -15
KPX nacute u -10
KPX nacute uacute -10
KPX nacute ucircumflex -10
KPX nacute udieresis -10
KPX nacute ugrave -10
KPX nacute uhungarumlaut -10
KPX nacute umacron -10
KPX nacute uogonek -10
KPX nacute uring -10
KPX nacute v -20
KPX nacute y -15
KPX nacute yacute -15
KPX nacute ydieresis -15
KPX ncaron u -10
KPX ncaron uacute -10
KPX ncaron ucircumflex -10
KPX ncaron udieresis -10
KPX ncaron ugrave -10
KPX ncaron uhungarumlaut -10
KPX ncaron umacron -10
KPX ncaron uogonek -10
KPX ncaron uring -10
KPX ncaron v -20
KPX ncaron y -15
KPX ncaron yacute -15
KPX ncaron ydieresis -15
KPX ncommaaccent u -10
KPX ncommaaccent uacute -10
KPX ncommaaccent ucircumflex -10
KPX ncommaaccent udieresis -10
KPX ncommaaccent ugrave -10
KPX ncommaaccent uhungarumlaut -10
KPX ncommaaccent umacron -10
KPX ncommaaccent uogonek -10
KPX ncommaaccent uring -10
KPX ncommaaccent v -20
KPX ncommaaccent y -15
KPX ncommaaccent yacute -15
KPX ncommaaccent ydieresis -15
KPX ntilde u -10
KPX ntilde uacute -10
KPX ntilde ucircumflex -10
KPX ntilde udieresis -10
KPX ntilde ugrave -10
KPX ntilde uhungarumlaut -10
KPX ntilde umacron -10
KPX ntilde uogonek -10
KPX ntilde uring -10
KPX ntilde v -20
KPX ntilde y -15
KPX ntilde yacute -15
KPX ntilde ydieresis -15
KPX o comma -40
KPX o period -40
KPX o v -15
KPX o w -15
KPX o x -30
KPX o y -30
KPX o yacute -30
KPX o ydieresis -30
KPX oacute comma -40
KPX oacute period -40
KPX oacute v -15
KPX oacute w -15
KPX oacute x -30
KPX oacute y -30
KPX oacute yacute -30
KPX oacute ydieresis -30
KPX ocircumflex comma -40
KPX ocircumflex period -40
KPX ocircumflex v -15
KPX ocircumflex w -15
KPX ocircumflex x -30
KPX ocircumflex y -30
KPX ocircumflex yacute -30
KPX ocircumflex ydieresis -30
KPX odieresis comma -40
KPX odieresis period -40
KPX odieresis v -15
KPX odieresis w -15
KPX odieresis x -30
KPX odieresis y -30
KPX odieresis yacute -30
KPX odieresis ydieresis -30
KPX ograve comma -40
KPX ograve period -40
KPX ograve v -15
KPX ograve w -15
KPX ograve x -30
KPX ograve y -30
KPX ograve yacute -30
KPX ograve ydieresis -30
KPX ohungarumlaut comma -40
KPX ohungarumlaut period -40
KPX ohungarumlaut v -15
KPX ohungarumlaut w -15
KPX ohungarumlaut x -30
KPX ohungarumlaut y -30
KPX ohungarumlaut yacute -30
KPX ohungarumlaut ydieresis -30
KPX omacron comma -40
KPX omacron period -40
KPX omacron v -15
KPX omacron w -15
KPX omacron x -30
KPX omacron y -30
KPX omacron yacute -30
KPX omacron ydieresis -30
KPX oslash a -55
KPX oslash aacute -55
KPX oslash abreve -55
KPX oslash acircumflex -55
KPX oslash adieresis -55
KPX oslash agrave -55
KPX oslash amacron -55
KPX oslash aogonek -55
KPX oslash aring -55
KPX oslash atilde -55
KPX oslash b -55
KPX oslash c -55
KPX oslash cacute -55
KPX oslash ccaron -55
KPX oslash ccedilla -55
KPX oslash comma -95
KPX oslash d -55
KPX oslash dcroat -55
KPX oslash e -55
KPX oslash eacute -55
KPX oslash ecaron -55
KPX oslash ecircumflex -55
KPX oslash edieresis -55
KPX oslash edotaccent -55
KPX oslash egrave -55
KPX oslash emacron -55
KPX oslash eogonek -55
KPX oslash f -55
KPX oslash g -55
KPX oslash gbreve -55
KPX oslash gcommaaccent -55
KPX oslash h -55
KPX oslash i -55
KPX oslash iacute -55
KPX oslash icircumflex -55
KPX oslash idieresis -55
KPX oslash igrave -55
KPX oslash imacron -55
KPX oslash iogonek -55
KPX oslash j -55
KPX oslash k -55
KPX oslash kcommaaccent -55
KPX oslash l -55
KPX oslash lacute -55
KPX oslash lcommaaccent -55
KPX oslash lslash -55
KPX oslash m -55
KPX oslash n -55
KPX oslash nacute -55
KPX oslash ncaron -55
KPX oslash ncommaaccent -55
KPX oslash ntilde -55
KPX oslash o -55
KPX oslash oacute -55
KPX oslash ocircumflex -55
KPX oslash odieresis -55
KPX oslash ograve -55
KPX oslash ohungarumlaut -55
KPX oslash omacron -55
KPX oslash oslash -55
KPX oslash otilde -55
KPX oslash p -55
KPX oslash period -95
KPX oslash q -55
KPX oslash r -55
KPX oslash racute -55
KPX oslash rcaron -55
KPX oslash rcommaaccent -55
KPX oslash s -55
KPX oslash sacute -55
KPX oslash scaron -55
KPX oslash scedilla -55
KPX oslash scommaaccent -55
KPX oslash t -55
KPX oslash tcommaaccent -55
KPX oslash u -55
KPX oslash uacute -55
KPX oslash ucircumflex -55
KPX oslash udieresis -55
KPX oslash ugrave -55
KPX oslash uhungarumlaut -55
KPX oslash umacron -55
KPX oslash uogonek -55
KPX oslash uring -55
KPX oslash v -70
KPX oslash w -70
KPX oslash x -85
KPX oslash y -70
KPX oslash yacute -70
KPX oslash ydieresis -70
KPX oslash z -55
KPX oslash zacute -55
KPX oslash zcaron -55
KPX oslash zdotaccent -55
KPX otilde comma -40
KPX otilde period -40
KPX otilde v -15
KPX otilde w -15
KPX otilde x -30
KPX otilde y -30
KPX otilde yacute -30
KPX otilde ydieresis -30
KPX p comma -35
KPX p period -35
KPX p y -30
KPX p yacute -30
KPX p ydieresis -30
KPX period quotedblright -100
KPX period quoteright -100
KPX period space -60
KPX quotedblright space -40
KPX quoteleft quoteleft -57
KPX quoteright d -50
KPX quoteright dcroat -50
KPX quoteright quoteright -57
KPX quoteright r -50
KPX quoteright racute -50
KPX quoteright rcaron -50
KPX quoteright rcommaaccent -50
KPX quoteright s -50
KPX quoteright sacute -50
KPX quoteright scaron -50
KPX quoteright scedilla -50
KPX quoteright scommaaccent -50
KPX quoteright space -70
KPX r a -10
KPX r aacute -10
KPX r abreve -10
KPX r acircumflex -10
KPX r adieresis -10
KPX r agrave -10
KPX r amacron -10
KPX r aogonek -10
KPX r aring -10
KPX r atilde -10
KPX r colon 30
KPX r comma -50
KPX r i 15
KPX r iacute 15
KPX r icircumflex 15
KPX r idieresis 15
KPX r igrave 15
KPX r imacron 15
KPX r iogonek 15
KPX r k 15
KPX r kcommaaccent 15
KPX r l 15
KPX r lacute 15
KPX r lcommaaccent 15
KPX r lslash 15
KPX r m 25
KPX r n 25
KPX r nacute 25
KPX r ncaron 25
KPX r ncommaaccent 25
KPX r ntilde 25
KPX r p 30
KPX r period -50
KPX r semicolon 30
KPX r t 40
KPX r tcommaaccent 40
KPX r u 15
KPX r uacute 15
KPX r ucircumflex 15
KPX r udieresis 15
KPX r ugrave 15
KPX r uhungarumlaut 15
KPX r umacron 15
KPX r uogonek 15
KPX r uring 15
KPX r v 30
KPX r y 30
KPX r yacute 30
KPX r ydieresis 30
KPX racute a -10
KPX racute aacute -10
KPX racute abreve -10
KPX racute acircumflex -10
KPX racute adieresis -10
KPX racute agrave -10
KPX racute amacron -10
KPX racute aogonek -10
KPX racute aring -10
KPX racute atilde -10
KPX racute colon 30
KPX racute comma -50
KPX racute i 15
KPX racute iacute 15
KPX racute icircumflex 15
KPX racute idieresis 15
KPX racute igrave 15
KPX racute imacron 15
KPX racute iogonek 15
KPX racute k 15
KPX racute kcommaaccent 15
KPX racute l 15
KPX racute lacute 15
KPX racute lcommaaccent 15
KPX racute lslash 15
KPX racute m 25
KPX racute n 25
KPX racute nacute 25
KPX racute ncaron 25
KPX racute ncommaaccent 25
KPX racute ntilde 25
KPX racute p 30
KPX racute period -50
KPX racute semicolon 30
KPX racute t 40
KPX racute tcommaaccent 40
KPX racute u 15
KPX racute uacute 15
KPX racute ucircumflex 15
KPX racute udieresis 15
KPX racute ugrave 15
KPX racute uhungarumlaut 15
KPX racute umacron 15
KPX racute uogonek 15
KPX racute uring 15
KPX racute v 30
KPX racute y 30
KPX racute yacute 30
KPX racute ydieresis 30
KPX rcaron a -10
KPX rcaron aacute -10
KPX rcaron abreve -10
KPX rcaron acircumflex -10
KPX rcaron adieresis -10
KPX rcaron agrave -10
KPX rcaron amacron -10
KPX rcaron aogonek -10
KPX rcaron aring -10
KPX rcaron atilde -10
KPX rcaron colon 30
KPX rcaron comma -50
KPX rcaron i 15
KPX rcaron iacute 15
KPX rcaron icircumflex 15
KPX rcaron idieresis 15
KPX rcaron igrave 15
KPX rcaron imacron 15
KPX rcaron iogonek 15
KPX rcaron k 15
KPX rcaron kcommaaccent 15
KPX rcaron l 15
KPX rcaron lacute 15
KPX rcaron lcommaaccent 15
KPX rcaron lslash 15
KPX rcaron m 25
KPX rcaron n 25
KPX rcaron nacute 25
KPX rcaron ncaron 25
KPX rcaron ncommaaccent 25
KPX rcaron ntilde 25
KPX rcaron p 30
KPX rcaron period -50
KPX rcaron semicolon 30
KPX rcaron t 40
KPX rcaron tcommaaccent 40
KPX rcaron u 15
KPX rcaron uacute 15
KPX rcaron ucircumflex 15
KPX rcaron udieresis 15
KPX rcaron ugrave 15
KPX rcaron uhungarumlaut 15
KPX rcaron umacron 15
KPX rcaron uogonek 15
KPX rcaron uring 15
KPX rcaron v 30
KPX rcaron y 30
KPX rcaron yacute 30
KPX rcaron ydieresis 30
KPX rcommaaccent a -10
KPX rcommaaccent aacute -10
KPX rcommaaccent abreve -10
KPX rcommaaccent acircumflex -10
KPX rcommaaccent adieresis -10
KPX rcommaaccent agrave -10
KPX rcommaaccent amacron -10
KPX rcommaaccent aogonek -10
KPX rcommaaccent aring -10
KPX rcommaaccent atilde -10
KPX rcommaaccent colon 30
KPX rcommaaccent comma -50
KPX rcommaaccent i 15
KPX rcommaaccent iacute 15
KPX rcommaaccent icircumflex 15
KPX rcommaaccent idieresis 15
KPX rcommaaccent igrave 15
KPX rcommaaccent imacron 15
KPX rcommaaccent iogonek 15
KPX rcommaaccent k 15
KPX rcommaaccent kcommaaccent 15
KPX rcommaaccent l 15
KPX rcommaaccent lacute 15
KPX rcommaaccent lcommaaccent 15
KPX rcommaaccent lslash 15
KPX rcommaaccent m 25
KPX rcommaaccent n 25
KPX rcommaaccent nacute 25
KPX rcommaaccent ncaron 25
KPX rcommaaccent ncommaaccent 25
KPX rcommaaccent ntilde 25
KPX rcommaaccent p 30
KPX rcommaaccent period -50
KPX rcommaaccent semicolon 30
KPX rcommaaccent t 40
KPX rcommaaccent tcommaaccent 40
KPX rcommaaccent u 15
KPX rcommaaccent uacute 15
KPX rcommaaccent ucircumflex 15
KPX rcommaaccent udieresis 15
KPX rcommaaccent ugrave 15
KPX rcommaaccent uhungarumlaut 15
KPX rcommaaccent umacron 15
KPX rcommaaccent uogonek 15
KPX rcommaaccent uring 15
KPX rcommaaccent v 30
KPX rcommaaccent y 30
KPX rcommaaccent yacute 30
KPX rcommaaccent ydieresis 30
KPX s comma -15
KPX s period -15
KPX s w -30
KPX sacute comma -15
KPX sacute period -15
KPX sacute w -30
KPX scaron comma -15
KPX scaron period -15
KPX scaron w -30
KPX scedilla comma -15
KPX scedilla period -15
KPX scedilla w -30
KPX scommaaccent comma -15
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KPX zacute omacron -15
KPX zacute oslash -15
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KPX zcaron eacute -15
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C -1 ; WX 611 ; N Lacute ; B 76 0 611 936 ;
C -1 ; WX 1000 ; N trademark ; B 179 306 1109 718 ;
C -1 ; WX 556 ; N edotaccent ; B 70 -14 593 729 ;
C -1 ; WX 278 ; N Igrave ; B 64 0 367 936 ;
C -1 ; WX 278 ; N Imacron ; B 64 0 496 864 ;
C -1 ; WX 611 ; N Lcaron ; B 76 0 643 718 ;
C -1 ; WX 834 ; N onehalf ; B 132 -19 858 710 ;
C -1 ; WX 549 ; N lessequal ; B 29 0 676 704 ;
C -1 ; WX 611 ; N ocircumflex ; B 82 -14 643 750 ;
C -1 ; WX 611 ; N ntilde ; B 65 0 646 737 ;
C -1 ; WX 722 ; N Uhungarumlaut ; B 116 -19 880 936 ;
C -1 ; WX 667 ; N Eacute ; B 76 0 757 936 ;
C -1 ; WX 556 ; N emacron ; B 70 -14 595 678 ;
C -1 ; WX 611 ; N gbreve ; B 38 -217 666 750 ;
C -1 ; WX 834 ; N onequarter ; B 132 -19 806 710 ;
C -1 ; WX 667 ; N Scaron ; B 81 -19 718 936 ;
C -1 ; WX 667 ; N Scommaaccent ; B 81 -228 718 737 ;
C -1 ; WX 778 ; N Ohungarumlaut ; B 107 -19 908 936 ;
C -1 ; WX 400 ; N degree ; B 175 426 467 712 ;
C -1 ; WX 611 ; N ograve ; B 82 -14 643 750 ;
C -1 ; WX 722 ; N Ccaron ; B 107 -19 789 936 ;
C -1 ; WX 611 ; N ugrave ; B 98 -14 658 750 ;
C -1 ; WX 549 ; N radical ; B 112 -46 689 850 ;
C -1 ; WX 722 ; N Dcaron ; B 76 0 777 936 ;
C -1 ; WX 389 ; N rcommaaccent ; B 26 -228 489 546 ;
C -1 ; WX 722 ; N Ntilde ; B 69 0 807 923 ;
C -1 ; WX 611 ; N otilde ; B 82 -14 646 737 ;
C -1 ; WX 722 ; N Rcommaaccent ; B 76 -228 778 718 ;
C -1 ; WX 611 ; N Lcommaaccent ; B 76 -228 611 718 ;
C -1 ; WX 722 ; N Atilde ; B 20 0 741 923 ;
C -1 ; WX 722 ; N Aogonek ; B 20 -224 702 718 ;
C -1 ; WX 722 ; N Aring ; B 20 0 702 962 ;
C -1 ; WX 778 ; N Otilde ; B 107 -19 823 923 ;
C -1 ; WX 500 ; N zdotaccent ; B 20 0 583 729 ;
C -1 ; WX 667 ; N Ecaron ; B 76 0 757 936 ;
C -1 ; WX 278 ; N Iogonek ; B -41 -228 367 718 ;
C -1 ; WX 556 ; N kcommaaccent ; B 69 -228 670 718 ;
C -1 ; WX 584 ; N minus ; B 82 197 610 309 ;
C -1 ; WX 278 ; N Icircumflex ; B 64 0 484 936 ;
C -1 ; WX 611 ; N ncaron ; B 65 0 641 750 ;
C -1 ; WX 333 ; N tcommaaccent ; B 58 -228 422 676 ;
C -1 ; WX 584 ; N logicalnot ; B 105 108 633 419 ;
C -1 ; WX 611 ; N odieresis ; B 82 -14 643 729 ;
C -1 ; WX 611 ; N udieresis ; B 98 -14 658 729 ;
C -1 ; WX 549 ; N notequal ; B 32 -49 630 570 ;
C -1 ; WX 611 ; N gcommaaccent ; B 38 -217 666 850 ;
C -1 ; WX 611 ; N eth ; B 82 -14 670 737 ;
C -1 ; WX 500 ; N zcaron ; B 20 0 586 750 ;
C -1 ; WX 611 ; N ncommaaccent ; B 65 -228 629 546 ;
C -1 ; WX 333 ; N onesuperior ; B 148 283 388 710 ;
C -1 ; WX 278 ; N imacron ; B 69 0 429 678 ;
C -1 ; WX 556 ; N Euro ; B 0 0 0 0 ;
EndCharMetrics
StartKernData
StartKernPairs 2481
KPX A C -40
KPX A Cacute -40
KPX A Ccaron -40
KPX A Ccedilla -40
KPX A G -50
KPX A Gbreve -50
KPX A Gcommaaccent -50
KPX A O -40
KPX A Oacute -40
KPX A Ocircumflex -40
KPX A Odieresis -40
KPX A Ograve -40
KPX A Ohungarumlaut -40
KPX A Omacron -40
KPX A Oslash -40
KPX A Otilde -40
KPX A Q -40
KPX A T -90
KPX A Tcaron -90
KPX A Tcommaaccent -90
KPX A U -50
KPX A Uacute -50
KPX A Ucircumflex -50
KPX A Udieresis -50
KPX A Ugrave -50
KPX A Uhungarumlaut -50
KPX A Umacron -50
KPX A Uogonek -50
KPX A Uring -50
KPX A V -80
KPX A W -60
KPX A Y -110
KPX A Yacute -110
KPX A Ydieresis -110
KPX A u -30
KPX A uacute -30
KPX A ucircumflex -30
KPX A udieresis -30
KPX A ugrave -30
KPX A uhungarumlaut -30
KPX A umacron -30
KPX A uogonek -30
KPX A uring -30
KPX A v -40
KPX A w -30
KPX A y -30
KPX A yacute -30
KPX A ydieresis -30
KPX Aacute C -40
KPX Aacute Cacute -40
KPX Aacute Ccaron -40
KPX Aacute Ccedilla -40
KPX Aacute G -50
KPX Aacute Gbreve -50
KPX Aacute Gcommaaccent -50
KPX Aacute O -40
KPX Aacute Oacute -40
KPX Aacute Ocircumflex -40
KPX Aacute Odieresis -40
KPX Aacute Ograve -40
KPX Aacute Ohungarumlaut -40
KPX Aacute Omacron -40
KPX Aacute Oslash -40
KPX Aacute Otilde -40
KPX Aacute Q -40
KPX Aacute T -90
KPX Aacute Tcaron -90
KPX Aacute Tcommaaccent -90
KPX Aacute U -50
KPX Aacute Uacute -50
KPX Aacute Ucircumflex -50
KPX Aacute Udieresis -50
KPX Aacute Ugrave -50
KPX Aacute Uhungarumlaut -50
KPX Aacute Umacron -50
KPX Aacute Uogonek -50
KPX Aacute Uring -50
KPX Aacute V -80
KPX Aacute W -60
KPX Aacute Y -110
KPX Aacute Yacute -110
KPX Aacute Ydieresis -110
KPX Aacute u -30
KPX Aacute uacute -30
KPX Aacute ucircumflex -30
KPX Aacute udieresis -30
KPX Aacute ugrave -30
KPX Aacute uhungarumlaut -30
KPX Aacute umacron -30
KPX Aacute uogonek -30
KPX Aacute uring -30
KPX Aacute v -40
KPX Aacute w -30
KPX Aacute y -30
KPX Aacute yacute -30
KPX Aacute ydieresis -30
KPX Abreve C -40
KPX Abreve Cacute -40
KPX Abreve Ccaron -40
KPX Abreve Ccedilla -40
KPX Abreve G -50
KPX Abreve Gbreve -50
KPX Abreve Gcommaaccent -50
KPX Abreve O -40
KPX Abreve Oacute -40
KPX Abreve Ocircumflex -40
KPX Abreve Odieresis -40
KPX Abreve Ograve -40
KPX Abreve Ohungarumlaut -40
KPX Abreve Omacron -40
KPX Abreve Oslash -40
KPX Abreve Otilde -40
KPX Abreve Q -40
KPX Abreve T -90
KPX Abreve Tcaron -90
KPX Abreve Tcommaaccent -90
KPX Abreve U -50
KPX Abreve Uacute -50
KPX Abreve Ucircumflex -50
KPX Abreve Udieresis -50
KPX Abreve Ugrave -50
KPX Abreve Uhungarumlaut -50
KPX Abreve Umacron -50
KPX Abreve Uogonek -50
KPX Abreve Uring -50
KPX Abreve V -80
KPX Abreve W -60
KPX Abreve Y -110
KPX Abreve Yacute -110
KPX Abreve Ydieresis -110
KPX Abreve u -30
KPX Abreve uacute -30
KPX Abreve ucircumflex -30
KPX Abreve udieresis -30
KPX Abreve ugrave -30
KPX Abreve uhungarumlaut -30
KPX Abreve umacron -30
KPX Abreve uogonek -30
KPX Abreve uring -30
KPX Abreve v -40
KPX Abreve w -30
KPX Abreve y -30
KPX Abreve yacute -30
KPX Abreve ydieresis -30
KPX Acircumflex C -40
KPX Acircumflex Cacute -40
KPX Acircumflex Ccaron -40
KPX Acircumflex Ccedilla -40
KPX Acircumflex G -50
KPX Acircumflex Gbreve -50
KPX Acircumflex Gcommaaccent -50
KPX Acircumflex O -40
KPX Acircumflex Oacute -40
KPX Acircumflex Ocircumflex -40
KPX Acircumflex Odieresis -40
KPX Acircumflex Ograve -40
KPX Acircumflex Ohungarumlaut -40
KPX Acircumflex Omacron -40
KPX Acircumflex Oslash -40
KPX Acircumflex Otilde -40
KPX Acircumflex Q -40
KPX Acircumflex T -90
KPX Acircumflex Tcaron -90
KPX Acircumflex Tcommaaccent -90
KPX Acircumflex U -50
KPX Acircumflex Uacute -50
KPX Acircumflex Ucircumflex -50
KPX Acircumflex Udieresis -50
KPX Acircumflex Ugrave -50
KPX Acircumflex Uhungarumlaut -50
KPX Acircumflex Umacron -50
KPX Acircumflex Uogonek -50
KPX Acircumflex Uring -50
KPX Acircumflex V -80
KPX Acircumflex W -60
KPX Acircumflex Y -110
KPX Acircumflex Yacute -110
KPX Acircumflex Ydieresis -110
KPX Acircumflex u -30
KPX Acircumflex uacute -30
KPX Acircumflex ucircumflex -30
KPX Acircumflex udieresis -30
KPX Acircumflex ugrave -30
KPX Acircumflex uhungarumlaut -30
KPX Acircumflex umacron -30
KPX Acircumflex uogonek -30
KPX Acircumflex uring -30
KPX Acircumflex v -40
KPX Acircumflex w -30
KPX Acircumflex y -30
KPX Acircumflex yacute -30
KPX Acircumflex ydieresis -30
KPX Adieresis C -40
KPX Adieresis Cacute -40
KPX Adieresis Ccaron -40
KPX Adieresis Ccedilla -40
KPX Adieresis G -50
KPX Adieresis Gbreve -50
KPX Adieresis Gcommaaccent -50
KPX Adieresis O -40
KPX Adieresis Oacute -40
KPX Adieresis Ocircumflex -40
KPX Adieresis Odieresis -40
KPX Adieresis Ograve -40
KPX Adieresis Ohungarumlaut -40
KPX Adieresis Omacron -40
KPX Adieresis Oslash -40
KPX Adieresis Otilde -40
KPX Adieresis Q -40
KPX Adieresis T -90
KPX Adieresis Tcaron -90
KPX Adieresis Tcommaaccent -90
KPX Adieresis U -50
KPX Adieresis Uacute -50
KPX Adieresis Ucircumflex -50
KPX Adieresis Udieresis -50
KPX Adieresis Ugrave -50
KPX Adieresis Uhungarumlaut -50
KPX Adieresis Umacron -50
KPX Adieresis Uogonek -50
KPX Adieresis Uring -50
KPX Adieresis V -80
KPX Adieresis W -60
KPX Adieresis Y -110
KPX Adieresis Yacute -110
KPX Adieresis Ydieresis -110
KPX Adieresis u -30
KPX Adieresis uacute -30
KPX Adieresis ucircumflex -30
KPX Adieresis udieresis -30
KPX Adieresis ugrave -30
KPX Adieresis uhungarumlaut -30
KPX Adieresis umacron -30
KPX Adieresis uogonek -30
KPX Adieresis uring -30
KPX Adieresis v -40
KPX Adieresis w -30
KPX Adieresis y -30
KPX Adieresis yacute -30
KPX Adieresis ydieresis -30
KPX Agrave C -40
KPX Agrave Cacute -40
KPX Agrave Ccaron -40
KPX Agrave Ccedilla -40
KPX Agrave G -50
KPX Agrave Gbreve -50
KPX Agrave Gcommaaccent -50
KPX Agrave O -40
KPX Agrave Oacute -40
KPX Agrave Ocircumflex -40
KPX Agrave Odieresis -40
KPX Agrave Ograve -40
KPX Agrave Ohungarumlaut -40
KPX Agrave Omacron -40
KPX Agrave Oslash -40
KPX Agrave Otilde -40
KPX Agrave Q -40
KPX Agrave T -90
KPX Agrave Tcaron -90
KPX Agrave Tcommaaccent -90
KPX Agrave U -50
KPX Agrave Uacute -50
KPX Agrave Ucircumflex -50
KPX Agrave Udieresis -50
KPX Agrave Ugrave -50
KPX Agrave Uhungarumlaut -50
KPX Agrave Umacron -50
KPX Agrave Uogonek -50
KPX Agrave Uring -50
KPX Agrave V -80
KPX Agrave W -60
KPX Agrave Y -110
KPX Agrave Yacute -110
KPX Agrave Ydieresis -110
KPX Agrave u -30
KPX Agrave uacute -30
KPX Agrave ucircumflex -30
KPX Agrave udieresis -30
KPX Agrave ugrave -30
KPX Agrave uhungarumlaut -30
KPX Agrave umacron -30
KPX Agrave uogonek -30
KPX Agrave uring -30
KPX Agrave v -40
KPX Agrave w -30
KPX Agrave y -30
KPX Agrave yacute -30
KPX Agrave ydieresis -30
KPX Amacron C -40
KPX Amacron Cacute -40
KPX Amacron Ccaron -40
KPX Amacron Ccedilla -40
KPX Amacron G -50
KPX Amacron Gbreve -50
KPX Amacron Gcommaaccent -50
KPX Amacron O -40
KPX Amacron Oacute -40
KPX Amacron Ocircumflex -40
KPX Amacron Odieresis -40
KPX Amacron Ograve -40
KPX Amacron Ohungarumlaut -40
KPX Amacron Omacron -40
KPX Amacron Oslash -40
KPX Amacron Otilde -40
KPX Amacron Q -40
KPX Amacron T -90
KPX Amacron Tcaron -90
KPX Amacron Tcommaaccent -90
KPX Amacron U -50
KPX Amacron Uacute -50
KPX Amacron Ucircumflex -50
KPX Amacron Udieresis -50
KPX Amacron Ugrave -50
KPX Amacron Uhungarumlaut -50
KPX Amacron Umacron -50
KPX Amacron Uogonek -50
KPX Amacron Uring -50
KPX Amacron V -80
KPX Amacron W -60
KPX Amacron Y -110
KPX Amacron Yacute -110
KPX Amacron Ydieresis -110
KPX Amacron u -30
KPX Amacron uacute -30
KPX Amacron ucircumflex -30
KPX Amacron udieresis -30
KPX Amacron ugrave -30
KPX Amacron uhungarumlaut -30
KPX Amacron umacron -30
KPX Amacron uogonek -30
KPX Amacron uring -30
KPX Amacron v -40
KPX Amacron w -30
KPX Amacron y -30
KPX Amacron yacute -30
KPX Amacron ydieresis -30
KPX Aogonek C -40
KPX Aogonek Cacute -40
KPX Aogonek Ccaron -40
KPX Aogonek Ccedilla -40
KPX Aogonek G -50
KPX Aogonek Gbreve -50
KPX Aogonek Gcommaaccent -50
KPX Aogonek O -40
KPX Aogonek Oacute -40
KPX Aogonek Ocircumflex -40
KPX Aogonek Odieresis -40
KPX Aogonek Ograve -40
KPX Aogonek Ohungarumlaut -40
KPX Aogonek Omacron -40
KPX Aogonek Oslash -40
KPX Aogonek Otilde -40
KPX Aogonek Q -40
KPX Aogonek T -90
KPX Aogonek Tcaron -90
KPX Aogonek Tcommaaccent -90
KPX Aogonek U -50
KPX Aogonek Uacute -50
KPX Aogonek Ucircumflex -50
KPX Aogonek Udieresis -50
KPX Aogonek Ugrave -50
KPX Aogonek Uhungarumlaut -50
KPX Aogonek Umacron -50
KPX Aogonek Uogonek -50
KPX Aogonek Uring -50
KPX Aogonek V -80
KPX Aogonek W -60
KPX Aogonek Y -110
KPX Aogonek Yacute -110
KPX Aogonek Ydieresis -110
KPX Aogonek u -30
KPX Aogonek uacute -30
KPX Aogonek ucircumflex -30
KPX Aogonek udieresis -30
KPX Aogonek ugrave -30
KPX Aogonek uhungarumlaut -30
KPX Aogonek umacron -30
KPX Aogonek uogonek -30
KPX Aogonek uring -30
KPX Aogonek v -40
KPX Aogonek w -30
KPX Aogonek y -30
KPX Aogonek yacute -30
KPX Aogonek ydieresis -30
KPX Aring C -40
KPX Aring Cacute -40
KPX Aring Ccaron -40
KPX Aring Ccedilla -40
KPX Aring G -50
KPX Aring Gbreve -50
KPX Aring Gcommaaccent -50
KPX Aring O -40
KPX Aring Oacute -40
KPX Aring Ocircumflex -40
KPX Aring Odieresis -40
KPX Aring Ograve -40
KPX Aring Ohungarumlaut -40
KPX Aring Omacron -40
KPX Aring Oslash -40
KPX Aring Otilde -40
KPX Aring Q -40
KPX Aring T -90
KPX Aring Tcaron -90
KPX Aring Tcommaaccent -90
KPX Aring U -50
KPX Aring Uacute -50
KPX Aring Ucircumflex -50
KPX Aring Udieresis -50
KPX Aring Ugrave -50
KPX Aring Uhungarumlaut -50
KPX Aring Umacron -50
KPX Aring Uogonek -50
KPX Aring Uring -50
KPX Aring V -80
KPX Aring W -60
KPX Aring Y -110
KPX Aring Yacute -110
KPX Aring Ydieresis -110
KPX Aring u -30
KPX Aring uacute -30
KPX Aring ucircumflex -30
KPX Aring udieresis -30
KPX Aring ugrave -30
KPX Aring uhungarumlaut -30
KPX Aring umacron -30
KPX Aring uogonek -30
KPX Aring uring -30
KPX Aring v -40
KPX Aring w -30
KPX Aring y -30
KPX Aring yacute -30
KPX Aring ydieresis -30
KPX Atilde C -40
KPX Atilde Cacute -40
KPX Atilde Ccaron -40
KPX Atilde Ccedilla -40
KPX Atilde G -50
KPX Atilde Gbreve -50
KPX Atilde Gcommaaccent -50
KPX Atilde O -40
KPX Atilde Oacute -40
KPX Atilde Ocircumflex -40
KPX Atilde Odieresis -40
KPX Atilde Ograve -40
KPX Atilde Ohungarumlaut -40
KPX Atilde Omacron -40
KPX Atilde Oslash -40
KPX Atilde Otilde -40
KPX Atilde Q -40
KPX Atilde T -90
KPX Atilde Tcaron -90
KPX Atilde Tcommaaccent -90
KPX Atilde U -50
KPX Atilde Uacute -50
KPX Atilde Ucircumflex -50
KPX Atilde Udieresis -50
KPX Atilde Ugrave -50
KPX Atilde Uhungarumlaut -50
KPX Atilde Umacron -50
KPX Atilde Uogonek -50
KPX Atilde Uring -50
KPX Atilde V -80
KPX Atilde W -60
KPX Atilde Y -110
KPX Atilde Yacute -110
KPX Atilde Ydieresis -110
KPX Atilde u -30
KPX Atilde uacute -30
KPX Atilde ucircumflex -30
KPX Atilde udieresis -30
KPX Atilde ugrave -30
KPX Atilde uhungarumlaut -30
KPX Atilde umacron -30
KPX Atilde uogonek -30
KPX Atilde uring -30
KPX Atilde v -40
KPX Atilde w -30
KPX Atilde y -30
KPX Atilde yacute -30
KPX Atilde ydieresis -30
KPX B A -30
KPX B Aacute -30
KPX B Abreve -30
KPX B Acircumflex -30
KPX B Adieresis -30
KPX B Agrave -30
KPX B Amacron -30
KPX B Aogonek -30
KPX B Aring -30
KPX B Atilde -30
KPX B U -10
KPX B Uacute -10
KPX B Ucircumflex -10
KPX B Udieresis -10
KPX B Ugrave -10
KPX B Uhungarumlaut -10
KPX B Umacron -10
KPX B Uogonek -10
KPX B Uring -10
KPX D A -40
KPX D Aacute -40
KPX D Abreve -40
KPX D Acircumflex -40
KPX D Adieresis -40
KPX D Agrave -40
KPX D Amacron -40
KPX D Aogonek -40
KPX D Aring -40
KPX D Atilde -40
KPX D V -40
KPX D W -40
KPX D Y -70
KPX D Yacute -70
KPX D Ydieresis -70
KPX D comma -30
KPX D period -30
KPX Dcaron A -40
KPX Dcaron Aacute -40
KPX Dcaron Abreve -40
KPX Dcaron Acircumflex -40
KPX Dcaron Adieresis -40
KPX Dcaron Agrave -40
KPX Dcaron Amacron -40
KPX Dcaron Aogonek -40
KPX Dcaron Aring -40
KPX Dcaron Atilde -40
KPX Dcaron V -40
KPX Dcaron W -40
KPX Dcaron Y -70
KPX Dcaron Yacute -70
KPX Dcaron Ydieresis -70
KPX Dcaron comma -30
KPX Dcaron period -30
KPX Dcroat A -40
KPX Dcroat Aacute -40
KPX Dcroat Abreve -40
KPX Dcroat Acircumflex -40
KPX Dcroat Adieresis -40
KPX Dcroat Agrave -40
KPX Dcroat Amacron -40
KPX Dcroat Aogonek -40
KPX Dcroat Aring -40
KPX Dcroat Atilde -40
KPX Dcroat V -40
KPX Dcroat W -40
KPX Dcroat Y -70
KPX Dcroat Yacute -70
KPX Dcroat Ydieresis -70
KPX Dcroat comma -30
KPX Dcroat period -30
KPX F A -80
KPX F Aacute -80
KPX F Abreve -80
KPX F Acircumflex -80
KPX F Adieresis -80
KPX F Agrave -80
KPX F Amacron -80
KPX F Aogonek -80
KPX F Aring -80
KPX F Atilde -80
KPX F a -20
KPX F aacute -20
KPX F abreve -20
KPX F acircumflex -20
KPX F adieresis -20
KPX F agrave -20
KPX F amacron -20
KPX F aogonek -20
KPX F aring -20
KPX F atilde -20
KPX F comma -100
KPX F period -100
KPX J A -20
KPX J Aacute -20
KPX J Abreve -20
KPX J Acircumflex -20
KPX J Adieresis -20
KPX J Agrave -20
KPX J Amacron -20
KPX J Aogonek -20
KPX J Aring -20
KPX J Atilde -20
KPX J comma -20
KPX J period -20
KPX J u -20
KPX J uacute -20
KPX J ucircumflex -20
KPX J udieresis -20
KPX J ugrave -20
KPX J uhungarumlaut -20
KPX J umacron -20
KPX J uogonek -20
KPX J uring -20
KPX K O -30
KPX K Oacute -30
KPX K Ocircumflex -30
KPX K Odieresis -30
KPX K Ograve -30
KPX K Ohungarumlaut -30
KPX K Omacron -30
KPX K Oslash -30
KPX K Otilde -30
KPX K e -15
KPX K eacute -15
KPX K ecaron -15
KPX K ecircumflex -15
KPX K edieresis -15
KPX K edotaccent -15
KPX K egrave -15
KPX K emacron -15
KPX K eogonek -15
KPX K o -35
KPX K oacute -35
KPX K ocircumflex -35
KPX K odieresis -35
KPX K ograve -35
KPX K ohungarumlaut -35
KPX K omacron -35
KPX K oslash -35
KPX K otilde -35
KPX K u -30
KPX K uacute -30
KPX K ucircumflex -30
KPX K udieresis -30
KPX K ugrave -30
KPX K uhungarumlaut -30
KPX K umacron -30
KPX K uogonek -30
KPX K uring -30
KPX K y -40
KPX K yacute -40
KPX K ydieresis -40
KPX Kcommaaccent O -30
KPX Kcommaaccent Oacute -30
KPX Kcommaaccent Ocircumflex -30
KPX Kcommaaccent Odieresis -30
KPX Kcommaaccent Ograve -30
KPX Kcommaaccent Ohungarumlaut -30
KPX Kcommaaccent Omacron -30
KPX Kcommaaccent Oslash -30
KPX Kcommaaccent Otilde -30
KPX Kcommaaccent e -15
KPX Kcommaaccent eacute -15
KPX Kcommaaccent ecaron -15
KPX Kcommaaccent ecircumflex -15
KPX Kcommaaccent edieresis -15
KPX Kcommaaccent edotaccent -15
KPX Kcommaaccent egrave -15
KPX Kcommaaccent emacron -15
KPX Kcommaaccent eogonek -15
KPX Kcommaaccent o -35
KPX Kcommaaccent oacute -35
KPX Kcommaaccent ocircumflex -35
KPX Kcommaaccent odieresis -35
KPX Kcommaaccent ograve -35
KPX Kcommaaccent ohungarumlaut -35
KPX Kcommaaccent omacron -35
KPX Kcommaaccent oslash -35
KPX Kcommaaccent otilde -35
KPX Kcommaaccent u -30
KPX Kcommaaccent uacute -30
KPX Kcommaaccent ucircumflex -30
KPX Kcommaaccent udieresis -30
KPX Kcommaaccent ugrave -30
KPX Kcommaaccent uhungarumlaut -30
KPX Kcommaaccent umacron -30
KPX Kcommaaccent uogonek -30
KPX Kcommaaccent uring -30
KPX Kcommaaccent y -40
KPX Kcommaaccent yacute -40
KPX Kcommaaccent ydieresis -40
KPX L T -90
KPX L Tcaron -90
KPX L Tcommaaccent -90
KPX L V -110
KPX L W -80
KPX L Y -120
KPX L Yacute -120
KPX L Ydieresis -120
KPX L quotedblright -140
KPX L quoteright -140
KPX L y -30
KPX L yacute -30
KPX L ydieresis -30
KPX Lacute T -90
KPX Lacute Tcaron -90
KPX Lacute Tcommaaccent -90
KPX Lacute V -110
KPX Lacute W -80
KPX Lacute Y -120
KPX Lacute Yacute -120
KPX Lacute Ydieresis -120
KPX Lacute quotedblright -140
KPX Lacute quoteright -140
KPX Lacute y -30
KPX Lacute yacute -30
KPX Lacute ydieresis -30
KPX Lcommaaccent T -90
KPX Lcommaaccent Tcaron -90
KPX Lcommaaccent Tcommaaccent -90
KPX Lcommaaccent V -110
KPX Lcommaaccent W -80
KPX Lcommaaccent Y -120
KPX Lcommaaccent Yacute -120
KPX Lcommaaccent Ydieresis -120
KPX Lcommaaccent quotedblright -140
KPX Lcommaaccent quoteright -140
KPX Lcommaaccent y -30
KPX Lcommaaccent yacute -30
KPX Lcommaaccent ydieresis -30
KPX Lslash T -90
KPX Lslash Tcaron -90
KPX Lslash Tcommaaccent -90
KPX Lslash V -110
KPX Lslash W -80
KPX Lslash Y -120
KPX Lslash Yacute -120
KPX Lslash Ydieresis -120
KPX Lslash quotedblright -140
KPX Lslash quoteright -140
KPX Lslash y -30
KPX Lslash yacute -30
KPX Lslash ydieresis -30
KPX O A -50
KPX O Aacute -50
KPX O Abreve -50
KPX O Acircumflex -50
KPX O Adieresis -50
KPX O Agrave -50
KPX O Amacron -50
KPX O Aogonek -50
KPX O Aring -50
KPX O Atilde -50
KPX O T -40
KPX O Tcaron -40
KPX O Tcommaaccent -40
KPX O V -50
KPX O W -50
KPX O X -50
KPX O Y -70
KPX O Yacute -70
KPX O Ydieresis -70
KPX O comma -40
KPX O period -40
KPX Oacute A -50
KPX Oacute Aacute -50
KPX Oacute Abreve -50
KPX Oacute Acircumflex -50
KPX Oacute Adieresis -50
KPX Oacute Agrave -50
KPX Oacute Amacron -50
KPX Oacute Aogonek -50
KPX Oacute Aring -50
KPX Oacute Atilde -50
KPX Oacute T -40
KPX Oacute Tcaron -40
KPX Oacute Tcommaaccent -40
KPX Oacute V -50
KPX Oacute W -50
KPX Oacute X -50
KPX Oacute Y -70
KPX Oacute Yacute -70
KPX Oacute Ydieresis -70
KPX Oacute comma -40
KPX Oacute period -40
KPX Ocircumflex A -50
KPX Ocircumflex Aacute -50
KPX Ocircumflex Abreve -50
KPX Ocircumflex Acircumflex -50
KPX Ocircumflex Adieresis -50
KPX Ocircumflex Agrave -50
KPX Ocircumflex Amacron -50
KPX Ocircumflex Aogonek -50
KPX Ocircumflex Aring -50
KPX Ocircumflex Atilde -50
KPX Ocircumflex T -40
KPX Ocircumflex Tcaron -40
KPX Ocircumflex Tcommaaccent -40
KPX Ocircumflex V -50
KPX Ocircumflex W -50
KPX Ocircumflex X -50
KPX Ocircumflex Y -70
KPX Ocircumflex Yacute -70
KPX Ocircumflex Ydieresis -70
KPX Ocircumflex comma -40
KPX Ocircumflex period -40
KPX Odieresis A -50
KPX Odieresis Aacute -50
KPX Odieresis Abreve -50
KPX Odieresis Acircumflex -50
KPX Odieresis Adieresis -50
KPX Odieresis Agrave -50
KPX Odieresis Amacron -50
KPX Odieresis Aogonek -50
KPX Odieresis Aring -50
KPX Odieresis Atilde -50
KPX Odieresis T -40
KPX Odieresis Tcaron -40
KPX Odieresis Tcommaaccent -40
KPX Odieresis V -50
KPX Odieresis W -50
KPX Odieresis X -50
KPX Odieresis Y -70
KPX Odieresis Yacute -70
KPX Odieresis Ydieresis -70
KPX Odieresis comma -40
KPX Odieresis period -40
KPX Ograve A -50
KPX Ograve Aacute -50
KPX Ograve Abreve -50
KPX Ograve Acircumflex -50
KPX Ograve Adieresis -50
KPX Ograve Agrave -50
KPX Ograve Amacron -50
KPX Ograve Aogonek -50
KPX Ograve Aring -50
KPX Ograve Atilde -50
KPX Ograve T -40
KPX Ograve Tcaron -40
KPX Ograve Tcommaaccent -40
KPX Ograve V -50
KPX Ograve W -50
KPX Ograve X -50
KPX Ograve Y -70
KPX Ograve Yacute -70
KPX Ograve Ydieresis -70
KPX Ograve comma -40
KPX Ograve period -40
KPX Ohungarumlaut A -50
KPX Ohungarumlaut Aacute -50
KPX Ohungarumlaut Abreve -50
KPX Ohungarumlaut Acircumflex -50
KPX Ohungarumlaut Adieresis -50
KPX Ohungarumlaut Agrave -50
KPX Ohungarumlaut Amacron -50
KPX Ohungarumlaut Aogonek -50
KPX Ohungarumlaut Aring -50
KPX Ohungarumlaut Atilde -50
KPX Ohungarumlaut T -40
KPX Ohungarumlaut Tcaron -40
KPX Ohungarumlaut Tcommaaccent -40
KPX Ohungarumlaut V -50
KPX Ohungarumlaut W -50
KPX Ohungarumlaut X -50
KPX Ohungarumlaut Y -70
KPX Ohungarumlaut Yacute -70
KPX Ohungarumlaut Ydieresis -70
KPX Ohungarumlaut comma -40
KPX Ohungarumlaut period -40
KPX Omacron A -50
KPX Omacron Aacute -50
KPX Omacron Abreve -50
KPX Omacron Acircumflex -50
KPX Omacron Adieresis -50
KPX Omacron Agrave -50
KPX Omacron Amacron -50
KPX Omacron Aogonek -50
KPX Omacron Aring -50
KPX Omacron Atilde -50
KPX Omacron T -40
KPX Omacron Tcaron -40
KPX Omacron Tcommaaccent -40
KPX Omacron V -50
KPX Omacron W -50
KPX Omacron X -50
KPX Omacron Y -70
KPX Omacron Yacute -70
KPX Omacron Ydieresis -70
KPX Omacron comma -40
KPX Omacron period -40
KPX Oslash A -50
KPX Oslash Aacute -50
KPX Oslash Abreve -50
KPX Oslash Acircumflex -50
KPX Oslash Adieresis -50
KPX Oslash Agrave -50
KPX Oslash Amacron -50
KPX Oslash Aogonek -50
KPX Oslash Aring -50
KPX Oslash Atilde -50
KPX Oslash T -40
KPX Oslash Tcaron -40
KPX Oslash Tcommaaccent -40
KPX Oslash V -50
KPX Oslash W -50
KPX Oslash X -50
KPX Oslash Y -70
KPX Oslash Yacute -70
KPX Oslash Ydieresis -70
KPX Oslash comma -40
KPX Oslash period -40
KPX Otilde A -50
KPX Otilde Aacute -50
KPX Otilde Abreve -50
KPX Otilde Acircumflex -50
KPX Otilde Adieresis -50
KPX Otilde Agrave -50
KPX Otilde Amacron -50
KPX Otilde Aogonek -50
KPX Otilde Aring -50
KPX Otilde Atilde -50
KPX Otilde T -40
KPX Otilde Tcaron -40
KPX Otilde Tcommaaccent -40
KPX Otilde V -50
KPX Otilde W -50
KPX Otilde X -50
KPX Otilde Y -70
KPX Otilde Yacute -70
KPX Otilde Ydieresis -70
KPX Otilde comma -40
KPX Otilde period -40
KPX P A -100
KPX P Aacute -100
KPX P Abreve -100
KPX P Acircumflex -100
KPX P Adieresis -100
KPX P Agrave -100
KPX P Amacron -100
KPX P Aogonek -100
KPX P Aring -100
KPX P Atilde -100
KPX P a -30
KPX P aacute -30
KPX P abreve -30
KPX P acircumflex -30
KPX P adieresis -30
KPX P agrave -30
KPX P amacron -30
KPX P aogonek -30
KPX P aring -30
KPX P atilde -30
KPX P comma -120
KPX P e -30
KPX P eacute -30
KPX P ecaron -30
KPX P ecircumflex -30
KPX P edieresis -30
KPX P edotaccent -30
KPX P egrave -30
KPX P emacron -30
KPX P eogonek -30
KPX P o -40
KPX P oacute -40
KPX P ocircumflex -40
KPX P odieresis -40
KPX P ograve -40
KPX P ohungarumlaut -40
KPX P omacron -40
KPX P oslash -40
KPX P otilde -40
KPX P period -120
KPX Q U -10
KPX Q Uacute -10
KPX Q Ucircumflex -10
KPX Q Udieresis -10
KPX Q Ugrave -10
KPX Q Uhungarumlaut -10
KPX Q Umacron -10
KPX Q Uogonek -10
KPX Q Uring -10
KPX Q comma 20
KPX Q period 20
KPX R O -20
KPX R Oacute -20
KPX R Ocircumflex -20
KPX R Odieresis -20
KPX R Ograve -20
KPX R Ohungarumlaut -20
KPX R Omacron -20
KPX R Oslash -20
KPX R Otilde -20
KPX R T -20
KPX R Tcaron -20
KPX R Tcommaaccent -20
KPX R U -20
KPX R Uacute -20
KPX R Ucircumflex -20
KPX R Udieresis -20
KPX R Ugrave -20
KPX R Uhungarumlaut -20
KPX R Umacron -20
KPX R Uogonek -20
KPX R Uring -20
KPX R V -50
KPX R W -40
KPX R Y -50
KPX R Yacute -50
KPX R Ydieresis -50
KPX Racute O -20
KPX Racute Oacute -20
KPX Racute Ocircumflex -20
KPX Racute Odieresis -20
KPX Racute Ograve -20
KPX Racute Ohungarumlaut -20
KPX Racute Omacron -20
KPX Racute Oslash -20
KPX Racute Otilde -20
KPX Racute T -20
KPX Racute Tcaron -20
KPX Racute Tcommaaccent -20
KPX Racute U -20
KPX Racute Uacute -20
KPX Racute Ucircumflex -20
KPX Racute Udieresis -20
KPX Racute Ugrave -20
KPX Racute Uhungarumlaut -20
KPX Racute Umacron -20
KPX Racute Uogonek -20
KPX Racute Uring -20
KPX Racute V -50
KPX Racute W -40
KPX Racute Y -50
KPX Racute Yacute -50
KPX Racute Ydieresis -50
KPX Rcaron O -20
KPX Rcaron Oacute -20
KPX Rcaron Ocircumflex -20
KPX Rcaron Odieresis -20
KPX Rcaron Ograve -20
KPX Rcaron Ohungarumlaut -20
KPX Rcaron Omacron -20
KPX Rcaron Oslash -20
KPX Rcaron Otilde -20
KPX Rcaron T -20
KPX Rcaron Tcaron -20
KPX Rcaron Tcommaaccent -20
KPX Rcaron U -20
KPX Rcaron Uacute -20
KPX Rcaron Ucircumflex -20
KPX Rcaron Udieresis -20
KPX Rcaron Ugrave -20
KPX Rcaron Uhungarumlaut -20
KPX Rcaron Umacron -20
KPX Rcaron Uogonek -20
KPX Rcaron Uring -20
KPX Rcaron V -50
KPX Rcaron W -40
KPX Rcaron Y -50
KPX Rcaron Yacute -50
KPX Rcaron Ydieresis -50
KPX Rcommaaccent O -20
KPX Rcommaaccent Oacute -20
KPX Rcommaaccent Ocircumflex -20
KPX Rcommaaccent Odieresis -20
KPX Rcommaaccent Ograve -20
KPX Rcommaaccent Ohungarumlaut -20
KPX Rcommaaccent Omacron -20
KPX Rcommaaccent Oslash -20
KPX Rcommaaccent Otilde -20
KPX Rcommaaccent T -20
KPX Rcommaaccent Tcaron -20
KPX Rcommaaccent Tcommaaccent -20
KPX Rcommaaccent U -20
KPX Rcommaaccent Uacute -20
KPX Rcommaaccent Ucircumflex -20
KPX Rcommaaccent Udieresis -20
KPX Rcommaaccent Ugrave -20
KPX Rcommaaccent Uhungarumlaut -20
KPX Rcommaaccent Umacron -20
KPX Rcommaaccent Uogonek -20
KPX Rcommaaccent Uring -20
KPX Rcommaaccent V -50
KPX Rcommaaccent W -40
KPX Rcommaaccent Y -50
KPX Rcommaaccent Yacute -50
KPX Rcommaaccent Ydieresis -50
KPX T A -90
KPX T Aacute -90
KPX T Abreve -90
KPX T Acircumflex -90
KPX T Adieresis -90
KPX T Agrave -90
KPX T Amacron -90
KPX T Aogonek -90
KPX T Aring -90
KPX T Atilde -90
KPX T O -40
KPX T Oacute -40
KPX T Ocircumflex -40
KPX T Odieresis -40
KPX T Ograve -40
KPX T Ohungarumlaut -40
KPX T Omacron -40
KPX T Oslash -40
KPX T Otilde -40
KPX T a -80
KPX T aacute -80
KPX T abreve -80
KPX T acircumflex -80
KPX T adieresis -80
KPX T agrave -80
KPX T amacron -80
KPX T aogonek -80
KPX T aring -80
KPX T atilde -80
KPX T colon -40
KPX T comma -80
KPX T e -60
KPX T eacute -60
KPX T ecaron -60
KPX T ecircumflex -60
KPX T edieresis -60
KPX T edotaccent -60
KPX T egrave -60
KPX T emacron -60
KPX T eogonek -60
KPX T hyphen -120
KPX T o -80
KPX T oacute -80
KPX T ocircumflex -80
KPX T odieresis -80
KPX T ograve -80
KPX T ohungarumlaut -80
KPX T omacron -80
KPX T oslash -80
KPX T otilde -80
KPX T period -80
KPX T r -80
KPX T racute -80
KPX T rcommaaccent -80
KPX T semicolon -40
KPX T u -90
KPX T uacute -90
KPX T ucircumflex -90
KPX T udieresis -90
KPX T ugrave -90
KPX T uhungarumlaut -90
KPX T umacron -90
KPX T uogonek -90
KPX T uring -90
KPX T w -60
KPX T y -60
KPX T yacute -60
KPX T ydieresis -60
KPX Tcaron A -90
KPX Tcaron Aacute -90
KPX Tcaron Abreve -90
KPX Tcaron Acircumflex -90
KPX Tcaron Adieresis -90
KPX Tcaron Agrave -90
KPX Tcaron Amacron -90
KPX Tcaron Aogonek -90
KPX Tcaron Aring -90
KPX Tcaron Atilde -90
KPX Tcaron O -40
KPX Tcaron Oacute -40
KPX Tcaron Ocircumflex -40
KPX Tcaron Odieresis -40
KPX Tcaron Ograve -40
KPX Tcaron Ohungarumlaut -40
KPX Tcaron Omacron -40
KPX Tcaron Oslash -40
KPX Tcaron Otilde -40
KPX Tcaron a -80
KPX Tcaron aacute -80
KPX Tcaron abreve -80
KPX Tcaron acircumflex -80
KPX Tcaron adieresis -80
KPX Tcaron agrave -80
KPX Tcaron amacron -80
KPX Tcaron aogonek -80
KPX Tcaron aring -80
KPX Tcaron atilde -80
KPX Tcaron colon -40
KPX Tcaron comma -80
KPX Tcaron e -60
KPX Tcaron eacute -60
KPX Tcaron ecaron -60
KPX Tcaron ecircumflex -60
KPX Tcaron edieresis -60
KPX Tcaron edotaccent -60
KPX Tcaron egrave -60
KPX Tcaron emacron -60
KPX Tcaron eogonek -60
KPX Tcaron hyphen -120
KPX Tcaron o -80
KPX Tcaron oacute -80
KPX Tcaron ocircumflex -80
KPX Tcaron odieresis -80
KPX Tcaron ograve -80
KPX Tcaron ohungarumlaut -80
KPX Tcaron omacron -80
KPX Tcaron oslash -80
KPX Tcaron otilde -80
KPX Tcaron period -80
KPX Tcaron r -80
KPX Tcaron racute -80
KPX Tcaron rcommaaccent -80
KPX Tcaron semicolon -40
KPX Tcaron u -90
KPX Tcaron uacute -90
KPX Tcaron ucircumflex -90
KPX Tcaron udieresis -90
KPX Tcaron ugrave -90
KPX Tcaron uhungarumlaut -90
KPX Tcaron umacron -90
KPX Tcaron uogonek -90
KPX Tcaron uring -90
KPX Tcaron w -60
KPX Tcaron y -60
KPX Tcaron yacute -60
KPX Tcaron ydieresis -60
KPX Tcommaaccent A -90
KPX Tcommaaccent Aacute -90
KPX Tcommaaccent Abreve -90
KPX Tcommaaccent Acircumflex -90
KPX Tcommaaccent Adieresis -90
KPX Tcommaaccent Agrave -90
KPX Tcommaaccent Amacron -90
KPX Tcommaaccent Aogonek -90
KPX Tcommaaccent Aring -90
KPX Tcommaaccent Atilde -90
KPX Tcommaaccent O -40
KPX Tcommaaccent Oacute -40
KPX Tcommaaccent Ocircumflex -40
KPX Tcommaaccent Odieresis -40
KPX Tcommaaccent Ograve -40
KPX Tcommaaccent Ohungarumlaut -40
KPX Tcommaaccent Omacron -40
KPX Tcommaaccent Oslash -40
KPX Tcommaaccent Otilde -40
KPX Tcommaaccent a -80
KPX Tcommaaccent aacute -80
KPX Tcommaaccent abreve -80
KPX Tcommaaccent acircumflex -80
KPX Tcommaaccent adieresis -80
KPX Tcommaaccent agrave -80
KPX Tcommaaccent amacron -80
KPX Tcommaaccent aogonek -80
KPX Tcommaaccent aring -80
KPX Tcommaaccent atilde -80
KPX Tcommaaccent colon -40
KPX Tcommaaccent comma -80
KPX Tcommaaccent e -60
KPX Tcommaaccent eacute -60
KPX Tcommaaccent ecaron -60
KPX Tcommaaccent ecircumflex -60
KPX Tcommaaccent edieresis -60
KPX Tcommaaccent edotaccent -60
KPX Tcommaaccent egrave -60
KPX Tcommaaccent emacron -60
KPX Tcommaaccent eogonek -60
KPX Tcommaaccent hyphen -120
KPX Tcommaaccent o -80
KPX Tcommaaccent oacute -80
KPX Tcommaaccent ocircumflex -80
KPX Tcommaaccent odieresis -80
KPX Tcommaaccent ograve -80
KPX Tcommaaccent ohungarumlaut -80
KPX Tcommaaccent omacron -80
KPX Tcommaaccent oslash -80
KPX Tcommaaccent otilde -80
KPX Tcommaaccent period -80
KPX Tcommaaccent r -80
KPX Tcommaaccent racute -80
KPX Tcommaaccent rcommaaccent -80
KPX Tcommaaccent semicolon -40
KPX Tcommaaccent u -90
KPX Tcommaaccent uacute -90
KPX Tcommaaccent ucircumflex -90
KPX Tcommaaccent udieresis -90
KPX Tcommaaccent ugrave -90
KPX Tcommaaccent uhungarumlaut -90
KPX Tcommaaccent umacron -90
KPX Tcommaaccent uogonek -90
KPX Tcommaaccent uring -90
KPX Tcommaaccent w -60
KPX Tcommaaccent y -60
KPX Tcommaaccent yacute -60
KPX Tcommaaccent ydieresis -60
KPX U A -50
KPX U Aacute -50
KPX U Abreve -50
KPX U Acircumflex -50
KPX U Adieresis -50
KPX U Agrave -50
KPX U Amacron -50
KPX U Aogonek -50
KPX U Aring -50
KPX U Atilde -50
KPX U comma -30
KPX U period -30
KPX Uacute A -50
KPX Uacute Aacute -50
KPX Uacute Abreve -50
KPX Uacute Acircumflex -50
KPX Uacute Adieresis -50
KPX Uacute Agrave -50
KPX Uacute Amacron -50
KPX Uacute Aogonek -50
KPX Uacute Aring -50
KPX Uacute Atilde -50
KPX Uacute comma -30
KPX Uacute period -30
KPX Ucircumflex A -50
KPX Ucircumflex Aacute -50
KPX Ucircumflex Abreve -50
KPX Ucircumflex Acircumflex -50
KPX Ucircumflex Adieresis -50
KPX Ucircumflex Agrave -50
KPX Ucircumflex Amacron -50
KPX Ucircumflex Aogonek -50
KPX Ucircumflex Aring -50
KPX Ucircumflex Atilde -50
KPX Ucircumflex comma -30
KPX Ucircumflex period -30
KPX Udieresis A -50
KPX Udieresis Aacute -50
KPX Udieresis Abreve -50
KPX Udieresis Acircumflex -50
KPX Udieresis Adieresis -50
KPX Udieresis Agrave -50
KPX Udieresis Amacron -50
KPX Udieresis Aogonek -50
KPX Udieresis Aring -50
KPX Udieresis Atilde -50
KPX Udieresis comma -30
KPX Udieresis period -30
KPX Ugrave A -50
KPX Ugrave Aacute -50
KPX Ugrave Abreve -50
KPX Ugrave Acircumflex -50
KPX Ugrave Adieresis -50
KPX Ugrave Agrave -50
KPX Ugrave Amacron -50
KPX Ugrave Aogonek -50
KPX Ugrave Aring -50
KPX Ugrave Atilde -50
KPX Ugrave comma -30
KPX Ugrave period -30
KPX Uhungarumlaut A -50
KPX Uhungarumlaut Aacute -50
KPX Uhungarumlaut Abreve -50
KPX Uhungarumlaut Acircumflex -50
KPX Uhungarumlaut Adieresis -50
KPX Uhungarumlaut Agrave -50
KPX Uhungarumlaut Amacron -50
KPX Uhungarumlaut Aogonek -50
KPX Uhungarumlaut Aring -50
KPX Uhungarumlaut Atilde -50
KPX Uhungarumlaut comma -30
KPX Uhungarumlaut period -30
KPX Umacron A -50
KPX Umacron Aacute -50
KPX Umacron Abreve -50
KPX Umacron Acircumflex -50
KPX Umacron Adieresis -50
KPX Umacron Agrave -50
KPX Umacron Amacron -50
KPX Umacron Aogonek -50
KPX Umacron Aring -50
KPX Umacron Atilde -50
KPX Umacron comma -30
KPX Umacron period -30
KPX Uogonek A -50
KPX Uogonek Aacute -50
KPX Uogonek Abreve -50
KPX Uogonek Acircumflex -50
KPX Uogonek Adieresis -50
KPX Uogonek Agrave -50
KPX Uogonek Amacron -50
KPX Uogonek Aogonek -50
KPX Uogonek Aring -50
KPX Uogonek Atilde -50
KPX Uogonek comma -30
KPX Uogonek period -30
KPX Uring A -50
KPX Uring Aacute -50
KPX Uring Abreve -50
KPX Uring Acircumflex -50
KPX Uring Adieresis -50
KPX Uring Agrave -50
KPX Uring Amacron -50
KPX Uring Aogonek -50
KPX Uring Aring -50
KPX Uring Atilde -50
KPX Uring comma -30
KPX Uring period -30
KPX V A -80
KPX V Aacute -80
KPX V Abreve -80
KPX V Acircumflex -80
KPX V Adieresis -80
KPX V Agrave -80
KPX V Amacron -80
KPX V Aogonek -80
KPX V Aring -80
KPX V Atilde -80
KPX V G -50
KPX V Gbreve -50
KPX V Gcommaaccent -50
KPX V O -50
KPX V Oacute -50
KPX V Ocircumflex -50
KPX V Odieresis -50
KPX V Ograve -50
KPX V Ohungarumlaut -50
KPX V Omacron -50
KPX V Oslash -50
KPX V Otilde -50
KPX V a -60
KPX V aacute -60
KPX V abreve -60
KPX V acircumflex -60
KPX V adieresis -60
KPX V agrave -60
KPX V amacron -60
KPX V aogonek -60
KPX V aring -60
KPX V atilde -60
KPX V colon -40
KPX V comma -120
KPX V e -50
KPX V eacute -50
KPX V ecaron -50
KPX V ecircumflex -50
KPX V edieresis -50
KPX V edotaccent -50
KPX V egrave -50
KPX V emacron -50
KPX V eogonek -50
KPX V hyphen -80
KPX V o -90
KPX V oacute -90
KPX V ocircumflex -90
KPX V odieresis -90
KPX V ograve -90
KPX V ohungarumlaut -90
KPX V omacron -90
KPX V oslash -90
KPX V otilde -90
KPX V period -120
KPX V semicolon -40
KPX V u -60
KPX V uacute -60
KPX V ucircumflex -60
KPX V udieresis -60
KPX V ugrave -60
KPX V uhungarumlaut -60
KPX V umacron -60
KPX V uogonek -60
KPX V uring -60
KPX W A -60
KPX W Aacute -60
KPX W Abreve -60
KPX W Acircumflex -60
KPX W Adieresis -60
KPX W Agrave -60
KPX W Amacron -60
KPX W Aogonek -60
KPX W Aring -60
KPX W Atilde -60
KPX W O -20
KPX W Oacute -20
KPX W Ocircumflex -20
KPX W Odieresis -20
KPX W Ograve -20
KPX W Ohungarumlaut -20
KPX W Omacron -20
KPX W Oslash -20
KPX W Otilde -20
KPX W a -40
KPX W aacute -40
KPX W abreve -40
KPX W acircumflex -40
KPX W adieresis -40
KPX W agrave -40
KPX W amacron -40
KPX W aogonek -40
KPX W aring -40
KPX W atilde -40
KPX W colon -10
KPX W comma -80
KPX W e -35
KPX W eacute -35
KPX W ecaron -35
KPX W ecircumflex -35
KPX W edieresis -35
KPX W edotaccent -35
KPX W egrave -35
KPX W emacron -35
KPX W eogonek -35
KPX W hyphen -40
KPX W o -60
KPX W oacute -60
KPX W ocircumflex -60
KPX W odieresis -60
KPX W ograve -60
KPX W ohungarumlaut -60
KPX W omacron -60
KPX W oslash -60
KPX W otilde -60
KPX W period -80
KPX W semicolon -10
KPX W u -45
KPX W uacute -45
KPX W ucircumflex -45
KPX W udieresis -45
KPX W ugrave -45
KPX W uhungarumlaut -45
KPX W umacron -45
KPX W uogonek -45
KPX W uring -45
KPX W y -20
KPX W yacute -20
KPX W ydieresis -20
KPX Y A -110
KPX Y Aacute -110
KPX Y Abreve -110
KPX Y Acircumflex -110
KPX Y Adieresis -110
KPX Y Agrave -110
KPX Y Amacron -110
KPX Y Aogonek -110
KPX Y Aring -110
KPX Y Atilde -110
KPX Y O -70
KPX Y Oacute -70
KPX Y Ocircumflex -70
KPX Y Odieresis -70
KPX Y Ograve -70
KPX Y Ohungarumlaut -70
KPX Y Omacron -70
KPX Y Oslash -70
KPX Y Otilde -70
KPX Y a -90
KPX Y aacute -90
KPX Y abreve -90
KPX Y acircumflex -90
KPX Y adieresis -90
KPX Y agrave -90
KPX Y amacron -90
KPX Y aogonek -90
KPX Y aring -90
KPX Y atilde -90
KPX Y colon -50
KPX Y comma -100
KPX Y e -80
KPX Y eacute -80
KPX Y ecaron -80
KPX Y ecircumflex -80
KPX Y edieresis -80
KPX Y edotaccent -80
KPX Y egrave -80
KPX Y emacron -80
KPX Y eogonek -80
KPX Y o -100
KPX Y oacute -100
KPX Y ocircumflex -100
KPX Y odieresis -100
KPX Y ograve -100
KPX Y ohungarumlaut -100
KPX Y omacron -100
KPX Y oslash -100
KPX Y otilde -100
KPX Y period -100
KPX Y semicolon -50
KPX Y u -100
KPX Y uacute -100
KPX Y ucircumflex -100
KPX Y udieresis -100
KPX Y ugrave -100
KPX Y uhungarumlaut -100
KPX Y umacron -100
KPX Y uogonek -100
KPX Y uring -100
KPX Yacute A -110
KPX Yacute Aacute -110
KPX Yacute Abreve -110
KPX Yacute Acircumflex -110
KPX Yacute Adieresis -110
KPX Yacute Agrave -110
KPX Yacute Amacron -110
KPX Yacute Aogonek -110
KPX Yacute Aring -110
KPX Yacute Atilde -110
KPX Yacute O -70
KPX Yacute Oacute -70
KPX Yacute Ocircumflex -70
KPX Yacute Odieresis -70
KPX Yacute Ograve -70
KPX Yacute Ohungarumlaut -70
KPX Yacute Omacron -70
KPX Yacute Oslash -70
KPX Yacute Otilde -70
KPX Yacute a -90
KPX Yacute aacute -90
KPX Yacute abreve -90
KPX Yacute acircumflex -90
KPX Yacute adieresis -90
KPX Yacute agrave -90
KPX Yacute amacron -90
KPX Yacute aogonek -90
KPX Yacute aring -90
KPX Yacute atilde -90
KPX Yacute colon -50
KPX Yacute comma -100
KPX Yacute e -80
KPX Yacute eacute -80
KPX Yacute ecaron -80
KPX Yacute ecircumflex -80
KPX Yacute edieresis -80
KPX Yacute edotaccent -80
KPX Yacute egrave -80
KPX Yacute emacron -80
KPX Yacute eogonek -80
KPX Yacute o -100
KPX Yacute oacute -100
KPX Yacute ocircumflex -100
KPX Yacute odieresis -100
KPX Yacute ograve -100
KPX Yacute ohungarumlaut -100
KPX Yacute omacron -100
KPX Yacute oslash -100
KPX Yacute otilde -100
KPX Yacute period -100
KPX Yacute semicolon -50
KPX Yacute u -100
KPX Yacute uacute -100
KPX Yacute ucircumflex -100
KPX Yacute udieresis -100
KPX Yacute ugrave -100
KPX Yacute uhungarumlaut -100
KPX Yacute umacron -100
KPX Yacute uogonek -100
KPX Yacute uring -100
KPX Ydieresis A -110
KPX Ydieresis Aacute -110
KPX Ydieresis Abreve -110
KPX Ydieresis Acircumflex -110
KPX Ydieresis Adieresis -110
KPX Ydieresis Agrave -110
KPX Ydieresis Amacron -110
KPX Ydieresis Aogonek -110
KPX Ydieresis Aring -110
KPX Ydieresis Atilde -110
KPX Ydieresis O -70
KPX Ydieresis Oacute -70
KPX Ydieresis Ocircumflex -70
KPX Ydieresis Odieresis -70
KPX Ydieresis Ograve -70
KPX Ydieresis Ohungarumlaut -70
KPX Ydieresis Omacron -70
KPX Ydieresis Oslash -70
KPX Ydieresis Otilde -70
KPX Ydieresis a -90
KPX Ydieresis aacute -90
KPX Ydieresis abreve -90
KPX Ydieresis acircumflex -90
KPX Ydieresis adieresis -90
KPX Ydieresis agrave -90
KPX Ydieresis amacron -90
KPX Ydieresis aogonek -90
KPX Ydieresis aring -90
KPX Ydieresis atilde -90
KPX Ydieresis colon -50
KPX Ydieresis comma -100
KPX Ydieresis e -80
KPX Ydieresis eacute -80
KPX Ydieresis ecaron -80
KPX Ydieresis ecircumflex -80
KPX Ydieresis edieresis -80
KPX Ydieresis edotaccent -80
KPX Ydieresis egrave -80
KPX Ydieresis emacron -80
KPX Ydieresis eogonek -80
KPX Ydieresis o -100
KPX Ydieresis oacute -100
KPX Ydieresis ocircumflex -100
KPX Ydieresis odieresis -100
KPX Ydieresis ograve -100
KPX Ydieresis ohungarumlaut -100
KPX Ydieresis omacron -100
KPX Ydieresis oslash -100
KPX Ydieresis otilde -100
KPX Ydieresis period -100
KPX Ydieresis semicolon -50
KPX Ydieresis u -100
KPX Ydieresis uacute -100
KPX Ydieresis ucircumflex -100
KPX Ydieresis udieresis -100
KPX Ydieresis ugrave -100
KPX Ydieresis uhungarumlaut -100
KPX Ydieresis umacron -100
KPX Ydieresis uogonek -100
KPX Ydieresis uring -100
KPX a g -10
KPX a gbreve -10
KPX a gcommaaccent -10
KPX a v -15
KPX a w -15
KPX a y -20
KPX a yacute -20
KPX a ydieresis -20
KPX aacute g -10
KPX aacute gbreve -10
KPX aacute gcommaaccent -10
KPX aacute v -15
KPX aacute w -15
KPX aacute y -20
KPX aacute yacute -20
KPX aacute ydieresis -20
KPX abreve g -10
KPX abreve gbreve -10
KPX abreve gcommaaccent -10
KPX abreve v -15
KPX abreve w -15
KPX abreve y -20
KPX abreve yacute -20
KPX abreve ydieresis -20
KPX acircumflex g -10
KPX acircumflex gbreve -10
KPX acircumflex gcommaaccent -10
KPX acircumflex v -15
KPX acircumflex w -15
KPX acircumflex y -20
KPX acircumflex yacute -20
KPX acircumflex ydieresis -20
KPX adieresis g -10
KPX adieresis gbreve -10
KPX adieresis gcommaaccent -10
KPX adieresis v -15
KPX adieresis w -15
KPX adieresis y -20
KPX adieresis yacute -20
KPX adieresis ydieresis -20
KPX agrave g -10
KPX agrave gbreve -10
KPX agrave gcommaaccent -10
KPX agrave v -15
KPX agrave w -15
KPX agrave y -20
KPX agrave yacute -20
KPX agrave ydieresis -20
KPX amacron g -10
KPX amacron gbreve -10
KPX amacron gcommaaccent -10
KPX amacron v -15
KPX amacron w -15
KPX amacron y -20
KPX amacron yacute -20
KPX amacron ydieresis -20
KPX aogonek g -10
KPX aogonek gbreve -10
KPX aogonek gcommaaccent -10
KPX aogonek v -15
KPX aogonek w -15
KPX aogonek y -20
KPX aogonek yacute -20
KPX aogonek ydieresis -20
KPX aring g -10
KPX aring gbreve -10
KPX aring gcommaaccent -10
KPX aring v -15
KPX aring w -15
KPX aring y -20
KPX aring yacute -20
KPX aring ydieresis -20
KPX atilde g -10
KPX atilde gbreve -10
KPX atilde gcommaaccent -10
KPX atilde v -15
KPX atilde w -15
KPX atilde y -20
KPX atilde yacute -20
KPX atilde ydieresis -20
KPX b l -10
KPX b lacute -10
KPX b lcommaaccent -10
KPX b lslash -10
KPX b u -20
KPX b uacute -20
KPX b ucircumflex -20
KPX b udieresis -20
KPX b ugrave -20
KPX b uhungarumlaut -20
KPX b umacron -20
KPX b uogonek -20
KPX b uring -20
KPX b v -20
KPX b y -20
KPX b yacute -20
KPX b ydieresis -20
KPX c h -10
KPX c k -20
KPX c kcommaaccent -20
KPX c l -20
KPX c lacute -20
KPX c lcommaaccent -20
KPX c lslash -20
KPX c y -10
KPX c yacute -10
KPX c ydieresis -10
KPX cacute h -10
KPX cacute k -20
KPX cacute kcommaaccent -20
KPX cacute l -20
KPX cacute lacute -20
KPX cacute lcommaaccent -20
KPX cacute lslash -20
KPX cacute y -10
KPX cacute yacute -10
KPX cacute ydieresis -10
KPX ccaron h -10
KPX ccaron k -20
KPX ccaron kcommaaccent -20
KPX ccaron l -20
KPX ccaron lacute -20
KPX ccaron lcommaaccent -20
KPX ccaron lslash -20
KPX ccaron y -10
KPX ccaron yacute -10
KPX ccaron ydieresis -10
KPX ccedilla h -10
KPX ccedilla k -20
KPX ccedilla kcommaaccent -20
KPX ccedilla l -20
KPX ccedilla lacute -20
KPX ccedilla lcommaaccent -20
KPX ccedilla lslash -20
KPX ccedilla y -10
KPX ccedilla yacute -10
KPX ccedilla ydieresis -10
KPX colon space -40
KPX comma quotedblright -120
KPX comma quoteright -120
KPX comma space -40
KPX d d -10
KPX d dcroat -10
KPX d v -15
KPX d w -15
KPX d y -15
KPX d yacute -15
KPX d ydieresis -15
KPX dcroat d -10
KPX dcroat dcroat -10
KPX dcroat v -15
KPX dcroat w -15
KPX dcroat y -15
KPX dcroat yacute -15
KPX dcroat ydieresis -15
KPX e comma 10
KPX e period 20
KPX e v -15
KPX e w -15
KPX e x -15
KPX e y -15
KPX e yacute -15
KPX e ydieresis -15
KPX eacute comma 10
KPX eacute period 20
KPX eacute v -15
KPX eacute w -15
KPX eacute x -15
KPX eacute y -15
KPX eacute yacute -15
KPX eacute ydieresis -15
KPX ecaron comma 10
KPX ecaron period 20
KPX ecaron v -15
KPX ecaron w -15
KPX ecaron x -15
KPX ecaron y -15
KPX ecaron yacute -15
KPX ecaron ydieresis -15
KPX ecircumflex comma 10
KPX ecircumflex period 20
KPX ecircumflex v -15
KPX ecircumflex w -15
KPX ecircumflex x -15
KPX ecircumflex y -15
KPX ecircumflex yacute -15
KPX ecircumflex ydieresis -15
KPX edieresis comma 10
KPX edieresis period 20
KPX edieresis v -15
KPX edieresis w -15
KPX edieresis x -15
KPX edieresis y -15
KPX edieresis yacute -15
KPX edieresis ydieresis -15
KPX edotaccent comma 10
KPX edotaccent period 20
KPX edotaccent v -15
KPX edotaccent w -15
KPX edotaccent x -15
KPX edotaccent y -15
KPX edotaccent yacute -15
KPX edotaccent ydieresis -15
KPX egrave comma 10
KPX egrave period 20
KPX egrave v -15
KPX egrave w -15
KPX egrave x -15
KPX egrave y -15
KPX egrave yacute -15
KPX egrave ydieresis -15
KPX emacron comma 10
KPX emacron period 20
KPX emacron v -15
KPX emacron w -15
KPX emacron x -15
KPX emacron y -15
KPX emacron yacute -15
KPX emacron ydieresis -15
KPX eogonek comma 10
KPX eogonek period 20
KPX eogonek v -15
KPX eogonek w -15
KPX eogonek x -15
KPX eogonek y -15
KPX eogonek yacute -15
KPX eogonek ydieresis -15
KPX f comma -10
KPX f e -10
KPX f eacute -10
KPX f ecaron -10
KPX f ecircumflex -10
KPX f edieresis -10
KPX f edotaccent -10
KPX f egrave -10
KPX f emacron -10
KPX f eogonek -10
KPX f o -20
KPX f oacute -20
KPX f ocircumflex -20
KPX f odieresis -20
KPX f ograve -20
KPX f ohungarumlaut -20
KPX f omacron -20
KPX f oslash -20
KPX f otilde -20
KPX f period -10
KPX f quotedblright 30
KPX f quoteright 30
KPX g e 10
KPX g eacute 10
KPX g ecaron 10
KPX g ecircumflex 10
KPX g edieresis 10
KPX g edotaccent 10
KPX g egrave 10
KPX g emacron 10
KPX g eogonek 10
KPX g g -10
KPX g gbreve -10
KPX g gcommaaccent -10
KPX gbreve e 10
KPX gbreve eacute 10
KPX gbreve ecaron 10
KPX gbreve ecircumflex 10
KPX gbreve edieresis 10
KPX gbreve edotaccent 10
KPX gbreve egrave 10
KPX gbreve emacron 10
KPX gbreve eogonek 10
KPX gbreve g -10
KPX gbreve gbreve -10
KPX gbreve gcommaaccent -10
KPX gcommaaccent e 10
KPX gcommaaccent eacute 10
KPX gcommaaccent ecaron 10
KPX gcommaaccent ecircumflex 10
KPX gcommaaccent edieresis 10
KPX gcommaaccent edotaccent 10
KPX gcommaaccent egrave 10
KPX gcommaaccent emacron 10
KPX gcommaaccent eogonek 10
KPX gcommaaccent g -10
KPX gcommaaccent gbreve -10
KPX gcommaaccent gcommaaccent -10
KPX h y -20
KPX h yacute -20
KPX h ydieresis -20
KPX k o -15
KPX k oacute -15
KPX k ocircumflex -15
KPX k odieresis -15
KPX k ograve -15
KPX k ohungarumlaut -15
KPX k omacron -15
KPX k oslash -15
KPX k otilde -15
KPX kcommaaccent o -15
KPX kcommaaccent oacute -15
KPX kcommaaccent ocircumflex -15
KPX kcommaaccent odieresis -15
KPX kcommaaccent ograve -15
KPX kcommaaccent ohungarumlaut -15
KPX kcommaaccent omacron -15
KPX kcommaaccent oslash -15
KPX kcommaaccent otilde -15
KPX l w -15
KPX l y -15
KPX l yacute -15
KPX l ydieresis -15
KPX lacute w -15
KPX lacute y -15
KPX lacute yacute -15
KPX lacute ydieresis -15
KPX lcommaaccent w -15
KPX lcommaaccent y -15
KPX lcommaaccent yacute -15
KPX lcommaaccent ydieresis -15
KPX lslash w -15
KPX lslash y -15
KPX lslash yacute -15
KPX lslash ydieresis -15
KPX m u -20
KPX m uacute -20
KPX m ucircumflex -20
KPX m udieresis -20
KPX m ugrave -20
KPX m uhungarumlaut -20
KPX m umacron -20
KPX m uogonek -20
KPX m uring -20
KPX m y -30
KPX m yacute -30
KPX m ydieresis -30
KPX n u -10
KPX n uacute -10
KPX n ucircumflex -10
KPX n udieresis -10
KPX n ugrave -10
KPX n uhungarumlaut -10
KPX n umacron -10
KPX n uogonek -10
KPX n uring -10
KPX n v -40
KPX n y -20
KPX n yacute -20
KPX n ydieresis -20
KPX nacute u -10
KPX nacute uacute -10
KPX nacute ucircumflex -10
KPX nacute udieresis -10
KPX nacute ugrave -10
KPX nacute uhungarumlaut -10
KPX nacute umacron -10
KPX nacute uogonek -10
KPX nacute uring -10
KPX nacute v -40
KPX nacute y -20
KPX nacute yacute -20
KPX nacute ydieresis -20
KPX ncaron u -10
KPX ncaron uacute -10
KPX ncaron ucircumflex -10
KPX ncaron udieresis -10
KPX ncaron ugrave -10
KPX ncaron uhungarumlaut -10
KPX ncaron umacron -10
KPX ncaron uogonek -10
KPX ncaron uring -10
KPX ncaron v -40
KPX ncaron y -20
KPX ncaron yacute -20
KPX ncaron ydieresis -20
KPX ncommaaccent u -10
KPX ncommaaccent uacute -10
KPX ncommaaccent ucircumflex -10
KPX ncommaaccent udieresis -10
KPX ncommaaccent ugrave -10
KPX ncommaaccent uhungarumlaut -10
KPX ncommaaccent umacron -10
KPX ncommaaccent uogonek -10
KPX ncommaaccent uring -10
KPX ncommaaccent v -40
KPX ncommaaccent y -20
KPX ncommaaccent yacute -20
KPX ncommaaccent ydieresis -20
KPX ntilde u -10
KPX ntilde uacute -10
KPX ntilde ucircumflex -10
KPX ntilde udieresis -10
KPX ntilde ugrave -10
KPX ntilde uhungarumlaut -10
KPX ntilde umacron -10
KPX ntilde uogonek -10
KPX ntilde uring -10
KPX ntilde v -40
KPX ntilde y -20
KPX ntilde yacute -20
KPX ntilde ydieresis -20
KPX o v -20
KPX o w -15
KPX o x -30
KPX o y -20
KPX o yacute -20
KPX o ydieresis -20
KPX oacute v -20
KPX oacute w -15
KPX oacute x -30
KPX oacute y -20
KPX oacute yacute -20
KPX oacute ydieresis -20
KPX ocircumflex v -20
KPX ocircumflex w -15
KPX ocircumflex x -30
KPX ocircumflex y -20
KPX ocircumflex yacute -20
KPX ocircumflex ydieresis -20
KPX odieresis v -20
KPX odieresis w -15
KPX odieresis x -30
KPX odieresis y -20
KPX odieresis yacute -20
KPX odieresis ydieresis -20
KPX ograve v -20
KPX ograve w -15
KPX ograve x -30
KPX ograve y -20
KPX ograve yacute -20
KPX ograve ydieresis -20
KPX ohungarumlaut v -20
KPX ohungarumlaut w -15
KPX ohungarumlaut x -30
KPX ohungarumlaut y -20
KPX ohungarumlaut yacute -20
KPX ohungarumlaut ydieresis -20
KPX omacron v -20
KPX omacron w -15
KPX omacron x -30
KPX omacron y -20
KPX omacron yacute -20
KPX omacron ydieresis -20
KPX oslash v -20
KPX oslash w -15
KPX oslash x -30
KPX oslash y -20
KPX oslash yacute -20
KPX oslash ydieresis -20
KPX otilde v -20
KPX otilde w -15
KPX otilde x -30
KPX otilde y -20
KPX otilde yacute -20
KPX otilde ydieresis -20
KPX p y -15
KPX p yacute -15
KPX p ydieresis -15
KPX period quotedblright -120
KPX period quoteright -120
KPX period space -40
KPX quotedblright space -80
KPX quoteleft quoteleft -46
KPX quoteright d -80
KPX quoteright dcroat -80
KPX quoteright l -20
KPX quoteright lacute -20
KPX quoteright lcommaaccent -20
KPX quoteright lslash -20
KPX quoteright quoteright -46
KPX quoteright r -40
KPX quoteright racute -40
KPX quoteright rcaron -40
KPX quoteright rcommaaccent -40
KPX quoteright s -60
KPX quoteright sacute -60
KPX quoteright scaron -60
KPX quoteright scedilla -60
KPX quoteright scommaaccent -60
KPX quoteright space -80
KPX quoteright v -20
KPX r c -20
KPX r cacute -20
KPX r ccaron -20
KPX r ccedilla -20
KPX r comma -60
KPX r d -20
KPX r dcroat -20
KPX r g -15
KPX r gbreve -15
KPX r gcommaaccent -15
KPX r hyphen -20
KPX r o -20
KPX r oacute -20
KPX r ocircumflex -20
KPX r odieresis -20
KPX r ograve -20
KPX r ohungarumlaut -20
KPX r omacron -20
KPX r oslash -20
KPX r otilde -20
KPX r period -60
KPX r q -20
KPX r s -15
KPX r sacute -15
KPX r scaron -15
KPX r scedilla -15
KPX r scommaaccent -15
KPX r t 20
KPX r tcommaaccent 20
KPX r v 10
KPX r y 10
KPX r yacute 10
KPX r ydieresis 10
KPX racute c -20
KPX racute cacute -20
KPX racute ccaron -20
KPX racute ccedilla -20
KPX racute comma -60
KPX racute d -20
KPX racute dcroat -20
KPX racute g -15
KPX racute gbreve -15
KPX racute gcommaaccent -15
KPX racute hyphen -20
KPX racute o -20
KPX racute oacute -20
KPX racute ocircumflex -20
KPX racute odieresis -20
KPX racute ograve -20
KPX racute ohungarumlaut -20
KPX racute omacron -20
KPX racute oslash -20
KPX racute otilde -20
KPX racute period -60
KPX racute q -20
KPX racute s -15
KPX racute sacute -15
KPX racute scaron -15
KPX racute scedilla -15
KPX racute scommaaccent -15
KPX racute t 20
KPX racute tcommaaccent 20
KPX racute v 10
KPX racute y 10
KPX racute yacute 10
KPX racute ydieresis 10
KPX rcaron c -20
KPX rcaron cacute -20
KPX rcaron ccaron -20
KPX rcaron ccedilla -20
KPX rcaron comma -60
KPX rcaron d -20
KPX rcaron dcroat -20
KPX rcaron g -15
KPX rcaron gbreve -15
KPX rcaron gcommaaccent -15
KPX rcaron hyphen -20
KPX rcaron o -20
KPX rcaron oacute -20
KPX rcaron ocircumflex -20
KPX rcaron odieresis -20
KPX rcaron ograve -20
KPX rcaron ohungarumlaut -20
KPX rcaron omacron -20
KPX rcaron oslash -20
KPX rcaron otilde -20
KPX rcaron period -60
KPX rcaron q -20
KPX rcaron s -15
KPX rcaron sacute -15
KPX rcaron scaron -15
KPX rcaron scedilla -15
KPX rcaron scommaaccent -15
KPX rcaron t 20
KPX rcaron tcommaaccent 20
KPX rcaron v 10
KPX rcaron y 10
KPX rcaron yacute 10
KPX rcaron ydieresis 10
KPX rcommaaccent c -20
KPX rcommaaccent cacute -20
KPX rcommaaccent ccaron -20
KPX rcommaaccent ccedilla -20
KPX rcommaaccent comma -60
KPX rcommaaccent d -20
KPX rcommaaccent dcroat -20
KPX rcommaaccent g -15
KPX rcommaaccent gbreve -15
KPX rcommaaccent gcommaaccent -15
KPX rcommaaccent hyphen -20
KPX rcommaaccent o -20
KPX rcommaaccent oacute -20
KPX rcommaaccent ocircumflex -20
KPX rcommaaccent odieresis -20
KPX rcommaaccent ograve -20
KPX rcommaaccent ohungarumlaut -20
KPX rcommaaccent omacron -20
KPX rcommaaccent oslash -20
KPX rcommaaccent otilde -20
KPX rcommaaccent period -60
KPX rcommaaccent q -20
KPX rcommaaccent s -15
KPX rcommaaccent sacute -15
KPX rcommaaccent scaron -15
KPX rcommaaccent scedilla -15
KPX rcommaaccent scommaaccent -15
KPX rcommaaccent t 20
KPX rcommaaccent tcommaaccent 20
KPX rcommaaccent v 10
KPX rcommaaccent y 10
KPX rcommaaccent yacute 10
KPX rcommaaccent ydieresis 10
KPX s w -15
KPX sacute w -15
KPX scaron w -15
KPX scedilla w -15
KPX scommaaccent w -15
KPX semicolon space -40
KPX space T -100
KPX space Tcaron -100
KPX space Tcommaaccent -100
KPX space V -80
KPX space W -80
KPX space Y -120
KPX space Yacute -120
KPX space Ydieresis -120
KPX space quotedblleft -80
KPX space quoteleft -60
KPX v a -20
KPX v aacute -20
KPX v abreve -20
KPX v acircumflex -20
KPX v adieresis -20
KPX v agrave -20
KPX v amacron -20
KPX v aogonek -20
KPX v aring -20
KPX v atilde -20
KPX v comma -80
KPX v o -30
KPX v oacute -30
KPX v ocircumflex -30
KPX v odieresis -30
KPX v ograve -30
KPX v ohungarumlaut -30
KPX v omacron -30
KPX v oslash -30
KPX v otilde -30
KPX v period -80
KPX w comma -40
KPX w o -20
KPX w oacute -20
KPX w ocircumflex -20
KPX w odieresis -20
KPX w ograve -20
KPX w ohungarumlaut -20
KPX w omacron -20
KPX w oslash -20
KPX w otilde -20
KPX w period -40
KPX x e -10
KPX x eacute -10
KPX x ecaron -10
KPX x ecircumflex -10
KPX x edieresis -10
KPX x edotaccent -10
KPX x egrave -10
KPX x emacron -10
KPX x eogonek -10
KPX y a -30
KPX y aacute -30
KPX y abreve -30
KPX y acircumflex -30
KPX y adieresis -30
KPX y agrave -30
KPX y amacron -30
KPX y aogonek -30
KPX y aring -30
KPX y atilde -30
KPX y comma -80
KPX y e -10
KPX y eacute -10
KPX y ecaron -10
KPX y ecircumflex -10
KPX y edieresis -10
KPX y edotaccent -10
KPX y egrave -10
KPX y emacron -10
KPX y eogonek -10
KPX y o -25
KPX y oacute -25
KPX y ocircumflex -25
KPX y odieresis -25
KPX y ograve -25
KPX y ohungarumlaut -25
KPX y omacron -25
KPX y oslash -25
KPX y otilde -25
KPX y period -80
KPX yacute a -30
KPX yacute aacute -30
KPX yacute abreve -30
KPX yacute acircumflex -30
KPX yacute adieresis -30
KPX yacute agrave -30
KPX yacute amacron -30
KPX yacute aogonek -30
KPX yacute aring -30
KPX yacute atilde -30
KPX yacute comma -80
KPX yacute e -10
KPX yacute eacute -10
KPX yacute ecaron -10
KPX yacute ecircumflex -10
KPX yacute edieresis -10
KPX yacute edotaccent -10
KPX yacute egrave -10
KPX yacute emacron -10
KPX yacute eogonek -10
KPX yacute o -25
KPX yacute oacute -25
KPX yacute ocircumflex -25
KPX yacute odieresis -25
KPX yacute ograve -25
KPX yacute ohungarumlaut -25
KPX yacute omacron -25
KPX yacute oslash -25
KPX yacute otilde -25
KPX yacute period -80
KPX ydieresis a -30
KPX ydieresis aacute -30
KPX ydieresis abreve -30
KPX ydieresis acircumflex -30
KPX ydieresis adieresis -30
KPX ydieresis agrave -30
KPX ydieresis amacron -30
KPX ydieresis aogonek -30
KPX ydieresis aring -30
KPX ydieresis atilde -30
KPX ydieresis comma -80
KPX ydieresis e -10
KPX ydieresis eacute -10
KPX ydieresis ecaron -10
KPX ydieresis ecircumflex -10
KPX ydieresis edieresis -10
KPX ydieresis edotaccent -10
KPX ydieresis egrave -10
KPX ydieresis emacron -10
KPX ydieresis eogonek -10
KPX ydieresis o -25
KPX ydieresis oacute -25
KPX ydieresis ocircumflex -25
KPX ydieresis odieresis -25
KPX ydieresis ograve -25
KPX ydieresis ohungarumlaut -25
KPX ydieresis omacron -25
KPX ydieresis oslash -25
KPX ydieresis otilde -25
KPX ydieresis period -80
KPX z e 10
KPX z eacute 10
KPX z ecaron 10
KPX z ecircumflex 10
KPX z edieresis 10
KPX z edotaccent 10
KPX z egrave 10
KPX z emacron 10
KPX z eogonek 10
KPX zacute e 10
KPX zacute eacute 10
KPX zacute ecaron 10
KPX zacute ecircumflex 10
KPX zacute edieresis 10
KPX zacute edotaccent 10
KPX zacute egrave 10
KPX zacute emacron 10
KPX zacute eogonek 10
KPX zcaron e 10
KPX zcaron eacute 10
KPX zcaron ecaron 10
KPX zcaron ecircumflex 10
KPX zcaron edieresis 10
KPX zcaron edotaccent 10
KPX zcaron egrave 10
KPX zcaron emacron 10
KPX zcaron eogonek 10
KPX zdotaccent e 10
KPX zdotaccent eacute 10
KPX zdotaccent ecaron 10
KPX zdotaccent ecircumflex 10
KPX zdotaccent edieresis 10
KPX zdotaccent edotaccent 10
KPX zdotaccent egrave 10
KPX zdotaccent emacron 10
KPX zdotaccent eogonek 10
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C 136 ; WX 410 ; N a206 ; B 35 0 375 692 ;
C 137 ; WX 410 ; N a86 ; B 35 0 375 692 ;
C 138 ; WX 234 ; N a87 ; B 35 -14 199 705 ;
C 139 ; WX 234 ; N a88 ; B 35 -14 199 705 ;
C 140 ; WX 334 ; N a95 ; B 35 0 299 692 ;
C 141 ; WX 334 ; N a96 ; B 35 0 299 692 ;
C 161 ; WX 732 ; N a101 ; B 35 -143 697 806 ;
C 162 ; WX 544 ; N a102 ; B 56 -14 488 706 ;
C 163 ; WX 544 ; N a103 ; B 34 -14 508 705 ;
C 164 ; WX 910 ; N a104 ; B 35 40 875 651 ;
C 165 ; WX 667 ; N a106 ; B 35 -14 633 705 ;
C 166 ; WX 760 ; N a107 ; B 35 -14 726 705 ;
C 167 ; WX 760 ; N a108 ; B 0 121 758 569 ;
C 168 ; WX 776 ; N a112 ; B 35 0 741 705 ;
C 169 ; WX 595 ; N a111 ; B 34 -14 560 705 ;
C 170 ; WX 694 ; N a110 ; B 35 -14 659 705 ;
C 171 ; WX 626 ; N a109 ; B 34 0 591 705 ;
C 172 ; WX 788 ; N a120 ; B 35 -14 754 705 ;
C 173 ; WX 788 ; N a121 ; B 35 -14 754 705 ;
C 174 ; WX 788 ; N a122 ; B 35 -14 754 705 ;
C 175 ; WX 788 ; N a123 ; B 35 -14 754 705 ;
C 176 ; WX 788 ; N a124 ; B 35 -14 754 705 ;
C 177 ; WX 788 ; N a125 ; B 35 -14 754 705 ;
C 178 ; WX 788 ; N a126 ; B 35 -14 754 705 ;
C 179 ; WX 788 ; N a127 ; B 35 -14 754 705 ;
C 180 ; WX 788 ; N a128 ; B 35 -14 754 705 ;
C 181 ; WX 788 ; N a129 ; B 35 -14 754 705 ;
C 182 ; WX 788 ; N a130 ; B 35 -14 754 705 ;
C 183 ; WX 788 ; N a131 ; B 35 -14 754 705 ;
C 184 ; WX 788 ; N a132 ; B 35 -14 754 705 ;
C 185 ; WX 788 ; N a133 ; B 35 -14 754 705 ;
C 186 ; WX 788 ; N a134 ; B 35 -14 754 705 ;
C 187 ; WX 788 ; N a135 ; B 35 -14 754 705 ;
C 188 ; WX 788 ; N a136 ; B 35 -14 754 705 ;
C 189 ; WX 788 ; N a137 ; B 35 -14 754 705 ;
C 190 ; WX 788 ; N a138 ; B 35 -14 754 705 ;
C 191 ; WX 788 ; N a139 ; B 35 -14 754 705 ;
C 192 ; WX 788 ; N a140 ; B 35 -14 754 705 ;
C 193 ; WX 788 ; N a141 ; B 35 -14 754 705 ;
C 194 ; WX 788 ; N a142 ; B 35 -14 754 705 ;
C 195 ; WX 788 ; N a143 ; B 35 -14 754 705 ;
C 196 ; WX 788 ; N a144 ; B 35 -14 754 705 ;
C 197 ; WX 788 ; N a145 ; B 35 -14 754 705 ;
C 198 ; WX 788 ; N a146 ; B 35 -14 754 705 ;
C 199 ; WX 788 ; N a147 ; B 35 -14 754 705 ;
C 200 ; WX 788 ; N a148 ; B 35 -14 754 705 ;
C 201 ; WX 788 ; N a149 ; B 35 -14 754 705 ;
C 202 ; WX 788 ; N a150 ; B 35 -14 754 705 ;
C 203 ; WX 788 ; N a151 ; B 35 -14 754 705 ;
C 204 ; WX 788 ; N a152 ; B 35 -14 754 705 ;
C 205 ; WX 788 ; N a153 ; B 35 -14 754 705 ;
C 206 ; WX 788 ; N a154 ; B 35 -14 754 705 ;
C 207 ; WX 788 ; N a155 ; B 35 -14 754 705 ;
C 208 ; WX 788 ; N a156 ; B 35 -14 754 705 ;
C 209 ; WX 788 ; N a157 ; B 35 -14 754 705 ;
C 210 ; WX 788 ; N a158 ; B 35 -14 754 705 ;
C 211 ; WX 788 ; N a159 ; B 35 -14 754 705 ;
C 212 ; WX 894 ; N a160 ; B 35 58 860 634 ;
C 213 ; WX 838 ; N a161 ; B 35 152 803 540 ;
C 214 ; WX 1016 ; N a163 ; B 34 152 981 540 ;
C 215 ; WX 458 ; N a164 ; B 35 -127 422 820 ;
C 216 ; WX 748 ; N a196 ; B 35 94 698 597 ;
C 217 ; WX 924 ; N a165 ; B 35 140 890 552 ;
C 218 ; WX 748 ; N a192 ; B 35 94 698 597 ;
C 219 ; WX 918 ; N a166 ; B 35 166 884 526 ;
C 220 ; WX 927 ; N a167 ; B 35 32 892 660 ;
C 221 ; WX 928 ; N a168 ; B 35 129 891 562 ;
C 222 ; WX 928 ; N a169 ; B 35 128 893 563 ;
C 223 ; WX 834 ; N a170 ; B 35 155 799 537 ;
C 224 ; WX 873 ; N a171 ; B 35 93 838 599 ;
C 225 ; WX 828 ; N a172 ; B 35 104 791 588 ;
C 226 ; WX 924 ; N a173 ; B 35 98 889 594 ;
C 227 ; WX 924 ; N a162 ; B 35 98 889 594 ;
C 228 ; WX 917 ; N a174 ; B 35 0 882 692 ;
C 229 ; WX 930 ; N a175 ; B 35 84 896 608 ;
C 230 ; WX 931 ; N a176 ; B 35 84 896 608 ;
C 231 ; WX 463 ; N a177 ; B 35 -99 429 791 ;
C 232 ; WX 883 ; N a178 ; B 35 71 848 623 ;
C 233 ; WX 836 ; N a179 ; B 35 44 802 648 ;
C 234 ; WX 836 ; N a193 ; B 35 44 802 648 ;
C 235 ; WX 867 ; N a180 ; B 35 101 832 591 ;
C 236 ; WX 867 ; N a199 ; B 35 101 832 591 ;
C 237 ; WX 696 ; N a181 ; B 35 44 661 648 ;
C 238 ; WX 696 ; N a200 ; B 35 44 661 648 ;
C 239 ; WX 874 ; N a182 ; B 35 77 840 619 ;
C 241 ; WX 874 ; N a201 ; B 35 73 840 615 ;
C 242 ; WX 760 ; N a183 ; B 35 0 725 692 ;
C 243 ; WX 946 ; N a184 ; B 35 160 911 533 ;
C 244 ; WX 771 ; N a197 ; B 34 37 736 655 ;
C 245 ; WX 865 ; N a185 ; B 35 207 830 481 ;
C 246 ; WX 771 ; N a194 ; B 34 37 736 655 ;
C 247 ; WX 888 ; N a198 ; B 34 -19 853 712 ;
C 248 ; WX 967 ; N a186 ; B 35 124 932 568 ;
C 249 ; WX 888 ; N a195 ; B 34 -19 853 712 ;
C 250 ; WX 831 ; N a187 ; B 35 113 796 579 ;
C 251 ; WX 873 ; N a188 ; B 36 118 838 578 ;
C 252 ; WX 927 ; N a189 ; B 35 150 891 542 ;
C 253 ; WX 970 ; N a190 ; B 35 76 931 616 ;
C 254 ; WX 918 ; N a191 ; B 34 99 884 593 ;
EndCharMetrics
EndFontMetrics"
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(** AFM Data for the standard 14 fonts *)
val courier_afm : string

val courier_oblique_afm : string

val courier_bold_afm : string

val courier_bold_oblique_afm : string

val times_roman_afm : string

val times_bold_afm : string

val times_italic_afm : string

val times_bold_italic_afm : string

val helvetica_afm : string

val helvetica_bold_afm : string

val helvetica_oblique_afm : string

val helvetica_bold_oblique_afm : string

val symbol_afm : string

val zapf_dingbats_afm : string







camlpdf-2.4/pdfannot.ml

(* Read and Write Annotations *)
open Pdfutil

(* Annotation Border Styles *)
type style =
  | NoStyle
  | Solid
  | Dashed
  | Beveled
  | Inset
  | UnderlineStyle

type border =
  {width : float;
   vradius : float;
   hradius : float;
   style : style;
   dasharray : int array}

type subtype =
  | Text
  | Link
  | FreeText
  | Line
  | Square
  | Circle
  | Polygon
  | PolyLine
  | Highlight
  | Underline
  | Squiggly
  | StrikeOut
  | Stamp
  | Caret
  | Ink
  | Popup of t
  | FileAttachment
  | Sound
  | Movie
  | Widget
  | Screen
  | PrinterMark
  | TrapNet
  | Watermark
  | ThreeDee
  | Unknown

(* Main type. 'rest' contains the raw annotation dictionary with the exception
of the entries corresponding to the other items in the record. *)
and t =
  {subtype : subtype;
   annot_contents : string option;
   subject : string option;
   rectangle : float * float * float * float;
   border : border;
   colour : (int * int * int) option;
   annotrest : Pdf.pdfobject}

(* Read a single annotation *)
let rec read_annotation pdf annot =
  let subtype =
    match Pdf.lookup_direct pdf "/Subtype" annot with
    | Some (Pdf.Name "/Text") -> Text
    | Some (Pdf.Name "/FreeText") -> FreeText
    | Some (Pdf.Name "/Popup") ->
        (* Look up /Parent. If exists, include it *)
        begin match Pdf.direct pdf annot with
        | Pdf.Dictionary d ->
            begin match lookup "/Parent" d with
            | Some (Pdf.Indirect i) ->
                Popup (read_annotation pdf (Pdf.Indirect i))
            | _ -> Unknown
            end
        | _ -> raise (Pdf.PDFError "read_annotation failed")
        end
    | Some (Pdf.Name "/Stamp") -> Stamp
    | Some (Pdf.Name "/Link") -> Link
    | _ -> Unknown
  in let contents =
    match Pdf.lookup_direct pdf "/Contents" annot with
    | Some (Pdf.String s) -> Some s
    | _ -> None
  in let subject =
    match Pdf.lookup_direct pdf "/Subj" annot with
    | Some (Pdf.String s) -> Some s
    | _ -> None
  in let rectangle =
    Pdf.parse_rectangle (Pdf.lookup_fail "No /rect in annot" pdf "/Rect" annot)
  in let border =
    match Pdf.lookup_direct pdf "/BS" annot with
    | Some bsdict ->
        let width =
          match Pdf.lookup_direct pdf "/W" bsdict with
          | Some x -> Pdf.getnum x
          | _ -> 1.
        in let style =
          match Pdf.lookup_direct pdf "/S" bsdict with
          | Some (Pdf.Name "/S") -> Solid
          | Some (Pdf.Name "/D") -> Dashed
          | Some (Pdf.Name "/B") -> Beveled
          | Some (Pdf.Name "/I") -> Inset
          | Some (Pdf.Name "/U") -> UnderlineStyle
          | _ -> NoStyle
        in let dasharray =
          match Pdf.lookup_direct pdf "/D" bsdict with
          | Some (Pdf.Array dash) ->
              Array.of_list
                (map int_of_float (map Pdf.getnum (map (Pdf.direct pdf) dash)))
          | _ -> [||]
        in
          {width = width;
           vradius = 0.;
           hradius = 0.;
           style = style;
           dasharray = dasharray}
    | None ->
        match Pdf.lookup_direct pdf "/Border" annot with
        | Some (Pdf.Array [h; v; w]) ->
            {width = Pdf.getnum (Pdf.direct pdf w);
             vradius = Pdf.getnum (Pdf.direct pdf v);
             hradius = Pdf.getnum (Pdf.direct pdf h);
             style = NoStyle;
             dasharray = [||]}
        | Some (Pdf.Array [h; v; w; Pdf.Array dash]) ->
            {width = Pdf.getnum (Pdf.direct pdf w);
             vradius = Pdf.getnum (Pdf.direct pdf v);
             hradius = Pdf.getnum (Pdf.direct pdf h);
             style = NoStyle;
             dasharray =
               Array.of_list
                 (map
                   int_of_float
                   (map Pdf.getnum (map (Pdf.direct pdf) dash)))}
        | _ ->
            {width = 1.;
             vradius = 0.;
             hradius = 0.;
             style = NoStyle;
             dasharray = [||]}
  in let colour =
    match Pdf.lookup_direct pdf "/C" annot with
    | Some (Pdf.Array [r; g; b]) ->
        Some (int_of_float (Pdf.getnum (Pdf.direct pdf r)),
              int_of_float (Pdf.getnum (Pdf.direct pdf g)),
              int_of_float (Pdf.getnum (Pdf.direct pdf b)))
    | _ -> None
  in let annotrest =
    match Pdf.direct pdf annot with
    | Pdf.Dictionary entries ->
        Pdf.Dictionary
          (lose
            (fun (k, _) -> mem k ["/Subtype"; "/Contents"; "/Rect"; "/Border"])
            entries)
    | _ -> raise (Pdf.PDFError "Bad annotation dictionary")
  in
    {subtype = subtype;
     annot_contents = contents;
     subject = subject;
     rectangle = rectangle;
     border = border;
     colour = colour;
     annotrest = annotrest}

let get_popup_parent pdf annotation =
  match Pdf.direct pdf annotation with
  | Pdf.Dictionary d ->
      begin match lookup "/Parent" d with
      | Some (Pdf.Indirect i) -> Some i
      | _ -> None
      end
  | _ -> raise (Pdf.PDFError "Pdfannot.get_popup_parent: not a dictionary")

(* Read the annotations from a page. *)
let annotations_of_page pdf page =
  match Pdf.lookup_direct pdf "/Annots" page.Pdfpage.rest with
  | Some (Pdf.Array annotations) ->
      (* We don't read annotations which are parents of Popup annotations - they
      will be caught anyway. This seems to be the right thing to do, but will
      need more advice. *)
      let popup_parents =
        option_map (get_popup_parent pdf) annotations
      in
        map
          (read_annotation pdf)
          (lose
            (function Pdf.Indirect i -> mem i popup_parents | _ -> false)
            annotations)
  | _ -> []

(* Add an annotation to a page *)

let string_of_subtype = function
  | Text -> "/Text" | Link -> "/Link" | FreeText -> "/FreeText" | Line -> "/Line"
  | Square -> "/Square" | Circle -> "/Circle" | Polygon -> "/Polygon"
  | PolyLine -> "/PolyLine" | Highlight -> "/Highlight" | Underline -> "/Underline"
  | Squiggly -> "/Squiggly" | StrikeOut -> "/StrikeOut" | Stamp -> "/Stamp"
  | Caret -> "/Caret" | Ink -> "/Ink" | FileAttachment -> "/FileAttachment" | Sound -> "/Sound"
  | Movie -> "/Movie" | Widget -> "/Widget" | Screen -> "/Screen"
  | PrinterMark -> "/PrinterMark" | TrapNet -> "/TrapNet" | Watermark -> "/Watermark"
  | Unknown -> "/Unknown" | Popup _ -> "/Popup" | ThreeDee -> "/3D"

let obj_of_annot t =
  let d =
    ["/Subtype", Pdf.Name (string_of_subtype t.subtype);
     "/Contents", (match t.annot_contents with None -> Pdf.Null | Some s -> Pdf.String s);
     "/Rect", (let a, b, c, d = t.rectangle in Pdf.Array [Pdf.Real a; Pdf.Real b; Pdf.Real c; Pdf.Real d]);
     "/Border", match t.border.dasharray with
                | [||] -> Pdf.Array [Pdf.Real t.border.hradius; Pdf.Real t.border.vradius; Pdf.Real t.border.width]
                | _    -> raise (Pdf.PDFError "non-empty dash array unsupported")]
  in
  let d = match t.annotrest with
    | Pdf.Null -> d
    | Pdf.Dictionary d' -> d @ d'
    | _ -> raise (Pdf.PDFError "Bad annotation dictionary") in
  let colorize d = match t.colour with
    | None -> d
    | Some (r,g,b) -> (("/C", Pdf.Array [Pdf.Integer r; Pdf.Integer g; Pdf.Integer b]))::d
  in
  let subject d = match t.subject with
    | None -> d
    | Some s -> (("/Subj", Pdf.String s)::d)
  in
  Pdf.Dictionary (subject (colorize d))

let make_border ?(vradius=0.0) ?(hradius=0.0) ?(style=NoStyle) ?(dasharray = [||]) width =
  {vradius; hradius; style; dasharray; width}

let make ?content ?(border=make_border 0.0) ?(rectangle=(0., 0., 0., 0.)) ?colour ?subject subtype =
  {annot_contents = content;
   border;
   rectangle;
   colour;
   subject;
   subtype;
   annotrest = Pdf.Null}

let add_annotation pdf page anno =
  let obj = obj_of_annot anno in
  match Pdf.lookup_direct pdf "/Annots" page.Pdfpage.rest with
  | Some (Pdf.Array annotations) ->
      {page with
         Pdfpage.rest = Pdf.add_dict_entry page.Pdfpage.rest "/Annots" (Pdf.Array (obj::annotations))}
  | Some _  ->
      raise (Pdf.PDFError "Bad annotation dictionary")
  | None ->
      {page with
         Pdfpage.rest = Pdf.add_dict_entry page.Pdfpage.rest "/Annots" (Pdf.Array [obj])}
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(** Annotations *)

(** Border styles *)
type style = NoStyle | Solid | Dashed | Beveled | Inset | UnderlineStyle

(** Annotation borders. *)
type border =
  {width : float;
   vradius : float;
   hradius : float;
   style : style;
   dasharray : int array}

(** Annotation types *)
type subtype =
  | Text
  | Link
  | FreeText
  | Line
  | Square
  | Circle
  | Polygon
  | PolyLine
  | Highlight
  | Underline
  | Squiggly
  | StrikeOut
  | Stamp
  | Caret
  | Ink
  | Popup of t
  | FileAttachment
  | Sound
  | Movie
  | Widget
  | Screen
  | PrinterMark
  | TrapNet
  | Watermark
  | ThreeDee
  | Unknown

(** Annotations. *)
and t =
  {subtype : subtype;
   annot_contents : string option;
   subject : string option;
   rectangle : float * float * float * float;
   border : border;
   colour : (int * int * int) option;
   annotrest : Pdf.pdfobject}

val annotations_of_page : Pdf.t -> Pdfpage.t -> t list
(** Return the annotations on a page in a document. *)

val add_annotation : Pdf.t -> Pdfpage.t -> t -> Pdfpage.t
(** Add an annotation to a page in a document. *)

val make_border : ?vradius:float ->
?hradius:float -> ?style:style -> ?dasharray:int array -> float -> border
(** Make a border. *)

val make : ?content:string ->
  ?border:border ->
  ?rectangle:float * float * float * float ->
  ?colour:int * int * int -> ?subject:string -> subtype -> t
(** Make an annotation of a given [subtype]. *)
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(* Convert a CFF Type 1 Font to a Type 3 font. *)
open Pdfutil
open Pdfio

type dictop =
  | IntOp of int32
  | RealOp of float
  | Operator of int
  | Operator2 of int

let read_card8 b =
  i32toi (getval_32 b 8)

let read_card16 b =
  i32toi (getval_32 b 16)

let discard_bytes b n =
  for x = 1 to n do ignore (getval_32 b 8) done

let read_string b l =
  let chars = ref [] in
    for x = 1 to l do chars =| char_of_int (i32toi (getval_32 b 8)) done;
    implode (rev !chars)

let read_index b =
  let count = read_card16 b in
    if count = 0 then [] else
      let offsize = read_card8 b * 8
      and offsets = ref [] in
        for x = 1 to count + 1 do offsets =| i32toi (getval_32 b offsize) done;
        let offsets = rev !offsets in
          map (fun (x, y) -> y - x) (pairs offsets)

(* Read a dictionary, creating a dictop list, and parse to (key, value) pairs. l
is the length of the dictionary. *)
let rec read_float_dict_item prev n_read b =
  match i32toi (getval_32 b 4) with
  | 0xF ->
      align b;
      ((n_read + 2) / 2), Scanf.sscanf (implode (rev prev)) "%f" ident
  | 0x0 -> read_float_dict_item ('0'::prev) (n_read + 1) b
  | 0x1 -> read_float_dict_item ('1'::prev) (n_read + 1) b
  | 0x2 -> read_float_dict_item ('2'::prev) (n_read + 1) b
  | 0x3 -> read_float_dict_item ('3'::prev) (n_read + 1) b
  | 0x4 -> read_float_dict_item ('4'::prev) (n_read + 1) b
  | 0x5 -> read_float_dict_item ('5'::prev) (n_read + 1) b
  | 0x6 -> read_float_dict_item ('6'::prev) (n_read + 1) b
  | 0x7 -> read_float_dict_item ('7'::prev) (n_read + 1) b
  | 0x8 -> read_float_dict_item ('8'::prev) (n_read + 1) b
  | 0x9 -> read_float_dict_item ('9'::prev) (n_read + 1) b
  | 0xA -> read_float_dict_item ('.'::prev) (n_read + 1) b
  | 0xB -> read_float_dict_item ('E'::prev) (n_read + 1) b
  | 0xC -> read_float_dict_item ('-'::'E'::prev) (n_read + 1) b
  | 0xD -> read_float_dict_item prev (n_read + 1) b
  | 0xE -> read_float_dict_item ('-'::prev) (n_read + 1) b
  | _ -> assert false

let read_dict_item b =
  let b1 = read_card8 b in
    if b1 >= 0 && b1 <= 21 then
      if b1 = 12 then
        let b2 = read_card8 b in
          2, Operator2 b2
      else
        1, Operator b1
    else if b1 = 28 then
      let ob1 = read_card8 b in
      let ob2 = read_card8 b in
        3, IntOp (i32ofi ((ob1 lsl 8) lor ob2))
    else if b1 = 29 then
      let ob1 = getval_32 b 8 in
      let ob2 = getval_32 b 8 in
      let ob3 = getval_32 b 8 in
      let ob4 = getval_32 b 8 in
      let v =
        lor32
          (lor32 (lsl32 ob1 24) (lsl32 ob2 16))
          (lor32 (lsl32 ob3 8) ob4)
      in
        5, IntOp v
    else if b1 >= 32 && b1 <= 246 then
      1, IntOp (i32ofi (b1 - 139))
    else if b1 >= 247 && b1 <= 250 then
      let ob1 = read_card8 b in
        2, IntOp (i32ofi ((b1 - 247) * 256 + ob1 + 108))
    else if b1 >= 251 && b1 <= 254 then
      let ob1 = read_card8 b in
        2, IntOp (i32ofi ((~- (b1 - 251)) * 256 - ob1 - 108))
    else if b1 = 30 then
        let bytes_read, num = read_float_dict_item [] 0 b in
          bytes_read + 1, RealOp num
    else
      raise (Pdf.PDFError "bad operator/operand in read_dict_item")
    
let rec read_dict prev b l =
  if l <= 0 then rev prev else
    let bytes_read, op = read_dict_item b in
      read_dict (op::prev) b (l - bytes_read)

(* In code, out code *)
let standard_encoding =
  [(0, 0); (1, 0); (2, 0); (3, 0); (4, 0); (5, 0); (6, 0); (7, 0); (8, 0);
   (9, 0); (10, 0); (11, 0); (12, 0); (13, 0); (14, 0); (15, 0); (16, 0);
   (17, 0); (18, 0); (19, 0); (20, 0); (21, 0); (22, 0); (23, 0); (24, 0);
   (25, 0); (26, 0); (27, 0); (28, 0); (29, 0); (30, 0); (31, 0); (32, 1);
   (33, 2); (34, 3); (35, 4); (36, 5); (37, 6); (38, 7); (39, 8); (40, 9);
   (41, 10); (42, 11); (43, 12); (44, 13); (45, 14); (46, 15); (47, 16);
   (48, 17); (49, 18); (50, 19); (51, 20); (52, 21); (53, 22); (54, 23);
   (55, 24); (56, 25); (57, 26); (58, 27); (59, 28); (60, 29); (61, 30);
   (62, 31); (63, 32); (64, 33); (65, 34); (66, 35); (67, 36); (68, 37);
   (69, 38); (70, 39); (71, 40); (72, 41); (73, 42); (74, 43); (75, 44);
   (76, 45); (77, 46); (78, 47); (79, 48); (80, 49); (81, 50); (82, 51);
   (83, 52); (84, 53); (85, 54); (86, 55); (87, 56); (88, 57); (89, 58);
   (90, 59); (91, 60); (92, 61); (93, 62); (94, 63); (95, 64); (96, 65);
   (97, 66); (98, 67); (99, 68); (100, 69); (101, 70); (102, 71); (103, 72);
   (104, 73); (105, 74); (106, 75); (107, 76); (108, 77); (109, 78); (110, 79);
   (111, 80); (112, 81); (113, 82); (114, 83); (115, 84); (116, 85); (117, 86);
   (118, 87); (119, 88); (120, 89); (121, 90); (122, 91); (123, 92); (124, 93);
   (125, 94); (126, 95); (127, 0); (128, 0); (129, 0); (130, 0); (131, 0);
   (132, 0); (133, 0); (134, 0); (135, 0); (136, 0); (137, 0); (138, 0);
   (139, 0); (140, 0); (141, 0); (142, 0); (143, 0); (144, 0); (145, 0);
   (146, 0); (147, 0); (148, 0); (149, 0); (150, 0); (151, 0); (152, 0);
   (153, 0); (154, 0); (155, 0); (156, 0); (157, 0); (158, 0); (159, 0);
   (160, 0); (161, 96); (162, 97); (163, 98); (164, 99); (165, 100); (166, 101);
   (167, 102); (168, 103); (169, 104); (170, 105); (171, 106); (172, 107);
   (173, 108); (174, 109); (175, 110); (176, 0); (177, 111); (178, 112);
   (179, 113); (180, 114); (181, 0); (182, 115); (183, 116); (184, 117);
   (185, 118); (186, 119); (187, 120); (188, 121); (189, 122); (190, 0);
   (191, 123); (192, 0); (193, 124); (194, 125); (195, 126); (196, 127);
   (197, 128); (198, 129); (199, 130); (200, 131); (201, 0); (202, 132);
   (203, 133); (204, 0); (205, 134); (206, 135); (207, 136); (208, 137);
   (209, 0); (210, 0); (211, 0); (212, 0); (213, 0); (214, 0); (215, 0);
   (216, 0); (217, 0); (218, 0); (219, 0); (220, 0); (221, 0); (222, 0);
   (223, 0); (224, 0); (225, 138); (226, 0); (227, 139); (228, 0); (229, 0);
   (230, 0); (231, 0); (232, 140); (233, 141); (234, 142); (235, 143);
   (236, 0); (237, 0); (238, 0); (239, 0); (240, 0); (241, 144); (242, 0);
   (243, 0); (244, 0); (245, 145); (246, 0); (247, 0); (248, 146); (249, 147);
   (250, 148); (251, 149); (252, 0); (253, 0); (254, 0); (255, 0)]

let expert_encoding =
  [(0, 0); (1, 0); (2, 0); (3, 0); (4, 0); (5, 0); (6, 0); (7, 0); (8, 0);
   (9, 0); (10, 0); (11, 0); (12, 0); (13, 0); (14, 0); (15, 0); (16, 0);
   (17, 0); (18, 0); (19, 0); (20, 0); (21, 0); (22, 0); (23, 0); (24, 0);
   (25, 0); (26, 0); (27, 0); (28, 0); (29, 0); (30, 0); (31, 0); (32, 1);
   (33, 229); (34, 230); (35, 0); (36, 231); (37, 232); (38, 233); (39, 234);
   (40, 235); (41, 236); (42, 237); (43, 238); (44, 13); (45, 14); (46, 15);
   (47, 99); (48, 239); (49, 240); (50, 241); (51, 242); (52, 243); (53, 244);
   (54, 245); (55, 246); (56, 247); (57, 248); (58, 27); (59, 28); (60, 249);
   (61, 250); (62, 251); (63, 252); (64, 0); (65, 253); (66, 254); (67, 255);
   (68, 256); (69, 257); (70, 0); (71, 0); (72, 0); (73, 258); (74, 0); (75, 0);
   (76, 259); (77, 260); (78, 261); (79, 262); (80, 0); (81, 0); (82, 263);
   (83, 264); (84, 265); (85, 0); (86, 266); (87, 109); (88, 110); (89, 267);
   (90, 268); (91, 269); (92, 0); (93, 270); (94, 271); (95, 272); (96, 273);
   (97, 274); (98, 275); (99, 276); (100, 277); (101, 278); (102, 279);
   (103, 280); (104, 281); (105, 282); (106, 283); (107, 284); (108, 285);
   (109, 286); (110, 287); (111, 288); (112, 289); (113, 290); (114, 291);
   (115, 292); (116, 293); (117, 294); (118, 295); (119, 296); (120, 297);
   (121, 298); (122, 299); (123, 300); (124, 301); (125, 302); (126, 303);
   (127, 0); (128, 0); (129, 0); (130, 0); (131, 0); (132, 0); (133, 0);
   (134, 0); (135, 0); (136, 0); (137, 0); (138, 0); (139, 0); (140, 0);
   (141, 0); (142, 0); (143, 0); (144, 0); (145, 0); (146, 0); (147, 0);
   (148, 0); (149, 0); (150, 0); (151, 0); (152, 0); (153, 0); (154, 0);
   (155, 0); (156, 0); (157, 0); (158, 0); (159, 0); (160, 0); (161, 304);
   (162, 305); (163, 306); (164, 0); (165, 0); (166, 307); (167, 308);
   (168, 309); (169, 310); (170, 311); (171, 0); (172, 312); (173, 0);
   (174, 0); (175, 313); (176, 0); (177, 0); (178, 314); (179, 315);
   (180, 0); (181, 0); (182, 316); (183, 317); (184, 318); (185, 0); (186, 0);
   (187, 0); (188, 158); (189, 155); (190, 163); (191, 319); (192, 320);
   (193, 321); (194, 322); (195, 323); (196, 324); (197, 325); (198, 0);
   (199, 0); (200, 326); (201, 150); (202, 164); (203, 169); (204, 327);
   (205, 328); (206, 329); (207, 330); (208, 331); (208, 332); (209, 332);
   (210, 333); (211, 334); (212, 335); (213, 336); (214, 337); (215, 338);
   (216, 339); (217, 340); (218, 341); (219, 342); (220, 343); (221, 344);
   (222, 345); (223, 346); (224, 347); (225, 348); (226, 349); (227, 350);
   (228, 351); (229, 352); (230, 353); (231, 354); (232, 355); (233, 356);
   (234, 357); (235, 358); (236, 359); (237, 360); (238, 361); (239, 362);
   (240, 363); (241, 364); (242, 365); (243, 366); (244, 367); (245, 268);
   (246, 369); (247, 370); (248, 371); (249, 372); (250, 373); (251, 374);
   (252, 375); (253, 376); (254, 377); (255, 378)]

let sids =
  [(0, ".notdef"); (1, "space"); (2, "exclam"); (3, "quotedbl"); (4, "numbersign");
   (5, "dollar"); (6, "percent"); (7, "ampersand"); (8, "quoteright"); (9, "parenleft");
   (10, "parenright"); (11, "asterisk"); (12, "plus"); (13, "comma"); (14, "hyphen");
   (15, "period"); (16, "slash"); (17, "zero"); (18, "one"); (19, "two"); (20, "three");
   (21, "four"); (22, "five"); (23, "six"); (24, "seven"); (25, "eight"); (26, "nine");
   (27, "colon"); (28, "semicolon"); (29, "less"); (30, "equal"); (31, "greater");
   (32, "question"); (33, "at"); (34, "A"); (35, "B"); (36, "C"); (37, "D"); (38, "E");
   (39, "F"); (40, "G"); (41, "H"); (42, "I"); (43, "J"); (44, "K"); (45, "L"); (46, "M");
   (47, "N"); (48, "O"); (49, "P"); (50, "Q"); (51, "R"); (52, "S"); (53, "T"); (54, "U");
   (55, "V"); (56, "W"); (57, "X"); (58, "Y"); (59, "Z"); (60, "bracketleft");
   (61, "backslash"); (62, "bracketright"); (63, "asciicircum"); (64, "underscore");
   (65, "quoteleft"); (66, "a"); (67, "b"); (68, "c"); (69, "d"); (70, "e"); (71, "f");
   (72, "g"); (73, "h"); (74, "i"); (75, "j"); (76, "k"); (77, "l"); (78, "m"); (79, "n");
   (80, "o"); (81, "p"); (82, "q"); (83, "r"); (84, "s"); (85, "t"); (86, "u"); (87, "v");
   (88, "w"); (89, "x"); (90, "y"); (91, "z"); (92, "braceleft"); (93, "bar");
   (94, "braceright"); (95, "asciitilde"); (96, "exclamdown"); (97, "cent"); (98, "sterling");
   (99, "fraction"); (100, "yen"); (101, "florin"); (102, "section"); (103, "currency");
   (104, "quotesingle"); (105, "quotedblleft"); (106, "guillemotleft"); (107, "guilsinglleft");
   (108, "guilsinglright"); (109, "fi"); (110, "fl"); (111, "endash"); (112, "dagger");
   (113, "daggerdbl"); (114, "periodcentered"); (115, "paragraph"); (116, "bullet");
   (117, "quotesinglbase"); (118, "quotedblbase"); (119, "quotedblright");
   (120, "guillemotright"); (121, "ellipsis"); (122, "perthousand"); (123, "questiondown");
   (124, "grave"); (125, "acute"); (126, "circumflex"); (127, "tilde"); (128, "macron");
   (129, "breve"); (130, "dotaccent"); (131, "dieresis"); (132, "ring"); (133, "cedilla");
   (134, "hungarumlaut"); (135, "ogonek"); (136, "caron"); (137, "emdash"); (138, "AE");
   (139, "ordfeminine"); (140, "Lslash"); (141, "Oslash"); (142, "OE"); (143, "ordmasculine");
   (144, "ae"); (145, "dotlessi"); (146, "lslash"); (147, "oslash"); (148, "oe");
   (149, "germandbls"); (150, "onesuperior"); (151, "logicalnot"); (152, "mu");
   (153, "trademark"); (154, "Eth"); (155, "onehalf"); (156, "plusminus"); (157, "Thorn");
   (158, "onequarter"); (159, "divide"); (160, "brokenbar"); (161, "degree"); (162, "thorn");
   (163, "threequarters"); (164, "twosuperior"); (165, "registered"); (166, "minus");
   (167, "eth"); (168, "multiply"); (169, "threesuperior"); (170, "copyright");
   (171, "Aacute"); (172, "Acircumflex"); (173, "Adieresis"); (174, "Agrave"); (175, "Aring");
   (176, "Atilde"); (177, "Ccedilla"); (178, "Eacute"); (179, "Ecircumflex"); (180, "Edieresis");
   (181, "Egrave"); (182, "Iacute"); (183, "Icircumflex"); (184, "Idieresis"); (185, "Igrave");
   (186, "Ntilde"); (187, "Oacute"); (188, "Ocircumflex"); (189, "Odieresis"); (190, "Ograve");
   (191, "Otilde"); (192, "Scaron"); (193, "Uacute"); (194, "Ucircumflex"); (195, "Udieresis");
   (196, "Ugrave"); (197, "Yacute"); (198, "Ydieresis"); (199, "Zcaron"); (200, "aacute");
   (201, "acircumflex"); (202, "adieresis"); (203, "agrave"); (204, "aring"); (205, "atilde");
   (206, "ccedilla"); (207, "eacute"); (208, "ecircumflex"); (209, "edieresis"); (210, "egrave");
   (211, "iacute"); (212, "icircumflex"); (213, "idieresis"); (214, "igrave"); (215, "ntilde");
   (216, "oacute"); (217, "ocircumflex"); (218, "odieresis"); (219, "ograve"); (220, "otilde");
   (221, "scaron"); (222, "uacute"); (223, "ucircumflex"); (224, "udieresis"); (225, "ugrave");
   (226, "yacute"); (227, "ydieresis"); (228, "zcaron");
   (229, "exclamsmall"); (230, "Hungarumlautsmall"); (231, "dollaroldstyle"); (232, "dollarsuperior");
   (233, "ampersandsmall"); (234, "Acutesmall"); (235, "parenleftsuperior");
   (236, "parenrightsuperior"); (237, "twodotenleader"); (238, "onedotenleader");
   (239, "zerooldstyle"); (240, "oneoldstyle"); (241, "twooldstyle");
   (242, "threeoldstyle"); (243, "fouroldstyle"); (244, "fiveoldstyle"); (245, "sixoldstyle");
   (246, "sevenoldstyle"); (247, "eightoldstyle"); (248, "nineoldstyle"); (249, "commasuperior");
   (250, "threequartersemdash"); (251, "periodsuperior"); (252, "questionsmall");
   (253, "asuperior"); (254, "bsuperior"); (255, "centsuperior"); (256, "dsuperior");
   (257, "esuperior"); (258, "isuperior"); (259, "lsuperior"); (260, "msuperior"); (261, "nsuperior");
   (262, "osuperior"); (263, "rsuperior"); (264, "ssuperior"); (265, "tsuperior");
   (266, "ff"); (267, "ffi"); (268, "ffl"); (269, "parenleftinferior"); (270, "parenrightinferior");
   (271, "Circumflexsmall"); (272, "hyphensuperior"); (273, "Gravesmall"); (274, "Asmall");
   (275, "Bsmall"); (276, "Csmall"); (277, "Dsmall"); (278, "Esmall"); (279, "Fsmall"); (280, "Gsmall");
   (281, "Hsmall"); (282, "Ismall"); (283, "Jsmall"); (284, "Ksmall"); (285, "Lsmall"); (286, "Msmall");
   (287, "Nsmall"); (288, "Osmall"); (289, "Psmall"); (290, "Qsmall"); (291, "Rsmall"); (292, "Ssmall");
   (293, "Tsmall"); (294, "Usmall"); (295, "Vsmall"); (296, "Wsmall"); (297, "Xsmall"); (298, "Ysmall");
   (299, "Zsmall"); (300, "colonmonetary"); (301, "onefitted"); (302, "rupiah"); (303, "Tildesmall");
   (304, "exclamdownsmall"); (305, "centoldstyle"); (306, "Lslashsmall"); (307, "Scaronsmall");
   (308, "Zcaronsmall"); (309, "Dieresissmall"); (310, "Brevesmall"); (311, "Caronsmall");
   (312, "Dotaccentsmall"); (313, "Macronsmall"); (314, "figuredash"); (315, "hypheninferior");
   (316, "Ogoneksmall"); (317, "Ringsmall"); (318, "Cedillasmall"); (319, "questionsmalldown");
   (320, "oneeighth"); (321, "threeeighths"); (322, "fiveeighths"); (323, "seveneighths");
   (324, "onethird"); (325, "twothirds"); (326, "zerosuperior"); (327, "foursuperior");
   (328, "fivesuperior"); (329, "sixsuperior"); (330, "sevensuperior"); (331, "eightsuperior");
   (332, "ninesuperior"); (333, "zeroinferior"); (334, "oneinferior"); (335, "twoinferior");
   (336, "threeinferior"); (337, "fourinferior"); (338, "fiveinferior"); (339, "sixinferior");
   (340, "seveninferior"); (341, "eightinferior"); (342, "nineinferior"); (343, "centinferior");
   (344, "dollarinferior"); (345, "periodinferior"); (346, "commainferior"); (347, "Agravesmall");
   (348, "Aacutesmall"); (349, "Acircumflexsmall"); (350, "Atildesmall"); (351, "Adieresissmall");
   (352, "Aringsmall"); (353, "AEsmall"); (354, "Ccedillasmall"); (355, "Egravesmall");
   (356, "Eacutesmall"); (357, "Ecircumflexsmall"); (358, "Edieresissmall"); (359, "Igravesmall");
   (360, "Iacutesmall"); (361, "Icircumflexsmall"); (362, "Idieresissmall"); (363, "Ethsmall");
   (364, "Ntildesmall"); (365, "Ogravesmall"); (366, "Oacutesmall"); (367, "Ocircumflexsmall");
   (368, "Otildesmall"); (369, "Odieresissmall"); (370, "OEsmall"); (371, "Oslashsmall");
   (372, "Ugravesmall"); (373, "Uacutesmall"); (374, "Ucircumflexsmall"); (375, "Udieresissmall");
   (376, "Yacutesmall"); (377, "Thornsmall"); (378, "Ydieresissmall"); (379, "001.000");
   (380, "001.001"); (381, "001.002"); (382, "001.003"); (383, "Black"); (384, "Bold");
   (385, "Book"); (386, "Light"); (387, "Medium"); (388, "Regular"); (389, "Roman");
   (390, "Semibold")]

(* Read entries from the topdict, returning a list of the data therein. At the
moment, we ignore anything we're not interested in, substituting defaults as
appropriate, returning a list. *)
type topdict_entry =
  | CharStringType of int
  | CharSetOffset of int
  | EncodingOffset of int
  | CharStringOffset of int
  | PrivateDict of int * int (*i (offset, length) i*)
  | FontMatrix of Pdftransform.transform_matrix

let parse_topdict_entry = function
  | Operator2 6, [IntOp x] -> Some (CharStringType (i32toi x))
  | Operator 15, [IntOp x] -> Some (CharSetOffset (i32toi x))
  | Operator 16, [IntOp x] -> Some (EncodingOffset (i32toi x))
  | Operator 17, [IntOp x] -> Some (CharStringOffset (i32toi x))
  | Operator 18, [IntOp size; IntOp offset] -> Some (PrivateDict (i32toi offset, i32toi size))
  | Operator2 7, [a; b; c; d; e; f] ->
      let getnum = function
        | IntOp i -> Int32.to_float i
        | RealOp r -> r
        | _ -> Printf.eprintf "cff.ml: bad mat"; 0.
      in
        Some
          (FontMatrix
             {Pdftransform.a = getnum a; Pdftransform.b = getnum b;
              Pdftransform.c = getnum c; Pdftransform.d = getnum d;
              Pdftransform.e = getnum e; Pdftransform.f = getnum f})
  | _ -> None

let rec read_dict_sections prev ops =
  match
    let operands, more =
      cleavewhile (function Operator _ | Operator2 _ -> false | _ -> true) ops
    in
      match more with
      | Operator x::rest -> Some (Operator x, operands, rest)
      | Operator2 x::rest -> Some (Operator2 x, operands, rest)
      | _ -> None
  with
  | Some (Operator x, ops, more) ->
      read_dict_sections ((Operator x, ops)::prev) more
  | Some (Operator2 x, ops, more) ->
      read_dict_sections ((Operator2 x, ops)::prev) more
  | _ -> rev prev

let parse_topdict ops =
  option_map parse_topdict_entry (read_dict_sections [] ops)

let string_of_topdict_entry = function
  | CharStringType i -> "CharStringType is " ^ string_of_int i ^ "\n"
  | CharSetOffset i -> "CharSetOffset is " ^ string_of_int i ^ "\n"
  | EncodingOffset i -> "EncodingOffset is " ^ string_of_int i ^ "\n"
  | CharStringOffset i -> "CharStringOffset is " ^ string_of_int i ^ "\n"
  | PrivateDict (offset, size) -> "PrivateDict offset is " ^ string_of_int offset ^ " and size " ^ string_of_int size ^ "\n"
  | FontMatrix m -> "FontMatrix is " ^ Pdftransform.string_of_matrix m ^ "\n"

(* Same for private dictionary *)
type privatedict_entry =
  | Subrs of int

let parse_privatedict_entry = function
  | Operator 19, [IntOp offset] -> Some (Subrs (i32toi offset))
  | _ -> None

let parse_privatedict ops =
  option_map parse_privatedict_entry (read_dict_sections [] ops)

let string_of_privatedict_entry = function
  | Subrs offset -> "Subrs: offset is " ^ string_of_int offset ^ "\n"

let dbg = ref false

(* Read the encoding in b at offset off *)
let read_encoding b = function
  | 0 ->
     if !dbg then flprint "read_encoding: This font uses the standard encoding\n";
     standard_encoding, false
  | 1 ->
     if !dbg then flprint "read_encoding: This font uses the expert encoding\n";
     expert_encoding, false
  | off ->
      if !dbg then flprint "read_encoding: This font uses its own encoding\n";
      discard_bytes b off;
      match read_card8 b with
      | 0 ->
          if !dbg then flprint "read_encoding: Format type 0\n";
          let numglyphs = read_card8 b in
            if !dbg then Printf.printf "there are %i encoding entries\n" numglyphs;
            let codes = ref [] in
              for x = 1 to numglyphs do codes =| read_card8 b done;
              if !codes = []
                then [], true
                else combine (rev !codes) (ilist 1 numglyphs), true
      | 1 ->
          if !dbg then flprint "read_encoding: Format type 1\n";
          let numranges = read_card8 b in
            let encoding = ref []
            and n = ref 1 in
              for x = 1 to numranges do
                let first = read_card8 b in
                  let nLeft = read_card8 b in
                    encoding =@ rev (combine (ilist first (first + nLeft)) (ilist !n (!n + nLeft)));
                    n := !n + nLeft + 1
              done;
              rev !encoding, true
      | n -> Printf.eprintf "Unknown encoding format %i (CFF)" n; [], false

let read_charset b off numglyphs =
  assert (numglyphs >= 0);
  discard_bytes b off;
  let fmt = read_card8 b in
    match fmt with
    | 0 ->
       if !dbg then flprint "Format 0\n";
       let sids = ref []
       and glyphsleft = ref numglyphs in
         while !glyphsleft > 0 do
           sids =| read_card16 b;
           decr glyphsleft
         done;
         rev !sids
    | 1 ->
       if !dbg then flprint "Format 1\n";
       let sids = ref []
       and glyphsleft = ref numglyphs in
         while !glyphsleft > 0 do
           let first = read_card16 b in
             let left = read_card8 b in
               sids =| ilist first (first + left);
               glyphsleft -= (left + 1)
         done;
         take (flatten (rev !sids)) numglyphs
    | 2 ->
       if !dbg then flprint "format 2\n";
       let sids = ref []
       and glyphsleft = ref numglyphs in
         while !glyphsleft > 0 do
           let first = read_card16 b in
             let left = read_card16 b in
               sids =| ilist first (first + left);
               glyphsleft -= (left + 1)
         done;
         take (flatten (rev !sids)) numglyphs
    | _ -> flprint "bad charset format\n"; raise (Pdf.PDFError "CFF: Bad charset format")

let read_charstrings b charstringtype off =
  discard_bytes b off;
  map (read_string b) (read_index b)

type charstring_elt =
  | CSOperator of int
  | CSOperator2 of int
  | CSInt of int32
  | CSEndHere

let string_of_charstring_elt = function
  | CSOperator i -> Printf.sprintf "CSOperator: %i\n" i
  | CSOperator2 i -> Printf.sprintf "CSOperator2: %i\n" i
  | CSInt i -> Printf.sprintf "CSInt %li\n" i
  | CSEndHere -> "CSEndHere\n"

let string_of_charstring elts =
  fold_left ( ^ ) "" (map string_of_charstring_elt elts)

(* Parse a charstring from an input *)
let lex_charstring_elt hintbits i =
  let b = i.input_byte () in
    if b = Pdfio.no_more then raise End_of_file else
    if b < 11 then
      CSOperator b
    else if b = 12 then
      let b1 = i.input_byte () in
        CSOperator2 b1
    else if b <= 18 then
      CSOperator b
    else if b <= 20 then
      if hintbits = -1 then
        CSEndHere
      else
      begin
        (* For now, just ignore hint data *)
        for x = 1 to (hintbits + 7) / 8 do nudge i done;
        CSOperator b 
      end
    else if b <= 27 then
      CSOperator b
    else if b <= 28 then
      let b1 = i.input_byte () in
      let b2 = i.input_byte () in
        let num = ((b1 land 0b01111111) lsl 8) lor b2 in
          if (b1 land 0b10000000) <> 0
            then CSInt (i32ofi (num - 32768))
            else CSInt (i32ofi num)
    else if b <= 31 then
      CSOperator b
    else if b <= 246 then
      CSInt (i32ofi (b - 139))
    else if b <= 250 then
      let b1 = i.input_byte () in
        CSInt (i32ofi ((b - 247) * 256 + b1 + 108))
    else if b <= 254 then
      let b1 = i.input_byte () in
        CSInt (i32ofi ((~-((b - 251) * 256)) - b1 - 108))
    else (* 255 *)
      let ob1 = i32ofi (i.input_byte ()) in
      let ob2 = i32ofi (i.input_byte ()) in
      let ob3 = i32ofi (i.input_byte ()) in
      let ob4 = i32ofi (i.input_byte ()) in
        CSInt
          (lor32
            (lor32 (lsl32 ob1 24) (lsl32 ob2 16))
            (lor32 (lsl32 ob3 8) ob4))

(* Put elements on the stack. On a hint operator, count up what's on the stack,
and add one hintbit for each pair of operators. If another operator, clear
the stack. On moveto, we're done. *)
let count_hintbits i =
  let hintbits = ref 0
  and stk = ref []
  and hint_ops = ref [] in
    try
      while true do
        match lex_charstring_elt ~-1 i with
        | CSOperator ((19 | 1 | 3 | 18 | 23) as p) ->
            hint_ops =| p;
            hintbits += length !stk / 2;
            stk := []
        | CSEndHere when
            (mem 1 !hint_ops || mem 18 !hint_ops) &&
            (not (mem 3 !hint_ops)) && not (mem 23 !hint_ops)
          ->
            hintbits += length !stk / 2;
            raise End_of_file
        | CSOperator n | CSOperator2 n ->
            raise End_of_file
        | x ->
            stk =| x
      done;
      0
    with _ -> !hintbits

let lex_charstring s =
  let elts = ref []
  and i = input_of_string s in
    let hintbits = count_hintbits i in
    let i = input_of_string s in
      try
        while true do elts =| lex_charstring_elt hintbits i done;
        []
      with
        _ -> rev !elts

let mflprint x = () (*i flprint x i*)

(* Parse one or more paths into a [Pdfops.op list]*)
let rec parse_charstring_inner (cx, cy) stk prev thing =
  (*i Printf.printf "parse_charstring_inner: %f, %f\n" cx cy; i*)
  match thing with
  (* endchar *)
  | CSOperator 14::_ | [] -> mflprint "op: endchar\n";
     if prev = [] then [] else rev (Pdfops.Op_f::prev)
  (* rmoveto *)
  | CSOperator 21::t -> mflprint "op: rmoveto\n";
      begin match stk with
      | CSInt y::CSInt x::CSInt _::_
      | CSInt y::CSInt x::_ ->
          let cx = i32tof x +. cx
          and cy = i32tof y +. cy in
            parse_charstring_inner (cx, cy) [] (Pdfops.Op_m (cx, cy)::prev) t
      | _ -> Printf.eprintf "bad rmoveto"; raise (Pdf.PDFError "bad rmoveto")
      end
  | CSOperator 4::t -> mflprint "op: vmoveto\n";
      begin match stk with
      | CSInt y::CSInt _::_
      | CSInt y::_ ->
          let cy = i32tof y +. cy in
            parse_charstring_inner (cx, cy) [] (Pdfops.Op_m (cx, cy)::prev) t
      | _ -> Printf.eprintf "bad vmoveto"; raise (Pdf.PDFError "bad vmoveto")
      end
  | CSOperator 22::t -> mflprint "op: hmoveto\n";
      begin match stk with
      | CSInt x::CSInt _::_
      | CSInt x::_ ->
          let cx = i32tof x +. cx in
            parse_charstring_inner (cx, cy) [] (Pdfops.Op_m (cx, cy)::prev) t
      | _ -> Printf.eprintf "bad hmoveto"; raise (Pdf.PDFError "bad hmoveto")
      end
  (* vvcurveto *)
  | CSOperator 26::t -> mflprint "op: vvcurveto\n";
      let stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy
      and ops = ref [] in
        if length !stk mod 4 > 0 then
          begin match !stk with
          | CSInt dx1::CSInt dya::CSInt dxb::CSInt dyb::CSInt dyc::more ->
              let xa = i32tof dx1 +. !cx and ya = i32tof dya +. !cy in
              let xb = i32tof dxb +. xa and yb = i32tof dyb +. ya in
              let xc = i32tof dxb +. xa and yc = i32tof dyc +. yb in
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                cx := xc; cy := yc; stk := more
          | _ -> raise (Pdf.PDFError "CSOperator 26: bad operands")
          end;
        while !stk <> [] do
          match !stk with
          | CSInt dya::CSInt dxb::CSInt dyb::CSInt dyc::more ->
              let xa = !cx and ya = i32tof dya +. !cy in
              let xb = i32tof dxb +. xa and yb = i32tof dyb +. ya in
              let xc = i32tof dxb +. xa and yc = i32tof dyc +. yb in
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                cx := xc; cy := yc; stk := more
          | _ -> raise (Pdf.PDFError "CSOperator 26: bad operands")
        done;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* rlinecurve *)
  | CSOperator 25::t -> mflprint "op: rlinecurve\n";
      let stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy
      and ops = ref [] in
        (* rlinetos *)
        for x = 1 to (length !stk - 6) / 2 do
          match !stk with
          | CSInt dxa::CSInt dya::more ->
              stk := more;
              let cx' = !cx +. i32tof dxa and cy' = !cy +. i32tof dya in
                ops =| Pdfops.Op_l (cx', cy');
                cx := cx'; cy := cy'
          | _ ->
              raise (Pdf.PDFError "bad: rlinecurve / rlineto")
        done;
        (* rrcurvetos *)
        begin match !stk with
        | CSInt dxb::CSInt dyb::CSInt dxc::CSInt dyc::CSInt dxd::CSInt dyd::more ->
            let xb = i32tof dxb +. !cx and yb = i32tof dyb +. !cy in
            let xc = i32tof dxc +. xb and yc = i32tof dyc +. yb in
            let xd = i32tof dxd +. xc and yd = i32tof dyd +. yc in
              ops =| Pdfops.Op_c (xb, yb, xc, yc, xd, yd);
              cx := xd; cy := yd
        | _ -> raise (Pdf.PDFError "bad: rlinecurve")
        end;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* rcurveline *)
  | CSOperator 24::t -> mflprint "op: rcurveline";
      let stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy
      and ops = ref [] in
        (* rrcurvetos *)
        for x = 1 to (length !stk - 2) / 6 do
          match !stk with
          | CSInt dxb::CSInt dyb::CSInt dxc::CSInt dyc::CSInt dxd::CSInt dyd::more ->
              let xb = i32tof dxb +. !cx and yb = i32tof dyb +. !cy in
              let xc = i32tof dxc +. xb and yc = i32tof dyc +. yb in
              let xd = i32tof dxd +. xc and yd = i32tof dyd +. yc in
                ops =| Pdfops.Op_c (xb, yb, xc, yc, xd, yd);
                cx := xd; cy := yd;
                stk := more
          | _ -> raise (Pdf.PDFError "bad: rlinecurve")
        done;
        (* rlineto *)
        begin match !stk with
        | CSInt dxa::CSInt dya::more ->
            stk := more;
            let cx' = !cx +. i32tof dxa and cy' = !cy +. i32tof dya in
              ops =| Pdfops.Op_l (cx', cy');
              cx := cx'; cy := cy'
        | _ ->
            raise (Pdf.PDFError "bad: rlinecurve / rlineto")
        end;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* hhcurveto *)
  | CSOperator 27::t ->
      mflprint "op: hhcurveto\n";
      let ops = ref []
      and stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy in
        if odd (length !stk) then
          begin
            match !stk with
            | CSInt dy1::CSInt dxa::CSInt dxb::CSInt dyb::CSInt dxc::more ->
                let xa = i32tof dxa +. !cx and ya = i32tof dy1 +. !cy in
                let xb = i32tof dxb +. xa and yb = i32tof dyb +. ya in
                let xc = i32tof dxc +. xb and yc = yb in
                  stk := more;
                  ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                  cx := xc; cy := yc
            | _ -> raise (Pdf.PDFError "hhcurveto: operand problem")
          end;
        while !stk <> [] do
          match !stk with
          | CSInt dxa::CSInt dxb::CSInt dyb::CSInt dxc::more ->
              let xa = i32tof dxa +. !cx and ya = !cy in
              let xb = xa +. i32tof dxb and yb = ya +. i32tof dyb in
              let xc = xb +. i32tof dxc and yc = yb in
                stk := more;
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                cx := xc; cy := yc
          | _ -> raise (Pdf.PDFError "hhcurveto: operand problem")
        done;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* vhcurveto *)
  | CSOperator 30::t -> mflprint "vhcurveto:\n";
      let ops = ref []
      and stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy
      and starts_horz = ref false in
        (*i Printf.printf "At start of vhcurveto, cx, cy = %f, %f\n" !cx !cy;
         * i*)
        if length !stk mod 8 > 0 && (length !stk - 1) mod 8 > 0 then
          (* dx1 dx2 dy2 dy3 {dya dxb dyb dxc dxd dxe dye dyf}* dxf? *)
          begin match !stk with
          | [CSInt dy1; CSInt dx2; CSInt dy2; CSInt dx3; CSInt dyf] ->
              let xa = !cx and ya = !cy +. i32tof dy1 in
              let xb = xa +. i32tof dx2 and yb = ya +. i32tof dy2 in
              let xc = xb +. i32tof dx3 and yc = yb +. i32tof dyf in
                (*i flprint "vhcurveto-A\n"; i*)
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                stk := []; flip starts_horz; cx := xc; cy := yc
          | CSInt dy1::CSInt dx2::CSInt dy2::CSInt dx3::more ->
              let xa = !cx and ya = !cy +. i32tof dy1 in
              let xb = i32tof dx2 +. xa and yb = i32tof dy2 +. ya in
              let xc = xb +. i32tof dx3 and yc = yb in
                (*i flprint "vhcurveto-B\n";
                Printf.printf "a = %f, %f - b = %f, %f - c = %f, %f\n" xa ya xb
                yb xc yc; i*)
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                stk := more; flip starts_horz; cx := xc; cy := yc
          | _ -> raise (Pdf.PDFError "vhcurveto: bad operands")
          end;
        (* {dxa dxb dyb dyc dyd dxe dye dxf}+ dyf? vhcurveto *)
        let add_horz_start p q r s t =
          let xa = i32tof p +. !cx and ya = !cy in
          let xb = i32tof q +. xa and yb = i32tof r +. ya in
          let xc = i32tof t +. xb and yc = i32tof s +. yb in
            (*i Printf.printf "H %li %li %li %li %li\n" p q r s t;
            Printf.printf "xa, ya, xb, yb, xc, yc = %f, %f %f, %f %f, %f\n" xa
            ya xb yb xc yc; i*)
            ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
            cx := xc; cy := yc;
            (*i Printf.printf "Point is %f, %f\n" !cx !cy; i*)
        and add_vert_start p q r s t =
          let xa = !cx and ya = i32tof p +. !cy in
          let xb = i32tof q +. xa and yb = i32tof r +. ya in
          let xc = i32tof s +. xb and yc = i32tof t +. yb in
            (*i Printf.printf "V %li %li %li %li %li\n" p q r s t;
            Printf.printf "xa, ya, xb, yb, xc, yc = %f, %f %f, %f %f, %f\n" xa
            ya xb yb xc yc; i*)
            ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
            cx := xc; cy := yc;
            (*i Printf.printf "Point is %f, %f\n" !cx !cy; i*)
        in
        while !stk <> [] do
          match !stk with
          | [CSInt dxa; CSInt dxb; CSInt dyb; CSInt dyc;
             CSInt dyd; CSInt dxe; CSInt dye; CSInt dxf; CSInt dyf] ->
               (* Two curves, last one free ending *)
               if !starts_horz then
                 begin
                   add_horz_start dxa dxb dyb dyc 0l;
                   add_vert_start dyd dxe dye dxf dyf
                 end
               else
                 begin
                   add_vert_start dxa dxb dyb dyc 0l;
                   add_horz_start dyd dxe dye dxf dyf
                 end;
               stk := [];
          | CSInt dya::CSInt dxb::CSInt dyb::CSInt dyc::
            CSInt dyd::CSInt dxe::CSInt dye::CSInt dxf::more ->
               (* Two curves, entirely unfree *)
               if !starts_horz then
                 begin
                   add_horz_start dya dxb dyb dyc 0l;
                   add_vert_start dyd dxe dye dxf 0l
                 end
               else
                 begin
                   add_vert_start dya dxb dyb dyc 0l;
                   add_horz_start dyd dxe dye dxf 0l
                 end;
               stk := more;
          | _ -> raise (Pdf.PDFError "vhcurveto: bad operands")
        done;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* hvcurveto *)
  | CSOperator 31::t -> mflprint "hvcurveto\n";
      (*i Printf.printf "cx, cy = %f, %f\n" cx cy; i*)
      let ops = ref []
      and stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy
      and starts_horz = ref true in
        if length !stk mod 8 > 0 && (length !stk - 1) mod 8 > 0 then
          (* dx1 dx2 dy2 dy3 {dya dxb dyb dxc dxd dxe dye dyf}* dxf? *)
          begin match !stk with
          | [CSInt dx1; CSInt dx2; CSInt dy2; CSInt dy3; CSInt dxf] ->
              let xa = i32tof dx1 +. !cx and ya = !cy in
              let xb = i32tof dx2 +. xa and yb = i32tof dy2 +. ya in
              let xc = i32tof dxf +. xb and yc = i32tof dy3 +. yb in
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                stk := []; flip starts_horz; cx := xc; cy := yc
          | CSInt dx1::CSInt dx2::CSInt dy2::CSInt dy3::more ->
              let xa = i32tof dx1 +. !cx and ya = !cy in
              let xb = i32tof dx2 +. xa and yb = i32tof dy2 +. ya in
              let xc = xb and yc = i32tof dy3 +. yb in
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                stk := more; flip starts_horz; cx := xc; cy := yc
          | _ -> raise (Pdf.PDFError "hvcurveto: bad operands")
          end;
        (* {dxa dxb dyb dyc dyd dxe dye dxf}+ dyf? hvcurveto *)
        let add_horz_start p q r s t =
          let xa = i32tof p +. !cx and ya = !cy in
          let xb = i32tof q +. xa and yb = i32tof r +. ya in
          let xc = i32tof s +. xb and yc = i32tof t +. yb in
          (*i Printf.printf "add_horz_start: (%f, %f)\n(%f, %f)\n(%f,%f)\n" xa
           * ya xb yb xc yc; i*)
            ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
            cx := xc; cy := yc;
        and add_vert_start p q r s t =
          let xa = !cx and ya = i32tof p +. !cy in
          let xb = i32tof q +. xa and yb = i32tof r +. ya in
          let xc = i32tof s +. xb and yc = i32tof t +. yb in
          (*i Printf.printf "add_vert_start: (%f, %f)\n(%f, %f)\n(%f,%f)\n" xa
           * ya xb yb xc yc; i*)
            ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
            cx := xc; cy := yc;
        in
        while !stk <> [] do
          match !stk with
          | [CSInt dxa; CSInt dxb; CSInt dyb; CSInt dyc;
             CSInt dyd; CSInt dxe; CSInt dye; CSInt dxf; CSInt dyf] ->
               (* Two curves, last one free ending *)
               if !starts_horz then
                 begin
                   add_horz_start dxa dxb dyb 0l dyc;
                   add_vert_start dyd dxe dye dxf dyf
                 end
               else
                 begin
                   add_vert_start dxa dxb dyb dyc 0l;
                   add_horz_start dyd dxe dye dyf dxf
                 end;
               stk := []
          | CSInt dya::CSInt dxb::CSInt dyb::CSInt dyc::
            CSInt dyd::CSInt dxe::CSInt dye::CSInt dxf::more ->
               (* Two curves, entirely unfree *)
               if !starts_horz then
                 begin
                   add_horz_start dya dxb dyb 0l dyc;
                   add_vert_start dyd dxe dye dxf 0l
                 end
               else
                 begin
                   add_vert_start dya dxb dyb dyc 0l;
                   add_horz_start dyd dxe dye 0l dxf
                 end;
               stk := more
          | _ -> raise (Pdf.PDFError "hvcurveto: bad operands")
        done;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* rrcurveto *)
  | CSOperator 8::t -> mflprint "rrcurveto\n";
      let ops = ref []
      and stk = ref (rev stk)
      and cx = ref cx
      and cy = ref cy in
        while !stk <> [] do
          match !stk with
          | CSInt dxa::CSInt dya::CSInt dxb::CSInt dyb::CSInt dxc::CSInt dyc::more ->
              let xa = !cx +. i32tof dxa and ya = !cy +. i32tof dya in
              let xb = xa +. i32tof dxb and yb = ya +. i32tof dyb in
              let xc = xb +. i32tof dxc and yc = yb +. i32tof dyc in
                stk := more;
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                cx := xc; cy := yc
          | _ -> raise (Pdf.PDFError "rrcurveto: args not multiple of 6\n")
        done;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* vlineto *)
  | CSOperator 7::t -> mflprint "vlineto\n";
     let stk = ref (rev stk)
     and first_is_horz = ref false
     and ops = ref []
     and cx = ref cx
     and cy = ref cy in
       (* 1. If odd, do the first one *)
       if odd (length !stk) then
         begin
           begin match !stk with
           | CSInt dy1::more ->
               stk := more;
               ops =| Pdfops.Op_l (!cx, i32tof dy1 +. !cy);
               cy := i32tof dy1 +. !cy
           | _ -> raise (Pdf.PDFError "vlineto/odd fail")
           end;
           set first_is_horz
         end;
       (* 2. Do the rest *)
       while !stk <> [] do
         match !stk with
         | CSInt p::CSInt q::more ->
             stk := more;
             if !first_is_horz then
               begin
                 ops =| Pdfops.Op_l (i32tof p +. !cx, !cy);
                 cx := i32tof p +. !cx;
                 ops =| Pdfops.Op_l (!cx, i32tof q +. !cy);
                 cy := i32tof q +. !cy
               end
             else
               begin
                 ops =| Pdfops.Op_l (!cx, i32tof p +. !cy);
                 cy := i32tof p +. !cy;
                 ops =| Pdfops.Op_l (i32tof q +. !cx, !cy);
                 cx := i32tof q +. !cx
               end
         | _ -> raise (Pdf.PDFError "vlineto/odd fail")
       done;
       parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* rlineto *)
  | CSOperator 5::t -> mflprint "rlineto\n";
      let stk = ref (rev stk)
      and ops = ref []
      and cx = ref cx
      and cy = ref cy in
        while !stk <> [] do
           match !stk with
           | CSInt dxa::CSInt dyb::more ->
               stk := more;
               ops =| Pdfops.Op_l (!cx +. i32tof dxa, !cy +. i32tof dyb);
               cx := !cx +. i32tof dxa;
               cy := !cy +. i32tof dyb
           | _ -> raise (Pdf.PDFError "rlineto")
        done;
        parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
  (* hlineto *)
  | CSOperator 6::t -> mflprint "hlineto\n";
      if even (length stk) then
        (* Even: alternating horizontal and vertical segments *)
        let ops = ref []
        and stk = ref (rev stk)
        and cx = ref cx
        and cy = ref cy in
          while !stk <> [] do
            match !stk with
            | CSInt dxa::CSInt dyb::more ->
                stk := more;
                ops =| Pdfops.Op_l (!cx +. i32tof dxa, !cy);
                cx := !cx +. i32tof dxa;
                ops =| Pdfops.Op_l (!cx, !cy +. i32tof dyb);
                cy := !cy +. i32tof dyb
            | _ -> Printf.eprintf "%i items on stack\n" (length !stk); assert false
          done;
          parse_charstring_inner (!cx, !cy) [] (!ops @ prev) t
      else
        (* Odd: Horizontal line of length dx1 then alternating vertical and
        horizontal segments. *)
        let ops, cx', cy' =
          match hd (rev stk) with
          | CSInt dx1 ->
              let ops = ref [Pdfops.Op_l (cx +. i32tof dx1, cy)]
              and stk = ref (tl (rev stk))
              and cx = ref (cx +. i32tof dx1)
              and cy = ref cy in
                while !stk <> [] do
                  match !stk with
                  | CSInt dya::CSInt dxb::more ->
                      stk := more;
                      ops =| Pdfops.Op_l (!cx, !cy +. i32tof dya);
                      cy := !cy +. i32tof dya;
                      ops =| Pdfops.Op_l (!cx +. i32tof dxb, !cy);
                      cx := !cx +. i32tof dxb
                  | _ -> assert false
                done;
                !ops, !cx, !cy
          | _ -> raise (Pdf.PDFError "bad csoperator 6")
        in
          parse_charstring_inner (cx', cy') [] (ops @ prev) t
  | CSOperator2 34::t ->
      mflprint "hflex\n";
      let ops = ref [] in
        begin match rev stk with
        | CSInt dx1::CSInt dx2::CSInt dy2::CSInt dx3::CSInt dx4::CSInt dx5::CSInt dx6::more ->
            let xa = cx +. i32tof dx1 and ya = cy in
            let xb = xa +. i32tof dx2 and yb = ya +. i32tof dy2 in
            let xc = xb +. i32tof dx3 and yc = yb in
              ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
              let xa = xc +. i32tof dx4 and ya = yc in
              let xb = xa +. i32tof dx5 and yb = yc in
              let xc = xb +. i32tof dx6 and yc = yc in
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                parse_charstring_inner (xc, yc) [] (!ops @ prev) t
        | _ -> raise (Pdf.PDFError "hflex: bad arguments")
        end;
  | CSOperator2 35::t ->
      mflprint "flex";
      let ops = ref [] in
        begin match rev stk with
        | CSInt dx1::CSInt dy1::CSInt dx2::CSInt dy2::CSInt dx3::CSInt dy3::CSInt dx4::CSInt dy4::
          CSInt dx5::CSInt dy5::CSInt dx6::CSInt dy6::CSInt _::more ->
            let xa = cx +. i32tof dx1 and ya = cy +. i32tof dy1 in
            let xb = xa +. i32tof dx2 and yb = ya +. i32tof dy2 in
            let xc = xb +. i32tof dx3 and yc = yb +. i32tof dy3 in
              ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
              let xa = xc +. i32tof dx4 and ya = yc +. i32tof dy4 in
              let xb = xa +. i32tof dx5 and yb = ya +. i32tof dy5 in
              let xc = xb +. i32tof dx6 and yc = yb +. i32tof dy6 in
               ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
               parse_charstring_inner (xc, yc) [] (!ops @ prev) t
        | _ -> raise (Pdf.PDFError "flex: bad arguments.")
        end
  | CSOperator2 36::t ->
      mflprint "hflex1\n";
      (**i Printf.printf "cx = %f, cy = %f\n" cx cy; i*)
      let ops = ref [] in
        begin match rev stk with
        | CSInt dx1::CSInt dy1::CSInt dx2::CSInt dy2::CSInt dx3::CSInt dx4::CSInt dx5::CSInt dy5::CSInt dx6::more ->
            let xa = cx +. i32tof dx1 and ya = cy +. i32tof dy1 in
            let xb = xa +. i32tof dx2 and yb = ya +. i32tof dy2 in
            let xc = xb +. i32tof dx3 and yc = yb in
              (*i Printf.printf "Curve one: %f %f %f %f %f %f\n" xa ya xb yb xc
               * yc; i*)
              ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
              let xa = xc +. i32tof dx4 and ya = yc in
              let xb = xa +. i32tof dx5 and yb = ya +. i32tof dy5 in
              let xc = xb +. i32tof dx6 and yc = yb in
                ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                (*i Printf.printf "Curve two: %f %f %f %f %f %f\n" xa ya xb yb
                 * xc yc; i*)
                parse_charstring_inner (xc, yc) [] (!ops @ prev) t
        | _ -> raise (Pdf.PDFError "hflex1: bad arguments")
        end
  | CSOperator2 37::t ->
      mflprint "flex1\n";
      let ops = ref [] in
        begin match rev stk with
        | CSInt dx1::CSInt dy1::CSInt dx2::CSInt dy2::CSInt dx3::
          CSInt dy3::CSInt dx4::CSInt dy4::CSInt dx5::CSInt dy5::CSInt d6::more ->
            let xa = cx +. i32tof dx1 and ya = cy +. i32tof dy1 in
            let xb = xa +. i32tof dx2 and yb = ya +. i32tof dy2 in
            let xc = xb +. i32tof dx3 and yc = yb +. i32tof dy3 in
              ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
              let newdx, newdy =
                let dx =
                  i32tof dx1 +. i32tof dx2 +. i32tof dx3 +. i32tof dx4 +. i32tof dx5
                and dy =
                  i32tof dy1 +. i32tof dy2 +. i32tof dy3 +. i32tof dy4 +. i32tof dy5
                in
                  if fabs dx > fabs dy then d6, 0l else 0l, d6
              in
                let xa = xc +. i32tof dx4 and ya = yc +. i32tof dy4 in
                let xb = xa +. i32tof dx5 and yb = ya +. i32tof dy5 in
                let xc = xb +. i32tof newdx and yc = yb +. i32tof newdy in
                  ops =| Pdfops.Op_c (xa, ya, xb, yb, xc, yc);
                  parse_charstring_inner (xc, yc) [] (!ops @ prev) t
        | _ -> raise (Pdf.PDFError "flex1: bad arguments")
        end
  (* hintmask / cntrmask *)
  | CSOperator (19 | 20)::t ->
      parse_charstring_inner (cx, cy) stk prev t
  (* hint building *)
  | CSOperator (1 | 3 | 18 | 23)::t ->
      parse_charstring_inner (cx, cy) [] prev t
  (* Obsolete: dotsection *)
  | CSOperator2 0::t ->
      parse_charstring_inner (cx, cy) stk prev t
  (* anything else: stick it on the stack *)
  | (CSOperator n | CSOperator2 n)::t ->
      Printf.eprintf "CFF: operator %i not understood\n" n;
      parse_charstring_inner (cx, cy) [] prev t
  | h::t -> parse_charstring_inner (cx, cy) (h::stk) prev t

let parse_charstring lexemes =
  try parse_charstring_inner (0., 0.) [] [] lexemes with
    e -> (*i Printf.eprintf (Printexc.to_string e); i*) raise e

(* Given a op list, debug to letter.pdf *)
let debug_letter ops =
  let page = Pdfpage.blankpage Pdfpaper.a4 in
    let page =
     {page with
       Pdfpage.content =
         let trop =
           Pdfops.Op_cm
             (Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), 0.1, 0.1)))
         in
           [Pdfops.stream_of_ops (trop::ops)]}
    in
      let pdf, pageroot = Pdfpage.add_pagetree [page] (Pdf.empty ()) in
        let pdf = Pdfpage.add_root pageroot [] pdf in
          Pdfwrite.pdf_to_file pdf "letter.pdf"

(* The undefined glyph *)
let notdef =
  {Pdfgraphics.elements = [];
   Pdfgraphics.fonts = [];
   Pdfgraphics.resources = Pdf.Dictionary []}

let parse_cff_font data =
  let get_bitstream () =
    bitbytes_of_input (input_of_bytes data)
  in
    let b = get_bitstream () in
      (* Read the header *)
      let _ = read_card8 b in (* MAJOR *)
        let _ = read_card8 b in (* MINOR *)
          let header_size = read_card8 b in
            let _ = read_card8 b * 4 in (* OFFSIZE*)
              (* Wind forward past the possible rest of the header *)
              discard_bytes b (header_size - 4);
              (* Read the name INDEX *)
              if !dbg then Printf.printf "Reading the name INDEX\n";
              let fontnames = map (read_string b) (read_index b) in
                if !dbg then
                  begin
                    Printf.printf "There are %i fonts in this CFF:\n" (length fontnames);
                    iter (Printf.printf "%s\n") fontnames;
                  end;
                  (* Read the Top DICT INDEX *)
                  let topdicts = map (read_dict [] b) (read_index b) in
                    (* Read the STRING INDEX. - strings for SIDs *)
                    let strings =
                      let stringnames = map (read_string b) (read_index b)
                      and fst = length sids in
                        if stringnames = []
                          then []
                          else combine (ilist fst (fst + length stringnames - 1)) stringnames
                   in
                     if !dbg then
                       begin
                         Printf.printf "have read %i non-standard strings\n" (length strings);
                         iter (function (sid, str) -> Printf.printf "SID, string = %i, %s \n" sid str) strings
                       end;
                     let parsed = parse_topdict (hd topdicts) in
                       if !dbg then flprint "Have read the first font's topdict\n";
         (* A. Read encoding (codes to glpyh codes) *)
         let encodingoffset =
           match keep (function EncodingOffset _ -> true | _ -> false) parsed with
           | [EncodingOffset i] ->
             if !dbg then Printf.printf "An Encoding was found at EncodingOffset %i\n" i; i
           | [] -> if !dbg then Printf.printf "This fonts uses the standard encoding"; 0(* Standard encoding *)
           | _ -> raise (Pdf.PDFError "no encoding offset")
         in
           let encoding, encoding_was_custom =
             read_encoding (get_bitstream ()) encodingoffset
           in
             if !dbg then
               begin
                 Printf.printf "Read %i encoding entries\n" (length encoding);
                 iter (function (x, y) -> Printf.printf "%i -> %i\n" x y) encoding;
                 flprint "\n"
               end;
         (* C. Read char strings *)
         let charstringtype =
           match keep (function CharStringType _ -> true | _ -> false) parsed with
           | [CharStringType i] -> i
           | _ -> 2
         and charstringoffset =
           match keep (function CharStringOffset _ -> true | _ -> false) parsed with
           | [CharStringOffset i] -> i
           | _ -> raise (Pdf.PDFError "no encoding offset")
         in
           if !dbg then Printf.printf "Charstring format is %i\n" charstringtype;
           let charstrings =
             read_charstrings (get_bitstream ()) charstringtype charstringoffset
           in
             if !dbg then
               begin
                 Printf.printf "Read %i glyph descriptions\n" (length charstrings);
                 Printf.printf "numglyphs = %i\n" (length charstrings - 1);
               end;
         (* B. Read charset (glpyh codes to glyph names) *)
         let charsetoffset =
           match keep (function CharSetOffset _ -> true | _ -> false) parsed with
           | [CharSetOffset i] -> i
           | _ -> 0 (* No charset offset = ISOAdobe = 0 *)
         in
           (*Printf.printf "Charset offset is %i\n" charsetoffset;*)
           let fontmatrix =
             match keep (function FontMatrix _ -> true | _ -> false) parsed with
             | [FontMatrix m] -> m
             | _ -> Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), 0.001, 0.001))
           in
           let charset =
             match charsetoffset with
             | 0 | 1 | 2 -> if !dbg then flprint "***BUILTIN charset"; map fst (sids @ strings)
             | o -> if !dbg then flprint "***READING charset manually"; read_charset (get_bitstream ()) o (length charstrings - 1)
           in
             let gids =
               match charsetoffset with 0 | 1 | 2 -> indx0 charset | _ -> indx charset
             in
             let allids = sids @ strings in
               let names = map (function c -> lookup_failnull c allids) charset in
             if !dbg then
               begin
                 Printf.printf "Read %i (gid, charset SID, glyphname) triples:" (length charset);
                 iter3
                   (fun gid charset glyphname -> Printf.printf "%i -> %i -> %s, " gid charset glyphname)
                   gids
                   charset
                   names
              end;
             let lexed_charstrings =
               map
                 (fun (_, c) -> lex_charstring c)
                 (combine (ilist 1 (length charstrings)) charstrings)
             in
               if !dbg then
                 begin
                   Printf.printf "lexed %i charstrings\n" (length lexed_charstrings);
                   iter2
                     (fun i s -> Printf.printf "GID %i -> a charstring, " i)
                     (indx lexed_charstrings)
                     (map string_of_charstring lexed_charstrings);
                 end;
               let parsed_charstrings =
                 map
                   (fun (_, c) -> parse_charstring c)
                   (combine (ilist 1 (length lexed_charstrings)) lexed_charstrings)
               in
               if !dbg then flprint "Parsed all charstrings..\n";
                 let paths = map Pdfgraphics.graphic_of_ops parsed_charstrings in
                   if !dbg then flprint "Built graphic paths from parsed_charstrings\n";
                   if !dbg then Printf.printf "WE HAVE %i names and %i paths\n" (length names) (length paths);
                   (* Now can build paths from names *)
                   (* To do this, for each thing in "names" with .notdef added, at same position in charset,
                   at same position in parsed_charstrings. *)
                   let path_name_pairs =
                     let charset_gid_pairs = combine charset gids in
                     map2
                       (fun name charsetchar ->
                          name,
                          (if !dbg then Printf.printf "Starting with name %s -> charset SID %i -> " name charsetchar;
                              match lookup charsetchar charset_gid_pairs with
                              | None -> 
                                  (if !dbg then flprint "not defined - not in charset\n";
                                    {Pdfgraphics.elements = [];
                                     Pdfgraphics.fonts = [];
                                     Pdfgraphics.resources = Pdf.Dictionary []})
                              | Some gid ->
                                   if gid + 1 <= length paths && gid + 1 > 0 then
                                      (if !dbg then Printf.printf "converted to gid %i\n" gid; select (gid + 1) paths)
                                   else
                                     (if !dbg then flprint "not defined - gid found but no charstring defined\n";
                                       {Pdfgraphics.elements = [];
                                        Pdfgraphics.fonts = [];
                                        Pdfgraphics.resources = Pdf.Dictionary []})))
                       names
                       charset
                   in
                       if !dbg then flprint "Total:\n";
                       let differences =
                         let gidmap = combine gids charset
                         and charsetmap = combine charset names in
                           option_map
                             (fun incode ->
                                if !dbg then Printf.printf "incode %i -> " incode;
                                match lookup incode encoding with
                                | Some code ->
                                    if !dbg then Printf.printf "encoded %i -> " code;
                                    if encoding_was_custom then
                                      begin match lookup code gidmap with
                                      | Some gid ->
                                        begin
                                          if !dbg then Printf.printf "sid %i -> " code;
                                          begin match lookup gid charsetmap with
                                          | Some glyphname ->
                                              if !dbg then Printf.printf "glyphname %s\n" glyphname;
                                              Some (incode, glyphname)
                                          | None ->
                                              if !dbg then flprint "\n";
                                              None
                                          end
                                        end
                                      | None -> flprint "\n"; None
                                      end
                                    else
                                      begin
                                        if !dbg then Printf.printf "sid %i -> " code;
                                        begin match lookup code charsetmap with
                                        | Some glyphname ->
                                            if !dbg then Printf.printf "glyphname %s\n" glyphname;
                                            Some (incode, glyphname)
                                        | None ->
                                            if !dbg then flprint "\n";
                                            None
                                        end
                                      end
                                | None -> if !dbg then Printf.printf "incode not found in encoding \n"; None
                                )
                             (ilist 0 255)
                       in
                         path_name_pairs, differences, fontmatrix

(* Make a CharProc stream from a graphic. We need to filter out ops we don't
want. *)
let charprocbytes_of_graphic g matrix =
  Pdfops.stream_of_ops
    (Pdfops.Op_d1 (0., 0., 0., 0., 0., 0.)::
      lose
        (function
         | Pdfops.Op_q
         | Pdfops.Op_Q
         | Pdfops.Op_cm _
         | Pdfops.Op_w _
         | Pdfops.Op_J _
         | Pdfops.Op_j _
         | Pdfops.Op_M _
         | Pdfops.Op_ri _
         | Pdfops.Op_CS _
         | Pdfops.Op_SCN _ 
         | Pdfops.Op_cs _
         | Pdfops.Op_scn _ -> true
         | _ -> false)
        (Pdfgraphics.ops_of_simple_graphic (Pdfgraphics.transform_graphic matrix g)))

(* Calculate the maximal bounding box of some graphics *)
let bbox_of_graphics gs =
  fold_left
    box_union_float
    (max_float, min_float, max_float, min_float)
    (map Pdfgraphics.bbox_of_graphic gs)

(* Convert a  Pdftext font in Type 1 format to a Pdftext font in type3 font.
This involves calculating FontBBox, FontMatrix and CharProcs entries, and
removing certain entries from the FontDescriptor *)
let to_type3 pdf = function
  | Pdftext.SimpleFont
      ({Pdftext.fonttype = Pdftext.Type1;
        Pdftext.encoding = original_encoding;
        Pdftext.fontdescriptor =
          Some ({Pdftext.fontfile = Some Pdftext.FontFile3 fontfileobj} as fontdescriptor)} as fontrec) ->
        begin try
          flprint "***inside Pdfcff.to_type3\n";
          let parsed_cffdata, differences, fontmatrix =
            let str = Pdf.direct pdf (Pdf.Indirect fontfileobj) in
              Pdfcodec.decode_pdfstream pdf str;
              match str with
              | Pdf.Stream {contents = (_, Pdf.Got data)} ->
                  begin try parse_cff_font data with
                    e -> Printf.printf "Error %s" (Printexc.to_string e); raise (Pdf.PDFError "CFF Parse failure")
                  end
              | _ -> raise (Pdf.PDFError "CFF data not a stream")
          in
            Printf.printf "parsed_cffdata returned %i things\n" (length parsed_cffdata);
            let fontdescriptor = fontdescriptor
            and charprocs =
              let scalematrix =
                Pdftransform.matrix_compose
                  fontmatrix
                  (Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), 1000., 1000.)))
              in
                map
                  (function (n, g) ->
                     "/" ^ n, Pdf.Indirect (Pdf.addobj pdf (charprocbytes_of_graphic g scalematrix)))
                     parsed_cffdata
            and fontmatrix =
              Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), 0.001, 0.001))
            and fontbbox =
              bbox_of_graphics (snd (split parsed_cffdata))
            and encoding =
              let existing_differences =
                match original_encoding with
                | Pdftext.CustomEncoding (_, diffs) -> map (fun (x, y) -> y, x) diffs
                | _ -> []
              and new_differences =
                map (fun (x, y) -> x, "/" ^ y) differences
              in
                (* Prefer existing differences over the internal ones we generated *)
                let final_differences =
                  fold_left (fun acc (code, name) -> add code name acc) new_differences existing_differences
                in
                  Pdftext.CustomEncoding (Pdftext.ImplicitInFontFile, map (function (x, y) -> y, x) final_differences)
            in
             flprint "***All done, CFF font produced\n";
             Pdftext.SimpleFont
               {fontrec with
                  Pdftext.fonttype = Pdftext.Type3
                  {Pdftext.fontbbox = fontbbox;
                   Pdftext.fontmatrix = fontmatrix;
                   Pdftext.charprocs = charprocs;
                   Pdftext.type3_resources = Pdf.Dictionary []};
                  Pdftext.encoding = encoding;
                  Pdftext.fontdescriptor = Some fontdescriptor}
        with e ->
          Printf.eprintf "Failed to read CFF font with error %s\n" (Printexc.to_string e);
          raise e
        end
  | _ ->
     raise (Pdf.PDFError "Pdfcff.to_type3: This is not a type 1 CFF font")
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(** Convert a CFF Type 1 Font to a Type 3 Font. *)

(** The Type 3 font is not necessarily valid for inclusion in a PDF, we just
intend to use it for rendering. *)
val to_type3 : Pdf.t -> Pdftext.font -> Pdftext.font
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open Pdfutil
open Pdfio

let debug = ref false

(* Zlib inflate level *)
let flate_level = ref 6

(* Get the next non-whitespace character in a stream. *)
let rec get_streamchar skipped s =
  match s.input_byte () with
  | x when x = Pdfio.no_more -> raise End_of_file
  | x ->
    let chr = Char.unsafe_chr x in
      if Pdf.is_whitespace chr then
        begin
          incr skipped;
          get_streamchar skipped s
        end
      else chr

(* Raised if there was bad data. *)
exception Couldn'tDecodeStream of string

(* Raised if the codec was not supported. *)
exception DecodeNotSupported of string

(* ASCIIHex *)

(* We build a list of decoded characters from the input stream, and then
convert this to the output stream. *)
let encode_ASCIIHex stream =
  let size = bytes_size stream in
    let stream' = mkbytes (size * 2 + 1) in
      bset stream' (size * 2) (int_of_char '>'); (*r ['>'] is end-of-data *)
      for p = 0 to size - 1 do
        let chars = explode (Printf.sprintf "%02X" (bget stream p)) in
          bset stream' (p * 2) (int_of_char (hd chars));
          bset stream' (p * 2 + 1) (int_of_char (hd (tl chars)))
      done;
      stream'

(* Decode ASCIIHex *)

(* Calulate a character from two hex digits a and b *)
let char_of_hex a b =
  char_of_int (int_of_string ("0x" ^ string_of_char a ^ string_of_char b))

let decode_ASCIIHex i =
  let output = ref []
  in let enddata = ref false in
    try
      while not !enddata do
        let b = get_streamchar (ref 0) i in
          let b' = get_streamchar (ref 0) i in
            match b, b' with
            | '>', _ ->
                (* Rewind for inline images *)
                set enddata; rewind i
            | c, '>'
                when
                  (c >= '0' && c <= '9') ||
                  (c >= 'a' && c <= 'f') ||
                  (c >= 'A' && c <= 'F')
                ->
                  output =| char_of_hex c '0';
                  set enddata
            | c, c'
                when
                    ((c >= '0' && c <= '9') ||
                     (c >= 'a' && c <= 'f') ||
                     (c >= 'A' && c <= 'F'))
                  &&
                    ((c' >= '0' && c' <= '9') ||
                     (c' >= 'a' && c' <= 'f') ||
                     (c' >= 'A' && c' <= 'F')) 
                ->
                  output =| char_of_hex c c'
            | _ -> raise Not_found (*r Bad data. *)
      done;
      bytes_of_charlist (rev !output)
    with
      | End_of_file ->
          (* We ran out of data. This is a normal exit. *)
          bytes_of_charlist (rev !output)
      | Not_found ->
          raise (Couldn'tDecodeStream "ASCIIHex")

(* ASCII85 *)

(* Decode five characters. *)
let decode_5bytes c1 c2 c3 c4 c5 n o =
  let d x p =
    i32mul (i32ofi (int_of_char x - 33)) (i32ofi (pow p 85))
  in
    let total =
      i32add
        (i32add (d c1 4) (d c2 3))
        (i32add (d c3 2) (i32add (d c4 1) (d c5 0)))
    in
      let extract t =
        char_of_int (i32toi (lsr32 (lsl32 total (24 - t)) 24))
      in
        if n = 4 then extract 0::extract 8::extract 16::extract 24::o
        else if n = 3 then extract 8::extract 16::extract 24::o
        else if n = 2 then extract 16::extract 24::o
        else if n = 1 then extract 24::o
        else o

let conso cs o =
  match cs with
  | [c1; c2; c3; c4; c5] -> decode_5bytes c1 c2 c3 c4 c5 4 o
  | [c1; c2; c3; c4] -> decode_5bytes c1 c2 c3 c4 '~' 3 o
  | [c1; c2; c3] -> decode_5bytes c1 c2 c3 '~' '>' 2 o
  | [c1; c2] -> decode_5bytes c1 c2 '~' '>' '!' 1 o
  | _ -> o

let rec decode_ASCII85_i i cs o =
  match i.input_byte () with
  | x when x = Pdfio.no_more -> raise End_of_file
  | x ->
     match char_of_int x with
     | c when Pdf.is_whitespace c ->
       if length cs = 5
         then decode_ASCII85_i i [] (conso (rev cs) o)
         else decode_ASCII85_i i cs o
     | 'z' ->
       decode_ASCII85_i i [] ('\000'::'\000'::'\000'::'\000'::conso (rev cs) o)
     | '~' ->
       begin match i.input_byte () with
       | x when x = Pdfio.no_more -> raise End_of_file
       | x ->
          match char_of_int x with
          | '>' ->
             bytes_of_charlist (rev (conso (rev cs) o))
          | c ->
             if length cs = 5
               then decode_ASCII85_i i [c] (conso (rev cs) o)
               else decode_ASCII85_i i (c::cs) o
       end
     | c when c >= '!' && c <= 'u' ->
       if length cs = 5
         then (decode_ASCII85_i i [c] (conso (rev cs) o))
         else (decode_ASCII85_i i (c::cs) o)
     | _ -> raise (Failure "A")

let decode_ASCII85 i =
  try decode_ASCII85_i i [] [] with
    _ -> raise (Pdf.PDFError "Error decoding ASCII85 stream")

(* Encode a single symbol set. *)
let encode_4bytes = function
  | [b1; b2; b3; b4] ->
      let ( * ) = Int64.mul
      in let ( - ) = Int64.sub
      in let ( / ) = Int64.div 
      in let rem = Int64.rem in
        let numbers =
          [i64ofi (int_of_char b1) * i64ofi (pow 3 256);
           i64ofi (int_of_char b2) * i64ofi (pow 2 256);
           i64ofi (int_of_char b3) * i64ofi (pow 1 256);
           i64ofi (int_of_char b4) * i64ofi (pow 0 256)]
        in
          let t = fold_left Int64.add Int64.zero numbers
          in let one85 = i64ofi (pow 1 85) in let two85 = i64ofi (pow 2 85)
          in let three85 = i64ofi (pow 3 85) in let zero85 = i64ofi (pow 0 85)
          in let four85 = i64ofi (pow 4 85) in
            let t, c5 = t - rem t one85, rem t one85 / zero85 in
              let t, c4 = t - rem t two85, rem t two85 / one85 in
                let t, c3 = t - rem t three85, rem t three85 / two85 in
                  let t, c2 = t - rem t four85, rem t four85 / three85 in
                    let i1, i2, i3, i4, i5 =
                      i64toi (t / four85),
                      i64toi c2, i64toi c3, i64toi c4, i64toi c5
                    in
                      i1, i2, i3, i4, i5
  | _ -> assert false

(* Encode a stream. *)
let encode_ASCII85 stream =
  let output = ref []
  in let enddata = ref false
  in let istream = input_of_bytes stream in
    while not !enddata do
      let b1 = istream.input_char () in
      let b2 = istream.input_char () in
      let b3 = istream.input_char () in
      let b4 = istream.input_char () in
        match b1, b2, b3, b4 with
        | Some b1, Some b2, Some b3, Some b4 ->
            output := [b1; b2; b3; b4]::!output
        | Some b1, Some b2, Some b3, None ->
            set enddata; output := [b1; b2; b3]::!output
        | Some b1, Some b2, None, None ->
            set enddata; output := [b1; b2]::!output
        | Some b1, None, None, None ->
            set enddata; output := [b1]::!output
        | None, _, _, _ -> set enddata
        | _ -> assert false
    done;
    let fix k = char_of_int (k + 33) in
      let charlists' =
        rev_map
          (fun l ->
             let len = length l in
               if len < 4
               then
                 let l' = l @ (many '\000' (4 - len)) in
                   let c1, c2, c3, c4, c5 = encode_4bytes l' in
                     take [fix c1; fix c2; fix c3; fix c4; fix c5] (len + 1)
               else
                   let c1, c2, c3, c4, c5 = encode_4bytes l in
                     if c1 + c2 + c3 + c4 + c5 = 0
                       then ['z']
                       else [fix c1; fix c2; fix c3; fix c4; fix c5])
          !output
        in
          bytes_of_charlist (flatten charlists' @ ['~'; '>'])

(* Flate *)

(* Make a bytes from a list of strings by taking the contents, in order
from the items, in order. *)
let rec total_length n = function
 | [] -> n
 | h::t -> total_length (n + String.length h) t

let bytes_of_strings_rev strings =
  let len = total_length 0 strings in
    let s = mkbytes len
    and pos = ref (len - 1) in
      iter
        (fun str ->
           for x = String.length str - 1 downto 0 do
             bset_unsafe s !pos (int_of_char (String.unsafe_get str x));
             decr pos
           done)
        strings;
      s

let flate_process f data =
  let strings = ref []
  and pos = ref 0
  and inlength = bytes_size data in
    let input =
      (fun buf ->
         let s = Bytes.length buf in
           let towrite = min (inlength - !pos) s in
             for x = 0 to towrite - 1 do
               Bytes.unsafe_set
                 buf x (Char.unsafe_chr (bget_unsafe data !pos));
                 incr pos
             done;
             towrite)
    and output =
      (fun buf length ->
         if length > 0 then strings =| Bytes.sub_string buf 0 length)
    in
      f input output;
      bytes_of_strings_rev !strings

(* This is for reading zlib compressed things in streams where we need to
commence lexing straightaway afterwards. And so, we can only supply one byte at
a time, continuing until zlib has finished uncompressing. *)
let decode_flate_input i =
  let strings = ref [] in
    let input =
      (fun buf ->
         let s = Bytes.length buf in
           if s > 0 then
             begin
               match i.input_byte () with
               | x when x = Pdfio.no_more -> raise End_of_file
               | x -> Bytes.unsafe_set buf 0 (char_of_int x); 1
             end
           else 0)
    and output =
      (fun buf length ->
         if length > 0 then strings =| Bytes.sub_string buf 0 length)
    in
      Pdfflate.uncompress input output;
      bytes_of_strings_rev !strings

let encode_flate stream =
  flate_process (Pdfflate.compress ~level:!flate_level) stream

let debug_stream_serial = ref 0

let debug_stream s =
  (*Printf.eprintf "First 50 bytes\n";
  for x = 0 to 50 do
    Printf.eprintf "%C = %i\n" (char_of_int (bget s x)) (bget s x)
  done*)
  (* Write stream to current directory as <length>_<serial>.zlib *)
  let name = string_of_int (bytes_size s) ^ "_" ^ string_of_int !debug_stream_serial ^ ".zlib" in
  Printf.eprintf "Writing %s\n" name;
    debug_stream_serial += 1;
    let fh = open_out_bin name in
      for x = 0 to bytes_size s - 1 do
        output_byte fh (bget s x)
      done;
      close_out fh

let decode_flate stream =
  if bytes_size stream = 0 then mkbytes 0 else (* Accept the empty stream. *)
    try flate_process Pdfflate.uncompress stream with
      Pdfflate.Error (a, b) ->
        if !debug then debug_stream stream;
        raise (Couldn'tDecodeStream ("Flate" ^ " " ^ a ^ " " ^ b ^ " length " ^ string_of_int (bytes_size stream)))

(* LZW *)

(* Decode LZW. *)
let decode_lzw early i =
  let prefix_code = Array.make 4096 0
  and append_character = Array.make 4096 0
  and bit_count = ref 0
  and bit_buffer = ref 0l
  and endflush = ref 4
  and code_length = ref 9
  and next_code = ref 258
  and new_code = ref 0
  and old_code = ref 256
  and character = ref 0 in
    let rec decode_string code str =
      if code > 255 then
        decode_string prefix_code.(code) (append_character.(code)::str)
      else
        code::str
    and input_code stream =
      while !bit_count <= 24 do
        let streambyte =
          match stream.input_byte () with
          | b when b = Pdfio.no_more ->
              if !endflush = 0 then raise End_of_file else (decr endflush; 0)
          | b -> b
        in
          bit_buffer :=
            lor32 !bit_buffer (lsl32 (i32ofi streambyte) (24 - !bit_count));
          bit_count += 8
      done;
      let result = Int32.to_int (lsr32 !bit_buffer (32 - !code_length)) in
        bit_buffer := lsl32 !bit_buffer !code_length;
        bit_count -= !code_length;
        result
    and strip_cleartable_codes stream =
      while !old_code = 256 do
        old_code := input_code stream
      done
    and reset_table () =
      next_code := 258;
      code_length := 9;
      old_code := 256
    in
      bit_count := 0; bit_buffer := 0l;
      endflush := 4; reset_table ();
        let outstream, data = input_output_of_bytes 16034
        and finished = ref false in
          strip_cleartable_codes i;
          match !old_code with
          | 257 -> mkbytes 0
          | _ ->
              character := !old_code;
              outstream.output_byte !old_code;
              while not !finished do
                new_code := input_code i;
                match !new_code with
                | 257 -> set finished
                | 256 ->
                   reset_table ();
                   set_array prefix_code 0;
                   set_array append_character 0;
                   strip_cleartable_codes i;
                   character := !old_code;
                   outstream.output_byte !old_code
                | _ ->
                  let chars =
                    if !new_code >= !next_code
                      then (decode_string !old_code []) @ [!character]
                      else decode_string !new_code []
                  in
                    character := hd chars;
                    iter outstream.output_byte chars;
                    prefix_code.(!next_code) <- !old_code;
                    append_character.(!next_code) <- !character;
                    incr next_code;
                    old_code := !new_code;
                    match !next_code + early with
                    | 512 | 1024 | 2048 -> incr code_length
                    | _ -> ()
              done;
              extract_bytes_from_input_output outstream data 

(* CCITT *)

(* Decode a CCITT-encoded stream. Parameter names:
 eol -- /EndOfLine
 eba -- /EncodedByteAlign
 eob -- /EndOfBlock
 bone -- /BlackIs1
 dra -- /DamagedRowsBeforeError
 c -- /Columns
 r -- /Rows
*)

let rec read_white_code i =
  let a = getbitint i in
  let b = getbitint i in
  let c = getbitint i in
  let d = getbitint i in
    match a, b, c, d with
    | 0, 1, 1, 1 -> 2
    | 1, 0, 0, 0 -> 3
    | 1, 0, 1, 1 -> 4
    | 1, 1, 0, 0 -> 5
    | 1, 1, 1, 0 -> 6
    | 1, 1, 1, 1 -> 7
    | _ ->
  let e = getbitint i in
    match a, b, c, d, e with
    | 1, 0, 0, 1, 1 -> 8
    | 1, 0, 1, 0, 0 -> 9
    | 0, 0, 1, 1, 1 -> 10
    | 0, 1, 0, 0, 0 -> 11
    | 1, 1, 0, 1, 1 -> 64 + read_white_code i
    | 1, 0, 0, 1, 0 -> 128 + read_white_code i
    | _ ->
  let f = getbitint i in
    match a, b, c, d, e, f with
    | 0, 0, 0, 1, 1, 1 -> 1
    | 0, 0, 1, 0, 0, 0 -> 12
    | 0, 0, 0, 0, 1, 1 -> 13
    | 1, 1, 0, 1, 0, 0 -> 14
    | 1, 1, 0, 1, 0, 1 -> 15
    | 1, 0, 1, 0, 1, 0 -> 16
    | 1, 0, 1, 0, 1, 1 -> 17
    | 0, 1, 0, 1, 1, 1 -> 192 + read_white_code i
    | 0, 1, 1, 0, 0, 0 -> 1664 + read_white_code i
    | _ ->
  let g = getbitint i in
    match a, b, c, d, e, f, g with
    | 0, 1, 0, 0, 1, 1, 1 -> 18
    | 0, 0, 0, 1, 1, 0, 0 -> 19
    | 0, 0, 0, 1, 0, 0, 0 -> 20
    | 0, 0, 1, 0, 1, 1, 1 -> 21
    | 0, 0, 0, 0, 0, 1, 1 -> 22
    | 0, 0, 0, 0, 1, 0, 0 -> 23
    | 0, 1, 0, 1, 0, 0, 0 -> 24
    | 0, 1, 0, 1, 0, 1, 1 -> 25
    | 0, 0, 1, 0, 0, 1, 1 -> 26
    | 0, 1, 0, 0, 1, 0, 0 -> 27
    | 0, 0, 1, 1, 0, 0, 0 -> 28
    | 0, 1, 1, 0, 1, 1, 1 -> 256 + read_white_code i
    | _ ->
  let h = getbitint i in
    match a, b, c, d, e, f, g, h with
    | 0, 0, 1, 1, 0, 1, 0, 1 -> 0
    | 0, 0, 0, 0, 0, 0, 1, 0 -> 29
    | 0, 0, 0, 0, 0, 0, 1, 1 -> 30
    | 0, 0, 0, 1, 1, 0, 1, 0 -> 31
    | 0, 0, 0, 1, 1, 0, 1, 1 -> 32
    | 0, 0, 0, 1, 0, 0, 1, 0 -> 33
    | 0, 0, 0, 1, 0, 0, 1, 1 -> 34
    | 0, 0, 0, 1, 0, 1, 0, 0 -> 35
    | 0, 0, 0, 1, 0, 1, 0, 1 -> 36
    | 0, 0, 0, 1, 0, 1, 1, 0 -> 37
    | 0, 0, 0, 1, 0, 1, 1, 1 -> 38
    | 0, 0, 1, 0, 1, 0, 0, 0 -> 39
    | 0, 0, 1, 0, 1, 0, 0, 1 -> 40
    | 0, 0, 1, 0, 1, 0, 1, 0 -> 41
    | 0, 0, 1, 0, 1, 0, 1, 1 -> 42
    | 0, 0, 1, 0, 1, 1, 0, 0 -> 43
    | 0, 0, 1, 0, 1, 1, 0, 1 -> 44
    | 0, 0, 0, 0, 0, 1, 0, 0 -> 45
    | 0, 0, 0, 0, 0, 1, 0, 1 -> 46
    | 0, 0, 0, 0, 1, 0, 1, 0 -> 47
    | 0, 0, 0, 0, 1, 0, 1, 1 -> 48
    | 0, 1, 0, 1, 0, 0, 1, 0 -> 49
    | 0, 1, 0, 1, 0, 0, 1, 1 -> 50
    | 0, 1, 0, 1, 0, 1, 0, 0 -> 51
    | 0, 1, 0, 1, 0, 1, 0, 1 -> 52
    | 0, 0, 1, 0, 0, 1, 0, 0 -> 53
    | 0, 0, 1, 0, 0, 1, 0, 1 -> 54
    | 0, 1, 0, 1, 1, 0, 0, 0 -> 55
    | 0, 1, 0, 1, 1, 0, 0, 1 -> 56
    | 0, 1, 0, 1, 1, 0, 1, 0 -> 57
    | 0, 1, 0, 1, 1, 0, 1, 1 -> 58
    | 0, 1, 0, 0, 1, 0, 1, 0 -> 59
    | 0, 1, 0, 0, 1, 0, 1, 1 -> 60
    | 0, 0, 1, 1, 0, 0, 1, 0 -> 61
    | 0, 0, 1, 1, 0, 0, 1, 1 -> 62
    | 0, 0, 1, 1, 0, 1, 0, 0 -> 63
    | 0, 0, 1, 1, 0, 1, 1, 0 -> 320 + read_white_code i
    | 0, 0, 1, 1, 0, 1, 1, 1 -> 384 + read_white_code i
    | 0, 1, 1, 0, 0, 1, 0, 0 -> 448 + read_white_code i
    | 0, 1, 1, 0, 0, 1, 0, 1 -> 512 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 0, 0 -> 576 + read_white_code i
    | 0, 1, 1, 0, 0, 1, 1, 1 -> 640 + read_white_code i
    | _ ->
  let j = getbitint i in
    match a, b, c, d, e, f, g, h, j with
    | 0, 1, 1, 0, 0, 1, 1, 0, 0 -> 704 + read_white_code i
    | 0, 1, 1, 0, 0, 1, 1, 0, 1 -> 768 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 0, 1, 0 -> 832 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 0, 1, 1 -> 896 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 1, 0, 0 -> 960 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 1, 0, 1 -> 1024 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 1, 1, 0 -> 1088 + read_white_code i
    | 0, 1, 1, 0, 1, 0, 1, 1, 1 -> 1152 + read_white_code i
    | 0, 1, 1, 0, 1, 1, 0, 0, 0 -> 1216 + read_white_code i
    | 0, 1, 1, 0, 1, 1, 0, 0, 1 -> 1280 + read_white_code i
    | 0, 1, 1, 0, 1, 1, 0, 1, 0 -> 1344 + read_white_code i
    | 0, 1, 1, 0, 1, 1, 0, 1, 1 -> 1408 + read_white_code i
    | 0, 1, 0, 0, 1, 1, 0, 0, 0 -> 1472 + read_white_code i
    | 0, 1, 0, 0, 1, 1, 0, 0, 1 -> 1536 + read_white_code i
    | 0, 1, 0, 0, 1, 1, 0, 1, 0 -> 1600 + read_white_code i
    | 0, 1, 0, 0, 1, 1, 0, 1, 1 -> 1728 + read_white_code i
    | _ ->
  let k = getbitint i in
  let l = getbitint i in
    match a, b, c, d, e, f, g, h, j, k, l with
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0 -> 1792 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0 -> 1856 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 1 -> 1920 + read_white_code i
    | _ ->
  let m = getbitint i in
    match a, b, c, d, e, f, g, h, j, k, l, m with
    | 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1 -> -1
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0 -> 1984 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 1 -> 2048 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0 -> 2112 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 1 -> 2176 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0 -> 2240 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 1 -> 2304 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0 -> 2368 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 1 -> 2432 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 0 -> 2496 + read_white_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1 -> 2560 + read_white_code i
    | _ -> raise (Failure "bad white code")

let rec read_black_code i =
  let a = getbitint i in
  let b = getbitint i in
    match a, b with
    | 1, 1 -> 2
    | 1, 0 -> 3
    | _ ->
  let c = getbitint i in
    match a, b, c with
    | 0, 1, 0 -> 1
    | 0, 1, 1 -> 4
    | _ ->
  let d = getbitint i in
    match a, b, c, d with
    | 0, 0, 1, 1 -> 5
    | 0, 0, 1, 0 -> 6
    | _ ->
  let e = getbitint i in
    match a, b, c, d, e with
    | 0, 0, 0, 1, 1 -> 7
    | _ ->
  let f = getbitint i in
    match a, b, c, d, e, f with
    | 0, 0, 0, 1, 0, 1 -> 8
    | 0, 0, 0, 1, 0, 0 -> 9
    | _ ->
  let g = getbitint i in
    match a, b, c, d, e, f, g with
    | 0, 0, 0, 0, 1, 0, 0 -> 10
    | 0, 0, 0, 0, 1, 0, 1 -> 11
    | 0, 0, 0, 0, 1, 1, 1 -> 12
    | _ ->
  let h = getbitint i in
    match a, b, c, d, e, f, g, h with
    | 0, 0, 0, 0, 0, 1, 0, 0 -> 13
    | 0, 0, 0, 0, 0, 1, 1, 1 -> 14
    | _ ->
  let j = getbitint i in
    match a, b, c, d, e, f, g, h, j with
    | 0, 0, 0, 0, 1, 1, 0, 0, 0 -> 15
    | _ ->
  let k = getbitint i in
    match a, b, c, d, e, f, g, h, j, k with
    | 0, 0, 0, 0, 1, 1, 0, 1, 1, 1 -> 0
    | 0, 0, 0, 0, 0, 1, 0, 1, 1, 1 -> 16
    | 0, 0, 0, 0, 0, 1, 1, 0, 0, 0 -> 17
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 0 -> 18
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 1 -> 64 + read_black_code i
    | _ ->
  let l = getbitint i in
    match a, b, c, d, e, f, g, h, j, k, l with
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 1 -> 19
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 0 -> 20
    | 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 0 -> 21
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 1, 1 -> 22
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 0 -> 23
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 1 -> 24
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 0 -> 25
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0 -> 1792 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 0 -> 1856 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 0, 1 -> 1920 + read_black_code i
    | _ ->
  let m = getbitint i in
    match a, b, c, d, e, f, g, h, j, k, l, m with
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1, 0 -> 26
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1, 1 -> 27
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 0, 0 -> 28
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 0, 1 -> 29
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 0 -> 30
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 1 -> 31
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 0 -> 32
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 1 -> 33
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 1, 0 -> 34
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 1, 1 -> 35
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0 -> 36
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 0, 1 -> 37
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 1, 0 -> 38
    | 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 1, 1 -> 39
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 0 -> 40
    | 0, 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 1 -> 41
    | 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 1, 0 -> 42
    | 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 1, 1 -> 43
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 0, 0 -> 44
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 0, 1 -> 45
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 1, 0 -> 46
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 1, 1 -> 47
    | 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 0 -> 48
    | 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1 -> 49
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 1, 0 -> 50
    | 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 1, 1 -> 51
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 0 -> 52
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 1, 1, 1 -> 53
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0, 0 -> 54
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 1, 1 -> 55
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 0 -> 56
    | 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 0, 0 -> 57
    | 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 0, 1 -> 58
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 1 -> 59
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 0 -> 60
    | 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 1, 0 -> 61
    | 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 0 -> 62
    | 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 1 -> 63
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 0, 0 -> 128 + read_black_code i
    | 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 0, 1 -> 192 + read_black_code i
    | 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 1, 1 -> 256 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 1 -> 320 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 1, 0, 0 -> 384 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 1, 0, 1 -> 448 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0 -> 1984 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 1 -> 2048 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0 -> 2112 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 1 -> 2176 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0 -> 2240 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 1 -> 2304 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0 -> 2368 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 1 -> 2432 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 0 -> 2496 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1 -> 2560 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1 -> -1
    | _ ->
  let n = getbitint i in
    match a, b, c, d, e, f, g, h, j, k, l, m, n with
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 0 -> 512 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 1, 1, 0, 1 -> 576 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 1, 0 -> 640 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 1, 1 -> 704 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 1, 0, 0 -> 768 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 1, 0, 1 -> 832 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0, 1, 0 -> 896 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0, 1, 1 -> 960 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 1, 0, 0 -> 1024 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 1, 0, 1 -> 1088 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 1, 1, 0 -> 1152 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 1, 0, 1, 1, 1 -> 1216 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 1, 0 -> 1280 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 1, 1 -> 1344 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 0, 0 -> 1408 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 1, 0, 1 -> 1472 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 1, 0 -> 1536 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 1, 1 -> 1600 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 0 -> 1664 + read_black_code i
    | 0, 0, 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1 -> 1728 + read_black_code i
    | _ -> raise (Failure "bad black code")

(* Group 4 Fax decoder. *)
type modes =
  | Pass
  | Horizontal
  | Vertical of int
  | Uncompressed
  | EOFB

let read_mode i =
  let a = getbitint i in
    match a with
    | 1 -> Vertical 0
    | _ ->
  let b = getbitint i in
  let c = getbitint i in
    match a, b, c with
    | 0, 1, 1 -> Vertical (-1)
    | 0, 1, 0 -> Vertical 1
    | 0, 0, 1 -> Horizontal
    | _ ->
  let d = getbitint i in
    match a, b, c, d with
    | 0, 0, 0, 1 -> Pass
    | _ ->
  let e = getbitint i in
  let f = getbitint i in
    match a, b, c, d, e, f with
    | 0, 0, 0, 0, 1, 1 -> Vertical (-2)
    | 0, 0, 0, 0, 1, 0 -> Vertical 2
    | _ ->
  let g = getbitint i in
    match a, b, c, d, e, f, g with
    | 0, 0, 0, 0, 0, 1, 1 -> Vertical (-3)
    | 0, 0, 0, 0, 0, 1, 0 -> Vertical 3
    | _ ->
  let h = getbitint i in
  let j = getbitint i in
  let k = getbitint i in
  let l = getbitint i in
  let m = getbitint i in
    match a, b, c, d, e, f, g, h, j, k, l, m with
    | 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1 -> Uncompressed
    | 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1 ->
      let a = getbitint i in
      let b = getbitint i in
      let c = getbitint i in
      let d = getbitint i in
      let e = getbitint i in
      let f = getbitint i in
      let g = getbitint i in
      let h = getbitint i in
      let j = getbitint i in
      let k = getbitint i in
      let l = getbitint i in
      let m = getbitint i in
        begin match a, b, c, d, e, f, g, h, j, k, l, m with
        | 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1 -> EOFB
        | _ -> raise (Failure "Not a valid code on EOFB")
        end
  | _ -> raise (Failure "Not a valid code")

let decode_CCITTFax k eol eba c r eob bone dra input =
  if k > 0 then raise (DecodeNotSupported "CCITTFax k > 0") else
    let whiteval, blackval = if bone then 0, 1 else 1, 0
    in let output = make_write_bitstream () in
      let b = bitbytes_of_input input
      in let column = ref 0
      in let row = ref 0
      in let refline = ref (Array.make c whiteval)
      in let currline = ref (Array.make c 0)
      in let white = ref true
      in let output_line line =
        Array.iter (putbit output) line;
        align_write output
      in
        let output_span l v =
          if l < 0 then raise (Failure "Bad CCITT stream") else
            begin
              for x = !column to !column + l - 1 do
                let r = !currline in r.(x) <- v
              done;
              column += l
            end
        in let find_b1 () =
          let pos = ref !column
          in let curr, opp =
            if !white then whiteval, blackval else blackval, whiteval
          in
            let find v =
              while
                let r = !refline in
                  if !pos >= 0 && !pos < Array.length r then
                    r.(!pos) <> v
                  else
                    false
              do
                incr pos
              done; !pos
            in
              try
                (* Careful to skip imaginary black at beginning *)
                ignore (if !column = 0 && !white then 0 else find curr);
                find opp
              with
                _ -> c
        in let find_b2 () =
          let pos = ref !column
          in let curr, opp =
            if !white then whiteval, blackval else blackval, whiteval
          in
            let find v =
              while
                let r = !refline in
                  if !pos >=0 && !pos < Array.length r then
                    r.(!pos) <> v
                  else
                    false
              do
                incr pos
              done; !pos
            in
              try
                (* Careful to skip imaginary black at beginning *)
                ignore (if !column = 0 && !white then 0 else find curr);
                ignore (find opp);
                find curr
              with
                _ -> c
        in
          try
            while true do
              if !column >= c then
                begin
                  output_line !currline;
                  refline := !currline;
                  column := 0;
                  set white;
                  if eba then align b;
                  incr row;
                  if !row >= r && r > 0 then raise End_of_file
                end
              else
               begin
                  if k < 0 then
                    (* Group 4 *)
                    match read_mode b with
                    | Pass ->
                        output_span
                          (find_b2 () - !column)
                          (if !white then whiteval else blackval)
                    | Horizontal ->
                        if !white then
                          begin
                            output_span (read_white_code b) whiteval;
                            output_span (read_black_code b) blackval;
                          end
                        else
                          begin
                            output_span (read_black_code b) blackval;
                            output_span (read_white_code b) whiteval;
                          end
                    | Vertical n ->
                        output_span
                          (find_b1 () - !column - n)
                          (if !white then whiteval else blackval);
                        flip white
                    | EOFB -> raise End_of_file
                    | Uncompressed ->
                        raise (DecodeNotSupported "CCITT Uncompressed")
                  else if k = 0 then
                    (* Group 3 *)
                    begin match
                      (if !white then read_white_code else read_black_code) b
                    with
                    | -1 ->
                       (* Pad it out *)
                       if !column > 0 then output_span (c - !column) whiteval
                    | l ->
                      begin
                        output_span l (if !white then whiteval else blackval);
                        flip white
                      end
                    end
                  else
                    raise (DecodeNotSupported "CCITT k")
                end
            done;
            mkbytes 0
          with
            | End_of_file -> bytes_of_write_bitstream output
            | _ -> raise (Failure "Bad CCITT Stream") 

(* PNG and TIFF Predictors *)

(* Get the value at index i from an int array a, giving zero if the index is
too low. Fails in the usual manner if the index is too high. *)
let get0 a i =
  if i < 0 then 0 else a.(i)

(* TIFF prediction. 8bpp only for now. We don't have example files for the
others yet, so we'll have to wait to create our own examples. *)
let decode_tiff_predictor colors bpc columns stream =
  match bpc with
  | 1 -> raise (DecodeNotSupported "TIFF Predictor for 1bpc not supported")
  | 2 -> raise (DecodeNotSupported "TIFF Predictor for 2bpc not supported")
  | 4 -> raise (DecodeNotSupported "TIFF Predictor for 4bpc not supported")
  | 8 ->
      let scanline_width = (colors * bpc * columns + 7) / 8 in
        for line = 0 to bytes_size stream / scanline_width - 1 do
          let linestart = line * scanline_width in
            let p = ref colors in
              while !p < scanline_width do
                bset stream (linestart + !p)
                  ((bget stream (linestart + !p - colors) +
                    bget stream (linestart + !p)) mod 256);
                p := !p + 1 
              done
        done;
        stream
  | 16 -> raise (DecodeNotSupported "TIFF Predictor for 16bpc not supported")
  | _ -> raise (DecodeNotSupported "Tiff predictor for unknown color depth")

(* Given two scanlines, the previous and current, and the predictor function
p, calculate the output scanline as a list of bytes. *)
let decode_scanline_pair prior_encoded prior_decoded current pred bpc cols =
  let output = Array.copy current in
    begin match pred with
    | 0 -> (* None *)
        ()
    | 1 -> (* Sub *)
        for x = 0 to Array.length output - 1 do
          output.(x) <- (get0 current x + get0 output (x - cols)) mod 256
        done
    | 2 -> (* Up *)
        for x = 0 to Array.length output - 1 do
          output.(x) <- (get0 current x + get0 prior_decoded x) mod 256
        done
    | 3 -> (* Average -- No test case yet found. *)
        for x = 0 to Array.length output - 1 do
          output.(x) <-
            (get0 current x +
              (get0 output (x - cols) + get0 prior_decoded x) / 2) mod 256
        done
    | 4 -> (* Paeth *)
        let paeth a b c =
          let p = a + b - c in
            let pa = abs (p - a) in
            let pb = abs (p - b) in
            let pc = abs (p - c) in
              if pa <= pb && pa <= pc then a
              else if pb <= pc then b
              else c
          in
            for x = 0 to Array.length output - 1 do
              output.(x) <-
                let curr = get0 current x
                in let currback = get0 output (x - cols)
                in let decoded = get0 prior_decoded x
                in let decodedback = get0 prior_decoded (x - cols) in
                  (curr + paeth currback decoded decodedback) mod 256
            done
    | _ -> raise (DecodeNotSupported "unknown PNG predictor")
    end;
    output

(* Main function. Given predictor, number of channels, bits-per-channel,
columns and the stream data, perform the decoding. *)
let decode_predictor pred colors bpc columns stream =
  if pred = 2 then decode_tiff_predictor colors bpc columns stream else
    let i = input_of_bytes stream
    in let scanline_width = (colors * bpc * columns + 7) / 8 in
      let blank () = ref (Array.make scanline_width 0) in
        let prev, curr, prior_decoded = blank (), blank (), blank ()
        in let outputlines = ref []
        in let finished = ref false
        in let pred = ref 0
        in let got_predictor = ref false in
          while not !finished do
            clear got_predictor;
            begin match i.input_byte () with
            | x when x = Pdfio.no_more -> set finished
            | x -> pred := x
            end;
            if !finished then () else
              begin
                set got_predictor;
                prev := !curr;
                for x = 0 to scanline_width - 1 do
                  match i.input_byte () with
                  | x when x = Pdfio.no_more -> set finished
                  | b -> (!curr).(x) <- b
                done
              end;
            (* We allow an unfinished final line only if we managed to get a
            predictor byte *)
            if !got_predictor then
              begin
                prior_decoded :=
                decode_scanline_pair
                  !prev !prior_decoded !curr !pred bpc ((bpc * colors + 7) / 8);
                outputlines =| !prior_decoded
              end
          done;
          bytes_of_arraylist (rev !outputlines)

(* Assumes 12 (PNGUp, no column padding required, colors, bpc standard values.
This is just for xref streams for now *)
let encode_predictor pred colors bpc columns stream =
  if pred = 12 then
    begin
      let get0 a i =
        if i < 0 then 0 else bget a i
      in
        let o, bytes = Pdfio.input_output_of_bytes 4096 in
          for scanline = 0 to bytes_size stream / columns - 1 do
            o.Pdfio.output_byte 2; (* tag for Up *)
            for byte = 0 to columns - 1 do
              o.Pdfio.output_byte
                ((get0 stream (scanline * columns + byte) -
                 get0 stream ((scanline - 1) * columns + byte))
                 mod 256)
            done
          done;
      Pdfio.extract_bytes_from_input_output o bytes
    end
  else
    raise (Pdf.PDFError "encode_predictor: not supported")

(* Run Length Encoding *)
let encode_runlength stream =
  let i = input_of_bytes stream in
    let data_in = ref [] in
      begin try
        while true do
          data_in =|
            begin match i.input_byte () with
            | x when x = Pdfio.no_more -> raise End_of_file
            | x -> x
            end
        done
      with
        End_of_file -> data_in := rev !data_in
      end;
      let rec runs_of_data prev = function
        | [] -> rev prev
        | h::t ->
            let same, rest = cleavewhile (eq h) (h::t) in
              runs_of_data ((length same, hd same)::prev) rest
      in
        let runs = ref (runs_of_data [] !data_in)
        in let outbytes = ref []
        in let chunksize = ref 0
        in let chunkdata = ref [] in
          let writechunk () =
            if !chunksize > 0 then
              begin
                outbytes =| !chunksize - 1; 
                iter (( =| ) outbytes) (rev !chunkdata);
                chunkdata := [];
                chunksize := 0;
              end
          in
              while !runs <> [] do
                begin match hd !runs with
                | (l, _) when l < 1 ->
                    assert false
                | (l, x) when l < 3 ->
                    if l + !chunksize > 128 then writechunk ();
                    chunkdata =@ many x l;
                    chunksize += l 
                | (l, x) ->
                    writechunk ();
                    let l = ref l in
                      while !l > 0 do
                        outbytes =| 257 - min !l 128;
                        outbytes =| x;
                        l -= 128
                      done
                end;
                runs := tl !runs
              done;
              writechunk ();
              outbytes =| 128; (*r End-of-data *)
              bytes_of_list (rev !outbytes)

let decode_runlength i =
  let o, data = input_output_of_bytes 4096 in
    let eod = ref false in
      begin try
        while not !eod do
          let l =
            match i.input_byte () with
            | x when x = Pdfio.no_more -> raise End_of_file
            | x -> x
          in
            if l < 128 then
              for x = 1 to l + 1 do
                o.output_byte
                  begin match i.input_byte () with
                    | x when x = Pdfio.no_more -> raise End_of_file
                    | x -> x
                  end
              done
            else if l > 128 then
              let towrite =
                begin match i.input_byte () with
                | x when x = Pdfio.no_more -> raise End_of_file
                | x -> x
                end;
              in
                for x = 1 to 257 - l do o.output_byte towrite done
            else
              set eod
        done
      with
        End_of_file ->
          Printf.eprintf "Warning: Missing EOD marker in runlength decode...\n"
      end;
      extract_bytes_from_input_output o data

(* Decoding PDF streams *)
type source =
  | StreamSource of bytes
  | InputSource of input

let decoder pdf dict source name =
  let input_of_source = function
    | InputSource i -> i
    | StreamSource s -> input_of_bytes s
  in
    let i = input_of_source source in
      match name with
      | "/ASCIIHexDecode" | "/AHx" -> decode_ASCIIHex i
      | "/ASCII85Decode" | "/A85" -> decode_ASCII85 i
      | "/FlateDecode" | "/Fl" ->
          begin match source with
          | StreamSource s -> decode_flate s
          | InputSource i -> decode_flate_input i
          end
      | "/RunLengthDecode" | "/RL" -> decode_runlength i
      | "/LZWDecode" | "/LZW" ->
          let early =
            match Pdf.lookup_direct_orelse pdf "/DecodeParms" "/DP" dict with
            | Some (Pdf.Array (Pdf.Null::_)) -> 1
            | Some (Pdf.Dictionary _ as d)
            | Some (Pdf.Array (Pdf.Dictionary _ as d::_)) ->
                begin match Pdf.lookup_direct pdf "/EarlyChange" d with
                | Some (Pdf.Integer n) -> n
                | None -> 1
                | _ -> raise (Pdf.PDFError "malformed /EarlyChange")
                end
            | _ -> 1
          in
            decode_lzw early i
      | "/CCITTFaxDecode" | "/CCF" ->
          begin match
            Pdf.lookup_direct_orelse pdf "/DecodeParms" "/DP" dict
          with
          | None -> decode_CCITTFax 0 false false 1728 0 true false 0 i
          | Some (Pdf.Dictionary _ as dparms)
          | Some (Pdf.Array (dparms::_)) ->
              (* Copes with null ok, because lookup_direct used below *)
              let dparms = Pdf.direct pdf dparms in
              let k =
                match Pdf.lookup_direct pdf "/K" dparms with
                | Some (Pdf.Integer i) -> i
                | _ -> 0
              in let eol =
                match Pdf.lookup_direct pdf "/EndOfLine" dparms with
                | Some (Pdf.Boolean b) -> b
                | _ -> false
              in let eba =
                match Pdf.lookup_direct pdf "/EncodedByteAlign" dparms with
                | Some (Pdf.Boolean b) -> b
                | _ -> false
              in let c =
                match Pdf.lookup_direct pdf "/Columns" dparms with
                | Some (Pdf.Integer i) -> i
                | _ -> 1728
              in let r =
                match Pdf.lookup_direct pdf "/Rows" dparms with
                | Some (Pdf.Integer i) -> i
                | _ -> 0
              in let eob =
                match Pdf.lookup_direct pdf "/EndOfBlock" dparms with
                | Some (Pdf.Boolean b) -> b
                | _ -> true
              in let bone =
                match Pdf.lookup_direct pdf "/BlackIs1" dparms with
                | Some (Pdf.Boolean b) -> b
                | _ -> false
              in let dra =
                match
                  Pdf.lookup_direct pdf "/DamagedRowsBeforeError" dparms
                with
                | Some (Pdf.Integer i) -> i
                | _ -> 0
              in
                decode_CCITTFax k eol eba c r eob bone dra i
            | _ -> raise (Pdf.PDFError "bad Decodeparms")
            end
      | name ->
          raise (DecodeNotSupported (Printf.sprintf "Unknown: %s" name))

(* Decode at most one stage. *)
let decode_one pdf dict source =
  match Pdf.lookup_direct_orelse pdf "/Filter" "/F" dict with
  | None | Some (Pdf.Array []) ->
      begin match source with
      | StreamSource s -> s
      | InputSource _ -> raise (DecodeNotSupported "decode_one")
      end
  | Some (Pdf.Name n) | Some (Pdf.Array (Pdf.Name n::_)) ->
      let decoded = decoder pdf dict source n in
        let decodeparms =
          match Pdf.lookup_direct_orelse pdf "/DecodeParms" "/DP" dict with
          | Some (Pdf.Dictionary d)
          | Some (Pdf.Array (Pdf.Dictionary d::_)) -> Pdf.Dictionary d
          | _ -> Pdf.Dictionary []
        in
          begin match Pdf.lookup_direct pdf "/Predictor" decodeparms with
          | None | Some (Pdf.Integer 1) -> decoded
          | Some (Pdf.Integer pred) ->
              let colors =
                match Pdf.lookup_direct pdf "/Colors" decodeparms with
                | Some (Pdf.Integer n) -> n
                | None -> 1
                | _ -> raise (Pdf.PDFError "malformed /Colors")
              in let bits_per_component =
                match Pdf.lookup_direct pdf "/BitsPerComponent" decodeparms with
                | Some (Pdf.Integer n) -> n
                | None -> 8
                | _ -> raise (Pdf.PDFError "malformed /BitsPerComponent")
              in let columns =
                match Pdf.lookup_direct pdf "/Columns" decodeparms with
                | Some (Pdf.Integer n) -> n
                | None -> 1
                | _ -> raise (Pdf.PDFError "malformed /Columns")
              in
                begin try
                  decode_predictor
                    pred colors bits_per_component columns decoded
                with
                  _ -> raise (Couldn'tDecodeStream "Predictor")
                end
          | _ -> raise (Pdf.PDFError "Malformed /Predictor")
          end
  | _ ->
    raise (Pdf.PDFError "PDF.decode: Bad filter specification")

(* Need to make sure /Filter, /F, /DecodeParms, /DP are not indirect. d on entry
is a name -> pdfobject map *)
let prepare_decoder pdf d =
  map
    (function
        (("/Filter" | "/F" | "/DecodeParms" | "/DP") as k, v) ->
          k, Pdf.direct pdf v
     | x -> x)
    d

(* Remove a single decoder from a filter list. Also remove the first entry of a
 DecodeParms array *)
let remove_decoder d =
  let d' =
    match lookup "/Filter" d, lookup "/F" d with
    | None, None -> d
    | Some (Pdf.Name _ | Pdf.Array [_]), None ->
        lose (fun (n, _) -> n = "/Filter") d
    | None, Some (Pdf.Name _ | Pdf.Array [_]) ->
        lose (fun (n, _) -> n = "/F") d
    | Some (Pdf.Array (_::t)), _ -> replace "/Filter" (Pdf.Array t) d
    | _, Some (Pdf.Array (_::t)) -> replace "/F" (Pdf.Array t) d
    | _ -> raise (Pdf.PDFError "PDF.remove_decoder: malformed /Filter")
  in
    match lookup "/DecodeParms" d', lookup "/DP" d' with
    | None, None -> d'
    | Some (Pdf.Dictionary _ | Pdf.Array []), _ -> remove "/DecodeParms" d'
    | _, Some (Pdf.Dictionary _ | Pdf.Array []) -> remove "/DP" d'
    | Some (Pdf.Array (_::t)), _ -> replace "/DecodeParms" (Pdf.Array t) d'
    | _, Some (Pdf.Array (_::t)) -> replace "/DP" (Pdf.Array t) d'
    | _ -> raise (Pdf.PDFError "PDF.remove_decoder: malformed /DecodeParms")

(* Decode at most one stage. *)
let decode_pdfstream_onestage pdf stream =
  Pdf.getstream stream;
  match stream with
  | Pdf.Stream
      ({contents = (Pdf.Dictionary d as dict, Pdf.Got s)} as stream_contents) ->
      begin match
        Pdf.direct pdf (Pdf.lookup_fail "no /Length" pdf "/Length" dict)
      with
      | Pdf.Integer _ -> ()
      (*i if l <> bytes_size s then raise (PDFError "Wrong /Length") i*)
      | _ -> raise (Pdf.PDFError "No /Length")
      end;
      let stream' = decode_one pdf dict (StreamSource s) in
        let d' =
          replace
            "/Length"
            (Pdf.Integer (bytes_size stream'))
            (remove_decoder (prepare_decoder pdf d))
        in
          stream_contents := (Pdf.Dictionary d', Pdf.Got stream')
  | _ -> raise (Pdf.PDFError "Pdf.decode_pdfstream: not a valid Stream")

let string_of_pdf = ref (fun _ -> "")

(* Decode until there's nothing left to do. *)
let rec decode_pdfstream pdf = function
  | Pdf.Stream {contents = d, _} as stream ->
      Pdf.getstream stream;
      begin match Pdf.lookup_direct_orelse pdf "/Filter" "/F" d with
      | None -> ()
      | Some (Pdf.Name _ | Pdf.Array _) ->
            begin
              decode_pdfstream_onestage pdf stream;
              match stream with
              | Pdf.Stream {contents = d', _} ->
                  if !string_of_pdf d = !string_of_pdf d' then () else
                  decode_pdfstream pdf stream
              | _ -> assert false
            end
      | _ -> raise (Pdf.PDFError "Pdf.remove_decoder: malformed /Filter")
      end
  | Pdf.Indirect i ->
      decode_pdfstream pdf (Pdf.direct pdf (Pdf.Indirect i))
  | _ -> raise (Pdf.PDFError "Pdf.decode_pdfstream: malformed Stream")

(* Decode a stream until a decoding isn't supported. *)
let decode_pdfstream_until_unknown pdf s =
  try decode_pdfstream pdf s with
    DecodeNotSupported _ -> ()

(* Decode from an input. *)
let decode_from_input i dict =
  match Pdf.lookup_direct_orelse (Pdf.empty ()) "/F" "/Filter" dict with
  | Some (Pdf.Name _) ->
      Some (decode_one (Pdf.empty ()) dict (InputSource i))
  | Some (Pdf.Array (_::t)) ->
      let stream = decode_one (Pdf.empty ()) dict (InputSource i) in
        let rec decode_rest stream = function
          | [] -> stream
          | Pdf.Name _::more ->
              (* Removing the filter just done, and its decodeparms. Note that
              /F can denote a file specification, but this can never be in an
              inline image (which is currrently the only use of
              decode_from_input, so that's ok for now. *)
              let filters =
                Pdf.lookup_direct_orelse (Pdf.empty ()) "/F" "/Filter" dict
              in let decodeparms =
                Pdf.lookup_direct_orelse
                  (Pdf.empty ()) "/DP" "/DecodeParms" dict
              in
                let dict = Pdf.remove_dict_entry dict "/Filter" in
                let dict = Pdf.remove_dict_entry dict "/F" in
                let dict = Pdf.remove_dict_entry dict "/DP" in
                let dict = Pdf.remove_dict_entry dict "/DecodeParms" in
                  let strip = function
                  | Some (Pdf.Array (_::t)) -> Pdf.Array t
                  | _ -> Pdf.Array []
                  in
                    let decodeparms = strip decodeparms
                    and filters = strip filters in
                      let dict = Pdf.add_dict_entry dict "/DP" decodeparms in
                      let dict = Pdf.add_dict_entry dict "/F" filters in 
                        let stream =
                          decode_one (Pdf.empty ()) dict (StreamSource stream)
                        in
                          decode_rest stream more
          | _ -> raise (Pdf.PDFError "Malformed filter array")
        in
          Some (decode_rest stream t)
  | _ -> raise (Couldn'tDecodeStream "No or bad filter")

(* Encoding streams *)

(* Supported encodings. *)
type encoding =
  | ASCIIHex
  | ASCII85
  | RunLength
  | Flate

type predictor =
    TIFF2
  | PNGNone
  | PNGSub
  | PNGUp
  | PNGAverage
  | PNGPaeth
  | PNGOptimum

(* The name of an encoding. *)
let name_of_encoding = function
  | ASCIIHex -> "/ASCIIHexDecode"
  | ASCII85 -> "/ASCII85Decode"
  | RunLength -> "/RunLengthDecode"
  | Flate -> "/FlateDecode"

(* Add an encoding to the dictionary d. *)
let add_encoding length pdf encoding d =
  let filter' =
    match Pdf.lookup_direct pdf "/Filter" d with
    | None ->
        Pdf.Name (name_of_encoding encoding)
    | Some (Pdf.Name n) ->
        Pdf.Array (Pdf.Name (name_of_encoding encoding)::[Pdf.Name n])
    | Some (Pdf.Array a) ->
        Pdf.Array (Pdf.Name (name_of_encoding encoding)::a)
    | _ -> raise (Pdf.PDFError "Malformed /Filter")
  in
    Pdf.replace_dict_entry
      (Pdf.add_dict_entry d "/Filter" filter') "/Length" (Pdf.Integer length)

(* Find the encoding function. *)
let encoder_of_encoding = function
  | ASCIIHex -> encode_ASCIIHex
  | ASCII85 -> encode_ASCII85
  | RunLength -> encode_runlength
  | Flate -> encode_flate

(* For now, just for xref streams *)
let process_prediction_data predictor predictor_columns d =
  match predictor with
    PNGUp -> encode_predictor 12 1 8 predictor_columns d
  | _ -> raise (Pdf.PDFError "process_predction_data")

let process_prediction predictor predictor_columns stream =
  match stream with
    {contents = d, Pdf.Got s} ->
      begin match predictor with
        Some PNGUp ->
          let data =
            process_prediction_data PNGUp predictor_columns s
          and d' =
            let decodeparms =
              Pdf.Dictionary
                [("/Columns", Pdf.Integer predictor_columns);
                 ("/Predictor", Pdf.Integer 12)]
            in
              Pdf.add_dict_entry d "/DecodeParms" decodeparms
          in
            (d', data)
      | _ -> raise (Pdf.PDFError "Encode predictor not supported")
      end
  | _ -> assert false

(* Encode a PDF stream with an encoding. *)
let encode_pdfstream pdf encoding ?predictor ?(predictor_columns = 1) stream =
  Pdf.getstream stream;
  match stream with
  | Pdf.Stream ({contents = d, Pdf.Got s} as stream) ->
      let d', predicted =
        if predictor <> None
          then process_prediction predictor predictor_columns stream
          else d, s
      in
        let data = encoder_of_encoding encoding predicted in
          let d'' = add_encoding (bytes_size data) pdf encoding d' in
            stream := d'', Pdf.Got data
  | _ -> raise (Pdf.PDFError "Pdf.encode_pdfstream: malformed Stream")
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(** Encoding and Decoding PDF Streams *)

(**
{b Currently supported:}
- Decoders: ASCIIHexDecode, ASCII85Decode, FlateDecode,
LZWDecode, RunLengthDecode.
- Encoders: ASCIIHexDecode, ASCII85Decode, FlateDecode, RunLengthDecode.
- Predictors: PNG (all), TIFF (8-bit only).

*)

(** {2 Types} *)

(** Supported encodings. *)
type encoding =
  | ASCIIHex
  | ASCII85
  | RunLength
  | Flate

(** Predictors. *)
type predictor =
    TIFF2
  | PNGNone
  | PNGSub
  | PNGUp
  | PNGAverage
  | PNGPaeth
  | PNGOptimum

(** There was bad data. *)
exception Couldn'tDecodeStream of string

(** CamlPDF doesn't support this encoding or its predictor. *)
exception DecodeNotSupported of string


(** {2 Encoding} *)

(** Encode a PDF stream with an encoding. The only predictor supported is PNGUp. *)
val encode_pdfstream : Pdf.t -> encoding -> ?predictor:predictor -> ?predictor_columns:int -> Pdf.pdfobject -> unit

(** {2 Decoding} *)

(** Given a document and stream, decode. The pdf document is updated
with the decoded stream. May raise either of the exceptions above. *)
val decode_pdfstream : Pdf.t -> Pdf.pdfobject -> unit

(** Given a document and stream decode just one stage. May raise either of the
exceptions above. *)
val decode_pdfstream_onestage : Pdf.t -> Pdf.pdfobject -> unit

(** Given a document and stream decode until there's an unknown decoder. May
raise [Couldn'tDecodeStream]. *)
val decode_pdfstream_until_unknown : Pdf.t -> Pdf.pdfobject -> unit

(** Given a [Pdfio.input] with pointer at the first byte and an inline image
stream dictionary, decode the first decoder and its predictor. Return the data,
or [None] if this decoder isn't supported but the data pointer has been left in
the right place. The exceptions above can both be raised, in the case of bad
data or a completely unknown encoding. *)
val decode_from_input : Pdfio.input -> Pdf.pdfobject -> Pdfio.bytes option

(**/**)

(* Inter-module recursion. *)
val string_of_pdf : (Pdf.pdfobject -> string) ref

val flate_level : int ref

val encode_flate : Pdfio.bytes -> Pdfio.bytes

val debug : bool ref
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(* Encryption and Decryption *)
open Pdfutil
open Pdfio

let crypt_debug = ref false

(* Find a key, given a password, O entry, P entry, id entry, and key length in
bits. *)
let paddings =
  [| 0x28; 0xbf; 0x4e; 0x5e; 0x4e; 0x75; 0x8a; 0x41;
     0x64; 0x00; 0x4e; 0x56; 0xff; 0xfa; 0x01; 0x08;
     0x2e; 0x2e; 0x00; 0xb6; 0xd0; 0x68; 0x3e; 0x80;
     0x2f; 0x0c; 0xa9; 0xfe; 0x64; 0x53; 0x69; 0x7a |]

let pad_password password =
  let pw = Array.make 32 0 in
    Array.iteri (fun i v -> if i < 32 then pw.(i) <- v) password;
    let n = Array.length password in
      if n < 32 then
        for x = n to 31 do
          pw.(x) <- paddings.(x - n)
        done;
  pw

let find_key no_encrypt_metadata password r o p id keylength =
  let password = int_array_of_string password
  in let o = int_array_of_string o
  in let id = int_array_of_string id in
    let pw = pad_password password in
      let from_p =
        [| i32toi (land32 p 0x000000ffl);
           i32toi (lsr32 (land32 p 0x0000ff00l) 8);
           i32toi (lsr32 (land32 p 0x00ff0000l) 16);
           i32toi (lsr32 (land32 p 0xff000000l) 24) |]
      in let rev4_no_metadata =
        if r >= 4 && no_encrypt_metadata then [|255; 255; 255; 255|] else [||]
      in
        let todigest = [pw; o; from_p; id; rev4_no_metadata] in
          let hash_input = string_of_int_arrays todigest in
            let hashed = Digest.string hash_input in
              let hashed' =
                if r >= 3 then
                  let h = ref hashed in
                    for x = 1 to 50 do
                      let hashed = Digest.string !h in
                        h :=
                          string_of_int_array
                            (Array.sub (int_array_of_string hashed)
                            0 (keylength / 8))
                    done;
                    !h
                else
                  hashed
              in
                Array.sub (int_array_of_string hashed') 0 (keylength / 8)

(* Authenticate the user password, given the password string and U, O, P, id
and key length entry. *)
let authenticate_user no_encrypt_metadata password r u o p id keylength =
(*flprint "AUTHENTICATE_USER\n";
  Printf.printf "no_encrypt_metadata: %b\n" no_encrypt_metadata;
  Printf.printf "user_pw = %S\n" password;
  Printf.printf "r = %i\n" r;
  Printf.printf "u = %S\n" u;
  Printf.printf "o = %S\n" o;
  Printf.printf "p = %li\n" p;
  Printf.printf "id = %S\n" id;
  Printf.printf "keylength = %i\n" keylength;
flprint "END_AUTHENTICATE_USER\n";*)
  let u = int_array_of_string u in
    let key = find_key no_encrypt_metadata password r o p id keylength in
      if r >= 3 then
        let id = int_array_of_string id in
          let todigest = [paddings; id] in
            let hash_input = string_of_int_arrays todigest in
              let hashed = Digest.string hash_input in
                let encrypted_hashed =
                  int_array_of_bytes
                    (Pdfcryptprimitives.crypt key (bytes_of_string hashed))
                in
                  let u' = ref [||] in
                    u' := encrypted_hashed;
                    for x = 1 to 19 do
                      let key' = Array.make (keylength / 8) 0 in
                        for k = 0 to (keylength / 8) - 1 do
                          key'.(k) <- key.(k) lxor x 
                        done;
                        u' :=
                          int_array_of_bytes
                            (Pdfcryptprimitives.crypt
                               key' (bytes_of_int_array !u'))
                    done;
                    Array.sub u 0 16 = !u'
      else
          u
        =
          int_array_of_bytes
            (Pdfcryptprimitives.crypt key (bytes_of_int_array paddings))

(* Decrypt a PDF file, given the user password. *)

(* For debug. Filled in by Pdfwrite *)
let string_of_pdf : (Pdf.pdfobject -> string) ref = ref (function _ -> "")



let rec decrypt
  crypt_type pdf no_encrypt_metadata encrypt obj gen key keylength r
  file_encryption_key l
=
  match l with
  | Pdf.String s ->
      (* Avoid decrypting an object which came from an object stream, since the
      object stream has been decrypted en-masse already. *)
      begin match
        fst (Pdf.pdfobjmap_find obj pdf.Pdf.objects.Pdf.pdfobjects)
      with
      | {contents = Pdf.ParsedAlreadyDecrypted _} -> Pdf.String s
      | _ (* Will always be Parsed for now...*) ->
        let f =
          (if crypt_type = Pdfcryptprimitives.AESV2 then
            (if encrypt
               then Pdfcryptprimitives.aes_encrypt_data 4
               else Pdfcryptprimitives.aes_decrypt_data 4)
           else if (match crypt_type with Pdfcryptprimitives.AESV3 _ -> true | _ -> false) then
            (if encrypt
               then Pdfcryptprimitives.aes_encrypt_data 8
               else Pdfcryptprimitives.aes_decrypt_data 8)
           else
            Pdfcryptprimitives.crypt)
        in
          let s_ints = bytes_of_string s in
            if r = 5 || r = 6 then
              let key =
                match file_encryption_key with
                  Some k -> k
                | None -> raise (Pdf.PDFError "decrypt: no key B")
              in
                Pdf.String
                  (string_of_bytes (f (int_array_of_string key) s_ints))
            else
              let hash =
                Pdfcryptprimitives.find_hash crypt_type (i32ofi obj) (i32ofi gen) key keylength
              in
                Pdf.String (string_of_bytes (f hash s_ints))
      end
  | (Pdf.Stream _) as stream ->
      decrypt_stream
         crypt_type pdf no_encrypt_metadata encrypt obj gen key keylength r
         file_encryption_key stream
  | Pdf.Array a ->
      begin match
        fst (Pdf.pdfobjmap_find obj pdf.Pdf.objects.Pdf.pdfobjects)
      with
      | {contents = Pdf.ParsedAlreadyDecrypted _} -> Pdf.Array a
      | _ ->
          Pdf.recurse_array
            (decrypt crypt_type pdf no_encrypt_metadata encrypt obj
             gen key keylength r file_encryption_key)
            a
      end
  | Pdf.Dictionary d ->
      begin match
        fst (Pdf.pdfobjmap_find obj pdf.Pdf.objects.Pdf.pdfobjects)
      with
      | {contents = Pdf.ParsedAlreadyDecrypted _} -> Pdf.Dictionary d
      | _ ->
          Pdf.recurse_dict
            (decrypt crypt_type pdf no_encrypt_metadata encrypt obj
             gen key keylength r file_encryption_key)
            d
      end
  | x -> x

and is_identity no_encrypt_metadata pdf d =
  let identity_crypt_filter_present =
    match Pdf.lookup_direct pdf "/Filter" d with
    | Some (Pdf.Name "/Crypt")
    | Some (Pdf.Array (Pdf.Name "/Crypt"::_)) ->
        begin match Pdf.lookup_direct pdf "/DecodeParms" d with
        | Some (Pdf.Dictionary decodeparmsdict)
        | Some (Pdf.Array (Pdf.Dictionary decodeparmsdict::_)) ->
            begin match
              Pdf.lookup_direct
                pdf "/Name" (Pdf.Dictionary decodeparmsdict)
            with
            | Some (Pdf.Name "/Identity") | None -> true
            | _ -> false
            end
        | _ -> true
        end
    | _ -> false
  in
    (no_encrypt_metadata &&
       (match
          Pdf.lookup_direct pdf "/Type" d with
            Some (Pdf.Name "/Metadata") -> true
          | _ -> false))
    || identity_crypt_filter_present

and decrypt_stream
  crypt_type pdf no_encrypt_metadata encrypt obj gen key keylength r
  file_encryption_key stream
=
  begin match stream with
  | Pdf.Stream {contents = (Pdf.Dictionary dict as d, data)} ->
      if is_identity no_encrypt_metadata pdf d then stream else
        let data' =
          let rec f unhashed_key key data =
            let crypt =
              Pdf.ToDecrypt
                {Pdf.crypt_type = crypt_type;
                 Pdf.file_encryption_key = file_encryption_key;
                 Pdf.obj = obj;
                 Pdf.gen = gen;
                 Pdf.key = unhashed_key;
                 Pdf.keylength = keylength;
                 Pdf.r = r}
            in
            match data with
              Pdf.Got data ->
                (*Printf.printf "decrypt_stream: Got, encrypt = %b\n" encrypt;*)
                (if crypt_type = Pdfcryptprimitives.AESV2 then
                   (if encrypt
                      then
                        Pdf.Got (Pdfcryptprimitives.aes_encrypt_data 4 key data)
                      else
                        Pdf.ToGet
                          (Pdf.toget ~crypt (Pdfio.input_of_bytes data) 0 (bytes_size data)))
                 else if
                   (match crypt_type with Pdfcryptprimitives.AESV3 _ -> true | _ -> false)
                 then
                   (if encrypt
                      then
                        Pdf.Got (Pdfcryptprimitives.aes_encrypt_data 8 key data)
                      else
                        Pdf.ToGet
                          (Pdf.toget ~crypt (Pdfio.input_of_bytes data) 0 (bytes_size data)))
                 else
                   if encrypt then
                     Pdf.Got (Pdfcryptprimitives.crypt key data)
                   else
                     Pdf.ToGet
                       (Pdf.toget ~crypt (Pdfio.input_of_bytes data) 0 (bytes_size data)))
            | Pdf.ToGet toget ->
                (*Printf.printf "decrypt_stream: ToGet, encrypt = %b\n" encrypt;*)
                if encrypt then 
                  (* If encrypting, call getstream, then go again *)
                  begin
                    Pdf.getstream stream;
                    match stream with
                      Pdf.Stream {contents = (_, data)} -> f unhashed_key key data
                    | _ -> assert false
                  end
                else
                  (* Otherwise, do the deferred decryption magic *)
                  let crypt =
                    Pdf.ToDecrypt
                      {Pdf.crypt_type = crypt_type;
                       Pdf.file_encryption_key = file_encryption_key;
                       Pdf.obj = obj;
                       Pdf.gen = gen;
                       Pdf.key = unhashed_key;
                       Pdf.keylength = keylength;
                       Pdf.r = r}
                  in
                    Pdf.ToGet
                      (Pdf.toget ~crypt
                        (Pdf.input_of_toget toget) (Pdf.position_of_toget toget) (Pdf.length_of_toget toget))
          in
            if r = 5 || r = 6 then
              let key =
                match file_encryption_key with
                  Some k -> k
                | None -> raise (Pdf.PDFError "decrypt: no key C")
              in
                f (int_array_of_string key) (int_array_of_string key) data
            else
              let hash =
                Pdfcryptprimitives.find_hash crypt_type (i32ofi obj) (i32ofi gen) key keylength
              in
                f key hash data
        in let dict' =
          Pdf.recurse_dict
            (decrypt crypt_type pdf no_encrypt_metadata encrypt
             obj gen key keylength r file_encryption_key)
            dict
        in
          let dict'' =
            match data' with Pdf.Got data' ->
              Pdf.replace_dict_entry
                dict' "/Length" (Pdf.Integer (bytes_size data'))
            | _ -> dict'
          in
            Pdf.Stream {contents = (dict'', data')}
  | _ -> assert false
  end

let process_cryption
  no_encrypt_metadata encrypt pdf crypt_type user_pw r u o p id keylength
  file_encryption_key
=
  let encryption_object_number =
    match pdf.Pdf.trailerdict with
    | Pdf.Dictionary d ->
        begin match lookup "/Encrypt" d with
        | Some (Pdf.Indirect i) -> i
        | _ -> -1
        end
    | _ -> -1
  in
  let do_encryption key =
    Pdf.objiter_gen
      (fun objnum gennum obj ->
         if objnum <> encryption_object_number then
           begin
             ignore
              (Pdf.addobj_given_num
                 pdf
                 (objnum,
                  decrypt crypt_type pdf no_encrypt_metadata encrypt objnum
                  gennum key keylength r file_encryption_key obj))
           end)
      pdf;
    let trailerdict' = Pdf.remove_dict_entry pdf.Pdf.trailerdict "/Encrypt" in
      pdf.Pdf.trailerdict <- trailerdict';
      Some pdf
  in
    if r = 5 || r = 6 then (* AESV3 *)
      begin match file_encryption_key with
      | Some k -> do_encryption (int_array_of_string k)
      | None -> None
      end
    else if
      authenticate_user no_encrypt_metadata user_pw r u o p id keylength
    then
      do_encryption (find_key no_encrypt_metadata user_pw r o p id keylength)
    else None

let printable_of_string s =
  String.concat
    "" (map (fun c -> Printf.sprintf "%02x" (int_of_char c)) (explode s))

let get_encryption_values pdf =
  match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
  | None -> raise (Pdf.PDFError "get_encryption_values: unencrypted pdf")
  | Some encryptdict ->
      let crypt_type =
        match
          Pdf.lookup_direct pdf "/Filter" encryptdict,
          Pdf.lookup_direct pdf "/V" encryptdict,
          Pdf.lookup_direct pdf "/Length" encryptdict,
          Pdf.lookup_direct pdf "/R" encryptdict
        with
        | Some (Pdf.Name "/Standard"), Some (Pdf.Integer 1), _, Some (Pdf.Integer r)
        | Some (Pdf.Name "/Standard"), Some (Pdf.Integer 2), None, Some (Pdf.Integer r) ->
            Some (Pdfcryptprimitives.ARC4 (40, r))
        | Some (Pdf.Name "/Standard"), Some (Pdf.Integer 2), Some (Pdf.Integer n), _
            when n mod 8 = 0 && n >= 40 && n <= 128 ->
              Some (Pdfcryptprimitives.ARC4 (n, 3))
        | Some (Pdf.Name "/Standard"), Some (Pdf.Integer (4 | 5)), length, Some (Pdf.Integer r) ->
            begin match Pdf.lookup_direct pdf "/CF" encryptdict with
            | Some cfdict ->
                begin match Pdf.lookup_direct pdf "/StdCF" cfdict with
                | Some stdcfdict ->
                    begin match Pdf.lookup_direct pdf "/CFM" stdcfdict with
                    | Some (Pdf.Name "/V2") ->
                        begin match length with
                        | Some (Pdf.Integer i) -> Some (Pdfcryptprimitives.ARC4 (i, 4))
                        | _ ->
                            begin match Pdf.lookup_direct pdf "/Length" cfdict with
                            | Some (Pdf.Integer i) -> Some (Pdfcryptprimitives.ARC4 (i, 4))
                            | _ -> None
                            end
                        end
                    | Some (Pdf.Name "/AESV2") -> Some Pdfcryptprimitives.AESV2
                    | Some (Pdf.Name "/AESV3") -> Some (Pdfcryptprimitives.AESV3 (r = 6))
                    | _ -> None
                    end
                | _ -> None
                end
            | _ -> None
            end
        | _ -> None
      in
        let chop_string3248 n s =
          let need = match crypt_type with Some (Pdfcryptprimitives.AESV3 _) -> 48 | _ -> 32 in
            if String.length s < need then
              raise (Pdf.PDFError (n ^ ": too small in get_encryption_values"))
            else
              String.sub s 0 need
        in
          match crypt_type with
          | None -> raise (Pdf.PDFError "No encryption method")
          | Some crypt_type ->
              let o =
                match Pdf.lookup_direct pdf "/O" encryptdict with
                | Some (Pdf.String o) -> chop_string3248 "/O" o
                | _ -> raise (Pdf.PDFError "Bad or missing /O entry")
              and u =
                match Pdf.lookup_direct pdf "/U" encryptdict with
                | Some (Pdf.String u) -> chop_string3248 "/U" u
                | _ -> raise (Pdf.PDFError "Bad or missing /U entry")
              and p =
                match Pdf.lookup_direct pdf "/P" encryptdict with
                | Some (Pdf.Integer flags) -> i32ofi flags
                | _ -> raise (Pdf.PDFError "Bad or missing /P entry")
              and id =
                match Pdf.lookup_direct pdf "/ID" pdf.Pdf.trailerdict with
                | Some (Pdf.Array [Pdf.String s; _]) -> s
                | _ -> raise (Pdf.PDFError "Bad or missing /ID element")
              and oe =
                match Pdf.lookup_direct pdf "/OE" encryptdict with
                | Some (Pdf.String s) -> Some s
                | _ -> None
              and ue =
                match Pdf.lookup_direct pdf "/UE" encryptdict with
                | Some (Pdf.String s) -> Some s
                | _ -> None
              in
                (*Printf.printf "Encryption Values...\n";
                Printf.printf "crypt_type = %s\n" (string_of_encryption crypt_type);
                Printf.printf "p = %li\n" p;
                Printf.printf "u = %s\n" (printable_of_string u);
                Printf.printf "o = %s\n" (printable_of_string o);
                if ue <> None then Printf.printf "ue = %s\n" (printable_of_string (unopt ue));
                if oe <> None then Printf.printf "oe = %s\n" (printable_of_string (unopt oe));*)
                crypt_type, u, o, p, id, ue, oe

(* Permissions *)
type permission =
  | NoEdit (* R2, Bit 4 *)
  | NoPrint (* R2, Bit 3 *)
  | NoCopy (* R2, Bit 5 *)
  | NoAnnot (* R2, Bit 6 *)
  | NoForms (* R3 only, Bit 9 *)
  | NoExtract (* R3 only, Bit 10 *)
  | NoAssemble (* R3 only, Bit 11 *)
  | NoHqPrint (* R3 only, Bit 12 *)

let string_of_permission = function
  | NoEdit -> "NoEdit"
  | NoPrint -> "NoPrint"
  | NoCopy -> "NoCopy"
  | NoAnnot -> "NoAnnot"
  | NoForms -> "NoForms"
  | NoExtract -> "NoExtract"
  | NoAssemble -> "NoAssemble"
  | NoHqPrint -> "NoHqPrint"

let string_of_bans bans =
  fold_left ( ^ ) "" (interleave " " (map string_of_permission bans))
  
let p_of_banlist toban =
  let p = ref 0l in
    let setbit n b =
      if b then p := Int32.logor !p (Int32.shift_left 1l (n - 1))
    in let notin =
      notpred (mem' toban)
    in
      setbit 3 (notin NoPrint);
      setbit 4 (notin NoEdit);
      setbit 5 (notin NoCopy);
      setbit 6 (notin NoAnnot);
      setbit 7 true;
      setbit 8 true;
      setbit 9 (notin NoForms);
      setbit 10 (notin NoExtract);
      setbit 11 (notin NoAssemble);
      setbit 12 (notin NoHqPrint);
      iter (fun x -> setbit x true) (ilist 13 32);
      !p

let banlist_of_p p =
  let l = ref []
  in let bitset n =
    Int32.logand (Int32.shift_right p (n - 1)) 1l = 0l
  in
    if bitset 3 then l =| NoPrint;
    if bitset 4 then l =| NoEdit;
    if bitset 5 then l =| NoCopy;
    if bitset 6 then l =| NoAnnot;
    if bitset 9 then l =| NoForms;
    if bitset 10 then l =| NoExtract;
    if bitset 11 then l =| NoAssemble;
    if bitset 12 then l =| NoHqPrint;
    !l


let print_string name s =
  flprint name;
  iter (Printf.printf "%i ") (map int_of_char (explode s));
  flprint "\n"

(* New r = 6 algorithm (2.B in the standard) *)

(* modulus 3 of the first 16 bytes of a string taken as a 128 bit big-endian
number. Since (xy mod n) is equal to (x mod n + y mod n) and 256 mod 3 is 1, we
can just sum the bytes and take the modulus afterward. Logic due to Jay
Birkenbilt. *)
let mod3 b =
  let x = ref 0 in
    for i = 0 to 15 do x += int_of_char b.[i] done;
    !x mod 3

let prs s =
  String.iter
    (fun x -> Printf.printf "%02x" (int_of_char x))
    (if String.length s > 16 then String.sub s 0 16 else s);
  flprint "\n"

let shamix_cache = Hashtbl.create 16

let shamix password udata s =
  try Hashtbl.find shamix_cache (password, udata, s) with
    Not_found ->
      let i = input_of_string s in
      if !crypt_debug then
        begin
          flprint "Beginning of shamix\n Password is\n"; prs password; flprint "udata is\n";
          prs (match udata with None -> "" | Some x -> x);
        end;
      let k = ref (Pdfcryptprimitives.sha256 i)
      and fin = ref false
      and round = ref 0
      and last_e = ref 0 in
        while not !fin do
          round += 1;
          let k1 = password ^ !k ^ match udata with None -> "" | Some x -> x in
            let k1_64 = String.concat "" (many k1 64) in
              let e =
                let key = int_array_of_string (String.sub !k 0 16) 
                and firstblock = int_array_of_string (String.sub !k 16 16) in
                  let raw =
                    string_of_bytes
                      (Pdfcryptprimitives.aes_encrypt_data
                         ~firstblock:firstblock 4 key (Pdfio.bytes_of_string k1_64))
                  in
                    String.sub raw 16 (String.length raw - 32)
              in
                last_e := int_of_char e.[String.length e - 1];
                k := (match mod3 e with
                          0 -> Pdfcryptprimitives.sha256
                        | 1 -> Pdfcryptprimitives.sha384
                        | _ -> Pdfcryptprimitives.sha512) (Pdfio.input_of_string e);
          fin := !round >= 64 && !last_e <= !round - 32
        done;
        let result = String.sub !k 0 32 in
          if !crypt_debug then
            begin flprint "RESULT:\n"; prs result end;
          Hashtbl.add shamix_cache (password, udata, s) result;
          result

(* Conversion via unicode and SASLprep required here for complicated passwords. *)
let make_utf8 pw =
  if String.length pw > 127 then String.sub pw 0 127 else pw

let zero_iv = String.make 16 '\000'

(* Part of Algorithm 3.2a - making the intermediate key using owner password. *)
let file_encryption_key_aesv3 ?digest iso utf8pw o oe u =
  if String.length o < 48 || String.length u < 48 then raise (Pdf.PDFError "/O too short in make_intermediate_owner_key_aesv3") else
    let d =
      match digest with
      | Some d -> 
         if Array.length d <> 32 then Printf.eprintf "file_encryption_key_aesv3 pre-made length %i\n" (Array.length d);
         d
      | None ->
          let i =
            int_array_of_string
            ((if iso then shamix utf8pw (Some u) else (fun x ->
              Pdfcryptprimitives.sha256 (Pdfio.input_of_string x)))
                (String.concat "" [utf8pw; String.sub o 40 8; String.sub u 0 48]))
          in
            if Array.length i <> 32 then Printf.eprintf "file_encryption_key_aesv3 made length %i\n" (Array.length i);
            i
    in
      Pdfcryptprimitives.aes_decrypt_data ~remove_padding:false 8 d (bytes_of_string (zero_iv ^ oe))

let file_encryption_key_aesv3_user iso utf8pw u ue =
  if String.length u < 48 then raise (Pdf.PDFError "/U too short in file_encryption_key_aesv3_user") else
    Pdfcryptprimitives.aes_decrypt_data ~remove_padding:false
      8
      (int_array_of_string
        ((if iso then shamix utf8pw None else (fun x ->
          Pdfcryptprimitives.sha256 (Pdfio.input_of_string x)))
         (String.concat "" [utf8pw; String.sub u 40 8])))
      (bytes_of_string (zero_iv ^ ue))

(* Algorithm 3.12 - Authenticating the owner password. *)
let authenticate_owner_password_aesv3 iso utf8pw u o =
  if String.length o < 48 || String.length u < 48 then
    raise (Pdf.PDFError "/O too short in authenticate_owner_password")
  else
      (if iso then shamix utf8pw (Some u) else (fun x ->
        Pdfcryptprimitives.sha256 (Pdfio.input_of_string x)))
      (String.concat "" [utf8pw; String.sub o 32 8; String.sub u 0 48])
    =
      String.sub o 0 32

(* Algorithm 3.11 - Authenticating the user password. *)
let authenticate_user_password_aesv3 iso utf8pw u =
  if String.length u < 48 then raise (Pdf.PDFError "/U too short in authenticate_owner_password") else
    (if iso then shamix utf8pw None else (fun x -> Pdfcryptprimitives.sha256
    (Pdfio.input_of_string x)))
    (String.concat "" [utf8pw; String.sub u 32 8])
  = String.sub u 0 32

(* Part of algorithm 3.2a - return p from perms so we can check they match *)
let p_of_perms key perms =
  if String.length perms < 16 then raise (Pdf.PDFError "Wrong length in /Perms") else
  let ps = Pdfcryptprimitives.aes_decrypt_data_ecb ~remove_padding:false 8 (int_array_of_bytes key) (bytes_of_string perms) in
    let ints = int_array_of_bytes ps in
      if ints.(9) <> int_of_char 'a' || ints.(10) <> int_of_char 'd' || ints.(11) <> int_of_char 'b'
        then None
        else
          Some
            (lor32
              (lor32 (lsl32 (i32ofi ints.(0)) 0) (lsl32 (i32ofi ints.(1)) 8))
              (lor32 (lsl32 (i32ofi ints.(2)) 16) (lsl32 (i32ofi ints.(3)) 24)))

(* Main function for decryption. *)
let decrypt_pdf ?keyfromowner user_pw pdf =
  match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
  | None -> Some pdf, []
  | Some encrypt_dict ->
     let crypt_type, u, o, p, id, ue, oe = get_encryption_values pdf in
       let r, keylength, file_encryption_key =
         match crypt_type with
         | Pdfcryptprimitives.AESV2 -> 4, 128, None
         | Pdfcryptprimitives.AESV3 iso ->
             begin match oe, ue with
             | Some _, Some ue ->
                 begin match keyfromowner with
                 | Some k -> 5, 256, Some k
                 | None ->
                     let perms =
                       match Pdf.lookup_direct pdf "/Perms" encrypt_dict with
                       | Some (Pdf.String s) -> s
                       | _ -> raise (Pdf.PDFError "Missing /Perms in encryption dictionary")
                     in
                       let auth = authenticate_user_password_aesv3 iso (make_utf8 user_pw) u in
                         if not auth then 5, 256, None else
                           let key = file_encryption_key_aesv3_user iso (make_utf8 user_pw) u ue in
                             match p_of_perms key perms with
                             | None -> raise (Failure "/Perms file permissions corrupted")
                             | Some x when x = p -> 5, 256, Some (string_of_bytes key)
                             | Some _ -> raise (Failure "Mismatched /Perms and /P permissions")
                 end
             | _ -> raise (Failure "decrypt_pdf: no oe")
             end
         | Pdfcryptprimitives.ARC4 (k, r) -> r, k, None
       in let encrypt_metadata =
         match Pdf.lookup_direct pdf "/EncryptMetadata" encrypt_dict with
         | Some (Pdf.Boolean false) -> false
         | _ -> true
       in
         let perms =
           match Pdf.lookup_direct pdf "/Perms" encrypt_dict with
           | Some (Pdf.String s) -> s
           | _ -> ""
         in
           pdf.Pdf.saved_encryption <-
             Some
               {Pdf.from_get_encryption_values = (crypt_type, u, o, p, id, ue, oe);
                Pdf.encrypt_metadata = encrypt_metadata;
                Pdf.perms = perms};
           if !crypt_debug then Printf.eprintf "decrypt_pdf: ready to call process_cryption\n";
           (process_cryption
             (not encrypt_metadata) false pdf crypt_type user_pw r u o p id
             keylength file_encryption_key,
            banlist_of_p p)

(* Calculate the owner key from the padded owner password (as calculated by
pad_password) *)
let owner_key padded_owner keylength r =
  let digest1 = Digest.string (string_of_int_array padded_owner) in
    let digest2 =
      if r >= 3 then
        let d = ref digest1 in
          for x = 1 to 50 do
            d := Digest.string !d
          done;
          !d
        else
          digest1
    in
      int_array_of_string (String.sub digest2 0 (keylength / 8))

(* Calculate XOR keys *)
let mkkey key x =
  let key' = Array.copy key in
    for k = 0 to Array.length key - 1 do
      key'.(k) <- key.(k) lxor x 
    done;
    key'

(* Just decrypt a single stream, given the user password, and pdf. This is used
to decrypt cross-reference streams during the reading of a file -- the PDF is
only partially formed at this stage. *)
let decrypt_single_stream user_pw owner_pw pdf obj gen stream =
  (*i Printf.printf "decrypt_single_stream\n";
  begin match user_pw with None -> flprint "no user password\n" | Some x -> Printf.printf "user password |%s|\n" x end;
  begin match owner_pw with None -> flprint "no owner password\n" | Some x -> Printf.printf "owner password |%s|\n" x end; i*)
  match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
  | None -> stream 
  | Some encrypt_dict ->
     let crypt_type, u, o, p, id, ue, oe = get_encryption_values pdf in
       let r, keylength =
         match crypt_type with
         | Pdfcryptprimitives.AESV2 -> 4, 128
         | Pdfcryptprimitives.AESV3 b -> (if b then 6 else 5), 256
         | Pdfcryptprimitives.ARC4 (k, r) -> r, k
       in let no_encrypt_metadata =
         match Pdf.lookup_direct pdf "/EncryptMetadata" encrypt_dict with
         | Some (Pdf.Boolean false) -> true
         | _ -> false
       in
           match r, keylength, ue, oe with
           | (5 | 6), 256, Some ue, Some oe ->
               let owner_pw = match owner_pw with Some x -> x | None -> ""
               and user_pw = match user_pw with Some x -> x | None -> "" in
                 (* Generate a file encryption key from either the owner or user password *)
                 let file_encryption_key =
                   if authenticate_user_password_aesv3 (r = 6) (make_utf8 user_pw) u
                     then file_encryption_key_aesv3_user (r = 6) (make_utf8 user_pw) u ue
                     else if authenticate_owner_password_aesv3 (r = 6) (make_utf8 owner_pw) u o
                       then file_encryption_key_aesv3 (r = 6) (make_utf8 owner_pw) o oe u
                       else raise (Pdf.PDFError "Encryption: Could not decrypt single stream: Bad AESV3 user or owner password")
                 in
                   decrypt_stream
                     crypt_type pdf no_encrypt_metadata false obj gen (int_array_of_bytes file_encryption_key)
                     keylength r (Some (string_of_bytes file_encryption_key)) stream
           | _ ->
         if owner_pw <> None then
           (* Decode with owner password *)
           let owner_pw_string = unopt owner_pw in
             (* Authenticate the owner password and calculate the key *)
             let padded_owner = pad_password (int_array_of_string owner_pw_string) in
               let key = owner_key padded_owner keylength r in
                 let user_pw =
                   if r = 2 then
                     string_of_bytes (Pdfcryptprimitives.crypt key (bytes_of_string o))
                   else (* r >= 3 *)
                     begin
                       let acc = ref (bytes_of_string o) in
                         for x = 19 downto 0 do
                           acc := Pdfcryptprimitives.crypt (mkkey key x) !acc
                         done;
                         string_of_bytes !acc 
                     end
                 in
                   if authenticate_user no_encrypt_metadata user_pw r u o p id keylength then
                     let key = find_key no_encrypt_metadata user_pw r o p id keylength in
                       decrypt_stream crypt_type pdf no_encrypt_metadata false obj gen key keylength r None stream
                   else
                     raise (Pdf.PDFError "Encryption: Bad owner password when decrypting single stream")
         else
           (* We're using user password. If none, assume it's blank *)
           let user_pw_string = match user_pw with None -> "" | Some x -> x in
             if authenticate_user no_encrypt_metadata user_pw_string r u o p id keylength then
               let key = find_key no_encrypt_metadata user_pw_string r o p id keylength in
                 decrypt_stream crypt_type pdf no_encrypt_metadata false obj gen key keylength r None stream
             else
               raise (Pdf.PDFError "Encryption: Bad password when decrypting single stream")

let key_or_user_password_from_owner ?encryption_values owner_pw pdf =
  let padded_owner = pad_password (int_array_of_string owner_pw) in
    let crypt_type, u, o, oe =
      match encryption_values with
        Some e -> e
      | None ->
          let crypt_type, u, o, _, _, _, oe = get_encryption_values pdf in
            crypt_type, u, o, oe
    in
      let r, keylength =
        match crypt_type with
        | Pdfcryptprimitives.AESV2 -> 4, 128
        | Pdfcryptprimitives.AESV3 x -> (if x then 6 else 5), 256
        | Pdfcryptprimitives.ARC4 (k, r) -> r, k
      in
        if r = 5 || r = 6 then
          if authenticate_owner_password_aesv3 (r = 6) (make_utf8 owner_pw) u o then
          begin
            match oe with
            | None -> raise (Pdf.PDFError "decrypt_pdf_owner: No /OE entry found")
            | Some oe ->
                let key = string_of_bytes (file_encryption_key_aesv3 (r = 6) (make_utf8 owner_pw) o oe u) in
                  Some (key, "")
          end
          else
             None
        else
          let user_pw =
            let key = owner_key padded_owner keylength r in
              if r = 2 then
                string_of_bytes (Pdfcryptprimitives.crypt key (bytes_of_string o))
              else (* r >= 3 *)
                begin
                  let acc = ref (bytes_of_string o) in
                    for x = 19 downto 0 do
                      acc := Pdfcryptprimitives.crypt (mkkey key x) !acc
                    done;
                    string_of_bytes !acc 
                end
          in
            Some ("", user_pw)

(* Decrypt with the owner password. *)
let decrypt_pdf_owner owner_pw pdf =
  (*Printf.printf "decrypt_pdf_owner with owner pw A%sA\n" owner_pw; flprint "\n";*)
  match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
    None -> Some pdf
  | _ ->
    match key_or_user_password_from_owner owner_pw pdf with
      None -> None
    | Some (key, user_pw) -> fst (decrypt_pdf user_pw ~keyfromowner:key pdf)

(* Make an owner password *)
let mk_owner r owner_pw user_pw keylength =
  let padded_owner =
    let source =
      if owner_pw = "" then user_pw else owner_pw
    in
     pad_password (int_array_of_string source)
  in
    let key = owner_key padded_owner keylength r in
      let padded_user = pad_password (int_array_of_string user_pw) in
        if r = 2 then
          string_of_bytes (Pdfcryptprimitives.crypt key (bytes_of_int_array padded_user))
        else (* r >= 3 *)
          let acc = ref (Pdfcryptprimitives.crypt key (bytes_of_int_array padded_user)) in
            for x = 1 to 19 do
              acc := Pdfcryptprimitives.crypt (mkkey key x) !acc
            done;
            string_of_bytes !acc
            
(* Make a user password *)
let mk_user no_encrypt_metadata user_pw o p id r keylength =
  let key = find_key no_encrypt_metadata user_pw r o p id keylength in
    if r = 2 then
      string_of_bytes (Pdfcryptprimitives.crypt key (bytes_of_int_array paddings))
    else (* r >= 3 *)
      let digest_input = [paddings; int_array_of_string id] in
        let d = Digest.string (string_of_int_arrays digest_input) in
          let acc = ref (Pdfcryptprimitives.crypt key (bytes_of_string d)) in
            for x = 1 to 19 do
              acc := Pdfcryptprimitives.crypt (mkkey key x) !acc
            done;
            string_of_bytes !acc ^ (implode (many '\000' 16))

(* Get the ID, or add one if there's not one there. Return the updated pdf and
the ID *)
let get_or_add_id pdf =    
  match Pdf.lookup_direct pdf "/ID" pdf.Pdf.trailerdict with
  | Some (Pdf.Array [Pdf.String s; _]) ->
      s, pdf
  | _ ->
      let idobj = Pdf.generate_id pdf "" (fun () -> Random.float 1.) in
        let pdf' =
          {pdf with
            Pdf.trailerdict =
              Pdf.add_dict_entry pdf.Pdf.trailerdict "/ID" idobj}
        in
          match idobj with
          | Pdf.Array [Pdf.String s; _] -> s, pdf'
          | _ -> assert false

(* 40bit encryption *)
let encrypt_pdf_40bit_inner owner user p user_pw id pdf =
  let crypt_dict =
    Pdf.Dictionary
      ["/Filter", Pdf.Name "/Standard";
       "/V", Pdf.Integer 1;
       "/R", Pdf.Integer 2;
       "/O", Pdf.String owner;
       "/U", Pdf.String user;
       "/P", Pdf.Integer (i32toi p)]
  in
    match process_cryption false true pdf (Pdfcryptprimitives.ARC4 (40, 2)) user_pw 2 user owner p id 40 None with
    | Some pdf ->
        let crypt_dict_num = Pdf.addobj pdf crypt_dict in
          {pdf with
            Pdf.trailerdict =
              Pdf.add_dict_entry
                pdf.Pdf.trailerdict "/Encrypt" (Pdf.Indirect crypt_dict_num)}
    | None -> raise (Pdf.PDFError "Encryption 40 failed")

let encrypt_pdf_40bit user_pw owner_pw banlist pdf =
  let p = p_of_banlist banlist
  in let owner = mk_owner 2 owner_pw user_pw 40
  in let id, pdf = get_or_add_id pdf in
    let user = mk_user false user_pw owner p id 2 40 in
      encrypt_pdf_40bit_inner owner user p user_pw id pdf

(* 128bit encryption *)
let encrypt_pdf_128bit_inner owner user p user_pw id pdf =
  let crypt_dict =
    Pdf.Dictionary
      ["/Filter", Pdf.Name "/Standard";
       "/V", Pdf.Integer 2;
       "/R", Pdf.Integer 3;
       "/O", Pdf.String owner;
       "/U", Pdf.String user;
       "/Length", Pdf.Integer 128;
       "/P", Pdf.Integer (i32toi p)]
  in
    match process_cryption false true pdf (Pdfcryptprimitives.ARC4 (128, 3)) user_pw 3 user owner p id 128 None with
    | Some pdf ->
        let crypt_dict_num = Pdf.addobj pdf crypt_dict in
          {pdf with
            Pdf.trailerdict =
              Pdf.add_dict_entry pdf.Pdf.trailerdict "/Encrypt" (Pdf.Indirect crypt_dict_num)}
    | None -> raise (Pdf.PDFError "Encryption 128 failed")

let encrypt_pdf_128bit_inner_r4 owner user p user_pw id pdf encrypt_metadata =
  let crypt_dict =
    Pdf.Dictionary
      ["/Filter", Pdf.Name "/Standard";
       "/V", Pdf.Integer 4;
       "/CF",
          Pdf.Dictionary
            ["/StdCF",
              Pdf.Dictionary
                ["/Length", Pdf.Integer 16;
                 "/AuthEvent", Pdf.Name "/DocOpen";
                 "/CFM", Pdf.Name "/V2"]];
       "/EncryptMetadata", Pdf.Boolean encrypt_metadata;
       "/Length", Pdf.Integer 128;
       "/R", Pdf.Integer 4;
       "/O", Pdf.String owner;
       "/U", Pdf.String user;
       "/P", Pdf.Integer (i32toi p);
       "/StrF", Pdf.Name "/StdCF";
       "/StmF", Pdf.Name "/StdCF"]
  in
    match process_cryption (not encrypt_metadata) true pdf (Pdfcryptprimitives.ARC4 (128, 4)) user_pw 4 user owner p id 128 None with
    | Some pdf ->
        let crypt_dict_num = Pdf.addobj pdf crypt_dict in
          {pdf with
            Pdf.trailerdict =
              Pdf.add_dict_entry pdf.Pdf.trailerdict "/Encrypt" (Pdf.Indirect crypt_dict_num)}
    | None -> raise (Pdf.PDFError "Encryption 128 r4 failed")

let encrypt_pdf_128bit user_pw owner_pw banlist pdf =
  let p = p_of_banlist banlist
  in let owner = mk_owner 3 owner_pw user_pw 128
  in let id, pdf = get_or_add_id pdf in
    let user = mk_user false user_pw owner p id 3 128 in
      encrypt_pdf_128bit_inner owner user p user_pw id pdf

(* AES Encryption. *)
let encrypt_pdf_AES_inner owner user p user_pw id encrypt_metadata pdf =
  let crypt_dict =
    Pdf.Dictionary
      ["/Filter", Pdf.Name "/Standard";
       "/V", Pdf.Integer 4;
       "/CF",
          Pdf.Dictionary
            ["/StdCF",
              Pdf.Dictionary
                ["/Length", Pdf.Integer 16;
                 "/AuthEvent", Pdf.Name "/DocOpen";
                 "/CFM", Pdf.Name "/AESV2"]];
       "/EncryptMetadata", Pdf.Boolean encrypt_metadata;
       "/Length", Pdf.Integer 128;
       "/R", Pdf.Integer 4;
       "/O", Pdf.String owner;
       "/U", Pdf.String user;
       "/P", Pdf.Integer (i32toi p);
       "/StrF", Pdf.Name "/StdCF";
       "/StmF", Pdf.Name "/StdCF"]
  in
    match 
      process_cryption
        (not encrypt_metadata) true pdf Pdfcryptprimitives.AESV2 user_pw 4 user owner p id 128 None
    with
    | Some pdf ->
        let crypt_dict_num = Pdf.addobj pdf crypt_dict in
          {pdf with
            Pdf.trailerdict =
              Pdf.add_dict_entry pdf.Pdf.trailerdict "/Encrypt" (Pdf.Indirect crypt_dict_num)}
    | None -> raise (Pdf.PDFError "Encryption AES failed")

let encrypt_pdf_AES encrypt_metadata user_pw owner_pw banlist pdf =
  let p = p_of_banlist banlist
  in let owner = mk_owner 4 owner_pw user_pw 128
  in let id, pdf = get_or_add_id pdf in
    let user = mk_user (not encrypt_metadata) user_pw owner p id 4 128 in
      encrypt_pdf_AES_inner owner user p user_pw id encrypt_metadata pdf

let encrypt_pdf_AES256_inner iso encrypt_metadata owner user p perms oe ue id key pdf =
  if !crypt_debug then Printf.eprintf "encrypt_pdf_AES256_inner, ISO = %b\n" iso;
  let crypt_dict =
    Pdf.Dictionary
      ["/Filter", Pdf.Name "/Standard";
       "/V", Pdf.Integer 5;
       "/CF",
          Pdf.Dictionary
            ["/StdCF",
              Pdf.Dictionary
                ["/Length", Pdf.Integer 32;
                 "/AuthEvent", Pdf.Name "/DocOpen";
                 "/CFM", Pdf.Name "/AESV3"]];
       "/EncryptMetadata", Pdf.Boolean encrypt_metadata;
       "/Length", Pdf.Integer 256;
       "/R", Pdf.Integer (if iso then 6 else 5);
       "/O", Pdf.String owner;
       "/U", Pdf.String user;
       "/P", Pdf.Integer (i32toi p);
       "/StrF", Pdf.Name "/StdCF";
       "/StmF", Pdf.Name "/StdCF";
       "/Perms", Pdf.String perms;
       "/OE", Pdf.String oe;
       "/UE", Pdf.String ue]
  in
    match
      process_cryption
        (not encrypt_metadata) true pdf (Pdfcryptprimitives.AESV3 iso) "" (if iso then 6 else 5) user owner p id 256 (Some key)
    with
    | Some pdf ->
        let crypt_dict_num = Pdf.addobj pdf crypt_dict in
          {pdf with
            Pdf.trailerdict =
              Pdf.add_dict_entry pdf.Pdf.trailerdict "/Encrypt" (Pdf.Indirect crypt_dict_num)}
    | None -> raise (Pdf.PDFError "256 bit Encryption AES failed")

(* Algorithm 3.10 *)
let perms_of_p ?digest iso encrypt_metadata p utf8pw o oe u =
  let extendedp = lor64 0xFFFFFFFF00000000L (i64ofi32 p) in
    let b = Array.make 16 0 in
      for n = 0 to 7 do
        b.(n) <- i64toi (land64 0x00000000000000FFL (lsr64 (land64 (lsl64 0xFFL (n * 8)) extendedp) (n * 8)))
      done;
      b.(8) <- int_of_char (if encrypt_metadata then 'T' else 'F');
      b.(9) <- int_of_char 'a';
      b.(10) <- int_of_char 'd';
      b.(11) <- int_of_char 'b';
      for n = 12 to 15 do b.(n) <- 0 done;
      let key =
        (int_array_of_string (string_of_bytes (file_encryption_key_aesv3 ?digest iso utf8pw o oe u)))
      in
        Pdfcryptprimitives.aes_encrypt_data_ecb 8 key (bytes_of_string (string_of_int_array b))

(* Algorithm 3.8. Returns u, ue. *)
let make_ue iso file_encryption_key user_pw user_validation_salt user_key_salt =
  let hash =
    if iso then shamix user_pw None else (fun x -> Pdfcryptprimitives.sha256 (Pdfio.input_of_string x))
  in
  let u =
    String.concat
      ""
      [(hash (String.concat "" [user_pw; user_validation_salt])); user_validation_salt; user_key_salt]
  in
    let ue = 
      Pdfcryptprimitives.aes_encrypt_data ~firstblock:(int_array_of_string zero_iv) 8
        (int_array_of_string (hash (String.concat "" [user_pw; user_key_salt])))
        file_encryption_key
    in
      u, String.sub (string_of_bytes ue) 16 32

(* Algorithm 3.9 *)
let make_oe iso file_encryption_key owner_pw owner_validation_salt owner_key_salt u =
  let hash =
    if iso then shamix owner_pw (Some u) else (fun x -> Pdfcryptprimitives.sha256 (Pdfio.input_of_string x))
  in
    let o =
      String.concat
       ""
       [(hash (String.concat "" [owner_pw; owner_validation_salt; u])); owner_validation_salt; owner_key_salt]
    in
      let digest =
        int_array_of_string (hash (String.concat "" [owner_pw; owner_key_salt; u]))
      in
        let oe = Pdfcryptprimitives.aes_encrypt_data ~firstblock:(int_array_of_string zero_iv) 8 digest file_encryption_key in
          o, String.sub (string_of_bytes oe) 16 32, digest

let mksalt () =
  let s = Array.make 8 0 in
  for x = 0 to 7 do s.(x) <- Random.int 255 done;
    string_of_int_array s

let mkfilekey () =
  let s = Array.make 32 0 in
    for x = 0 to 31 do s.(x) <- Random.int 255 done;
    string_of_int_array s

let encrypt_pdf_AES256_call iso encrypt_metadata user_pw owner_pw banlist pdf =
  let user_pw = make_utf8 user_pw
  and owner_pw = make_utf8 owner_pw
  and user_validation_salt = mksalt ()
  and user_key_salt = mksalt ()
  and owner_validation_salt = mksalt ()
  and owner_key_salt = mksalt ()
  and file_encryption_key = bytes_of_string (mkfilekey ())
  and p = p_of_banlist banlist in
  let u, ue =
    make_ue
      iso file_encryption_key user_pw user_validation_salt user_key_salt
  in
    let o, oe, digest =
      make_oe
        iso file_encryption_key owner_pw
        owner_validation_salt owner_key_salt u
    in
      let id, pdf = get_or_add_id pdf in
        let perms =
          perms_of_p ~digest:digest iso encrypt_metadata p owner_pw o oe u
        in
          encrypt_pdf_AES256_inner
            iso encrypt_metadata o u p (string_of_bytes perms) oe ue id
            (string_of_bytes file_encryption_key) pdf

let encrypt_pdf_AES256 =
  encrypt_pdf_AES256_call false

let encrypt_pdf_AES256ISO =
  encrypt_pdf_AES256_call true

(* Is a file encrypted? *)
let is_encrypted pdf =
  match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
  | Some _ -> true
  | None -> false

(* recrypt_pdf pdf password re-encrypts a PDF document which was decrypted with
the user or owner password given using that same user password *)
let recrypt_pdf_user pdf pw =
  let (crypt_type, u, o, p, id, ue, oe), encrypt_metadata, perms =
    match pdf.Pdf.saved_encryption with
      None -> raise (Pdf.PDFError "recrypt_pdf: no saved encryption")
    | Some x -> (x.Pdf.from_get_encryption_values, x.Pdf.encrypt_metadata, x.Pdf.perms)
  in
    match crypt_type with
    | Pdfcryptprimitives.AESV3 iso ->
        let oe =
          match oe with
            Some oe -> oe
          | None -> raise (Pdf.PDFError "recrypt_pdf: bad /oe")
        and ue =
          match ue with
            Some ue -> ue
          | None -> raise (Pdf.PDFError "recrypt_pdf: bad /ue")
        in
          let key =
            if authenticate_user_password_aesv3 iso (make_utf8 pw) u
              then file_encryption_key_aesv3_user iso (make_utf8 pw) u ue
              else raise (Pdf.PDFError "recrypt_pdf: failed AESV3 fek.")
          in
            encrypt_pdf_AES256_inner
              iso encrypt_metadata o u p perms oe ue id
              (string_of_bytes key) pdf
    | Pdfcryptprimitives.AESV2 ->
        encrypt_pdf_AES_inner o u p pw id encrypt_metadata pdf
    | Pdfcryptprimitives.ARC4 (40, _) ->
        encrypt_pdf_40bit_inner o u p pw id pdf
    | Pdfcryptprimitives.ARC4 (128, 4) ->
        encrypt_pdf_128bit_inner_r4 o u p pw id pdf encrypt_metadata
    | Pdfcryptprimitives.ARC4 (128, _) ->
        encrypt_pdf_128bit_inner o u p pw id pdf
    | _ -> raise (Pdf.PDFError "recrypt_pdf: bad encryption")

(* recrypt_pdf_owner  password re-encrypts a PDF document which was decrypted with
the user or owner password given using that same owner password *)
let recrypt_pdf_owner pdf owner_pw =
  let (crypt_type, u, o, p, id, ue, oe), encrypt_metadata, perms =
    match pdf.Pdf.saved_encryption with
      None ->
        raise (Pdf.PDFError "recrypt_pdf: no saved encryption")
    | Some x ->
        (x.Pdf.from_get_encryption_values, x.Pdf.encrypt_metadata, x.Pdf.perms)
  in
    let key, pw =
      match
        key_or_user_password_from_owner
          ~encryption_values:(crypt_type, u, o, oe) owner_pw pdf
      with
        None -> raise (Pdf.PDFError "Recrypt with owner password failed.")
      | Some (key, pw) -> (key, pw) 
    in
      match crypt_type with
      | Pdfcryptprimitives.AESV3 iso ->
          let oe =
            match oe with
              Some oe -> oe
            | None -> raise (Pdf.PDFError "recrypt_pdf: bad /oe")
          and ue =
            match ue with
              Some ue -> ue
            | None -> raise (Pdf.PDFError "recrypt_pdf: bad /ue")
          in
            encrypt_pdf_AES256_inner
              iso encrypt_metadata o u p perms oe ue id key pdf
      | Pdfcryptprimitives.AESV2 ->
          encrypt_pdf_AES_inner o u p pw id encrypt_metadata pdf
      | Pdfcryptprimitives.ARC4 (40, _) ->
          encrypt_pdf_40bit_inner o u p pw id pdf
      | Pdfcryptprimitives.ARC4 (128, 4) ->
          encrypt_pdf_128bit_inner_r4 o u p pw id pdf encrypt_metadata
      | Pdfcryptprimitives.ARC4 (128, _) ->
          encrypt_pdf_128bit_inner o u p pw id pdf
      | _ -> raise (Pdf.PDFError "recrypt_pdf_owner: bad encryption")

let recrypt_pdf ?(renumber=true) pdf pw =
  let pdf =
    if renumber then Pdf.renumber (Pdf.changes pdf) pdf else pdf
  in
    try
      try recrypt_pdf_user pdf pw with _ -> recrypt_pdf_owner pdf pw
    with
      _ -> raise (Pdf.PDFError "recrypt_pdf failed. Wrong password?")
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(** Decrypting PDF files *)

(** Note that encryption depends on fixed object and generation numbers: don't
change these (for example by calling [Pdf.remove_unreferenced] on the PDF)
before writing.

Encryption support is part of the [Pdfwrite] module, since files are encrypted when they're written. *)

(** If this is set, various debug is produced on standard output. On startup, is set to false *)
val crypt_debug : bool ref

(* Permissions. *)
type permission =
  | NoEdit 
  | NoPrint
  | NoCopy 
  | NoAnnot
  | NoForms
  | NoExtract
  | NoAssemble
  | NoHqPrint

(** Decrypt a PDF document, given the user password, returning the permissions
under which the document was encrypted. *)
val decrypt_pdf : ?keyfromowner:string -> string -> Pdf.t -> Pdf.t option * permission list

(** Decrypt a PDF document, given the owner password. *)
val decrypt_pdf_owner : string -> Pdf.t -> Pdf.t option

(** Is a PDF encrypted? *)
val is_encrypted : Pdf.t -> bool

(**/**)
(* only for the use of PDFWrite *)

(** [recrypt_pdf decrypted_and_modified] re-encrypts a PDF document
which was decrypted using the user password and owner password from the
original encrypted file and the same permissions and encryption parameters. *)
val recrypt_pdf : ?renumber:bool -> Pdf.t -> string -> Pdf.t

(** Encrypt a PDF documnent, using 40 bit encryption, with given user and
owner passwords. *)
val encrypt_pdf_40bit : string -> string -> permission list -> Pdf.t -> Pdf.t

(** Ditto for 128 bit encryption *)
val encrypt_pdf_128bit : string -> string -> permission list -> Pdf.t -> Pdf.t

(** Encrypt a file using the AESV2 Crypt filter *)
val encrypt_pdf_AES : bool -> string -> string -> permission list -> Pdf.t -> Pdf.t

(** Encrypt a file using the AESV3 Crypt filter *)
val encrypt_pdf_AES256 : bool -> string -> string -> permission list -> Pdf.t -> Pdf.t

(** Encrypt a file using the AESV4 (ISO) Crypt filter *)
val encrypt_pdf_AES256ISO : bool -> string -> string -> permission list -> Pdf.t -> Pdf.t

(* only for the use of Pdfread *)
val decrypt_single_stream :
  string option -> string option -> Pdf.t -> int -> int -> Pdf.pdfobject -> Pdf.pdfobject

(* Don't call on an unencrypted PDF *)
val get_encryption_values : Pdf.t -> Pdfcryptprimitives.encryption * string * string * int32 * string * string option * string option

val banlist_of_p : int32 -> permission list

val string_of_pdf : (Pdf.pdfobject -> string) ref
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(* Pdfcrypt primitives, split out *)
open Pdfutil
open Pdfio

type encryption = 
  | ARC4 of int * int
  | AESV2
  | AESV3 of bool (* true = iso, false = old algorithm *)

external aes_cook_encrypt_key : string -> string = "camlpdf_caml_aes_cook_encrypt_key"

external aes_cook_decrypt_key : string -> string = "camlpdf_caml_aes_cook_decrypt_key"

external aes_encrypt : string -> caml_bytes -> int -> caml_bytes -> int -> unit =
  "camlpdf_caml_aes_encrypt"

external aes_decrypt : string -> caml_bytes -> int -> caml_bytes -> int -> unit =
  "camlpdf_caml_aes_decrypt"

external sha_256 : string -> string = "camlpdf_caml_sha256"

external sha_384 : string -> string = "camlpdf_caml_sha384"

external sha_512 : string -> string = "camlpdf_caml_sha512"

let key_expansion nk key =
  aes_cook_encrypt_key (string_of_int_array key)

let key_expansion_decrypt nk key =
  aes_cook_decrypt_key (string_of_int_array key)

(* 40bit / 128bit Encryption/Decryption Primitives *)

(* Encryption / Decryption given a key. *)
let ksa s key =
  let keylength = Array.length key in
    for i = 0 to 255 do s.(i) <- i done;
    let j = ref 0 in
      for i = 0 to 255 do
        j := (!j + s.(i) + key.(i mod keylength)) mod 256;
        swap s i !j
      done

let prga s pi pj =
  pi := (!pi + 1) mod 256;
  pj := (!pj + s.(!pi)) mod 256;
  swap s !pi !pj;
  s.((s.(!pi) + s.(!pj)) mod 256)

let crypt key data =
  let s, pi, pj, out =
    Array.make 256 0, ref 0, ref 0, mkbytes (bytes_size data)
  in
    ksa s key;
    for x = 0 to bytes_size data - 1 do
      bset out x (bget data x lxor prga s pi pj)
    done;
    out

let _ = Random.self_init ()

(* Pad the input data (RFC2898, PKCS #5), then encrypt using a 16 byte AES
cipher in cipher block chaining mode, with a random initialisation vector, which
is stored as the first 16 bytes of the result. *)
let ran255 () =
  Random.int 255

let mkiv () =
  let r = ran255 in
    [| r (); r (); r (); r ();
       r (); r (); r (); r ();
       r (); r (); r (); r ();
       r (); r (); r (); r () |]

(* Build blocks for encryption, including padding. *)
let get_blocks data =
  let l = bytes_size data in
    let fullblocks =
      if l < 16 then [] else
        let blocks = ref [] in
          for x = 0 to l / 16 - 1 do
            blocks =|
              let a = Array.make 16 0 in
                for y = 0 to 15 do
                  Array.unsafe_set a y (bget_unsafe data (x * 16 + y))
                done;
                a
          done;
          rev !blocks
    in let lastblock =
      let getlast n =
        if n = 0 then [] else
          let bytes = ref [] in
            for x = 0 to n - 1 do
              bytes =| bget data (l - 1 - x)
            done;
            !bytes
      in let pad n =
        many n n
      in
        let overflow = l mod 16 in
          Array.of_list (getlast overflow @ pad (16 - overflow))
    in
      fullblocks @ [lastblock]

(* Flatten a list of blocks into a bytes *)
let bytes_of_blocks blocks =
  let len = 16 * length blocks in
    let s = mkbytes len
    in let p = ref 0 in
      iter
        (fun a ->
          Array.iter (fun v -> bset s !p v; incr p) a)
        blocks;
      s

(* These two functions strip the padding from a stream once it's been decoded.*)
let get_padding s =
  let l = bytes_size s in
    assert (l >= 16);
    let potential = bget s (l - 1) in
      if potential > 0x10 || potential < 0x01 then ((*Printf.eprintf "potential out of range\n";*) None) else
        let rec elts_equal p f t =
          if f = t then p = bget s t else
            p = bget s f && elts_equal p (f + 1) t
        in
          if elts_equal potential (l - potential) (l - 1)
            then Some potential
            else ((*Printf.eprintf "Padding bytes not equal\n";*) None)

let cutshort s =
  if bytes_size s = 0 then mkbytes 0 else
    if bytes_size s < 16 then s else
      match get_padding s with
      | None -> s
      | Some padding ->
          let s' = mkbytes (bytes_size s - padding) in
            for x = 0 to bytes_size s' - 1 do
              bset_unsafe s' x (bget_unsafe s x)
            done;
            s'

(* Decrypt data *)
let print_txt d p =
  for x = p to p + 15 do Printf.printf "%02x" (bget d x) done; flprint "\n"

let aes_decrypt_data ?(remove_padding = true) nk key data =
  let key = key_expansion_decrypt nk key in
  let len = bytes_size data in
    if len <= 16 then mkbytes 0 else
      let output = mkbytes (len - 16)
      and prev_ciphertext = mkbytes 16 in
        for x = 0 to 15 do
          bset_unsafe prev_ciphertext x (bget_unsafe data x)
        done;
        let pos = ref 16 in
          while !pos < len do
            let i = Bytes.make 16 ' '
            and o = Bytes.make 16 ' ' in
              for x = 0 to 15 do
                Bytes.set i x (char_of_int (bget_unsafe data (x + !pos)))
              done;
              aes_decrypt key i 0 o 0;
              for x = 0 to 15 do
                bset_unsafe output (x + !pos - 16) (int_of_char (Bytes.get o x))
              done;
              for x = 0 to 15 do
                bset_unsafe
                  output
                  (x + !pos - 16)
                  (bget_unsafe
                    prev_ciphertext x lxor bget_unsafe output (x + !pos - 16));
                bset_unsafe prev_ciphertext x (bget_unsafe data (x + !pos))
              done;
              pos += 16
          done;
          if remove_padding then cutshort output else output

(* With ECB instead. Data on input must be a multiple of 16. *)
let aes_decrypt_data_ecb ?(remove_padding = true) nk key data =
  let key = key_expansion_decrypt nk key in
    let size = bytes_size data in
      if size = 0 then mkbytes 0 else
        let output = mkbytes size
        and pos = ref 0 in
          while !pos < size do
            let i = Bytes.make 16 ' '
            and o = Bytes.make 16 ' ' in
              for x = 0 to 15 do
                Bytes.set i x
                  (char_of_int (bget_unsafe data (x + !pos)))
              done;
              aes_decrypt key i 0 o 0;
              for x = 0 to 15 do
                bset_unsafe output (x + !pos) (int_of_char (Bytes.get o x))
              done;
              pos += 16
          done;
          (if remove_padding then cutshort else ident) output

(* Encrypt data *)
let aes_encrypt_data ?(firstblock = mkiv ()) nk key data =
  let key = key_expansion nk key in
  let outblocks = ref [] in
    let prev_ciphertext = ref firstblock in
      iter
        (fun block ->
          let ciphertext =
            let src =
              let a = array_map2 (lxor) block !prev_ciphertext in
              Bytes.init (Array.length a) (fun i -> Char.unsafe_chr a.(i))
            and dst = Bytes.make 16 ' ' in
            aes_encrypt key src 0 dst 0;
            Array.init (Bytes.length dst)
              (fun i -> int_of_char (Bytes.unsafe_get dst i))
          in
            prev_ciphertext := ciphertext;
            outblocks =| ciphertext)
        (get_blocks data);
        bytes_of_blocks (firstblock::rev !outblocks)

(* With ECB instead. Input length is multiple of 16. *)
let aes_encrypt_data_ecb nk key data =
  let key = key_expansion nk key in
    let size = bytes_size data in
      if size = 0 then mkbytes 0 else
        let output = mkbytes size
        and pos = ref 0 in
          while !pos < size do
            let i = Bytes.make 16 ' '
            and o = Bytes.make 16 ' ' in
              for x = 0 to 15 do
                Bytes.set i x
                  (char_of_int (bget data (x + !pos)))
              done;
              aes_encrypt key i 0 o 0;
              for x = 0 to 15 do
                bset output (x + !pos) (int_of_char (Bytes.get o x))
              done;
              pos += 16
          done;
          output

let string_of_input i =
  let b = Buffer.create 100 in
    try
      while true do
        match i.input_char () with
          Some c -> Buffer.add_char b c
        | None -> raise End_of_file
      done;
      assert false
    with
      End_of_file -> Buffer.contents b

let sha256 i =
  sha_256 (string_of_input i)

let sha384 i =
  sha_384 (string_of_input i)

let sha512 i =
  sha_512 (string_of_input i)

(* Given an object number, generation number, input key and key length in bits,
apply Algorithm 3.1 from the PDF Reference manual to obtain the hash to be used
by the encryption function. *)
let find_hash crypt_type obj gen key keylength =
  let from_obj =
    [| i32toi (land32 obj 0x000000ffl);
       i32toi (lsr32 (land32 obj 0x0000ff00l) 8);
       i32toi (lsr32 (land32 obj 0x00ff0000l) 16) |]
  in let from_gen =
    [| i32toi (land32 gen 0x000000ffl);
       i32toi (lsr32 (land32 gen 0x0000ff00l) 8) |]
  in let extra =
    if crypt_type = AESV2 then [| 0x73; 0x41; 0x6C; 0x54 |] else [| |]
  in
    let digest_input = string_of_int_arrays [key; from_obj; from_gen; extra] in
      int_array_of_string
        (String.sub (Digest.string digest_input) 0 (min 16 (keylength / 8 + 5)))

let decrypt_stream_data crypt_type encrypt file_encryption_key obj gen key keylength r data =
  let f =
    (if crypt_type = AESV2 then
       (if encrypt
          then aes_encrypt_data 4
          else aes_decrypt_data 4)
     else if
       (match crypt_type with AESV3 _ -> true | _ -> false)
     then
       (if encrypt
          then aes_encrypt_data 8
          else aes_decrypt_data 8)
     else
       crypt)
  in
    if r = 5 || r = 6 then
      let key =
        match file_encryption_key with
          Some k -> k
        | None -> failwith "decrypt: no key C"
      in
        f (int_array_of_string key) data
    else
      let hash =
        find_hash crypt_type (i32ofi obj) (i32ofi gen) key keylength
      in
        f hash data
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(** Generic encryption primitives for ARC4, AES and the SHA family of digests *)

(** ARC4 encryption (40 bit and 128 bit) given a key and some data *)
val crypt : int array -> Pdfio.bytes -> Pdfio.bytes

(** [aes_decrypt_data nk key data] decrypts AES data for the given key length,
key, and data. If [remove_padding] is [true] (which it is by default), padding
wil be removed from the output *)
val aes_decrypt_data :
  ?remove_padding:bool -> int -> int array -> Pdfio.bytes -> Pdfio.bytes

(** As [aes_decrypt_data] above, but in ECB instead of CBC mode *)
val aes_decrypt_data_ecb :
  ?remove_padding:bool -> int -> int array -> Pdfio.bytes -> Pdfio.bytes

(** [aes_encrypt_data nk key data] encryptes with AES, given a key length, key
and data. The first block (by default a random one) can be overridden by
specifying [firstblock], an array of length 16. *) 
val aes_encrypt_data :
  ?firstblock:int array -> int -> int array -> Pdfio.bytes -> Pdfio.bytes

(** As [aes_encrypt_data], but in ECB instead of CBC mode *)
val aes_encrypt_data_ecb : int -> int array -> Pdfio.bytes -> Pdfio.bytes

(** SHA256 digest *)
val sha256 : Pdfio.input -> string

(** SHA344 digest *)
val sha384 : Pdfio.input -> string

(** SHA512 digest *)
val sha512 : Pdfio.input -> string

(**/**)
type encryption = 
  | ARC4 of int * int
  | AESV2
  | AESV3 of bool (* true = iso, false = old algorithm *)

val find_hash : encryption -> int32 -> int32 -> int array -> int -> int array

val decrypt_stream_data :
  encryption ->
  bool ->
  string option ->
  int -> int -> int array -> int -> int -> Pdfio.bytes -> Pdfio.bytes
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open Pdfutil

type t =
  {year : int;
   month : int;
   day : int;
   hour : int;
   minute : int;
   second : int;
   hour_offset : int;
   minute_offset : int}

exception BadDate

let check_date d = 
  try
    assert (d.year >= 0 && d.year <= 9999);
    assert (d.month >= 1 && d.month <= 12);
    assert (d.day >= 1 && d.day <= 31);
    assert (d.hour >= 0 && d.hour <= 23);
    assert (d.minute >= 0 && d.minute <= 59);
    assert (d.second >= 0 && d.second <= 59);
    assert (d.hour_offset >= -23 && d.hour_offset <= 23);
    assert (d.minute_offset >= -59 && d.minute_offset <= 59);
  with
    _ -> raise BadDate

(* For now, no detection of default values which could be omitted. *)
let string_of_date d =
  check_date d;
  let ostr =
    if d.hour_offset < 0 then
      Printf.sprintf "-%02i'%02i'" (abs d.hour_offset) (abs d.minute_offset)
    else if d.hour_offset > 0 then
      Printf.sprintf "+%02i'%02i'" (abs d.hour_offset) (abs d.minute_offset)
    else "Z"
  in
    Printf.sprintf
      "D:%04i%02i%02i%02i%02i%02i%s"
      d.year d.month d.day d.hour d.minute d.second ostr

let date_of_string s =
  let safe_int_string chars =
    try int_of_string (implode chars) with
      _ -> raise BadDate
  in
    let hour_offset = ref 0
    in let minute_offset = ref 0
    in let o = ref 0 in
      let rec optional_twochar def cs =
        match cs with
        | ('-' | '+' | 'Z')::_ ->
            parse_local_time cs;
            def, []
        | a::b::more -> safe_int_string [a;b], more
        | _ -> def, []
      and parse_local_time cs =
        let o_got, cs =
          match cs with
          | '+'::more -> 1, more
          | '-'::more -> -1, more
          | 'Z'::more -> 0, more
          | _ -> 0, []
        in
          let h, cs = optional_twochar 0 cs in
            match cs with
            | [] -> ()
            | _ ->
                let m, cs = optional_twochar 0 (tl cs) in
                  hour_offset := h;
                  minute_offset := m;
                  o := o_got
      in
        let cs = explode s in
          let cs =
            match cs with
            | 'D'::':'::more -> more
            | _ -> cs
          in
            let year, cs =
              match cs with
              | '1'::'9'::'1'::'0'::'0'::more -> 2000, more (* Adobe Distiller 3 Y2K Bug *)
              | a::b::c::d::more -> safe_int_string [a;b;c;d], more
              | _ -> raise BadDate
            in
              let month, cs = optional_twochar 1 cs in
                let day, cs = optional_twochar 1 cs in
                  let hour, cs = optional_twochar 0 cs in
                    let minute, cs = optional_twochar 0 cs in
                      let second, cs = optional_twochar 0 cs in
                        parse_local_time cs;
                        let date =
                          {year = year;
                           month = month;
                           day = day;
                           hour = hour;
                           minute = minute;
                           second = second;
                           hour_offset = !hour_offset * !o;
                           minute_offset = !minute_offset * !o}
                        in
                          check_date date;
                          date

(* Example *)
let test () =
  flprint
    (string_of_date
      {year = 2000; month = 3; day = 16; hour = 13; minute = 2; second = 34; hour_offset = -1; minute_offset = 24});
  let d =
    date_of_string "D:199812231952-08'00'"
  in
    Printf.printf "\n%i %i %i %i %i %i %i %i\n" d.year d.month d.day d.hour d.minute d.second d.hour_offset d.minute_offset;
    flprint "\n"
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(** Representing and Parsing PDF Dates *)

(** The type of a date. *)
type t =
  {year : int;
   month : int;
   day : int;
   hour : int;
   minute : int;
   second : int;
   hour_offset : int;
   minute_offset : int}

(** Raised when [date_of_string] fails. *)
exception BadDate

(** Build a date by parsing a PDF date string. Raises [BadDate] on failure. *)
val date_of_string : string -> t

(** Build a string from a date. *)
val string_of_date : t -> string

(**/**)
val test : unit -> unit
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(* Read and Write Destinations *)
open Pdfutil

type targetpage =
  | PageObject of int
  | OtherDocPageNumber of int

type t =
  | Action of Pdf.pdfobject
  | NullDestination
  | NamedDestinationElsewhere of string
  | XYZ of targetpage * float option * float option * float option
  | Fit of targetpage
  | FitH of targetpage * float option
  | FitV of targetpage * float option
  | FitR of targetpage * float * float * float * float
  | FitB of targetpage
  | FitBH of targetpage * float option
  | FitBV of targetpage * float option

(* Read the destination - it's either direct, or in /Dests in the document
catalog, or in /Dests in the document name tree. *)
let read_targetpage = function
  | Pdf.Indirect i -> PageObject i
  | Pdf.Integer i -> OtherDocPageNumber i
  | _ -> assert false (* ruled out in read_destination *)

(* We don't allow indirect references anywhere except in the page reference. *)
let read_destination_error n s =
  Printf.eprintf "Warning: Could not read destination %s %s \n" n s;
  NullDestination

let rec read_destination pdf pdfobject =
  let option_getnum = function
  | Pdf.Null -> None
  | x -> Some (Pdf.getnum x)
  in
    match Pdf.direct pdf pdfobject with
    | Pdf.Dictionary d ->
        begin
          (* We're discarding any other dictionary entries here... *)
          match Pdf.lookup_direct pdf "/D" (Pdf.Dictionary d) with
          | Some dest -> read_destination pdf dest
          | None -> NullDestination
        end
    | Pdf.Array
        [(Pdf.Indirect _ | Pdf.Integer _) as p;
         Pdf.Name "/XYZ"; l; t; z] ->
        XYZ
          (read_targetpage p, option_getnum l, option_getnum t, option_getnum z) 
    | Pdf.Array (* Read common malformed one. *)
        [(Pdf.Indirect _ | Pdf.Integer _) as p;
         Pdf.Name "/XYZ"; l; t] ->
        XYZ
          (read_targetpage p, option_getnum l, option_getnum t, None) 
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p; Pdf.Name "/Fit"] ->
        Fit (read_targetpage p)
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p; Pdf.Name "/FitH"; t] ->
        FitH (read_targetpage p, option_getnum t)
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p; Pdf.Name "/FitV"; l] ->
        FitV (read_targetpage p, option_getnum l)
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p;
                  Pdf.Name "/FitR"; l; b; r; t] ->
        FitR
          (read_targetpage p, Pdf.getnum l, Pdf.getnum b,
           Pdf.getnum r, Pdf.getnum t)
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p; Pdf.Name "/FitB"] ->
        FitB (read_targetpage p)
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p; Pdf.Name "/FitBH"; t] ->
        FitBH (read_targetpage p, option_getnum t)
    | Pdf.Array [(Pdf.Indirect _ | Pdf.Integer _) as p; Pdf.Name "/FitBV"; l] ->
        FitBV (read_targetpage p, option_getnum l)
    | Pdf.Name n ->
      (* PDF 1.1. Name object *)
      begin match Pdf.lookup_direct pdf "/Root" pdf.Pdf.trailerdict with
      | Some catalog ->
          begin match Pdf.lookup_direct pdf "/Dests" catalog with
          | Some dests ->
              begin match Pdf.lookup_direct pdf n dests with
              | Some dest' -> read_destination pdf dest'
              | None -> NamedDestinationElsewhere n
              end
          | None -> NamedDestinationElsewhere n
          end
      | None -> raise (Pdf.PDFError "read_destination: no catalog")
      end
    | Pdf.String s ->
      (* PDF 1.2. String object *)
      let rootdict = Pdf.lookup_obj pdf pdf.Pdf.root in
        begin match Pdf.lookup_direct pdf "/Names" rootdict with
        | Some namedict ->
            begin match Pdf.lookup_direct pdf "/Dests" namedict with
            | Some destsdict ->
                begin match
                  Pdf.nametree_lookup pdf (Pdf.String s) destsdict
                with
                | None -> NamedDestinationElsewhere s
                | Some dest -> read_destination pdf (Pdf.direct pdf dest)
                end
            | _ -> NamedDestinationElsewhere s
            end
        | _ -> NamedDestinationElsewhere s 
        end
    | p -> read_destination_error "G" (Pdfwrite.string_of_pdf p)

let pdf_of_targetpage = function
  | PageObject i -> Pdf.Indirect i
  | OtherDocPageNumber i -> Pdf.Integer i

let pos_null = function
  None -> Pdf.Null
| Some x -> Pdf.Real x

let pdfobject_of_destination = function
  | Action a -> a
  | NullDestination -> Pdf.Null
  | NamedDestinationElsewhere s -> Pdf.String s
  | XYZ (p, left, top, zoom) ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/XYZ"; pos_null left; pos_null top; pos_null zoom]
  | Fit p ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/Fit"]
  | FitH (p, top) ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/FitH"; pos_null top]
  | FitV (p, left) ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/FitV"; pos_null left]
  | FitR (p, left, bottom, right, top) ->
      Pdf.Array
        [pdf_of_targetpage p; Pdf.Name "/FitR"; Pdf.Real left;
        Pdf.Real bottom; Pdf.Real right; Pdf.Real top]
  | FitB p ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/FitB"]
  | FitBH (p, top) ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/FitBH"; pos_null top]
  | FitBV (p, left) ->
      Pdf.Array [pdf_of_targetpage p; Pdf.Name "/FitBV"; pos_null left]

(* Transform destinations by a given matrix. Where we have a proper pair making
   a point, it is easy. Where we do not, we improvise. It is likely only to be
   sensible for scaling / shifting / uprighting anyway. For example, a vertical
   flip of a page is hardly likely to make a paragraph come up in the right
   position. Careful to preserve nulls, and handle all combinations. *)

(* Acrobat doesn't like /OpenActions (at least) which contain numbers outside
   the float range -32768...32768. This is the old (pre-ISO) float range. *)
let clip_pair (a, b) =
  let clip f =
    if f < -32768.0 then -32768.0 else
    if f > 32768.0 then 32768.0 else f
  in
    (clip a, clip b) 

let transform_destination t = function
  | FitH (PageObject _ as p, Some top) ->
      let (_, top) = clip_pair (Pdftransform.transform_matrix t (0., top)) in
        FitH (p, Some top)
  | FitV (PageObject _ as p, Some left) ->
      let (left, _) = clip_pair (Pdftransform.transform_matrix t (left, 0.)) in
        FitV (p, Some left)
  | FitBH (PageObject _ as p, Some top) ->
      let (_, top) = clip_pair (Pdftransform.transform_matrix t (0., top)) in
        FitBH (p, Some top)
  | FitBV (PageObject _ as p, Some left) ->
      let (left, _) = clip_pair (Pdftransform.transform_matrix t (left, 0.)) in
        FitBV (p, Some left)
  | XYZ (PageObject _ as p, Some left, Some top, zoom) ->
      let left, top = clip_pair (Pdftransform.transform_matrix t (left, top)) in
        XYZ (p, Some left, Some top, zoom)
  | XYZ (PageObject _ as p, None, Some top, zoom) ->
      let _, top = clip_pair (Pdftransform.transform_matrix t (0., top)) in
        XYZ (p, None, Some top, zoom)
  | XYZ (PageObject _ as p, Some left, None, zoom) ->
      let left, _ = clip_pair (Pdftransform.transform_matrix t (left, 0.)) in
        XYZ (p, Some left, None, zoom)
  | FitR (PageObject _ as p, left, bottom, right, top) ->
      let left, top = clip_pair (Pdftransform.transform_matrix t (left, top)) in
      let right, bottom = clip_pair (Pdftransform.transform_matrix t (right, bottom)) in
        FitR (p, left, bottom, right, top)
  | x -> x

let string_of_destination d =
  Pdfwrite.string_of_pdf (pdfobject_of_destination d)
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(** Destinations *)

(** The target of a destination is either a page object in the same PDF (given
by object number of page object), or a page number in an external file. *)
type targetpage =
  | PageObject of int
  | OtherDocPageNumber of int

(** Destinations (and actions) *)
type t =
  | Action of Pdf.pdfobject
  | NullDestination
  | NamedDestinationElsewhere of string
  | XYZ of targetpage * float option * float option * float option
  | Fit of targetpage
  | FitH of targetpage * float option
  | FitV of targetpage * float option
  | FitR of targetpage * float * float * float * float
  | FitB of targetpage
  | FitBH of targetpage * float option
  | FitBV of targetpage * float option

(** Read a destination given a PDF and destionation object. *)
val read_destination : Pdf.t -> Pdf.pdfobject -> t

(** Write a destination to a [Pdf.pdfobject]. *)
val pdfobject_of_destination : t -> Pdf.pdfobject

(** Transform a destination by a matrix *)
val transform_destination : Pdftransform.transform_matrix -> t -> t

(**/**)
val string_of_destination : t -> string
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(* From CamlZip. See LICENSE *)
exception Error of string * string

let _ =
  Callback.register_exception "Pdfflate.Error" (Error("",""))

type stream

type flush_command =
    Z_NO_FLUSH
  | Z_SYNC_FLUSH
  | Z_FULL_FLUSH
  | Z_FINISH

external deflate_init: int -> bool -> stream = "camlpdf_camlzip_deflateInit"
external deflate:
  stream -> bytes -> int -> int -> bytes -> int -> int -> flush_command
         -> bool * int * int
  = "camlpdf_camlzip_deflate_bytecode" "camlpdf_camlzip_deflate"
external deflate_end: stream -> unit = "camlpdf_camlzip_deflateEnd"

external inflate_init: bool -> stream = "camlpdf_camlzip_inflateInit"
external inflate:
  stream -> bytes -> int -> int -> bytes -> int -> int -> flush_command
         -> bool * int * int
  = "camlpdf_camlzip_inflate_bytecode" "camlpdf_camlzip_inflate"
external inflate_end: stream -> unit = "camlpdf_camlzip_inflateEnd"

let buffer_size = 1024

let compress ?(level = 6) ?(header = true) refill flush =
  let inbuf = Bytes.create buffer_size
  and outbuf = Bytes.create buffer_size in
  let zs = deflate_init level header in
  let rec compr inpos inavail =
    if inavail = 0 then begin
      let incount = refill inbuf in
      if incount = 0 then compr_finish() else compr 0 incount
    end else begin
      let (_, used_in, used_out) =
        deflate zs inbuf inpos inavail outbuf 0 buffer_size Z_NO_FLUSH in
      flush outbuf used_out;
      compr (inpos + used_in) (inavail - used_in)
    end
  and compr_finish () =
    let (finished, _, used_out) =
       deflate zs inbuf 0 0 outbuf 0 buffer_size Z_FINISH in
    flush outbuf used_out;
    if not finished then compr_finish()
  in
    compr 0 0;
    deflate_end zs


let uncompress ?(header = true) refill flush =
  let inbuf = Bytes.create buffer_size
  and outbuf = Bytes.create buffer_size in
  let zs = inflate_init header in
  let rec uncompr inpos inavail =
    if inavail = 0 then begin
      let incount = refill inbuf in
      if incount = 0 then uncompr_finish true else uncompr 0 incount
    end else begin
      let (finished, used_in, used_out) =
        inflate zs inbuf inpos inavail outbuf 0 buffer_size Z_SYNC_FLUSH in
      flush outbuf used_out;
      if not finished then uncompr (inpos + used_in) (inavail - used_in)
    end
  and uncompr_finish first_finish =
    (* Gotcha: if there is no header, inflate requires an extra "dummy" byte
       after the compressed stream in order to complete decompression
       and return finished = true. *)
    let dummy_byte = if first_finish && not header then 1 else 0 in
    let (finished, _, used_out) =
       inflate zs inbuf 0 dummy_byte outbuf 0 buffer_size Z_SYNC_FLUSH in
    flush outbuf used_out;
    if not finished then uncompr_finish false
  in
    uncompr 0 0;
    inflate_end zs
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(** Interface to miniz.c via Zlib-like functions. This is very slightly modified
from Leroy's CamlZip. *)

(** Raised on an error in either compression or decompression. *)
exception Error of string * string

(** Compress data. The [string -> int] function is an input: given a buffer, it
writes some data to it, returning the number of bytes written. The [string ->
int -> unit] function is an output: giving a buffer and a number of compressed
bytes written. The optional argument [level] gives the zlib compression level
(the default is 6). The optional argument [header] will, if [true], output a
zlib header (the default is [true]). *)
val compress:
  ?level: int -> ?header: bool ->
  (bytes -> int) -> (bytes -> int -> unit) -> unit

(** Uncompress data. The input and output functions are as described for
[compress]. If [header] is [true], a zlib header is expected (the default is
[true]). *)
val uncompress:
  ?header: bool -> (bytes -> int) -> (bytes -> int -> unit) -> unit
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open Pdfutil
open Pdfio

(* Types *)

(* Postscript calculator functions. *)
type calculator =
  | If of calculator list
  | IfElse of calculator list * calculator list
  | Bool of bool
  | Float of float
  | Int of int32
  | Abs | Add | Atan | Ceiling | Cos | Cvi | Cvr
  | Div | Exp | Floor | Idiv | Ln | Log | Mod
  | Mul | Neg | Round | Sin | Sqrt | Sub | Truncate
  | And | Bitshift | Eq | Ge | Gt | Le | Lt | Ne | Not
  | Or | Xor | Copy | Exch | Pop | Dup | Index | Roll

(* Sampled functions. *)
type sampled =
  {size : int list; 
   order : int;
   encode : float list;
   decode : float list;
   bps : int;
   samples : int32 array}

(* Interpolation functions. *)
and interpolation =
  {c0 : float list;
   c1 : float list;
   n : float}

(* Stitching functions. *)
and stitching =
  {functions : t list;
   bounds : float list;
   stitch_encode : float list}

(* Collect the above types into a single type. *)
and pdf_fun_kind =
  | Interpolation of interpolation
  | Stitching of stitching
  | Sampled of sampled
  | Calculator of calculator list

(* Main type. *)
and t =
  {func : pdf_fun_kind;
   domain : float list;
   range : float list option}

(* Printing functions *)

(* Build a string of a calculator function. For debug only, since could exceed
string length limit. *)
let rec string_of_calculator_inner = function
  | If l ->
      string_of_calculator l ^ " if"
  | IfElse (l, l') ->
      string_of_calculator l ^ " " ^ string_of_calculator l' ^ " ifelse"
  | Bool true -> "true"
  | Bool false -> "false"
  | Float f -> string_of_float f
  | Int i -> Int32.to_string i
  | Abs -> "abs" | Add -> "add" | Atan -> "atan" | Ceiling -> "ceiling"
  | Cos -> "cos" | Cvi -> "cvi" | Cvr -> "cvr" | Div -> "div"
  | Exp -> "exp" | Floor -> "floor" | Idiv -> "idiv" | Ln -> "ln"
  | Log -> "log" | Mod -> "mod" | Mul -> "mul" | Neg -> "neg"
  | Round -> "round" | Sin -> "sin" | Sqrt -> "sqrt" | Sub -> "sub"
  | Truncate -> "truncate" | And -> "and" | Bitshift -> "bitshift"
  | Eq -> "eq" | Ge -> "ge" | Gt -> "gt" | Le -> "le" | Lt -> "lt"
  | Ne -> "ne" | Not -> "not" | Or -> "or" | Xor -> "xor"
  | Copy -> "copy" | Exch -> "exch" | Pop -> "pop" | Dup -> "dup"
  | Index -> "index" | Roll -> "roll"

and string_of_calculator cs =
  let ops =
    fold_right ( ^ ) (interleave " " (map string_of_calculator_inner cs)) ""
  in
    "{" ^ ops ^ "}"

(* Print a function out for debug. *)
let rec print_function f =
  print_string "Domain...\n";
  print_floats f.domain;
  begin match f.range with
  | None -> print_string "null range\n"
  | Some values -> print_floats values
  end;
  match f.func with
  | Sampled s ->
      print_string "Sampled\n";
      print_string "size: ";
      print_ints s.size;
      print_string "order: ";
      print_int s.order;
      print_string "\nencode:\n";
      print_floats s.encode;
      print_string "decode:\n";
      print_floats s.decode;
      print_string "original bits per sample..\n";
      print_int s.bps;
      print_string "\ndata:\n";
      print_int32s (Array.to_list s.samples)
  | Interpolation i ->
      print_string "Interpolation\n";
      print_string "C0:\n";
      print_floats i.c0;
      print_string "C1:\n";
      print_floats i.c1;
      Printf.printf "n = %f\n" i.n;
  | Stitching s ->
      print_string "Stitching\n";
      iter print_function s.functions;
      print_string "Bounds:\n";
      print_floats s.bounds;
      print_string "Encode:\n";
      print_floats s.stitch_encode;
  | Calculator c ->
      print_string "Calculator:\n";
      print_string (string_of_calculator c)

(* Parsing Calculator Functions *)
let keyword_of_string = function
  | "abs" -> Abs | "add" -> Add | "atan" -> Atan | "ceiling" -> Ceiling
  | "cos" -> Cos | "cvr" -> Cvr | "div" -> Div | "exp" -> Exp
  | "floor" -> Floor | "idiv" -> Idiv | "ln" -> Ln | "log" -> Log
  | "mod" -> Mod | "mul" -> Mul | "neg" -> Neg | "round" -> Round
  | "sin" -> Sin | "sqrt" -> Sqrt | "sub" -> Sub
  | "truncate" -> Truncate | "and" -> And | "bitshift" -> Bitshift
  | "eq" -> Eq | "ge" -> Ge | "gt" -> Gt | "le" -> Le | "lt" -> Lt
  | "ne" -> Ne | "not" -> Not | "or" -> Or | "xor" -> Xor
  | "copy" -> Copy | "exch" -> Exch | "pop" -> Pop
  | "dup" -> Dup | "index" -> Index | "roll" -> Roll
  | s ->
      Printf.eprintf "%s" ("Bad keyword " ^ s); assert false

let parse_calculator s =
  let lexemes =
    Pdfgenlex.lex (Pdfio.input_of_string s)
  in
    let rec strip_outer_braces = function
      | Pdfgenlex.LexName ("{" | "}")::t ->
          rev (strip_outer_braces (rev t))
      | x -> x
    and group_operators = function
      | [] -> []
      | Pdfgenlex.LexName "{"::t ->
          let ops, rest = cleavewhile (neq (Pdfgenlex.LexName "}")) t in
            ops::group_operators (tl rest)
      | h::t -> [h]::group_operators t
    and parse = function
      | [] -> []
      | l::l'::[Pdfgenlex.LexName "ifelse"]::t ->
          IfElse (procss l, procss l')::parse t
      | l::[Pdfgenlex.LexName "if"]::t -> If (procss l)::parse t
      | [Pdfgenlex.LexName "true"]::t -> Bool true::parse t
      | [Pdfgenlex.LexName "false"]::t -> Bool false::parse t
      | [Pdfgenlex.LexReal f]::t ->
          (* If the float is actually a whole number, convert to an Int. This
          will be accepted as a float (where any number is ok) and as an int
          (where an integer is required. Sometimes, buggy code has things
          like 1.000000 where 1 is required. *)
          (*(if f = floor f then Int (Int32.of_float f) else *)
          Float f::parse t
      | [Pdfgenlex.LexInt i]::t-> Int (i32ofi i)::parse t (* FIXME: range *)
      | [Pdfgenlex.LexName x]::t -> keyword_of_string x::parse t
      | h::_ -> (*i Printf.eprintf (Cgenlex.string_of_tokens h); i*) raise (Failure "Bad lexeme")
    and procss lexemes =
      try
        parse (group_operators (strip_outer_braces lexemes))
      with
      _ -> raise (Pdf.PDFError "Cannot parse Type 4 function")
    in
      procss lexemes

(* Parsing functions *)
let rec parse_function pdf f =
  let f = Pdf.direct pdf f in
    let getnum_direct o = Pdf.getnum (Pdf.direct pdf o) in
      let domain =
        match Pdf.lookup_fail "No /Domain" pdf "/Domain" f with
        | Pdf.Array ns -> map getnum_direct ns
        | _ -> raise (Pdf.PDFError "Bad /Domain")
      in let range =
        match Pdf.lookup_direct pdf "/Range" f with
        | Some (Pdf.Array ns) -> Some (map getnum_direct ns)
        | _ -> None
      in
      let func =
        match Pdf.lookup_fail "no /FunctionType" pdf "/FunctionType" f with
        | Pdf.Integer 0 ->
            let size =
              match Pdf.lookup_fail "no /Size (sampled fun)" pdf "/Size" f with
              | Pdf.Array ns ->
                  map
                    (function
                     | Pdf.Integer n -> n
                     | _ -> raise (Pdf.PDFError "bad /Size (sampled fun)"))
                    ns
              | _ -> raise (Pdf.PDFError "Bad /Size (sampled fun)")
            in
              let order =
                match Pdf.lookup_direct pdf "/Order" f with
                | Some (Pdf.Integer n) -> n
                | _ -> 1
              in let encode =
                match Pdf.lookup_direct pdf "/Encode" f with
                | Some (Pdf.Array ns) when length ns = 2 * length size ->
                    map Pdf.getnum ns
                | _ ->
                    interleave_lists
                      (many 0. (length size))
                      (map (fun x -> float (x - 1)) size)
              in let decode =
                match Pdf.lookup_direct pdf "/Decode" f with
                | Some (Pdf.Array ns) -> map Pdf.getnum ns
                | _ ->
                    match range with
                    | Some r -> r
                    | None -> raise (Pdf.PDFError "No /Range")
              in
                let bitspersample =
                  match
                    Pdf.lookup_fail "no /BitsPerSample" pdf "/BitsPerSample" f
                  with
                  | Pdf.Integer i -> i
                  | _ -> raise (Pdf.PDFError "Bad /BitsPerSample")
                in
                  let data =
                    Pdfcodec.decode_pdfstream pdf f; 
                    let samples =
                      fold_left ( * ) 1 size * (length decode / 2)
                    in let bitstream =
                      match f with
                      | Pdf.Stream {contents = _, Pdf.Got data} ->
                          Pdfio.bitbytes_of_input (Pdfio.input_of_bytes data)
                      | _ -> assert false

                    in
                      let data = Array.make samples 1l in
                        for i = 0 to Array.length data - 1 do
                          data.(i) <- Pdfio.getval_32 bitstream bitspersample
                        done;
                        data
                  in
                    Sampled
                     {size = size;
                      order = order;
                      encode = encode;
                      decode = decode;
                      bps = bitspersample;
                      samples = data}
        | Pdf.Integer 2 ->
            let c0 =
              match Pdf.lookup_direct pdf "/C0" f with
              | Some (Pdf.Array ns) -> map getnum_direct ns
              | _ -> [0.]
            in let c1 =
              match Pdf.lookup_direct pdf "/C1" f with
              | Some (Pdf.Array ns) -> map getnum_direct ns
              | _ -> [1.]
            in let n =
              Pdf.getnum (Pdf.lookup_fail "No /N in Type 2 fun" pdf "/N" f)
            in
              Interpolation {c0 = c0; c1 = c1; n = n}
        | Pdf.Integer 3 ->
            let functions =
              match Pdf.lookup_fail "no /Functions" pdf "/Functions" f with
              | Pdf.Array fs -> fs
              | _ -> raise (Pdf.PDFError "Bad /Functions")
            in let bounds =
              match Pdf.lookup_fail "no /Bounds" pdf "/Bounds" f with
              | Pdf.Array fs -> fs
              | _ -> raise (Pdf.PDFError "Bad /Bounds")
            in let encode =
              match Pdf.lookup_fail "no /Encode" pdf "/Encode" f with
              | Pdf.Array fs -> fs
              | _ -> raise (Pdf.PDFError "Bad /Bounds")
            in
              Stitching
                {functions = map (parse_function pdf) functions;
                 bounds = map getnum_direct bounds;
                 stitch_encode = map getnum_direct encode}
        | Pdf.Integer 4 ->
            (* Read contents of stream, build string, parse. *)
            Pdfcodec.decode_pdfstream pdf f;
            begin match f with
            | Pdf.Stream {contents = _, Pdf.Got data} ->
                Calculator (parse_calculator (string_of_bytes data))
            | _ -> raise (Pdf.PDFError "This is not a function")
            end
        | _ -> raise (Pdf.PDFError "Unknown function type")
      in
        {domain = domain; range = range; func = func}

(* Evaluating Sampled Functions *)

(* Inappropriate inputs have been given to a function. *)
exception BadFunctionEvaluation of string

let interpolate x xmin xmax ymin ymax =
  ymin +. ((x -. xmin) *. ((ymax -. ymin) /. (xmax -. xmin)))

(* Evaluate a sampled function. We support only linear interpolation and then
only sensibly for one-dimensional functions. Although results will be
produced for higher dimensions, the results will not be fully accurate. *)
let eval_function_sampled f s clamped_inputs =
  (* 1. Encode the input values *)
  (*i Printf.printf "eval_function_sampled: length of clamped_inputs %i input is
   * %f\n" (length clamped_inputs) (hd clamped_inputs); i*)
  let range =
    match f.range with
    | None -> raise (BadFunctionEvaluation "No Range")
    | Some r -> r
  in
    let d, d' = split (pairs_of_list f.domain)
    in let e, e' = split (pairs_of_list s.encode)
    in let dec, dec' = split (pairs_of_list s.decode)
    in let r, r' = split (pairs_of_list range) in
      let encoded_inputs =
        map5 interpolate clamped_inputs d d' e e'
      in
      (* 2. Clip to the size of the table dimension *)
      let clamped_encoded_inputs =
        map2
          (fun i s -> fmin (fmax i 0.) (float s -. 1.))
          encoded_inputs
          s.size
      in
        let read_table inputs =
          let vals_to_read = length range / 2 in
            let size = s.size in
            if length size <> length inputs then
              raise (BadFunctionEvaluation "Incompatible /Size with inputs");
            let pos =
              let multipliers =
                let inputs' = if length inputs = 1 then [] else ilist 1 (length inputs - 1) in
                1::
                map
                  (function x -> fold_left ( * ) 1 (take size x)) inputs'
                  (* (ilist_fail_null 1 (length inputs - 1)) *)
              in
                (*i Printf.printf "%i inputs and %i multipliers" (length inputs)
                (length multipliers); i*)
                fold_left ( + ) 0 (map2 ( * ) inputs multipliers) * vals_to_read
            in
              Array.to_list (Array.sub s.samples pos vals_to_read)
        in
          (* 3. Read values from table. For now, just linear iterpolation. *)
          let ceilings =
            map (fun x -> toint (ceil x)) clamped_encoded_inputs
          in let floors =
            map (fun x -> toint (floor x)) clamped_encoded_inputs
          in
            let outputs = 
              let ceiling_results = read_table ceilings
              in let floor_results = read_table floors in
                (*i Printf.printf "length of floors: %i, length of ceilings %i\n"
                (List.length ceiling_results) (List.length floor_results); i*)
                map2
                  (fun x y ->
                     Int32.to_float x /. 2. +. Int32.to_float y /. 2.)
                  ceiling_results
                  floor_results
            in
              (* 4. Decode output values *)
              let outputs_decoded =
                map5
                  interpolate
                  outputs
                  (many 0. (length outputs))
                  (many (2. ** float s.bps -. 1.) (length outputs))
                  dec dec'
              in
                map3 (fun x r r' -> fmin (fmax x r) r') outputs_decoded r r'

(* Evaluating Calculator Functions *)
let eval_function_calculator clamped_inputs ops =
  let s =
    ref (map (fun i -> Float i) (rev clamped_inputs))
  in let typecheck () =
    raise (BadFunctionEvaluation "Type error")
  in
    let rec getfloat () =
      match !s with
      | Int i::r -> s := r; i32tof i
      | Float f::r -> s := r; f
      | _ -> typecheck ()
    and getint () =
      match !s with
      | Int i::r -> s := r; i
      | _ -> typecheck ()
    and getfloats () =
      let x = getfloat () in x, getfloat ()
    and getints () =
      let x = getint () in x, getint ()
    in
      let rec eval k =
      (* flprint (string_of_calculator !s);
      Printf.printf "Now op %s\n\n" (string_of_calculator [k]); *)
      match k with
      | If l ->
          begin match !s with
          | Bool b::r -> s := r; if b then iter eval l
          | _ -> typecheck ()
          end
      | IfElse (l, l') ->
          begin match !s with
          | Bool b::r -> s := r; iter eval (if b then l else l')
          | _ -> typecheck ()
          end
      | (Bool _ | Float _ | Int _) as immediate ->
          s =| immediate
      | Abs ->
          begin match !s with
          | Float f::r -> s := Float (fabs f)::r
          | Int i::r ->
              let out =
                if i = Int32.min_int
                  then (Float (i32tof Int32.max_int))
                  else (Int (Int32.abs i))
              in
                s := out::r
          | _ -> typecheck ()
          end
      | Add ->
          begin match !s with
          | Int i::Int i'::r ->
              s := Int (i32add i i')::r (*r FIXME: Overflow to float *)
          | Int i::Float f::r
          | Float f::Int i::r ->
              s := Float (i32tof i +. f)::r
          | Float f::Float f'::r ->
              s := Float (f +. f')::r
          | _ -> typecheck ()
          end
      | Atan ->
          let num, den = getfloats () in
            let result = atan2 num den in
              s := Float result::tl (tl !s)
      | Ceiling ->
          begin match !s with
          | Float f::r -> s := Float (ceil f)::r
          | Int _::_ -> ()
          | _ -> typecheck ()
          end
      | Cos ->
          let f = getfloat () in
            s := Float (cos (rad_of_deg f))::!s
      | Cvi ->
          begin match !s with
          | Int _::r -> ()
          | Float f::r -> s := Int (Int32.of_float (floor f))::r
          | _ -> typecheck ()
          end
      | Cvr ->
          begin match !s with
          | Int i::r -> s := Float (i32tof i)::r
          | Float f::r -> ()
          | _ -> typecheck ()
          end
      | Div ->
          let n, n' = getfloats () in
            s := Float (n /. n')::!s
      | Exp ->
          let bse, exponent = getfloats () in
            s := Float (bse ** exponent)::!s
      | Floor ->
          begin match !s with
          | Int i::r -> ()
          | Float f::r -> s := Int (Int32.of_float (floor f))::r
          | _ -> typecheck ()
          end
      | Idiv ->
          let i, i' = getints () in
            s := Int (i32div i i')::!s
      | Ln ->
          let f = getfloat () in
            s := Float (log f)::!s
      | Log ->
          let f = getfloat () in
            s := Float (log10 f)::!s
      | Mod ->
          let i, i' = getints () in
            s := Int (Int32.rem i i')::!s
      | Mul ->
          begin match !s with
          | Int i::Int i'::r ->
              s := Int (i32mul i i')::r (*r FIXME: Overflow to float *)
          | Int i::Float f::r
          | Float f::Int i::r ->
              s := Float (i32tof i *. f)::r
          | Float f::Float f'::r ->
              s := Float (f *. f')::r
          | _ -> typecheck ()
          end
      | Neg ->
          begin match !s with
          | Float f::r -> s := Float (-.f)::r
          | Int i::r ->
              let out =
                if i = Int32.min_int
                  then (Float (i32tof Int32.max_int))
                  else (Int (Int32.neg i))
              in
                s := out::r
          | _ -> typecheck ()
          end
      | Round ->
          begin match !s with
          | Int _::_ -> ()
          | Float f::r -> s := Int (Int32.of_float (round f))::r
          | _ -> typecheck ()
          end
      | Sin ->
          let f = getfloat () in
            s := Float (sin (rad_of_deg f))::!s
      | Sqrt ->
          let f = getfloat () in
            s := Float (sqrt f)::!s
      | Sub ->
          begin match !s with
          | Int i::Int i'::r ->
              s := Int (i32sub i' i)::r (*r \FIXME{Overflow to float} *)
          | Int i::Float f::r ->
              s := Float (f -. i32tof i)::r
          | Float f::Int i::r ->
              s := Float (i32tof i -. f)::r
          | Float f::Float f'::r ->
              s := Float (f' -. f)::r
          | _ -> typecheck ()
          end
      | Truncate ->
          begin match !s with
          | Int _::_ -> ()
          | Float f::r -> s := Int (i32ofi (toint f))::r
          | _ -> typecheck ()
          end
      | And ->
          begin match !s with
          | Int i::Int i'::r ->
              s := Int (Int32.logand i i')::r
          | Bool b::Bool b'::r ->
              s := Bool (b && b')::r
          | _ -> typecheck ()
          end
      | Bitshift ->
          let i = getint () in
            let shift = i32toi (getint ()) in
              let r =
                if i < 0l
                  then Int32.shift_left i shift
                  else Int32.shift_right_logical i (abs shift)
              in
                s := Int r::!s
      | Eq ->
          begin match !s with
          | a::b::r -> s := Bool (a = b)::r
          | _ -> typecheck ()
          end
      | Ge ->
          begin match !s with
          | a::b::r -> s := Bool (a >= b)::r
          | _ -> typecheck ()
          end
      | Gt -> 
          begin match !s with
          | a::b::r -> s := Bool (a > b)::r
          | _ -> typecheck ()
          end
      | Le ->
          begin match !s with
          | a::b::r -> s := Bool (a <= b)::r
          | _ -> typecheck ()
          end
      | Lt ->
          begin match !s with
          | a::b::r -> s := Bool (a < b)::r
          | _ -> typecheck ()
          end
      | Ne ->
          begin match !s with
          | a::b::r -> s := Bool (a <> b)::r
          | _ -> typecheck ()
          end
      | Not ->
          begin match !s with
          | Int i::r ->
              s := Int (Int32.lognot i)::r
          | Bool b::Bool b'::r ->
              s := Bool (not b)::r
          | _ -> typecheck ()
          end
      | Or ->
          begin match !s with
          | Int i::Int i'::r ->
              s := Int (Int32.logor i i')::r
          | Bool b::Bool b'::r ->
              s := Bool (b || b')::r
          | _ -> typecheck ()
          end
      | Xor ->
          begin match !s with
          | Int i::Int i'::r ->
              s := Int (Int32.logxor i i')::r
          | Bool b::Bool b'::r ->
              s := Bool (b |&| b')::r
          | _ -> typecheck ()
          end
      | Copy ->
          begin match !s with
          | Int i::r when i >= 0l ->
              s := take r (i32toi i) @ r
          | _ -> typecheck ()
          end
      | Exch ->
          begin match !s with
          | a::b::r -> s := b::a::r
          | _ -> typecheck ()
          end
      | Pop ->
          begin match !s with
          | a::r -> s := r
          | _ -> typecheck ()
          end
      | Dup ->
          begin match !s with
          | a::r -> s := a::a::r
          | _ -> typecheck ()
          end
      | Index ->
          begin match !s with
          | Int i::r when i >= 0l ->
              let v = select (i32toi i + 1) r in
                s := v::r
          | _ -> typecheck ()
          end
      | Roll ->
          let rec rotate j l =
            if j = 0 then l else
            match l with
            | [] -> []
            | h::t -> rotate (j - 1) (t @ [h])
          and rotate_o j l =
            if j = 0 then l else
              match rev l with
              | [] -> []
              | h::t -> rotate (j - 1) ([h] @ rev t)
          in
            begin match !s with
            | Int j::Int n::r when n >= 1l ->
                let j = i32toi j in let n = i32toi n in
                  let vals, rest = cleave r n in
                    let newvals =
                      if j > 0
                        then rotate j vals
                        else rotate_o (-j) vals
                    in
                    s := newvals @ rest
            | _ -> typecheck ()
            end
  in
    try
      iter eval ops;
      rev_map
        (function
         | Float x -> x
         | Int i -> Int32.to_float i (* Added as a FIX, but we should look at this again...*)
         | _ -> raise (BadFunctionEvaluation "Type 4-a"))
        !s
    with
      e -> flprint (Printexc.to_string e); raise (BadFunctionEvaluation "Type 4-b")

(* Evaluating functions *)

(* Evaluate a function on some inputs. *)
let rec eval_function f inputs =
  let rec clampvals vals domain =
    let clampval v d d' =
      if v < d then d else if v > d' then d' else v
    in
      match vals, domain with
      | [], [] -> []
      | v::vs, d::d'::ds ->
          clampval v d d'::clampvals vs ds
      | _ -> raise (BadFunctionEvaluation "Domain wrong")
  in
    let clamped_inputs = clampvals inputs f.domain in
      let outputs =
        match f.func with
        | Calculator ops ->
            eval_function_calculator clamped_inputs ops
        | Sampled s ->
            eval_function_sampled f s clamped_inputs 
        | Interpolation f ->
            let interp n c0 c1 i =
              try
                map2
                  (fun c0 c1 -> c0 +. i ** n *. (c1 -. c0)) c0 c1
              with
                Invalid_argument _ ->
                  raise (BadFunctionEvaluation "Interpolation")
            in
              flatten (map (interp f.n f.c0 f.c1) clamped_inputs)
        | Stitching s ->
            (* iPrintf.printf "First input to function: %f\n" (hd
             * clamped_inputs); *)
            match clamped_inputs, f.domain with
            | [i], [d0; d1] ->
                let points = [d0] @ s.bounds @ [d1] in
                  (*i flprint "points: ";
                  iter (Printf.printf "%f ") points;
                  flprint "\n";
                  flprint "s.stitch_encode: ";
                  iter (Printf.printf "%f ") s.stitch_encode;
                  flprint "\n"; i*)
                  let rec extract_subfunction points funs n =
                    match points, funs with
                    | p::p'::_, f::_ when i >= p && i < p' -> p, p', f, n
                    | p::p'::_, f::_ when i = p' -> p, p', f, n
                    | _::ps, _::fs -> extract_subfunction ps fs (n + 1)
                    | _ ->
                        raise (BadFunctionEvaluation "stitching: funs")
                  in
                    let d0', d1', f, n = extract_subfunction points s.functions 0 in
                     (*i Printf.printf "d0 = %f, d1 = %f, n = %i\n" d0' d1' n;
                      * i*)
                     let encode =
                       try
                         let a, b, c, d =
                           select (n + 1) points, select (n + 2) points,
                           select (n * 2 + 1) s.stitch_encode, select (n * 2 + 2) s.stitch_encode
                         in
                           (* Printf.printf "a = %f, b %f, c = %f, d = %f\n" a b
                            * c d; *)
                           fun x -> interpolate x a b c d
                       with
                         Invalid_argument _ (*"select"*) ->
                           raise (BadFunctionEvaluation "stitching: encode/domain")
                     in
                       eval_function f [encode i]
            | _ -> raise (BadFunctionEvaluation "stitching: Bad arity")
      in
        let outputs = 
        match f.range with
        | None -> outputs
        | Some range -> clampvals outputs range
        in
          (* iter (Printf.printf "%f ") outputs;
          flprint "\n"; *)
          outputs

(*i let eval_function f vals =
  Printf.printf "eval_function\n";
  iter (Printf.printf "%f ") vals;
  flprint "\n";
  print_function f;
  flprint "\n";
  let vals = eval_function f vals in
    iter (Printf.printf "%f ") vals;
    flprint "\n";
    vals i*)

let funtype_of_function f =
  match f.func with
  | Interpolation _ -> 2
  | Stitching _ -> 3
  | Sampled _ -> 0
  | Calculator _ -> 4

let mkreal x = Pdf.Real x

let entries_of_interpolation i =
  ["/C0", Pdf.Array (map mkreal i.c0);
   "/C1", Pdf.Array (map mkreal i.c1);
   "/N", Pdf.Real i.n]

let rec entries_of_stitching pdf i =
  (* Add the functions as objects. *)
  let numbers =
    map (fun f -> Pdf.Indirect (Pdf.addobj pdf (pdfobject_of_function pdf f))) i.functions
  in
    ["/Functions", Pdf.Array numbers;
     "/Bounds", Pdf.Array (map mkreal i.bounds);
     "/Encode", Pdf.Array (map mkreal i.stitch_encode)]

and extra_entries_of_function pdf f =
  match f.func with
  | Interpolation i -> entries_of_interpolation i
  | Stitching s -> entries_of_stitching pdf s
  | Sampled s -> []
  | Calculator c -> []

and pdfobject_of_function pdf f =
  let domain =
    Pdf.Array (map (function x -> Pdf.Real x) f.domain)
  in let range =
    match f.range with
    | None -> []
    | Some fs -> ["/Range", Pdf.Array (map (function x -> Pdf.Real x) fs)]
  in
    Pdf.Dictionary
      (["/FunctionType", Pdf.Integer (funtype_of_function f); "/Domain", domain]
      @ range @ extra_entries_of_function pdf f)
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(** Parsing and Evaluating PDF Functions. *)

type calculator =
  | If of calculator list
  | IfElse of calculator list * calculator list
  | Bool of bool
  | Float of float
  | Int of int32
  | Abs
  | Add
  | Atan
  | Ceiling
  | Cos
  | Cvi
  | Cvr
  | Div
  | Exp
  | Floor
  | Idiv
  | Ln
  | Log
  | Mod
  | Mul
  | Neg
  | Round
  | Sin
  | Sqrt
  | Sub
  | Truncate
  | And
  | Bitshift
  | Eq
  | Ge
  | Gt
  | Le
  | Lt
  | Ne
  | Not
  | Or
  | Xor
  | Copy
  | Exch
  | Pop
  | Dup
  | Index
  | Roll

type sampled =
  {size : int list; 
   order : int;
   encode : float list;
   decode : float list;
   bps : int;
   samples : int32 array}

and interpolation =
  {c0 : float list;
   c1 : float list;
   n : float}

and stitching =
  {functions : t list;
   bounds : float list;
   stitch_encode : float list}

and pdf_fun_kind =
  | Interpolation of interpolation
  | Stitching of stitching
  | Sampled of sampled
  | Calculator of calculator list

and t =
  {func : pdf_fun_kind;
   domain : float list;
   range : float list option}
(** The type of functions. *)

(** Parse a function given a document and function object. *)
val parse_function : Pdf.t -> Pdf.pdfobject -> t

(** Raised from [eval_function] (see below) in the case of inputs which don't
match the evaluation *)
exception BadFunctionEvaluation of string

(** Evaluate a function given a list of inputs. *)
val eval_function : t -> float list -> float list

(** Flatten a function to its PDF representation *)
val pdfobject_of_function : Pdf.t -> t -> Pdf.pdfobject

(**/**)
val print_function : t -> unit
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(* A simple lexer, which distinguishes integers, floats and single character
delimiters. Quoted strings are also distinguished, and allow escaped quotes.
Any other non-whitespace-including string is returned as an [Ident]. *)
open Pdfutil

(* To avoid too much storage allocation (and hence garbage collection), we use
the same data type for this very basic lexing module as for the main lexing in
Pdfread. Eventually, we may unify this with the parsing type too. *)
type t =
  | LexNull
  | LexBool of bool
  | LexInt of int
  | LexReal of float
  | LexString of string
  | LexName of string
  | LexLeftSquare
  | LexRightSquare
  | LexLeftDict
  | LexRightDict
  | LexStream of Pdf.stream
  | LexEndStream
  | LexObj
  | LexEndObj
  | LexR
  | LexComment
  | StopLexing
  | LexNone

let string_of_token = function
  | LexInt i -> "Int " ^ string_of_int i
  | LexReal f -> "Float " ^ string_of_float f
  | LexString s -> "String " ^ s
  | LexName s -> "Ident " ^ s
  | LexNull -> "Nothing"
  | _ -> "GenLexNone"

let string_of_tokens ts =
  fold_left (fun a b -> a ^ "\n " ^ b) "" (map string_of_token ts)

let is_delimiter = function
  | '(' | ')' | '<' | '>' | '[' | ']' | '{' | '}' | '%' | '/' -> true
  | _ -> false

let is_not_whitespace = function
  | '\000' | '\009' | '\010' | '\012' | ' ' | '\013' -> false
  | _ -> true

let is_whitespace_or_delimiter = function
  | '\000' | '\009' | '\010' | '\012' | ' ' | '\013'
  | '(' | ')' | '<' | '>' | '[' | ']' | '{' | '}' | '%' | '/' -> true
  | _ -> false

let lex_item s =
  let len = String.length s in
    if len = 0 then LexNull else
      try
        match String.unsafe_get s 0 with
        | 'a'..'z' | 'A'..'Z' ->
            LexName (String.copy s)
        | '\"' when len >= 2 ->
            LexString (String.sub s 1 (len - 2))
        | _ ->
            let rec isint s pos =
              pos = ~-1 ||
                match String.unsafe_get s pos with
                | '.' -> false
                | _ -> isint s (pos - 1)
            in
              if isint s (len - 1)
                then
                  begin try LexInt (int_of_string s) with
                    _ -> LexReal (float_of_string s) (* Integer > 2^30 on 32 bit system, int_of_string would fail. *)
                  end
                else LexReal (float_of_string s)
      with
        _ -> LexName (String.copy s)

(* Return the string between and including the current position and before the
next character satisfying a given predicate, leaving the position at the
character following the last one returned. End of input is considered a
delimiter, and the characters up to it are returned if it is reached. *)
let rec lengthuntil i n =
  match i.Pdfio.input_byte () with
  | x when x = Pdfio.no_more -> n
  | x ->
     if is_whitespace_or_delimiter (Char.unsafe_chr x)
       then n
       else lengthuntil i (n + 1)

(* Pre-built strings to prevent allocation just to do int_of_string,
float_of_string etc. What we actually need is int_of_substring etc, but this
will require patching OCaml. *)
let strings =
  Array.init 17 (fun i -> Bytes.make i ' ')

let getuntil i =
  let p = i.Pdfio.pos_in () in
    let l = lengthuntil i 0 in
      i.Pdfio.seek_in p;
      let s = if l <= 16 then Array.unsafe_get strings l else Bytes.create l in
        Pdfio.setinit_string i s 0 l;
        Bytes.unsafe_to_string s (* Will never be altered, but copied or discarded by get_string_inner. *)

(* The same, but don't return anything. *)
let rec ignoreuntil f i =
  match i.Pdfio.input_byte () with
  | x when x = Pdfio.no_more -> ()
  | x -> if f (Char.unsafe_chr x) then Pdfio.rewind i else ignoreuntil f i

(* Position on the next non-whitespace character. *)
let dropwhite i =
  ignoreuntil is_not_whitespace i

(* Get a quoted string, including the quotes. Any quotes inside must be
escaped. *)
let rec get_string_inner b i =
  match i.Pdfio.input_byte () with
  | x when x = Pdfio.no_more -> raise End_of_file
  | x when x = int_of_char '\"' ->
       Buffer.add_char b '\"'
  | x when x = int_of_char '\\' ->
      begin match i.Pdfio.input_byte () with
      | x when x = Pdfio.no_more-> raise End_of_file
      | x when x = int_of_char '\"' ->
            Buffer.add_char b '\"';
            get_string_inner b i
      | x ->
         Buffer.add_char b '\\';
         Buffer.add_char b (Char.unsafe_chr x);
         get_string_inner b i
      end
  | x ->
     Buffer.add_char b (Char.unsafe_chr x);
     get_string_inner b i

let b = Buffer.create 30

let get_string i =
  Pdfio.nudge i;
  Buffer.clear b;
  Buffer.add_char b '\"';
  get_string_inner b i;
  Buffer.contents b

(* Repeatedly take a whitespace-or-delimiter-delimited section from the input,
and scan it *)
let get_section i =
  match Pdfio.peek_byte i with
  | x when x = Pdfio.no_more -> ""
  | _ ->
      dropwhite i;
      match Pdfio.peek_byte i with
      | x when x = Pdfio.no_more -> ""
      | x when Char.unsafe_chr x = '\"' -> get_string i
      | x ->
          let x = Char.unsafe_chr x in
            if is_delimiter x
              then (Pdfio.nudge i; string_of_char x)
              else getuntil i

let lex_single i =
  lex_item (get_section i)

let rec lex_inner prev i =
  match lex_item (get_section i) with
  | LexNull -> rev prev
  | x -> lex_inner (x::prev) i

let lex = lex_inner []

let lex_string s =
  lex (Pdfio.input_of_string s)
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(** A very fast lexer for very basic tokens. Used internally by [Pdfread]. *)

(**/**)
type t =
  | LexNull
  | LexBool of bool
  | LexInt of int
  | LexReal of float
  | LexString of string
  | LexName of string
  | LexLeftSquare
  | LexRightSquare
  | LexLeftDict
  | LexRightDict
  | LexStream of Pdf.stream
  | LexEndStream
  | LexObj
  | LexEndObj
  | LexR
  | LexComment
  | StopLexing
  | LexNone

val string_of_token : t -> string

val string_of_tokens : t list -> string

val lex_single : (Pdfio.input -> t)

val lex : (Pdfio.input -> t list)

val lex_string : string -> t list
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open Pdfutil

let glyphlist_src = "# Name:          Adobe Glyph List
# Table version: 2.0
# Date:          September 20, 2002
#
# See http://partners.adobe.com/asn/developer/typeforum/unicodegn.html
#
# Format: Semicolon-delimited fields:
#            (1) glyph name
#            (2) Unicode scalar value
A;0041
AE;00C6
AEacute;01FC
AEmacron;01E2
AEsmall;F7E6
Aacute;00C1
Aacutesmall;F7E1
Abreve;0102
Abreveacute;1EAE
Abrevecyrillic;04D0
Abrevedotbelow;1EB6
Abrevegrave;1EB0
Abrevehookabove;1EB2
Abrevetilde;1EB4
Acaron;01CD
Acircle;24B6
Acircumflex;00C2
Acircumflexacute;1EA4
Acircumflexdotbelow;1EAC
Acircumflexgrave;1EA6
Acircumflexhookabove;1EA8
Acircumflexsmall;F7E2
Acircumflextilde;1EAA
Acute;F6C9
Acutesmall;F7B4
Acyrillic;0410
Adblgrave;0200
Adieresis;00C4
Adieresiscyrillic;04D2
Adieresismacron;01DE
Adieresissmall;F7E4
Adotbelow;1EA0
Adotmacron;01E0
Agrave;00C0
Agravesmall;F7E0
Ahookabove;1EA2
Aiecyrillic;04D4
Ainvertedbreve;0202
Alpha;0391
Alphatonos;0386
Amacron;0100
Amonospace;FF21
Aogonek;0104
Aring;00C5
Aringacute;01FA
Aringbelow;1E00
Aringsmall;F7E5
Asmall;F761
Atilde;00C3
Atildesmall;F7E3
Aybarmenian;0531
B;0042
Bcircle;24B7
Bdotaccent;1E02
Bdotbelow;1E04
Becyrillic;0411
Benarmenian;0532
Beta;0392
Bhook;0181
Blinebelow;1E06
Bmonospace;FF22
Brevesmall;F6F4
Bsmall;F762
Btopbar;0182
C;0043
Caarmenian;053E
Cacute;0106
Caron;F6CA
Caronsmall;F6F5
Ccaron;010C
Ccedilla;00C7
Ccedillaacute;1E08
Ccedillasmall;F7E7
Ccircle;24B8
Ccircumflex;0108
Cdot;010A
Cdotaccent;010A
Cedillasmall;F7B8
Chaarmenian;0549
Cheabkhasiancyrillic;04BC
Checyrillic;0427
Chedescenderabkhasiancyrillic;04BE
Chedescendercyrillic;04B6
Chedieresiscyrillic;04F4
Cheharmenian;0543
Chekhakassiancyrillic;04CB
Cheverticalstrokecyrillic;04B8
Chi;03A7
Chook;0187
Circumflexsmall;F6F6
Cmonospace;FF23
Coarmenian;0551
Csmall;F763
D;0044
DZ;01F1
DZcaron;01C4
Daarmenian;0534
Dafrican;0189
Dcaron;010E
Dcedilla;1E10
Dcircle;24B9
Dcircumflexbelow;1E12
Dcroat;0110
Ddotaccent;1E0A
Ddotbelow;1E0C
Decyrillic;0414
Deicoptic;03EE
Delta;2206
Deltagreek;0394
Dhook;018A
Dieresis;F6CB
DieresisAcute;F6CC
DieresisGrave;F6CD
Dieresissmall;F7A8
Digammagreek;03DC
Djecyrillic;0402
Dlinebelow;1E0E
Dmonospace;FF24
Dotaccentsmall;F6F7
Dslash;0110
Dsmall;F764
Dtopbar;018B
Dz;01F2
Dzcaron;01C5
Dzeabkhasiancyrillic;04E0
Dzecyrillic;0405
Dzhecyrillic;040F
E;0045
Eacute;00C9
Eacutesmall;F7E9
Ebreve;0114
Ecaron;011A
Ecedillabreve;1E1C
Echarmenian;0535
Ecircle;24BA
Ecircumflex;00CA
Ecircumflexacute;1EBE
Ecircumflexbelow;1E18
Ecircumflexdotbelow;1EC6
Ecircumflexgrave;1EC0
Ecircumflexhookabove;1EC2
Ecircumflexsmall;F7EA
Ecircumflextilde;1EC4
Ecyrillic;0404
Edblgrave;0204
Edieresis;00CB
Edieresissmall;F7EB
Edot;0116
Edotaccent;0116
Edotbelow;1EB8
Efcyrillic;0424
Egrave;00C8
Egravesmall;F7E8
Eharmenian;0537
Ehookabove;1EBA
Eightroman;2167
Einvertedbreve;0206
Eiotifiedcyrillic;0464
Elcyrillic;041B
Elevenroman;216A
Emacron;0112
Emacronacute;1E16
Emacrongrave;1E14
Emcyrillic;041C
Emonospace;FF25
Encyrillic;041D
Endescendercyrillic;04A2
Eng;014A
Enghecyrillic;04A4
Enhookcyrillic;04C7
Eogonek;0118
Eopen;0190
Epsilon;0395
Epsilontonos;0388
Ercyrillic;0420
Ereversed;018E
Ereversedcyrillic;042D
Escyrillic;0421
Esdescendercyrillic;04AA
Esh;01A9
Esmall;F765
Eta;0397
Etarmenian;0538
Etatonos;0389
Eth;00D0
Ethsmall;F7F0
Etilde;1EBC
Etildebelow;1E1A
Euro;20AC
Ezh;01B7
Ezhcaron;01EE
Ezhreversed;01B8
F;0046
Fcircle;24BB
Fdotaccent;1E1E
Feharmenian;0556
Feicoptic;03E4
Fhook;0191
Fitacyrillic;0472
Fiveroman;2164
Fmonospace;FF26
Fourroman;2163
Fsmall;F766
G;0047
GBsquare;3387
Gacute;01F4
Gamma;0393
Gammaafrican;0194
Gangiacoptic;03EA
Gbreve;011E
Gcaron;01E6
Gcedilla;0122
Gcircle;24BC
Gcircumflex;011C
Gcommaaccent;0122
Gdot;0120
Gdotaccent;0120
Gecyrillic;0413
Ghadarmenian;0542
Ghemiddlehookcyrillic;0494
Ghestrokecyrillic;0492
Gheupturncyrillic;0490
Ghook;0193
Gimarmenian;0533
Gjecyrillic;0403
Gmacron;1E20
Gmonospace;FF27
Grave;F6CE
Gravesmall;F760
Gsmall;F767
Gsmallhook;029B
Gstroke;01E4
H;0048
H18533;25CF
H18543;25AA
H18551;25AB
H22073;25A1
HPsquare;33CB
Haabkhasiancyrillic;04A8
Hadescendercyrillic;04B2
Hardsigncyrillic;042A
Hbar;0126
Hbrevebelow;1E2A
Hcedilla;1E28
Hcircle;24BD
Hcircumflex;0124
Hdieresis;1E26
Hdotaccent;1E22
Hdotbelow;1E24
Hmonospace;FF28
Hoarmenian;0540
Horicoptic;03E8
Hsmall;F768
Hungarumlaut;F6CF
Hungarumlautsmall;F6F8
Hzsquare;3390
I;0049
IAcyrillic;042F
IJ;0132
IUcyrillic;042E
Iacute;00CD
Iacutesmall;F7ED
Ibreve;012C
Icaron;01CF
Icircle;24BE
Icircumflex;00CE
Icircumflexsmall;F7EE
Icyrillic;0406
Idblgrave;0208
Idieresis;00CF
Idieresisacute;1E2E
Idieresiscyrillic;04E4
Idieresissmall;F7EF
Idot;0130
Idotaccent;0130
Idotbelow;1ECA
Iebrevecyrillic;04D6
Iecyrillic;0415
Ifraktur;2111
Igrave;00CC
Igravesmall;F7EC
Ihookabove;1EC8
Iicyrillic;0418
Iinvertedbreve;020A
Iishortcyrillic;0419
Imacron;012A
Imacroncyrillic;04E2
Imonospace;FF29
Iniarmenian;053B
Iocyrillic;0401
Iogonek;012E
Iota;0399
Iotaafrican;0196
Iotadieresis;03AA
Iotatonos;038A
Ismall;F769
Istroke;0197
Itilde;0128
Itildebelow;1E2C
Izhitsacyrillic;0474
Izhitsadblgravecyrillic;0476
J;004A
Jaarmenian;0541
Jcircle;24BF
Jcircumflex;0134
Jecyrillic;0408
Jheharmenian;054B
Jmonospace;FF2A
Jsmall;F76A
K;004B
KBsquare;3385
KKsquare;33CD
Kabashkircyrillic;04A0
Kacute;1E30
Kacyrillic;041A
Kadescendercyrillic;049A
Kahookcyrillic;04C3
Kappa;039A
Kastrokecyrillic;049E
Kaverticalstrokecyrillic;049C
Kcaron;01E8
Kcedilla;0136
Kcircle;24C0
Kcommaaccent;0136
Kdotbelow;1E32
Keharmenian;0554
Kenarmenian;053F
Khacyrillic;0425
Kheicoptic;03E6
Khook;0198
Kjecyrillic;040C
Klinebelow;1E34
Kmonospace;FF2B
Koppacyrillic;0480
Koppagreek;03DE
Ksicyrillic;046E
Ksmall;F76B
L;004C
LJ;01C7
LL;F6BF
Lacute;0139
Lambda;039B
Lcaron;013D
Lcedilla;013B
Lcircle;24C1
Lcircumflexbelow;1E3C
Lcommaaccent;013B
Ldot;013F
Ldotaccent;013F
Ldotbelow;1E36
Ldotbelowmacron;1E38
Liwnarmenian;053C
Lj;01C8
Ljecyrillic;0409
Llinebelow;1E3A
Lmonospace;FF2C
Lslash;0141
Lslashsmall;F6F9
Lsmall;F76C
M;004D
MBsquare;3386
Macron;F6D0
Macronsmall;F7AF
Macute;1E3E
Mcircle;24C2
Mdotaccent;1E40
Mdotbelow;1E42
Menarmenian;0544
Mmonospace;FF2D
Msmall;F76D
Mturned;019C
Mu;039C
N;004E
NJ;01CA
Nacute;0143
Ncaron;0147
Ncedilla;0145
Ncircle;24C3
Ncircumflexbelow;1E4A
Ncommaaccent;0145
Ndotaccent;1E44
Ndotbelow;1E46
Nhookleft;019D
Nineroman;2168
Nj;01CB
Njecyrillic;040A
Nlinebelow;1E48
Nmonospace;FF2E
Nowarmenian;0546
Nsmall;F76E
Ntilde;00D1
Ntildesmall;F7F1
Nu;039D
O;004F
OE;0152
OEsmall;F6FA
Oacute;00D3
Oacutesmall;F7F3
Obarredcyrillic;04E8
Obarreddieresiscyrillic;04EA
Obreve;014E
Ocaron;01D1
Ocenteredtilde;019F
Ocircle;24C4
Ocircumflex;00D4
Ocircumflexacute;1ED0
Ocircumflexdotbelow;1ED8
Ocircumflexgrave;1ED2
Ocircumflexhookabove;1ED4
Ocircumflexsmall;F7F4
Ocircumflextilde;1ED6
Ocyrillic;041E
Odblacute;0150
Odblgrave;020C
Odieresis;00D6
Odieresiscyrillic;04E6
Odieresissmall;F7F6
Odotbelow;1ECC
Ogoneksmall;F6FB
Ograve;00D2
Ogravesmall;F7F2
Oharmenian;0555
Ohm;2126
Ohookabove;1ECE
Ohorn;01A0
Ohornacute;1EDA
Ohorndotbelow;1EE2
Ohorngrave;1EDC
Ohornhookabove;1EDE
Ohorntilde;1EE0
Ohungarumlaut;0150
Oi;01A2
Oinvertedbreve;020E
Omacron;014C
Omacronacute;1E52
Omacrongrave;1E50
Omega;2126
Omegacyrillic;0460
Omegagreek;03A9
Omegaroundcyrillic;047A
Omegatitlocyrillic;047C
Omegatonos;038F
Omicron;039F
Omicrontonos;038C
Omonospace;FF2F
Oneroman;2160
Oogonek;01EA
Oogonekmacron;01EC
Oopen;0186
Oslash;00D8
Oslashacute;01FE
Oslashsmall;F7F8
Osmall;F76F
Ostrokeacute;01FE
Otcyrillic;047E
Otilde;00D5
Otildeacute;1E4C
Otildedieresis;1E4E
Otildesmall;F7F5
P;0050
Pacute;1E54
Pcircle;24C5
Pdotaccent;1E56
Pecyrillic;041F
Peharmenian;054A
Pemiddlehookcyrillic;04A6
Phi;03A6
Phook;01A4
Pi;03A0
Piwrarmenian;0553
Pmonospace;FF30
Psi;03A8
Psicyrillic;0470
Psmall;F770
Q;0051
Qcircle;24C6
Qmonospace;FF31
Qsmall;F771
R;0052
Raarmenian;054C
Racute;0154
Rcaron;0158
Rcedilla;0156
Rcircle;24C7
Rcommaaccent;0156
Rdblgrave;0210
Rdotaccent;1E58
Rdotbelow;1E5A
Rdotbelowmacron;1E5C
Reharmenian;0550
Rfraktur;211C
Rho;03A1
Ringsmall;F6FC
Rinvertedbreve;0212
Rlinebelow;1E5E
Rmonospace;FF32
Rsmall;F772
Rsmallinverted;0281
Rsmallinvertedsuperior;02B6
S;0053
SF010000;250C
SF020000;2514
SF030000;2510
SF040000;2518
SF050000;253C
SF060000;252C
SF070000;2534
SF080000;251C
SF090000;2524
SF100000;2500
SF110000;2502
SF190000;2561
SF200000;2562
SF210000;2556
SF220000;2555
SF230000;2563
SF240000;2551
SF250000;2557
SF260000;255D
SF270000;255C
SF280000;255B
SF360000;255E
SF370000;255F
SF380000;255A
SF390000;2554
SF400000;2569
SF410000;2566
SF420000;2560
SF430000;2550
SF440000;256C
SF450000;2567
SF460000;2568
SF470000;2564
SF480000;2565
SF490000;2559
SF500000;2558
SF510000;2552
SF520000;2553
SF530000;256B
SF540000;256A
Sacute;015A
Sacutedotaccent;1E64
Sampigreek;03E0
Scaron;0160
Scarondotaccent;1E66
Scaronsmall;F6FD
Scedilla;015E
Schwa;018F
Schwacyrillic;04D8
Schwadieresiscyrillic;04DA
Scircle;24C8
Scircumflex;015C
Scommaaccent;0218
Sdotaccent;1E60
Sdotbelow;1E62
Sdotbelowdotaccent;1E68
Seharmenian;054D
Sevenroman;2166
Shaarmenian;0547
Shacyrillic;0428
Shchacyrillic;0429
Sheicoptic;03E2
Shhacyrillic;04BA
Shimacoptic;03EC
Sigma;03A3
Sixroman;2165
Smonospace;FF33
Softsigncyrillic;042C
Ssmall;F773
Stigmagreek;03DA
T;0054
Tau;03A4
Tbar;0166
Tcaron;0164
Tcedilla;0162
Tcircle;24C9
Tcircumflexbelow;1E70
Tcommaaccent;0162
Tdotaccent;1E6A
Tdotbelow;1E6C
Tecyrillic;0422
Tedescendercyrillic;04AC
Tenroman;2169
Tetsecyrillic;04B4
Theta;0398
Thook;01AC
Thorn;00DE
Thornsmall;F7FE
Threeroman;2162
Tildesmall;F6FE
Tiwnarmenian;054F
Tlinebelow;1E6E
Tmonospace;FF34
Toarmenian;0539
Tonefive;01BC
Tonesix;0184
Tonetwo;01A7
Tretroflexhook;01AE
Tsecyrillic;0426
Tshecyrillic;040B
Tsmall;F774
Twelveroman;216B
Tworoman;2161
U;0055
Uacute;00DA
Uacutesmall;F7FA
Ubreve;016C
Ucaron;01D3
Ucircle;24CA
Ucircumflex;00DB
Ucircumflexbelow;1E76
Ucircumflexsmall;F7FB
Ucyrillic;0423
Udblacute;0170
Udblgrave;0214
Udieresis;00DC
Udieresisacute;01D7
Udieresisbelow;1E72
Udieresiscaron;01D9
Udieresiscyrillic;04F0
Udieresisgrave;01DB
Udieresismacron;01D5
Udieresissmall;F7FC
Udotbelow;1EE4
Ugrave;00D9
Ugravesmall;F7F9
Uhookabove;1EE6
Uhorn;01AF
Uhornacute;1EE8
Uhorndotbelow;1EF0
Uhorngrave;1EEA
Uhornhookabove;1EEC
Uhorntilde;1EEE
Uhungarumlaut;0170
Uhungarumlautcyrillic;04F2
Uinvertedbreve;0216
Ukcyrillic;0478
Umacron;016A
Umacroncyrillic;04EE
Umacrondieresis;1E7A
Umonospace;FF35
Uogonek;0172
Upsilon;03A5
Upsilon1;03D2
Upsilonacutehooksymbolgreek;03D3
Upsilonafrican;01B1
Upsilondieresis;03AB
Upsilondieresishooksymbolgreek;03D4
Upsilonhooksymbol;03D2
Upsilontonos;038E
Uring;016E
Ushortcyrillic;040E
Usmall;F775
Ustraightcyrillic;04AE
Ustraightstrokecyrillic;04B0
Utilde;0168
Utildeacute;1E78
Utildebelow;1E74
V;0056
Vcircle;24CB
Vdotbelow;1E7E
Vecyrillic;0412
Vewarmenian;054E
Vhook;01B2
Vmonospace;FF36
Voarmenian;0548
Vsmall;F776
Vtilde;1E7C
W;0057
Wacute;1E82
Wcircle;24CC
Wcircumflex;0174
Wdieresis;1E84
Wdotaccent;1E86
Wdotbelow;1E88
Wgrave;1E80
Wmonospace;FF37
Wsmall;F777
X;0058
Xcircle;24CD
Xdieresis;1E8C
Xdotaccent;1E8A
Xeharmenian;053D
Xi;039E
Xmonospace;FF38
Xsmall;F778
Y;0059
Yacute;00DD
Yacutesmall;F7FD
Yatcyrillic;0462
Ycircle;24CE
Ycircumflex;0176
Ydieresis;0178
Ydieresissmall;F7FF
Ydotaccent;1E8E
Ydotbelow;1EF4
Yericyrillic;042B
Yerudieresiscyrillic;04F8
Ygrave;1EF2
Yhook;01B3
Yhookabove;1EF6
Yiarmenian;0545
Yicyrillic;0407
Yiwnarmenian;0552
Ymonospace;FF39
Ysmall;F779
Ytilde;1EF8
Yusbigcyrillic;046A
Yusbigiotifiedcyrillic;046C
Yuslittlecyrillic;0466
Yuslittleiotifiedcyrillic;0468
Z;005A
Zaarmenian;0536
Zacute;0179
Zcaron;017D
Zcaronsmall;F6FF
Zcircle;24CF
Zcircumflex;1E90
Zdot;017B
Zdotaccent;017B
Zdotbelow;1E92
Zecyrillic;0417
Zedescendercyrillic;0498
Zedieresiscyrillic;04DE
Zeta;0396
Zhearmenian;053A
Zhebrevecyrillic;04C1
Zhecyrillic;0416
Zhedescendercyrillic;0496
Zhedieresiscyrillic;04DC
Zlinebelow;1E94
Zmonospace;FF3A
Zsmall;F77A
Zstroke;01B5
a;0061
aabengali;0986
aacute;00E1
aadeva;0906
aagujarati;0A86
aagurmukhi;0A06
aamatragurmukhi;0A3E
aarusquare;3303
aavowelsignbengali;09BE
aavowelsigndeva;093E
aavowelsigngujarati;0ABE
abbreviationmarkarmenian;055F
abbreviationsigndeva;0970
abengali;0985
abopomofo;311A
abreve;0103
abreveacute;1EAF
abrevecyrillic;04D1
abrevedotbelow;1EB7
abrevegrave;1EB1
abrevehookabove;1EB3
abrevetilde;1EB5
acaron;01CE
acircle;24D0
acircumflex;00E2
acircumflexacute;1EA5
acircumflexdotbelow;1EAD
acircumflexgrave;1EA7
acircumflexhookabove;1EA9
acircumflextilde;1EAB
acute;00B4
acutebelowcmb;0317
acutecmb;0301
acutecomb;0301
acutedeva;0954
acutelowmod;02CF
acutetonecmb;0341
acyrillic;0430
adblgrave;0201
addakgurmukhi;0A71
adeva;0905
adieresis;00E4
adieresiscyrillic;04D3
adieresismacron;01DF
adotbelow;1EA1
adotmacron;01E1
ae;00E6
aeacute;01FD
aekorean;3150
aemacron;01E3
afii00208;2015
afii08941;20A4
afii10017;0410
afii10018;0411
afii10019;0412
afii10020;0413
afii10021;0414
afii10022;0415
afii10023;0401
afii10024;0416
afii10025;0417
afii10026;0418
afii10027;0419
afii10028;041A
afii10029;041B
afii10030;041C
afii10031;041D
afii10032;041E
afii10033;041F
afii10034;0420
afii10035;0421
afii10036;0422
afii10037;0423
afii10038;0424
afii10039;0425
afii10040;0426
afii10041;0427
afii10042;0428
afii10043;0429
afii10044;042A
afii10045;042B
afii10046;042C
afii10047;042D
afii10048;042E
afii10049;042F
afii10050;0490
afii10051;0402
afii10052;0403
afii10053;0404
afii10054;0405
afii10055;0406
afii10056;0407
afii10057;0408
afii10058;0409
afii10059;040A
afii10060;040B
afii10061;040C
afii10062;040E
afii10063;F6C4
afii10064;F6C5
afii10065;0430
afii10066;0431
afii10067;0432
afii10068;0433
afii10069;0434
afii10070;0435
afii10071;0451
afii10072;0436
afii10073;0437
afii10074;0438
afii10075;0439
afii10076;043A
afii10077;043B
afii10078;043C
afii10079;043D
afii10080;043E
afii10081;043F
afii10082;0440
afii10083;0441
afii10084;0442
afii10085;0443
afii10086;0444
afii10087;0445
afii10088;0446
afii10089;0447
afii10090;0448
afii10091;0449
afii10092;044A
afii10093;044B
afii10094;044C
afii10095;044D
afii10096;044E
afii10097;044F
afii10098;0491
afii10099;0452
afii10100;0453
afii10101;0454
afii10102;0455
afii10103;0456
afii10104;0457
afii10105;0458
afii10106;0459
afii10107;045A
afii10108;045B
afii10109;045C
afii10110;045E
afii10145;040F
afii10146;0462
afii10147;0472
afii10148;0474
afii10192;F6C6
afii10193;045F
afii10194;0463
afii10195;0473
afii10196;0475
afii10831;F6C7
afii10832;F6C8
afii10846;04D9
afii299;200E
afii300;200F
afii301;200D
afii57381;066A
afii57388;060C
afii57392;0660
afii57393;0661
afii57394;0662
afii57395;0663
afii57396;0664
afii57397;0665
afii57398;0666
afii57399;0667
afii57400;0668
afii57401;0669
afii57403;061B
afii57407;061F
afii57409;0621
afii57410;0622
afii57411;0623
afii57412;0624
afii57413;0625
afii57414;0626
afii57415;0627
afii57416;0628
afii57417;0629
afii57418;062A
afii57419;062B
afii57420;062C
afii57421;062D
afii57422;062E
afii57423;062F
afii57424;0630
afii57425;0631
afii57426;0632
afii57427;0633
afii57428;0634
afii57429;0635
afii57430;0636
afii57431;0637
afii57432;0638
afii57433;0639
afii57434;063A
afii57440;0640
afii57441;0641
afii57442;0642
afii57443;0643
afii57444;0644
afii57445;0645
afii57446;0646
afii57448;0648
afii57449;0649
afii57450;064A
afii57451;064B
afii57452;064C
afii57453;064D
afii57454;064E
afii57455;064F
afii57456;0650
afii57457;0651
afii57458;0652
afii57470;0647
afii57505;06A4
afii57506;067E
afii57507;0686
afii57508;0698
afii57509;06AF
afii57511;0679
afii57512;0688
afii57513;0691
afii57514;06BA
afii57519;06D2
afii57534;06D5
afii57636;20AA
afii57645;05BE
afii57658;05C3
afii57664;05D0
afii57665;05D1
afii57666;05D2
afii57667;05D3
afii57668;05D4
afii57669;05D5
afii57670;05D6
afii57671;05D7
afii57672;05D8
afii57673;05D9
afii57674;05DA
afii57675;05DB
afii57676;05DC
afii57677;05DD
afii57678;05DE
afii57679;05DF
afii57680;05E0
afii57681;05E1
afii57682;05E2
afii57683;05E3
afii57684;05E4
afii57685;05E5
afii57686;05E6
afii57687;05E7
afii57688;05E8
afii57689;05E9
afii57690;05EA
afii57694;FB2A
afii57695;FB2B
afii57700;FB4B
afii57705;FB1F
afii57716;05F0
afii57717;05F1
afii57718;05F2
afii57723;FB35
afii57793;05B4
afii57794;05B5
afii57795;05B6
afii57796;05BB
afii57797;05B8
afii57798;05B7
afii57799;05B0
afii57800;05B2
afii57801;05B1
afii57802;05B3
afii57803;05C2
afii57804;05C1
afii57806;05B9
afii57807;05BC
afii57839;05BD
afii57841;05BF
afii57842;05C0
afii57929;02BC
afii61248;2105
afii61289;2113
afii61352;2116
afii61573;202C
afii61574;202D
afii61575;202E
afii61664;200C
afii63167;066D
afii64937;02BD
agrave;00E0
agujarati;0A85
agurmukhi;0A05
ahiragana;3042
ahookabove;1EA3
aibengali;0990
aibopomofo;311E
aideva;0910
aiecyrillic;04D5
aigujarati;0A90
aigurmukhi;0A10
aimatragurmukhi;0A48
ainarabic;0639
ainfinalarabic;FECA
aininitialarabic;FECB
ainmedialarabic;FECC
ainvertedbreve;0203
aivowelsignbengali;09C8
aivowelsigndeva;0948
aivowelsigngujarati;0AC8
akatakana;30A2
akatakanahalfwidth;FF71
akorean;314F
alef;05D0
alefarabic;0627
alefdageshhebrew;FB30
aleffinalarabic;FE8E
alefhamzaabovearabic;0623
alefhamzaabovefinalarabic;FE84
alefhamzabelowarabic;0625
alefhamzabelowfinalarabic;FE88
alefhebrew;05D0
aleflamedhebrew;FB4F
alefmaddaabovearabic;0622
alefmaddaabovefinalarabic;FE82
alefmaksuraarabic;0649
alefmaksurafinalarabic;FEF0
alefmaksurainitialarabic;FEF3
alefmaksuramedialarabic;FEF4
alefpatahhebrew;FB2E
alefqamatshebrew;FB2F
aleph;2135
allequal;224C
alpha;03B1
alphatonos;03AC
amacron;0101
amonospace;FF41
ampersand;0026
ampersandmonospace;FF06
ampersandsmall;F726
amsquare;33C2
anbopomofo;3122
angbopomofo;3124
angkhankhuthai;0E5A
angle;2220
anglebracketleft;3008
anglebracketleftvertical;FE3F
anglebracketright;3009
anglebracketrightvertical;FE40
angleleft;2329
angleright;232A
angstrom;212B
anoteleia;0387
anudattadeva;0952
anusvarabengali;0982
anusvaradeva;0902
anusvaragujarati;0A82
aogonek;0105
apaatosquare;3300
aparen;249C
apostrophearmenian;055A
apostrophemod;02BC
apple;F8FF
approaches;2250
approxequal;2248
approxequalorimage;2252
approximatelyequal;2245
araeaekorean;318E
araeakorean;318D
arc;2312
arighthalfring;1E9A
aring;00E5
aringacute;01FB
aringbelow;1E01
arrowboth;2194
arrowdashdown;21E3
arrowdashleft;21E0
arrowdashright;21E2
arrowdashup;21E1
arrowdblboth;21D4
arrowdbldown;21D3
arrowdblleft;21D0
arrowdblright;21D2
arrowdblup;21D1
arrowdown;2193
arrowdownleft;2199
arrowdownright;2198
arrowdownwhite;21E9
arrowheaddownmod;02C5
arrowheadleftmod;02C2
arrowheadrightmod;02C3
arrowheadupmod;02C4
arrowhorizex;F8E7
arrowleft;2190
arrowleftdbl;21D0
arrowleftdblstroke;21CD
arrowleftoverright;21C6
arrowleftwhite;21E6
arrowright;2192
arrowrightdblstroke;21CF
arrowrightheavy;279E
arrowrightoverleft;21C4
arrowrightwhite;21E8
arrowtableft;21E4
arrowtabright;21E5
arrowup;2191
arrowupdn;2195
arrowupdnbse;21A8
arrowupdownbase;21A8
arrowupleft;2196
arrowupleftofdown;21C5
arrowupright;2197
arrowupwhite;21E7
arrowvertex;F8E6
asciicircum;005E
asciicircummonospace;FF3E
asciitilde;007E
asciitildemonospace;FF5E
ascript;0251
ascriptturned;0252
asmallhiragana;3041
asmallkatakana;30A1
asmallkatakanahalfwidth;FF67
asterisk;002A
asteriskaltonearabic;066D
asteriskarabic;066D
asteriskmath;2217
asteriskmonospace;FF0A
asterisksmall;FE61
asterism;2042
asuperior;F6E9
asymptoticallyequal;2243
at;0040
atilde;00E3
atmonospace;FF20
atsmall;FE6B
aturned;0250
aubengali;0994
aubopomofo;3120
audeva;0914
augujarati;0A94
augurmukhi;0A14
aulengthmarkbengali;09D7
aumatragurmukhi;0A4C
auvowelsignbengali;09CC
auvowelsigndeva;094C
auvowelsigngujarati;0ACC
avagrahadeva;093D
aybarmenian;0561
ayin;05E2
ayinaltonehebrew;FB20
ayinhebrew;05E2
b;0062
babengali;09AC
backslash;005C
backslashmonospace;FF3C
badeva;092C
bagujarati;0AAC
bagurmukhi;0A2C
bahiragana;3070
bahtthai;0E3F
bakatakana;30D0
bar;007C
barmonospace;FF5C
bbopomofo;3105
bcircle;24D1
bdotaccent;1E03
bdotbelow;1E05
beamedsixteenthnotes;266C
because;2235
becyrillic;0431
beharabic;0628
behfinalarabic;FE90
behinitialarabic;FE91
behiragana;3079
behmedialarabic;FE92
behmeeminitialarabic;FC9F
behmeemisolatedarabic;FC08
behnoonfinalarabic;FC6D
bekatakana;30D9
benarmenian;0562
bet;05D1
beta;03B2
betasymbolgreek;03D0
betdagesh;FB31
betdageshhebrew;FB31
bethebrew;05D1
betrafehebrew;FB4C
bhabengali;09AD
bhadeva;092D
bhagujarati;0AAD
bhagurmukhi;0A2D
bhook;0253
bihiragana;3073
bikatakana;30D3
bilabialclick;0298
bindigurmukhi;0A02
birusquare;3331
blackcircle;25CF
blackdiamond;25C6
blackdownpointingtriangle;25BC
blackleftpointingpointer;25C4
blackleftpointingtriangle;25C0
blacklenticularbracketleft;3010
blacklenticularbracketleftvertical;FE3B
blacklenticularbracketright;3011
blacklenticularbracketrightvertical;FE3C
blacklowerlefttriangle;25E3
blacklowerrighttriangle;25E2
blackrectangle;25AC
blackrightpointingpointer;25BA
blackrightpointingtriangle;25B6
blacksmallsquare;25AA
blacksmilingface;263B
blacksquare;25A0
blackstar;2605
blackupperlefttriangle;25E4
blackupperrighttriangle;25E5
blackuppointingsmalltriangle;25B4
blackuppointingtriangle;25B2
blank;2423
blinebelow;1E07
block;2588
bmonospace;FF42
bobaimaithai;0E1A
bohiragana;307C
bokatakana;30DC
bparen;249D
bqsquare;33C3
braceex;F8F4
braceleft;007B
braceleftbt;F8F3
braceleftmid;F8F2
braceleftmonospace;FF5B
braceleftsmall;FE5B
bracelefttp;F8F1
braceleftvertical;FE37
braceright;007D
bracerightbt;F8FE
bracerightmid;F8FD
bracerightmonospace;FF5D
bracerightsmall;FE5C
bracerighttp;F8FC
bracerightvertical;FE38
bracketleft;005B
bracketleftbt;F8F0
bracketleftex;F8EF
bracketleftmonospace;FF3B
bracketlefttp;F8EE
bracketright;005D
bracketrightbt;F8FB
bracketrightex;F8FA
bracketrightmonospace;FF3D
bracketrighttp;F8F9
breve;02D8
brevebelowcmb;032E
brevecmb;0306
breveinvertedbelowcmb;032F
breveinvertedcmb;0311
breveinverteddoublecmb;0361
bridgebelowcmb;032A
bridgeinvertedbelowcmb;033A
brokenbar;00A6
bstroke;0180
bsuperior;F6EA
btopbar;0183
buhiragana;3076
bukatakana;30D6
bullet;2022
bulletinverse;25D8
bulletoperator;2219
bullseye;25CE
c;0063
caarmenian;056E
cabengali;099A
cacute;0107
cadeva;091A
cagujarati;0A9A
cagurmukhi;0A1A
calsquare;3388
candrabindubengali;0981
candrabinducmb;0310
candrabindudeva;0901
candrabindugujarati;0A81
capslock;21EA
careof;2105
caron;02C7
caronbelowcmb;032C
caroncmb;030C
carriagereturn;21B5
cbopomofo;3118
ccaron;010D
ccedilla;00E7
ccedillaacute;1E09
ccircle;24D2
ccircumflex;0109
ccurl;0255
cdot;010B
cdotaccent;010B
cdsquare;33C5
cedilla;00B8
cedillacmb;0327
cent;00A2
centigrade;2103
centinferior;F6DF
centmonospace;FFE0
centoldstyle;F7A2
centsuperior;F6E0
chaarmenian;0579
chabengali;099B
chadeva;091B
chagujarati;0A9B
chagurmukhi;0A1B
chbopomofo;3114
cheabkhasiancyrillic;04BD
checkmark;2713
checyrillic;0447
chedescenderabkhasiancyrillic;04BF
chedescendercyrillic;04B7
chedieresiscyrillic;04F5
cheharmenian;0573
chekhakassiancyrillic;04CC
cheverticalstrokecyrillic;04B9
chi;03C7
chieuchacirclekorean;3277
chieuchaparenkorean;3217
chieuchcirclekorean;3269
chieuchkorean;314A
chieuchparenkorean;3209
chochangthai;0E0A
chochanthai;0E08
chochingthai;0E09
chochoethai;0E0C
chook;0188
cieucacirclekorean;3276
cieucaparenkorean;3216
cieuccirclekorean;3268
cieuckorean;3148
cieucparenkorean;3208
cieucuparenkorean;321C
circle;25CB
circlemultiply;2297
circleot;2299
circleplus;2295
circlepostalmark;3036
circlewithlefthalfblack;25D0
circlewithrighthalfblack;25D1
circumflex;02C6
circumflexbelowcmb;032D
circumflexcmb;0302
clear;2327
clickalveolar;01C2
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jagurmukhi;0A1C
jbopomofo;3110
jcaron;01F0
jcircle;24D9
jcircumflex;0135
jcrossedtail;029D
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kasraarabic;0650
kasratanarabic;064D
kastrokecyrillic;049F
katahiraprolongmarkhalfwidth;FF70
kaverticalstrokecyrillic;049D
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kekatakana;30B1
kekatakanahalfwidth;FF79
kenarmenian;056F
kesmallkatakana;30F6
kgreenlandic;0138
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ograve;00F2
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ohiragana;304A
ohookabove;1ECF
ohorn;01A1
ohornacute;1EDB
ohorndotbelow;1EE3
ohorngrave;1EDD
ohornhookabove;1EDF
ohorntilde;1EE1
ohungarumlaut;0151
oi;01A3
oinvertedbreve;020F
okatakana;30AA
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omegatitlocyrillic;047D
omegatonos;03CE
omgujarati;0AD0
omicron;03BF
omicrontonos;03CC
omonospace;FF4F
one;0031
onearabic;0661
onebengali;09E7
onecircle;2460
onecircleinversesansserif;278A
onedeva;0967
onedotenleader;2024
oneeighth;215B
onefitted;F6DC
onegujarati;0AE7
onegurmukhi;0A67
onehackarabic;0661
onehalf;00BD
onehangzhou;3021
oneideographicparen;3220
oneinferior;2081
onemonospace;FF11
onenumeratorbengali;09F4
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whitelenticularbracketleft;3016
whitelenticularbracketright;3017
whiterightpointingsmalltriangle;25B9
whiterightpointingtriangle;25B7
whitesmallsquare;25AB
whitesmilingface;263A
whitesquare;25A1
whitestar;2606
whitetelephone;260F
whitetortoiseshellbracketleft;3018
whitetortoiseshellbracketright;3019
whiteuppointingsmalltriangle;25B5
whiteuppointingtriangle;25B3
wihiragana;3090
wikatakana;30F0
wikorean;315F
wmonospace;FF57
wohiragana;3092
wokatakana;30F2
wokatakanahalfwidth;FF66
won;20A9
wonmonospace;FFE6
wowaenthai;0E27
wparen;24B2
wring;1E98
wsuperior;02B7
wturned;028D
wynn;01BF
x;0078
xabovecmb;033D
xbopomofo;3112
xcircle;24E7
xdieresis;1E8D
xdotaccent;1E8B
xeharmenian;056D
xi;03BE
xmonospace;FF58
xparen;24B3
xsuperior;02E3
y;0079
yaadosquare;334E
yabengali;09AF
yacute;00FD
yadeva;092F
yaekorean;3152
yagujarati;0AAF
yagurmukhi;0A2F
yahiragana;3084
yakatakana;30E4
yakatakanahalfwidth;FF94
yakorean;3151
yamakkanthai;0E4E
yasmallhiragana;3083
yasmallkatakana;30E3
yasmallkatakanahalfwidth;FF6C
yatcyrillic;0463
ycircle;24E8
ycircumflex;0177
ydieresis;00FF
ydotaccent;1E8F
ydotbelow;1EF5
yeharabic;064A
yehbarreearabic;06D2
yehbarreefinalarabic;FBAF
yehfinalarabic;FEF2
yehhamzaabovearabic;0626
yehhamzaabovefinalarabic;FE8A
yehhamzaaboveinitialarabic;FE8B
yehhamzaabovemedialarabic;FE8C
yehinitialarabic;FEF3
yehmedialarabic;FEF4
yehmeeminitialarabic;FCDD
yehmeemisolatedarabic;FC58
yehnoonfinalarabic;FC94
yehthreedotsbelowarabic;06D1
yekorean;3156
yen;00A5
yenmonospace;FFE5
yeokorean;3155
yeorinhieuhkorean;3186
yerahbenyomohebrew;05AA
yerahbenyomolefthebrew;05AA
yericyrillic;044B
yerudieresiscyrillic;04F9
yesieungkorean;3181
yesieungpansioskorean;3183
yesieungsioskorean;3182
yetivhebrew;059A
ygrave;1EF3
yhook;01B4
yhookabove;1EF7
yiarmenian;0575
yicyrillic;0457
yikorean;3162
yinyang;262F
yiwnarmenian;0582
ymonospace;FF59
yod;05D9
yoddagesh;FB39
yoddageshhebrew;FB39
yodhebrew;05D9
yodyodhebrew;05F2
yodyodpatahhebrew;FB1F
yohiragana;3088
yoikorean;3189
yokatakana;30E8
yokatakanahalfwidth;FF96
yokorean;315B
yosmallhiragana;3087
yosmallkatakana;30E7
yosmallkatakanahalfwidth;FF6E
yotgreek;03F3
yoyaekorean;3188
yoyakorean;3187
yoyakthai;0E22
yoyingthai;0E0D
yparen;24B4
ypogegrammeni;037A
ypogegrammenigreekcmb;0345
yr;01A6
yring;1E99
ysuperior;02B8
ytilde;1EF9
yturned;028E
yuhiragana;3086
yuikorean;318C
yukatakana;30E6
yukatakanahalfwidth;FF95
yukorean;3160
yusbigcyrillic;046B
yusbigiotifiedcyrillic;046D
yuslittlecyrillic;0467
yuslittleiotifiedcyrillic;0469
yusmallhiragana;3085
yusmallkatakana;30E5
yusmallkatakanahalfwidth;FF6D
yuyekorean;318B
yuyeokorean;318A
yyabengali;09DF
yyadeva;095F
z;007A
zaarmenian;0566
zacute;017A
zadeva;095B
zagurmukhi;0A5B
zaharabic;0638
zahfinalarabic;FEC6
zahinitialarabic;FEC7
zahiragana;3056
zahmedialarabic;FEC8
zainarabic;0632
zainfinalarabic;FEB0
zakatakana;30B6
zaqefgadolhebrew;0595
zaqefqatanhebrew;0594
zarqahebrew;0598
zayin;05D6
zayindagesh;FB36
zayindageshhebrew;FB36
zayinhebrew;05D6
zbopomofo;3117
zcaron;017E
zcircle;24E9
zcircumflex;1E91
zcurl;0291
zdot;017C
zdotaccent;017C
zdotbelow;1E93
zecyrillic;0437
zedescendercyrillic;0499
zedieresiscyrillic;04DF
zehiragana;305C
zekatakana;30BC
zero;0030
zeroarabic;0660
zerobengali;09E6
zerodeva;0966
zerogujarati;0AE6
zerogurmukhi;0A66
zerohackarabic;0660
zeroinferior;2080
zeromonospace;FF10
zerooldstyle;F730
zeropersian;06F0
zerosuperior;2070
zerothai;0E50
zerowidthjoiner;FEFF
zerowidthnonjoiner;200C
zerowidthspace;200B
zeta;03B6
zhbopomofo;3113
zhearmenian;056A
zhebrevecyrillic;04C2
zhecyrillic;0436
zhedescendercyrillic;0497
zhedieresiscyrillic;04DD
zihiragana;3058
zikatakana;30B8
zinorhebrew;05AE
zlinebelow;1E95
zmonospace;FF5A
zohiragana;305E
zokatakana;30BE
zparen;24B5
zretroflexhook;0290
zstroke;01B6
zuhiragana;305A
zukatakana;30BA
#--end"

let parse_glyphlist i =
  let parse_line l =
    let len = String.length l in
    if len = 0 then None else
    if l.[0] = '#' then None else
    (* Find semicolon. Bail or extract name *)
    let semipos =
      try Some (String.index l ';') with Not_found -> None
    in
      match semipos with
      | None -> None
      | Some semipos ->
          let name = String.sub l 0 semipos in
          (* Read codes, one or more, space-delimited, four chars each. *)
          let codes = ref []
          and pos = ref (semipos + 1) in
            try
              while true do
                codes := int_of_string ("0x" ^ String.sub l !pos 4)::!codes;
                pos += 5
              done;
              Some ("", [])
            with
              _ -> Some ("/" ^ name, rev !codes)
  in
    let out = ref [] in
    try
      while true do
        match parse_line (Pdfio.read_line i) with
        | None -> ()
        | Some (s, is) -> out := (s, is)::!out
      done;
      []
    with
      End_of_file -> rev !out

let glyphmap =
  memoize (fun () -> parse_glyphlist (Pdfio.input_of_string glyphlist_src))

(*let _ =
  iter
   (fun (k, v) ->
      Printf.printf "%s = " k;
      iter (Printf.printf "%X ") v;
      flprint "\n")
   glyphmap*)

let name_to_pdf =
  [
  (* New items from ISO Standard D.3... These appear in annotation text, even though it's a text string. *)
  (* FIXME: Should we add all the codepoints, even those called undefined, to allow failures to be tracked? *)
  "/controlCR", 0o015; "/controlLF", 0o012; "/controlHT", 0o013;
  (* Original items from 1.6 spec *)
  "/A", 0o101; "/AE", 0o306; "/Aacute", 0o301; "/Acircumflex", 0o302;
  "/Adieresis", 0o304; "/Agrave", 0o300; "/Aring", 0o305; "/Atilde", 0o303;
  "/B", 0o102; "/C", 0o103; "/Ccedilla", 0o307; "/D", 0o104; "/E", 0o105;
  "/Eacute", 0o311; "/Ecircumflex", 0o312; "/Edieresis", 0o313; "/Egrave",
  0o310; "/Eth", 0o320; "/Euro", 0o240; "/F", 0o106; "/G", 0o107; "/H", 0o110;
  "/I", 0o111; "/Iacute", 0o315; "/Icircumflex", 0o316; "/Idieresis", 0o317;
  "/Igrave", 0o314; "/J", 0o112; "/K", 0o113; "/L", 0o114; "/Lslash", 0o225;
  "/M", 0o115; "/N", 0o116; "/Ntilde", 0o321; "/O", 0o117; "/OE", 0o226;
  "/Oacute", 0o323; "/Ocircumflex", 0o324; "/Odieresis", 0o326; "/Ograve",
  0o322; "/Oslash", 0o330; "/Otilde", 0o325; "/P", 0o120; "/Q", 0o121; "/R",
  0o122; "/S", 0o123; "/Scaron", 0o227; "/T", 0o124; "/Thorn", 0o336; "/U",
  0o125; "/Uacute", 0o332; "/Ucircumflex", 0o333; "/Udieresis", 0o334;
  "/Ugrave", 0o331; "/V", 0o126; "/W", 0o127; "/X", 0o130; "/Y", 0o131;
  "/Yacute", 0o335; "/Ydieresis", 0o230; "/Z", 0o132; "/Zcaron", 0o231; "/a",
  0o141; "/aacute", 0o341; "/acircumflex", 0o342; "/acute", 0o264;
  "/adieresis", 0o344; "/ae", 0o346; "/agrave", 0o340; "/ampersand", 0o046;
  "/aring", 0o345; "/asciicircum", 0o136; "/asciitilde", 0o176; "/asterisk",
  0o052; "/at", 0o100; "/atilde", 0o343; "/b", 0o142; "/backslash", 0o134;
  "/bar", 0o174; "/braceleft", 0o173; "/braceright", 0o175; "/bracketleft",
  0o133; "/bracketright", 0o135; "/breve", 0o030; "/brokenbar", 0o246;
  "/bullet", 0o200; "/c", 0o143; "/caron", 0o031; "/ccedilla", 0o347;
  "/cedilla", 0o270; "/cent", 0o242; "/circumflex", 0o032; "/colon", 0o072;
  "/comma", 0o054; "/copyright", 0o251; "/currency", 0o244; "/d", 0o144;
  "/dagger", 0o201; "/daggerdbl", 0o202; "/degree", 0o260; "/dieresis", 0o250;
  "/divide", 0o367; "/dollar", 0o044; "/dotaccent", 0o033; "/dotlessi", 0o232;
  "/e", 0o145; "/eacute", 0o351; "/ecircumflex", 0o352; "/edieresis", 0o353;
  "/egrave", 0o350; "/eight", 0o070; "/ellipsis", 0o203; "/emdash", 0o204;
  "/endash", 0o205; "/equal", 0o075; "/eth", 0o360; "/exclam", 0o041;
  "/exclamdown", 0o241; "/f", 0o146; "/fi", 0o223; "/five", 0o065; "/fl",
  0o223; "/florin", 0o206; "/four", 0o064; "/fraction", 0o207; "/g", 0o147;
  "/germandbls", 0o337; "/grave", 0o140; "/greater", 0o076; "/guillemotleft",
  0o253; "/guillemotright", 0o273; "/guilsinglleft", 0o210; "/guilsinglright",
  0o211; "/h", 0o150; "/hungarumlaut", 0o034; "/hyphen", 0o055; "/i", 0o151;
  "/iacute", 0o355; "/icircumflex", 0o356; "/idieresis", 0o357; "/igrave",
  0o354; "/j", 0o152; "/k", 0o153; "/l", 0o154; "/less", 0o074; "/logicalnot",
  0o254; "/lslash", 0o233; "/m", 0o155; "/macron", 0o257; "/minus", 0o212;
  "/mu", 0o265; "/multiply", 0o327; "/n", 0o156; "/nine", 0o071; "/ntilde",
  0o361; "/numbersign", 0o043; "/o", 0o157; "/oacute", 0o363; "/ocircumflex",
  0o364; "/odieresis", 0o366; "/oe", 0o234; "/ogonek", 0o035; "/ograve", 0o362;
  "/one", 0o061; "/onehalf", 0o275; "/onequarter", 0o274; "/onesuperior",
  0o271; "/ordfeminine", 0o252; "/ordmasculine", 0o272; "/oslash", 0o370;
  "/otilde", 0o365; "/p", 0o160; "/paragraph", 0o266; "/parenleft", 0o050;
  "/parenright", 0o051; "/percent", 0o045; "/period", 0o056; "/periodcentered",
  0o267; "/perthousand", 0o213; "/plus", 0o053; "/plusminus", 0o261; "/q",
  0o161; "/question", 0o077; "/questiondown", 0o277; "/quotedbl", 0o042;
  "/quotedblbase", 0o214; "/quotedblleft", 0o215; "/quotedblright", 0o216;
  "/quoteleft", 0o217; "/quoteright", 0o220; "/quotesinglbase", 0o221;
  "/quotesingle", 0o047; "/r", 0o162; "/registered", 0o256; "/ring", 0o036;
  "/s", 0o163; "/scaron", 0o235; "/section", 0o247; "/semicolon", 0o073;
  "/seven", 0o067; "/six", 0o066; "/slash", 0o057; "/space", 0o040;
  "/sterling", 0o243; "/t", 0o164; "/thorn", 0o376; "/three", 0o063;
  "/threequarters", 0o276; "/threesuperior", 0o263; "/tilde", 0o037;
  "/trademark", 0o222; "/two", 0o062; "/twosuperior", 0o262; "/u", 0o165;
  "/uacute", 0o372; "/ucircumflex", 0o373; "/udieresis", 0o374; "/ugrave",
  0o371; "/underscore", 0o137; "/v", 0o166; "/w", 0o167; "/x", 0o170; "/y",
  0o171; "/yacute", 0o375; "/ydieresis", 0o377; "/yen", 0o245; "/z", 0o172;
  "/zcaron", 0o236; "/zero", 0o060]

(* Standard encoding *)
let name_to_standard =
  ["/A", 0o101; "/AE", 0o341; "/B", 0o102; "/C", 0o103; "/D", 0o104; "/E",
  0o105; "/F", 0o106; "/G", 0o107; "/H", 0o110; "/I", 0o111; "/J", 0o112; "/K",
  0o113; "/L", 0o114; "/Lslash", 0o350; "/M", 0o115; "/N", 0o116; "/O", 0o117;
  "/OE", 0o352; "/Oslash", 0o351; "/P", 0o120; "/Q", 0o121; "/R", 0o122; "/S",
  0o123; "/T", 0o124; "/U", 0o125; "/V", 0o126; "/W", 0o127; "/X", 0o130; "/Y",
  0o131; "/Z", 0o132; "/a", 0o141; "/acute", 0o302; "/ae", 0o361; "/ampersand",
  0o046; "/asciicircum", 0o136; "/asciitilde", 0o176; "/asterisk", 0o052; "/at",
  0o100; "/b", 0o142; "/backslash", 0o134; "/bar", 0o174; "/braceleft", 0o173;
  "/braceright", 0o175; "/bracketleft", 0o133; "/bracketright", 0o135; "/breve",
  0o306; "/bullet", 0o267; "/c", 0o143; "/caron", 0o317; "/cedilla", 0o313;
  "/cent", 0o242; "/circumflex", 0o303; "/colon", 0o072; "/comma", 0o054;
  "/currency", 0o250; "/d", 0o144; "/dagger", 0o262; "/daggerdbl", 0o263;
  "/dieresis", 0o310; "/dollar", 0o044; "/dotaccent", 0o307; "/dottlessi",
  0o365; "/e", 0o145; "/eight", 0o070; "/ellipsis", 0o274; "/emdash", 0o320;
  "/endash", 0o261; "/equal", 0o075; "/exclam", 0o041; "/exclamdown", 0o241;
  "/f", 0o146; "/fi", 0o256; "/five", 0o065; "/fl", 0o257; "/florin", 0o246;
  "/four", 0o064; "/fraction", 0o244; "/g", 0o147; "/germandbls", 0o373;
  "/grave", 0o301; "/greater", 0o076; "/guillemotleft", 0o253;
  "/guillemotright", 0o273; "/guilsinglleft", 0o254; "/guilsinglright", 0o255;
  "/h", 0o150; "/hungarumlaut", 0o315; "/hyphen", 0o055; "/i", 0o151; "/j",
  0o152; "/k", 0o153; "/l", 0o154; "/less", 0o074; "/lslash", 0o370; "/m",
  0o155; "/macron", 0o305; "/n", 0o156; "/nine", 0o071; "/numbersign", 0o043;
  "/o", 0o157; "/oe", 0o372; "/ogonek", 0o316; "/one", 0o061; "/ordfeminine",
  0o343; "/ordmasculine", 0o353; "/oslash", 0o361; "/p", 0o160; "/paragraph",
  0o266; "/parenleft", 0o050; "/parenright", 0o051; "/percent", 0o045;
  "/period", 0o056; "/periodcentered", 0o264; "/perthousand", 0o275; "/plus",
  0o053; "/q", 0o161; "/question", 0o077; "/questiondown", 0o277; "/quotedbl",
  0o042; "/quotedblbase", 0o271; "/quotedblleft", 0o252; "/quotedblright",
  0o272; "/quoteleft", 0o140; "/quoteright", 0o047; "/quotesinglbase", 0o270;
  "/quotesingle", 0o251; "/r", 0o162; "/ring", 0o312; "/s", 0o163; "/section",
  0o247; "/semicolon", 0o073; "/seven", 0o067; "/six", 0o066; "/slash", 0o057;
  "/space", 0o040; "/sterling", 0o243; "/t", 0o164; "/three", 0o063; "/tilde",
  0o304; "/two", 0o062; "/u", 0o165; "/underscore", 0o137; "/v", 0o166; "/w",
  0o167; "/x", 0o170; "/y", 0o171; "/yen", 0o245; "/z", 0o172; "/zero", 0o060]
 
(* Mac Roman Encoding *)
let name_to_macroman =
  ["/A", 0o101; "/AE", 0o256; "/Aacute", 0o347; "/Acircumflex", 0o345;
  "/Adieresis", 0o200; "/Agrave", 0o313; "/Aring", 0o201; "/Atilde", 0o314;
  "/B", 0o102; "/C", 0o103; "/Ccedilla", 0o202; "/D", 0o104; "/E", 0o105;
  "/Eacute", 0o203; "/Ecircumflex", 0o346; "/Edieresis", 0o350; "/Egrave",
  0o351; "/F", 0o106; "/G", 0o107; "/H", 0o110; "/I", 0o111; "/Iacute", 0o352;
  "/Icircumflex", 0o353; "/Idieresis", 0o354; "/Igrave", 0o355; "/J", 0o112;
  "/K", 0o113; "/L", 0o114; "/M", 0o115; "/N", 0o116; "/Ntilde", 0o204; "/O",
  0o117; "/OE", 0o316; "/Oacute", 0o356; "/Ocircumflex", 0o357; "/Odieresis",
  0o205; "/Ograve", 0o361; "/Oslash", 0o257; "/Otilde", 0o315; "/P", 0o120;
  "/Q", 0o121; "/R", 0o122; "/S", 0o123; "/T", 0o124; "/U", 0o125; "/Uacute",
  0o362; "/Ucircumflex", 0o363; "/Udieresis", 0o206; "/Ugrave", 0o364; "/V",
  0o126; "/W", 0o127; "/X", 0o130; "/Y", 0o131; "/Ydieresis", 0o331; "/Z",
  0o132; "/a", 0o141; "/aacute", 0o207; "/acircumflex", 0o211; "/acute", 0o253;
  "/adieresis", 0o212; "/ae", 0o276; "/agrave", 0o210; "/ampersand", 0o046;
  "/aring", 0o214; "/asciicircum", 0o136; "/asciitilde", 0o176; "/asterisk",
  0o052; "/at", 0o100; "/atilde", 0o213; "/b", 0o142; "/backslash", 0o134;
  "/bar", 0o174; "/braceleft", 0o173; "/braceright", 0o175; "/bracketleft",
  0o133; "/bracketright", 0o135; "/breve", 0o371; "/bullet", 0o245; "/c", 0o143;
  "/caron", 0o377; "/ccedilla", 0o215; "/cedilla", 0o374; "/cent", 0o242;
  "/circumflex", 0o366; "/colon", 0o072; "/comma", 0o054; "/copyright", 0o251;
  "/currency", 0o333; "/d", 0o144; "/dagger", 0o240; "/daggerdbl", 0o340;
  "/degree", 0o241; "/dieresis", 0o254; "/divide", 0o326; "/dollar", 0o044;
  "/dotaccent", 0o372; "/dotlessi", 0o365; "/e", 0o145; "/eacute", 0o216;
  "/ecircumflex", 0o220; "/edieresis", 0o221; "/egrave", 0o217; "/eight", 0o070;
  "/ellipsis", 0o311; "/emdash", 0o321; "/endash", 0o320; "/equal", 0o075;
  "/exclam", 0o041; "/exclamdown", 0o301; "/f", 0o146; "/fi", 0o336; "/five",
  0o065; "/fl", 0o337; "/florin", 0o304; "/four", 0o064; "/fraction", 0o332;
  "/g", 0o147; "/germandbls", 0o247; "/grave", 0o140; "/greater", 0o076;
  "/guillemotleft", 0o307; "/guillemotright", 0o310; "/guilsinglleft", 0o334;
  "/guilsinglright", 0o335; "/h", 0o150; "/hungrumlaut", 0o375; "/hyphen",
  0o055; "/i", 0o151; "/iacute", 0o222; "/icircumflex", 0o224; "/idieresis",
  0o225; "/igrave", 0o223; "/j", 0o152; "/k", 0o153; "/l", 0o154; "/less",
  0o074; "/logicalnot", 0o302; "/m", 0o155; "/macron", 0o370; "/mu", 0o265;
  "/n", 0o156; "/nine", 0o071; "/ntilde", 0o226; "/numbersign", 0o043; "/o",
  0o157; "/oacute", 0o227; "/ocircumflex", 0o231; "/odieresis", 0o232; "/oe",
  0o317; "/ogonek", 0o376; "/one", 0o061; "/ordfeminine", 0o273;
  "/ordmasculine", 0o274; "/oslash", 0o277; "/otilde", 0o233; "/p", 0o160;
  "/paragraph", 0o246; "/parenleft", 0o050; "/parenright", 0o051; "/percent",
  0o045; "/period", 0o056; "/periodcentered", 0o341; "/perthousand", 0o344;
  "/plus", 0o053; "/plusminus", 0o261; "/q", 0o161; "/question", 0o077;
  "/questiondown", 0o300; "/quotedbl", 0o042; "/quotedblbase", 0o343;
  "/quotedblleft", 0o322; "/quotedblright", 0o323; "/quoteleft", 0o324;
  "/quoteright", 0o325; "/quotesinglbase", 0o342; "/quotesingle", 0o047; "/r",
  0o162; "/registered", 0o250; "/ring", 0o373; "/s", 0o163; "/section", 0o244;
  "/semicolon", 0o073; "/seven", 0o067; "/six", 0o066; "/slash", 0o057;
  "/space", 0o040; "/sterling", 0o243; "/t", 0o164; "/three", 0o063; "/tilde",
  0o367; "/trademark", 0o252; "/two", 0o062; "/u", 0o165; "/uacute", 0o234;
  "/ucircumflex", 0o236; "/udieresis", 0o237; "/ugrave", 0o235; "/underscore",
  0o137; "/v", 0o166; "/w", 0o167; "/x", 0o170; "/y", 0o171; "/ydieresis",
  0o330; "/yen", 0o264; "/z", 0o172; "/zero", 0o060; (*"/space", 0o312*)] (*FIXME: see below*)

(* Win Ansi Encoding *)
let name_to_win =
  ["/A", 0o101; "/AE", 0o306; "/Aacute", 0o301; "/Acircumflex", 0o302;
  "/Adieresis", 0o304; "/Agrave", 0o300; "/Aring", 0o305; "/Atilde", 0o303;
  "/B", 0o102; "/C", 0o103; "/Ccedilla", 0o307; "/D", 0o104; "/E", 0o105;
  "/Eacute", 0o311; "/Ecircumflex", 0o312; "/Edieresis", 0o313; "/Egrave",
  0o310; "/Eth", 0o320; "/Euro", 0o200; "/F", 0o106; "/G", 0o107; "/H", 0o110;
  "/I", 0o111; "/Iacute", 0o315; "/Icircumflex", 0o316; "/Idieresis", 0o317;
  "/Igrave", 0o314; "/J", 0o112; "/K", 0o113; "/L", 0o114; "/M", 0o115; "/N",
  0o116; "/Ntilde", 0o321; "/O", 0o117; "/OE", 0o214; "/Oacute", 0o323;
  "/Ocircumflex", 0o324; "/Odieresis", 0o326; "/Ograve", 0o322; "/Oslash",
  0o330; "/Otilde", 0o325; "/P", 0o120; "/Q", 0o121; "/R", 0o122; "/S", 0o123;
  "/Scaron", 0o212; "/T", 0o124; "/Thorn", 0o336; "/U", 0o125; "/Uacute", 0o332;
  "/Ucircumflex", 0o333; "/Udieresis", 0o334; "/Ugrave", 0o331; "/V", 0o126;
  "/W", 0o127; "/X", 0o130; "/Y", 0o131; "/Yacute", 0o335; "/Ydieresis", 0o237;
  "/Z", 0o132; "/Zcaron", 0o216; "/a", 0o141; "/aacute", 0o341; "/acircumflex",
  0o342; "/acute", 0o264; "/adieresis", 0o344; "/ae", 0o346; "/agrave", 0o340;
  "/ampersand", 0o046; "/aring", 0o345; "/asciicircum", 0o136; "/asciitilde",
  0o176; "/asterisk", 0o052; "/at", 0o100; "/atilde", 0o343; "/b", 0o142;
  "/backslash", 0o134; "/bar", 0o174; "/braceleft", 0o173; "/braceright", 0o175;
  "/bracketleft", 0o133; "/bracketright", 0o135; "/brokenbar", 0o246; "/bullet",
  0o225; "/c", 0o143; "/ccedilla", 0o347; "/cedilla", 0o270; "/cent", 0o242;
  "/circumflex", 0o210; "/colon", 0o072; "/comma", 0o054; "/copyright", 0o251;
  "/currency", 0o244; "/d", 0o144; "/dagger", 0o206; "/daggerdbl", 0o207;
  "/degree", 0o260; "/dieresis", 0o250; "/divide", 0o367; "/dollar",0o044; "/e",
  0o145; "/eacute", 0o351; "/ecircumflex", 0o352; "/edieresis", 0o353;
  "/egrave", 0o350; "/eight", 0o070; "/ellipsis", 0o205; "/emdash", 0o227;
  "/endash", 0o226; "/equal", 0o075; "/eth", 0o360; "/exclam", 0o041;
  "/exclamdown", 0o241; "/f", 0o146; "/five", 0o065; "/florin", 0o203; "/four",
  0o064; "/g", 0o147; "/germandbls", 0o337; "/grave", 0o140; "/greater", 0o076;
  "/guillemotleft", 0o253; "/guillemotright", 0o273; "/guilsinglleft", 0o213;
  "/guilsinglright", 0o233; "/h", 0o150; "/hyphen", 0o055; "/i", 0o151;
  "/iacute", 0o355; "/icircumflex", 0o356; "/idieresis", 0o357; "/igrave",
  0o354; "/j", 0o152; "/k", 0o153; "/l", 0o154; "/less", 0o074; "/logicalnot",
  0o254; "/m", 0o155; "/macron", 0o257; "/mu", 0o265; "/multiply", 0o327; "/n",
  0o156; "/nine", 0o071; "/ntilde", 0o361; "/numbersign", 0o043; "/o", 0o157;
  "/oacute", 0o363; "/ocircumflex", 0o364; "/odieresis", 0o366; "/oe", 0o234;
  "/ograve", 0o362; "/one", 0o061; "/onehalf", 0o275; "/onequarter", 0o274;
  "/onesuperior", 0o271; "/ordfeminine", 0o252; "/ordmasculine", 0o272;
  "/oslash", 0o370; "/otilde", 0o365; "/p", 0o160; "/paragraph", 0o266;
  "/parenleft", 0o050; "/parenright", 0o051; "/percent", 0o045; "/period",
  0o056; "/periodcentered", 0o267; "/perthousand", 0o211; "/plus", 0o053;
  "/plusminus", 0o261; "/q", 0o161; "/question", 0o077; "/questiondown", 0o277;
  "/quotedbl", 0o042; "/quotedblbase", 0o204; "/quotedblleft", 0o223;
  "/quotedblright", 0o224; "/quoteleft", 0o221; "/quoteright", 0o222;
  "/quotesinglbase", 0o202; "/quotesingle", 0o047; "/r", 0o162; "/registered",
  0o256; "/s", 0o163; "/scaron", 0o232; "/section", 0o247; "/semicolon", 0o073;
  "/seven", 0o067; "/six", 0o066; "/slash", 0o057; "/space", 0o040; "/sterling",
  0o243; "/t", 0o164; "/thorn", 0o376; "/three", 0o063; "/threequarters", 0o276;
  "/threesuperior", 0o263; "/tilde", 0o230; "/trademark", 0o231; "/two", 0o062;
  "/twosuperior", 0o262; "/u", 0o165; "/uacute", 0o372; "/ucircumflex", 0o373;
  "/udieresis", 0o374; "/ugrave", 0o371; "/underscore", 0o137; "/v", 0o166;
  "/w", 0o167; "/x", 0o170; "/y", 0o171; "/yacute", 0o375; "/ydieresis", 0o377;
  "/yen", 0o245; "/z", 0o172; "/zcaron", 0o236; "/zero", 0o060;(* "/space", 0o240;
  "/hyphen", 0o255*)] (*FIXME: need these rules back in, but only in the reverse.. To make 1-to-1?*)

(* Mac Expert Encoding *)
let name_to_macexpert =
  ["/AEsmall", 0o276; "/Aacutesmall", 0o207; "/Acircumflexsmall", 0o211;
  "/Acutesmall", 0o047; "/Adieresissmall", 0o212; "/Agravesmall", 0o210;
  "/Aringsmall", 0o214; "/Asmall", 0o141; "/Atildesmall", 0o213; "/Brevesmall",
  0o363; "/Bsmall", 0o142; "/Caronsmall", 0o256; "/Ccedillasmall", 0o215;
  "/Cedillasmall", 0o311; "/Circumflexsmall", 0o136; "/Csmall", 0o143;
  "/Dieresissmall", 0o254; "/Dotaccentsmall", 0o372; "/Dsmall", 0o144;
  "/Eacutesmall", 0o216; "/Ecircumflexsmall", 0o220; "/Edieresissmall", 0o221;
  "/Egravesmall", 0o217; "/Esmall", 0o145; "/Ethsmall", 0o104; "/Fsmall", 0o146;
  "/Gravesmall", 0o140; "/Gsmall", 0o147; "/Hsmall", 0o150;
  "/Hungarumlautsmall", 0o042; "/Iacutesmall", 0o222; "/Icircumflexsmall",
  0o224; "/Idieresissmall", 0o225; "/Igravesmall", 0o223; "/Ismall", 0o151;
  "/Jsmall", 0o152; "/Ksmall", 0o153; "/Lslashsmall", 0o302; "/Lsmall", 0o154;
  "/Macronsmall", 0o364; "/Msmall", 0o155; "/Nsmall", 0o156; "/Ntildesmall",
  0o226; "/OEsmall", 0o317; "/Oacutesmall", 0o227; "/Ocircumflexsmall", 0o231;
  "/Odieresissmall", 0o232; "/Ogoneksmall", 0o362; "/Ogravesmall", 0o230;
  "/Oslashsmall", 0o277; "/Osmall", 0o157; "/Otildesmall", 0o233; "/Psmall",
  0o160; "/Qsmall", 0o161; "/Ringsmall", 0o373; "/Rsmall", 0o162;
  "/Scaronsmall", 0o247; "/Ssmall", 0o163; "/Thornsmall", 0o271; "/Tildesmall",
  0o176; "/Tsmall", 0o164; "/Uacutesmall", 0o234; "/Ucircumflexsmall", 0o236;
  "/Udieresissmall", 0o237; "/Ugravesmall", 0o235; "/Usmall", 0o165; "/Vsmall",
  0o166; "/Wsmall", 0o167; "/Xsmall", 0o170; "/Yacutesmall", 0o264;
  "/Ydieresissmall", 0o330; "/Ysmall", 0o171; "/Zcaronsmall", 0o275; "/Zsmall",
  0o172; "/ampersandsmall", 0o046; "/asuperior", 0o201; "/bsuperior", 0o365;
  "/centinferior", 0o251; "/centoldstyle", 0o043; "/centsuperior", 0o202;
  "/colon", 0o072; "/colonmonetary", 0o173; "/comma", 0o054; "/commainferior",
  0o262; "/commasuperior", 0o370; "/dollarinferior", 0o266; "/dollaroldstyle",
  0o044; "/dsuperior", 0o353; "/eightinferior", 0o245; "/eightoldstyle", 0o070;
  "/eightsuperior", 0o241; "/esuperior", 0o344; "/exclamdownsmall", 0o326;
  "/exclamsmall", 0o041; "/ff", 0o126; "/ffi", 0o131; "/ffl", 0o132; "/fi",
  0o127; "/figuredash", 0o320; "/fiveeighths", 0o114; "/fiveinferior", 0o260;
  "/fiveoldstyle", 0o065; "/fivesuperior", 0o336; "/fl", 0o130; "/fourinferior",
  0o242; "/fouroldstyle", 0o064; "/foursuperior", 0o335; "/fraction", 0o057;
  "/hyphen", 0o055; "/hypheninferior", 0o137; "/hyphensuperior", 0o137;
  "/isuperior", 0o351; "/lsuperior", 0o361; "/msuperior", 0o367;
  "/nineinferior", 0o273; "/nineoldstyle", 0o071; "/ninesuperior", 0o341;
  "/nsuperior", 0o366; "/onedotenleader", 0o053; "/oneeighth", 0o112;
  "/onefitted", 0o174; "/onehalf", 0o110; "/oneinferior", 0o301; "/oneoldstyle",
  0o061; "/onequarter", 0o107; "/onesuperior", 0o332; "/onethird", 0o116;
  "/osuperior", 0o257; "/parenleftinferior", 0o133; "/parenleftsuperior", 0o050;
  "/parenrightinferior", 0o135; "/parenrightsuperior", 0o051; "/period", 0o056;
  "/periodinferior", 0o263; "/periodsuperior", 0o371; "/questiondownsmall",
  0o300; "/questionsmall", 0o077; "/rsuperior", 0o345; "/rupiah", 0o175;
  "/semicolon", 0o073; "/seveneighths", 0o115; "/seveninferior", 0o246;
  "/sevenoldstyle", 0o067; "/sevensuperior", 0o340; "/sixinferior", 0o244;
  "/sixoldstyle", 0o066; "/sixsuperior", 0o337; "/space", 0o040; "/ssuperior",
  0o352; "/threeeighths", 0o113; "/threeinferior", 0o243; "/threeoldstyle",
  0o063; "/threequarters", 0o111; "/threequartersemdash", 0o075;
  "/threesuperior", 0o334; "/tsuperior", 0o346; "/twodotenleader", 0o052;
  "/twoinferior", 0o252; "/twooldstyle", 0o062; "/twosuperior", 0o333;
  "/twothirds", 0o117; "/zeroinferior", 0o274; "/zerooldstyle", 0o060;
  "/zerosuperior", 0o342]

(* Symbol Encoding *)
let name_to_symbol =
  ["/Alpha", 0o101; "/Beta", 0o102; "/Chi", 0o103; "/Delta", 0o104; "/Epsilon",
  0o105; "/Eta", 0o110; "/Euro", 0o240; "/Gamma", 0o107; "/Ifraktur", 0o301;
  "/Iota", 0o111; "/Kappa", 0o113; "/Lambda", 0o114; "/Mu", 0o115; "/Nu", 0o116;
  "/Omega", 0o127; "/Omicron", 0o117; "/Phi", 0o106; "/Pi", 0o120; "/Psi",
  0o131; "/Rfraktur", 0o302; "/Rho", 0o122; "/Sigma", 0o123; "/Tau", 0o124;
  "/Theta", 0o121; "/Upsilon", 0o125; "/Upsilon1", 0o241; "/Xi", 0o130; "/Zeta",
  0o132; "/aleph", 0o300; "/alpha", 0o141; "/ampersand", 0o046; "/angle", 0o320;
  "/angleleft", 0o341; "/angleright", 0o361; "/approxequal", 0o273;
  "/arrowboth", 0o253; "/arrowdblboth", 0o333; "/arrowdbldown", 0o337;
  "/arrowdblleft", 0o334; "/arrowdblright", 0o336; "/arrowhorizex", 0o276;
  "/arrowleft", 0o254; "/arrowright", 0o256; "/arrowup", 0o255; "/arrowvertex",
  0o275; "/asteriskmath", 0o052; "/bar", 0o174; "/beta", 0o142; "/braceleft",
  0o173; "/braceright", 0o175; "/bracelefttp", 0o354; "/braceleftmid", 0o355;
  "/braceleftbt", 0o376; "/bracerighttp", 0o374; "/bracerightmid", 0o375;
  "/bracerightbt", 0o376; "/braceex", 0o357; "/bracketleft", 0o133;
  "/bracketright", 0o135; "/bracketlefttp", 0o351; "/bracketleftex", 0o352;
  "/bracketleftbt", 0o353; "/bracketrighttp", 0o371; "/brackerrightex", 0o372;
  "/bracketrightbt", 0o373; "/bullet", 0o267; "/carriagereturn", 0o277; "/chi",
  0o143; "/circlemultiply", 0o304; "/circleplus", 0o305; "/club", 0o247;
  "/colon", 0o072; "/comma", 0o054; "/congruent", 0o100; "/copyrightsans",
  0o343; "/copyrightserif", 0o323; "/degree", 0o260; "/delta", 0o144;
  "/diamond", 0o250; "/divide", 0o270; "/dotmath", 0o327; "/eight", 0o070;
  "/element", 0o316; "/ellipsis", 0o274; "/emptyset", 0o306; "/epsilon", 0o145;
  "/equal", 0o075; "/equivalence", 0o272; "/eta", 0o150; "/exclam", 0o041;
  "/existential", 0o044; "/five", 0o065; "/florin", 0o246; "/four", 0o064;
  "/fraction", 0o244; "/gamma", 0o147; "/gradient", 0o321; "/greater", 0o076;
  "/greaterequal", 0o263; "/heart", 0o251; "/infinity", 0o245; "/integral",
  0o362; "/integraltp", 0o363; "/integralex", 0o364; "/integralbt", 0o365;
  "/intersection", 0o307; "/iota", 0o151; "/kappa", 0o153; "/lambda", 0o154;
  "/less", 0o074; "/lessequal", 0o243; "/logicaland", 0o331; "/logicalnot",
  0o330; "/logicalor", 0o332; "/lozenge", 0o340; "/minus", 0o055; "/minute",
  0o242; "/mu", 0o155; "/multiply", 0o264; "/nine", 0o071; "/notelement", 0o317;
  "/notequal", 0o271; "/notsubset", 0o313; "/nu", 0o156; "/numbersign", 0o043;
  "/omega", 0o167; "/omega1", 0o166; "/omicron", 0o157; "/one", 0o061;
  "/parenleft", 0o050; "/parenright", 0o051; "/parenlefttp", 0o346;
  "/parenleftex", 0o347; "/parenleftbt", 0o350; "/parenrighttp", 0o366;
  "/parenrightex", 0o367; "/parenrightbt", 0o370; "/partialdiff", 0o266;
  "/percent", 0o045; "/period", 0o056; "/perpendicular", 0o136; "/phi", 0o146;
  "/phi1", 0o152; "/pi", 0o160; "/plus", 0o153; "/plusminus", 0o261; "/product",
  0o325; "/propersubset", 0o314; "/propersuperset", 0o311; "/proportional",
  0o265; "/psi", 0o171; "/question", 0o077; "/radical", 0o326; "/radicalex",
  0o140; "/reflexsubset", 0o315; "/reflexsuperset", 0o312; "/registersans",
  0o342; "/registerserif", 0o322; "/rho", 0o162; "/second", 0o262; "/semicolon",
  0o073; "/seven", 0o067; "/sigma", 0o163; "/sigma1", 0o126; "/similar", 0o176;
  "/six", 0o066; "/slash", 0o157; "/space", 0o040; "/spade", 0o252; "/suchthat",
  0o047; "/summation", 0o345; "/tau", 0o164; "/therefore", 0o134; "/theta",
  0o161; "/theta1", 0o112; "/three", 0o063; "/trademarksans", 0o344;
  "/trademarkserif", 0o324; "/two", 0o062; "/underscore", 0o137; "/union",
  0o310; "/universal", 0o042; "/upsilon", 0o165; "/weierstrass", 0o303; "/xi",
  0o303; "/zero", 0o060; "/zeta", 0o172]

(* 6. Dingbats encoding *)
let name_to_dingbats = 
  ["/space", 0o040; "/a1", 0o041; "/a2", 0o042; "/a202", 0o043; "/a3", 0o044;
  "/a4", 0o045; "/a5", 0o046; "/a119", 0o047; "/a118", 0o050; "/a117", 0o051;
  "/a11", 0o052; "/a12", 0o053; "/a13", 0o054; "/a14", 0o055; "/a15", 0o056;
  "/a16", 0o057; "/a105", 0o060; "/a17", 0o061; "/a18", 0o062; "/a19", 0o063;
  "/a20", 0o064; "/a21", 0o065; "/a22", 0o066; "/a23", 0o067; "/a24", 0o070;
  "/a25", 0o071; "/a26", 0o072; "/a27", 0o073; "/a28", 0o074; "/a6", 0o075;
  "/a7", 0o076; "/a8", 0o077; "/a9", 0o100; "/a10", 0o101; "/a29", 0o102;
  "/a30", 0o103; "/a31", 0o104; "/a32", 0o105; "/a33", 0o106; "/a34", 0o107;
  "/a35", 0o110; "/a36", 0o111; "/a37", 0o112; "/a38", 0o113; "/a39", 0o114;
  "/a40", 0o115; "/a41", 0o116; "/a42", 0o117; "/a43", 0o120; "/a44", 0o121;
  "/a45", 0o122; "/a46", 0o123; "/a47", 0o124; "/a48", 0o125; "/a49", 0o126;
  "/a50", 0o127; "/a51", 0o130; "/a52", 0o131; "/a53", 0o132; "/a54", 0o133;
  "/a55", 0o134; "/a56", 0o135; "/a57", 0o136; "/a58", 0o137; "/a59", 0o140;
  "/a60", 0o141; "/a61", 0o142; "/a62", 0o143; "/a63", 0o144; "/a64", 0o145;
  "/a65", 0o146; "/a66", 0o147; "/a67", 0o150; "/a68", 0o151; "/a69", 0o152;
  "/a70", 0o153; "/a71", 0o154; "/a72", 0o155; "/a73", 0o156; "/a74", 0o157;
  "/a203", 0o160; "/a75", 0o161; "/a204", 0o162; "/a76", 0o163; "/a77", 0o164;
  "/a78", 0o165; "/a79", 0o166; "/a81", 0o167; "/a82", 0o170; "/a83", 0o171;
  "/a84", 0o172; "/a97", 0o173; "/a98", 0o174; "/a99", 0o175; "/a100", 0o176;
  "/a101", 0o241; "/a102", 0o242; "/a103", 0o243; "/a104", 0o244; "/a106",
  0o245; "/a107", 0o246; "/a108", 0o247; "/a112", 0o250; "/a111", 0o251;
  "/a110", 0o252; "/a109", 0o253; "/a120", 0o254; "/a121", 0o255; "/a122",
  0o256; "/a123", 0o257; "/a124", 0o260; "/a125", 0o261; "/a126", 0o262;
  "/a127", 0o263; "/a128", 0o264; "/a129", 0o265; "/a130", 0o266; "/a131",
  0o267; "/a132", 0o270; "/a133", 0o271; "/a134", 0o272; "/a135", 0o273;
  "/a136", 0o274; "/a137", 0o275; "/a138", 0o276; "/a139", 0o277; "/a140",
  0o300; "/a141", 0o301; "/a142", 0o302; "/a143", 0o303; "/a144", 0o304;
  "/a145", 0o305; "/a146", 0o306; "/a147", 0o307; "/a148", 0o310; "/a149",
  0o311; "/a150", 0o312; "/a151", 0o313; "/a152", 0o314; "/a153", 0O315;
  "/a154", 0o316; "/a155", 0o317; "/a156", 0o320; "/a157", 0o321; "/a158",
  0o322; "/a159", 0o323; "/a160", 0o324; "/a161", 0o325; "/a163", 0o326;
  "/a164", 0o327; "/a196", 0o330; "/a165", 0o331; "/a192", 0o332; "/a166",
  0o333; "/a167", 0o334; "/a168", 0o335; "/a169", 0o336; "/a170", 0o337;
  "/a171", 0o340; "/a172", 0o341; "/a173", 0o342; "/a162", 0o343; "/a174",
  0o344; "/a175", 0o345; "/a176", 0o346; "/a177", 0o347; "/a178", 0o350;
  "/a179", 0o351; "/a193", 0o352; "/a180", 0o353; "/a199", 0o354; "/a181",
  0o355; "/a200", 0o356; "/a182", 0o357; "/a201", 0o361; "/a183", 0o362;
  "/a184", 0o363; "/a197", 0o364; "/a185", 0o365; "/a194", 0o366; "/a198",
  0o367; "/a186", 0o370; "/a195", 0o371; "/a187", 0o372; "/a188", 0o373;
  "/a189", 0o374; "/a190", 0o375; "/a191", 0o376]

(* Unicode equivalents for some of the PDF ZapfDingbats Encoding (Heuristic!). *)
let dingbatmap_arr = 
[|"/a100", [0x275E]; "/a101", [0x2761]; "/a102", [0x2762]; "/a103", [0x2763];
"/a104", [0x2764]; "/a105", [0x2710]; "/a106", [0x2765]; "/a107", [0x2766];
"/a108", [0x2767]; "/a109", [0x2660]; "/a10", [0x2721]; "/a110", [0x2665];
"/a111", [0x2666]; "/a112", [0x2663]; "/a117", [0x2709]; "/a118", [0x2708];
"/a119", [0x2707]; "/a11", [0x261B]; "/a120", [0x2460]; "/a121", [0x2461];
"/a122", [0x2462]; "/a123", [0x2463]; "/a124", [0x2464]; "/a125", [0x2465];
"/a126", [0x2466]; "/a127", [0x2467]; "/a128", [0x2468]; "/a129", [0x2469];
"/a12", [0x261E]; "/a130", [0x2776]; "/a131", [0x2777]; "/a132", [0x2778];
"/a133", [0x2779]; "/a134", [0x277A]; "/a135", [0x277B]; "/a136", [0x277C];
"/a137", [0x277D]; "/a138", [0x277E]; "/a139", [0x277F]; "/a13", [0x270C];
"/a140", [0x2780]; "/a141", [0x2781]; "/a142", [0x2782]; "/a143", [0x2783];
"/a144", [0x2784]; "/a145", [0x2785]; "/a146", [0x2786]; "/a147", [0x2787];
"/a148", [0x2788]; "/a149", [0x2789]; "/a14", [0x270D]; "/a150", [0x278A];
"/a151", [0x278B]; "/a152", [0x278C]; "/a153", [0x278D]; "/a154", [0x278E];
"/a155", [0x278F]; "/a156", [0x2790]; "/a157", [0x2791]; "/a158", [0x2792];
"/a159", [0x2793]; "/a15", [0x270E]; "/a160", [0x2794]; "/a161", [0x2192];
"/a162", [0x27A3]; "/a163", [0x2194]; "/a164", [0x2195]; "/a165", [0x2799];
"/a166", [0x279B]; "/a167", [0x279C]; "/a168", [0x279D]; "/a169", [0x279E];
"/a16", [0x270F]; "/a170", [0x279F]; "/a171", [0x27A0]; "/a172", [0x27A1];
"/a173", [0x27A2]; "/a174", [0x27A4]; "/a175", [0x27A5]; "/a176", [0x27A6];
"/a177", [0x27A7]; "/a178", [0x27A8]; "/a179", [0x27A9]; "/a17", [0x2711];
"/a180", [0x27AB]; "/a181", [0x27AD]; "/a182", [0x27AF]; "/a183", [0x27B2];
"/a184", [0x27B3]; "/a185", [0x27B5]; "/a186", [0x27B8]; "/a187", [0x27BA];
"/a188", [0x27BB]; "/a189", [0x27BC]; "/a18", [0x2712]; "/a190", [0x27BD];
"/a191", [0x27BE]; "/a192", [0x279A]; "/a193", [0x27AA]; "/a194", [0x27B6];
"/a195", [0x27B9]; "/a196", [0x2798]; "/a197", [0x27B4]; "/a198", [0x27B7];
"/a199", [0x27AC]; "/a19", [0x2713]; "/a1", [0x2701]; "/a200", [0x27AE];
"/a201", [0x27B1]; "/a202", [0x2703]; "/a203", [0x2750]; "/a204", [0x2752];
"/a205", [0x276E]; "/a206", [0x2770]; "/a20", [0x2714]; "/a21", [0x2715];
"/a22", [0x2716]; "/a23", [0x2717]; "/a24", [0x2718]; "/a25", [0x2719];
"/a26", [0x271A]; "/a27", [0x271B]; "/a28", [0x271C]; "/a29", [0x2722];
"/a2", [0x2702]; "/a30", [0x2723]; "/a31", [0x2724]; "/a32", [0x2725];
"/a33", [0x2726]; "/a34", [0x2727]; "/a35", [0x2605]; "/a36", [0x2729];
"/a37", [0x272A]; "/a38", [0x272B]; "/a39", [0x272C]; "/a3", [0x2704];
"/a40", [0x272D]; "/a41", [0x272E]; "/a42", [0x272F]; "/a43", [0x2730];
"/a44", [0x2731]; "/a45", [0x2732]; "/a46", [0x2733]; "/a47", [0x2734];
"/a48", [0x2735]; "/a49", [0x2736]; "/a4", [0x260E]; "/a50", [0x2737];
"/a51", [0x2738]; "/a52", [0x2739]; "/a53", [0x273A]; "/a54", [0x273B];
"/a55", [0x273C]; "/a56", [0x273D]; "/a57", [0x273E]; "/a58", [0x273F];
"/a59", [0x2740]; "/a5", [0x2706]; "/a60", [0x2741]; "/a61", [0x2742];
"/a62", [0x2743]; "/a63", [0x2744]; "/a64", [0x2745]; "/a65", [0x2746];
"/a66", [0x2747]; "/a67", [0x2748]; "/a68", [0x2749]; "/a69", [0x274A];
"/a6", [0x271D]; "/a70", [0x274B]; "/a71", [0x25CF]; "/a72", [0x274D];
"/a73", [0x25A0]; "/a74", [0x274F]; "/a75", [0x2751]; "/a76", [0x25B2];
"/a77", [0x25BC]; "/a78", [0x25C6]; "/a79", [0x2756]; "/a7", [0x271E];
"/a81", [0x25D7]; "/a82", [0x2758]; "/a83", [0x2759]; "/a84", [0x275A];
"/a85", [0x276F]; "/a86", [0x2771]; "/a87", [0x2772]; "/a88", [0x2773];
"/a89", [0x2768]; "/a8", [0x271F]; "/a90", [0x2769]; "/a91", [0x276C];
"/a92", [0x276D]; "/a93", [0x276A]; "/a94", [0x276B]; "/a95", [0x2774];
"/a96", [0x2775]; "/a97", [0x275B]; "/a98", [0x275C]; "/a99", [0x275D];
"/a9", [0x2720]|]

let dingbatmap = Array.to_list dingbatmap_arr

(* Ditto truetype. Heuristic! *)
let truetypemap_arr =
[|"/G20", [0x0020]; "/G21", [0x0021]; "/G22", [0x0022]; "/G23", [0x0023];
"/G24", [0x0024]; "/G25", [0x0025]; "/G26", [0x0026]; "/G27", [0x0027];
"/G28", [0x0028]; "/G29", [0x0029]; "/G2a", [0x002A]; "/G2b", [0x002B];
"/G2c", [0x002C]; "/G2d", [0x002D]; "/G2e", [0x002E]; "/G2f", [0x002F];
"/G30", [0x0030]; "/G31", [0x0031]; "/G32", [0x0032]; "/G33", [0x0033];
"/G34", [0x0034]; "/G35", [0x0035]; "/G36", [0x0036]; "/G37", [0x0037];
"/G38", [0x0038]; "/G39", [0x0039]; "/G3a", [0x003A]; "/G3b", [0x003B];
"/G3c", [0x003C]; "/G3d", [0x003D]; "/G3e", [0x003E]; "/G3f", [0x003F];
"/G40", [0x0040]; "/G41", [0x0041]; "/G42", [0x0042]; "/G43", [0x0043];
"/G44", [0x0044]; "/G45", [0x0045]; "/G46", [0x0046]; "/G47", [0x0047];
"/G48", [0x0048]; "/G49", [0x0049]; "/G4a", [0x004A]; "/G4b", [0x004B];
"/G4c", [0x004C]; "/G4d", [0x004D]; "/G4e", [0x004E]; "/G4f", [0x004F];
"/G50", [0x0050]; "/G51", [0x0051]; "/G52", [0x0052]; "/G53", [0x0053];
"/G54", [0x0054]; "/G55", [0x0055]; "/G56", [0x0056]; "/G57", [0x0057];
"/G58", [0x0058]; "/G59", [0x0059]; "/G5a", [0x005A]; "/G5b", [0x005B];
"/G5c", [0x005C]; "/G5d", [0x005D]; "/G5e", [0x005E]; "/G5f", [0x005F];
"/G60", [0x0060]; "/G61", [0x0061]; "/G62", [0x0062]; "/G63", [0x0063];
"/G64", [0x0064]; "/G65", [0x0065]; "/G66", [0x0066]; "/G67", [0x0067];
"/G68", [0x0068]; "/G69", [0x0069]; "/G6a", [0x006A]; "/G6b", [0x006B];
"/G6c", [0x006C]; "/G6d", [0x006D]; "/G6e", [0x006E]; "/G6f", [0x006F];
"/G70", [0x0070]; "/G71", [0x0071]; "/G72", [0x0072]; "/G73", [0x0073];
"/G74", [0x0074]; "/G75", [0x0075]; "/G76", [0x0076]; "/G77", [0x0077];
"/G78", [0x0078]; "/G79", [0x0079]; "/G7a", [0x007A]; "/G7b", [0x007B];
"/G7c", [0x007C]; "/G7d", [0x007D]; "/G7e", [0x007E]; "/Ga0", [0x00A0];
"/Ga1", [0x00A1]; "/Ga2", [0x00A2]; "/Ga3", [0x00A3]; "/Ga4", [0x00A4];
"/Ga5", [0x00A5]; "/Ga6", [0x00A6]; "/Ga7", [0x00A7]; "/Ga8", [0x00A8];
"/Ga9", [0x00A9]; "/Gaa", [0x00AA]; "/Gab", [0x00AB]; "/Gac", [0x00AC];
"/Gad", [0x00AD]; "/Gae", [0x00AE]; "/Gaf", [0x00AF]; "/Gb0", [0x00B0];
"/Gb1", [0x00B1]; "/Gb2", [0x00B2]; "/Gb3", [0x00B3]; "/Gb4", [0x00B4];
"/Gb5", [0x00B5]; "/Gb6", [0x00B6]; "/Gb7", [0x00B7]; "/Gb8", [0x00B8];
"/Gb9", [0x00B9]; "/Gba", [0x00BA]; "/Gbb", [0x00BB]; "/Gbc", [0x00BC];
"/Gbd", [0x00BD]; "/Gbe", [0x00BE]; "/Gbf", [0x00BF]; "/Gc0", [0x00C0];
"/Gc1", [0x00C1]; "/Gc2", [0x00C2]; "/Gc3", [0x00C3]; "/Gc4", [0x00C4];
"/Gc5", [0x00C5]; "/Gc6", [0x00C6]; "/Gc7", [0x00C7]; "/Gc8", [0x00C8];
"/Gc9", [0x00C9]; "/Gca", [0x00CA]; "/Gcb", [0x00CB]; "/Gcc", [0x00CC];
"/Gcd", [0x00CD]; "/Gce", [0x00CE]; "/Gcf", [0x00CF]; "/Gd0", [0x00D0];
"/Gd1", [0x00D1]; "/Gd2", [0x00D2]; "/Gd3", [0x00D3]; "/Gd4", [0x00D4];
"/Gd5", [0x00D5]; "/Gd6", [0x00D6]; "/Gd7", [0x00D7]; "/Gd8", [0x00D8];
"/Gd9", [0x00D9]; "/Gda", [0x00DA]; "/Gdb", [0x00DB]; "/Gdc", [0x00DC];
"/Gdd", [0x00DD]; "/Gde", [0x00DE]; "/Gdf", [0x00DF]; "/Ge0", [0x00E0];
"/Ge1", [0x00E1]; "/Ge2", [0x00E2]; "/Ge3", [0x00E3]; "/Ge4", [0x00E4];
"/Ge5", [0x00E5]; "/Ge6", [0x00E6]; "/Ge7", [0x00E7]; "/Ge8", [0x00E8];
"/Ge9", [0x00E9]; "/Gea", [0x00EA]; "/Geb", [0x00EB]; "/Gec", [0x00EC];
"/Ged", [0x00ED]; "/Gee", [0x00EE]; "/Gef", [0x00EF]; "/Gf0", [0x00F0];
"/Gf1", [0x00F1]; "/Gf2", [0x00F2]; "/Gf3", [0x00F3]; "/Gf4", [0x00F4];
"/Gf5", [0x00F5]; "/Gf6", [0x00F6]; "/Gf7", [0x00F7]; "/Gf8", [0x00F8];
"/Gf9", [0x00F9]; "/Gfa", [0x00FA]; "/Gfb", [0x00FB]; "/Gfc", [0x00FC];
"/Gfd", [0x00FD]; "/Gfe", [0x00FE]; "/Gff", [0x00FF]; "/G82", [0x201A];
"/G83", [0x0192]; "/G84", [0x201E]; "/G85", [0x2026]; "/G86", [0x2020];
"/G87", [0x2021]; "/G88", [0x02C6]; "/G89", [0x2030]; "/G8a", [0x0160];
"/G8b", [0x2039]; "/G8c", [0x0152]; "/G91", [0x2018]; "/G92", [0x2019];
"/G93", [0x201C]; "/G94", [0x201D]; "/G95", [0x2022]; "/G96", [0x2013];
"/G97", [0x2014]; "/G98", [0x02DC]; "/G99", [0x2122]; "/G9a", [0x0161];
"/G9b", [0x203A]; "/G9c", [0x0153]; "/G9f", [0x0178]; "/G2A", [0x002A];
"/G2B", [0x002B]; "/G2C", [0x002C]; "/G2D", [0x002D]; "/G2E", [0x002E];
"/G2F", [0x002F]; "/G3A", [0x003A]; "/G3B", [0x003B]; "/G3C", [0x003C];
"/G3D", [0x003D]; "/G3E", [0x003E]; "/G3F", [0x003F]; "/G4A", [0x004A];
"/G4B", [0x004B]; "/G4C", [0x004C]; "/G4D", [0x004D]; "/G4E", [0x004E];
"/G4F", [0x004F]; "/G5A", [0x005A]; "/G5B", [0x005B]; "/G5C", [0x005C];
"/G5D", [0x005D]; "/G5E", [0x005E]; "/G5F", [0x005F]; "/G6A", [0x006A];
"/G6B", [0x006B]; "/G6C", [0x006C]; "/G6D", [0x002D]; "/G6E", [0x006E];
"/G6F", [0x006F]; "/G7A", [0x007A]; "/G7B", [0x007B]; "/G7C", [0x007C];
"/G7D", [0x007D]; "/G7E", [0x007E]; "/G8A", [0x008A]; "/G8B", [0x008B];
"/G8C", [0x008C]; "/G9A", [0x009A]; "/G9B", [0x009B]; "/G9C", [0x009C];
"/GA0", [0x00A0]; "/GA1", [0x00A1]; "/GA2", [0x00A2]; "/GA3", [0x00A3];
"/GA4", [0x00A4]; "/GA5", [0x00A5]; "/GA6", [0x00A6]; "/GA7", [0x00A7];
"/GA8", [0x00A8]; "/GA9", [0x00A9]; "/GAA", [0x00AA]; "/GAB", [0x00AB];
"/GAC", [0x00AC]; "/GAD", [0x00AD]; "/GAE", [0x00AE]; "/GAF", [0x00AF];
"/GB0", [0x00B0]; "/GB1", [0x00B1]; "/GB2", [0x00B2]; "/GB3", [0x00B3];
"/GB4", [0x00B4]; "/GB5", [0x00B5]; "/GA6", [0x00B6]; "/GB7", [0x00B7];
"/GB8", [0x00B8]; "/GB9", [0x00B9]; "/GBA", [0x00BA]; "/GBB", [0x00BB];
"/GBC", [0x00BC]; "/GBD", [0x00BD]; "/GBE", [0x00BE]; "/GBF", [0x00BF];
"/GC0", [0x00C0]; "/GC1", [0x00C1]; "/GC2", [0x00C2]; "/GC3", [0x00C3];
"/GC4", [0x00C4]; "/GC5", [0x00C5]; "/GC6", [0x00C6]; "/GC7", [0x00C7];
"/GC8", [0x00C8]; "/GC9", [0x00C9]; "/GCA", [0x00CA]; "/GCB", [0x00CB];
"/GCC", [0x00CC]; "/GCD", [0x00CD]; "/GCE", [0x00CE]; "/GCF", [0x00CF];
"/GD0", [0x00D0]; "/GD1", [0x00D1]; "/GD2", [0x00D2]; "/GD3", [0x00D3];
"/GD4", [0x00D4]; "/GD5", [0x00D5]; "/GD6", [0x00D6]; "/GD7", [0x00D7];
"/GD8", [0x00D8]; "/GD9", [0x00D9]; "/GDA", [0x00DA]; "/GDB", [0x00DB];
"/GDC", [0x00DC]; "/GDD", [0x00DD]; "/GDE", [0x00DE]; "/GDF", [0x00DF];
"/GE0", [0x00E0]; "/GE1", [0x00E1]; "/GE2", [0x00E2]; "/GE3", [0x00E3];
"/GE4", [0x00E4]; "/GE5", [0x00E5]; "/GE6", [0x00E6]; "/GE7", [0x00E7];
"/GE8", [0x00E8]; "/GE9", [0x00E9]; "/GEA", [0x00EA]; "/GEB", [0x00EB];
"/GEC", [0x00EC]; "/GED", [0x00ED]; "/GEE", [0x00EE]; "/GEF", [0x00EF];
"/GF0", [0x00F0]; "/GF1", [0x00F1]; "/GF2", [0x00F2]; "/GF3", [0x00F3];
"/GF4", [0x00F4]; "/GF5", [0x00F5]; "/GF6", [0x00F6]; "/GF7", [0x00F7];
"/GF8", [0x00F8]; "/GF9", [0x00F9]; "/GFA", [0x00FA]; "/GFB", [0x00FB];
"/GFC", [0x00FC]; "/GFD", [0x00FD]; "/GFE", [0x00FE]; "/GFF", [0x00FF]|]

let truetypemap = Array.to_list truetypemap_arr

(* The reverse glyph map is not a 1-1 mapping. So we need special version of
hashtable_of_dictionary which a) prefers glyphs with alphabetic names over
those earlier in the map which have numeric names b) Doesn't overwrite any
entry already there, preserving any intelligence which might be in the ordering
of the glyph map *)
let revglyph_hashtable_of_dictionary pairs =
  let contains_digit s =
    mem true (map isdigit (explode s))
  in
    let table = Hashtbl.create (length pairs) in
      iter
        (fun (k, v) ->
           try
             if contains_digit (Hashtbl.find table k) && not (contains_digit v)
               then Hashtbl.replace table k v
           with
             Not_found -> Hashtbl.add table k v)
        pairs;
      table

let glyph_hashes =
  memoize (fun () -> hashtable_of_dictionary (glyphmap () @ dingbatmap @ truetypemap))

let reverse_glyph_hashes =
  memoize (fun () -> revglyph_hashtable_of_dictionary (map (fun (a, b) -> (b, a)) (glyphmap ())))

let name_to_pdf_hashes =
  hashtable_of_dictionary name_to_pdf

let reverse_name_to_pdf_hashes =
  hashtable_of_dictionary (map (fun (a, b) -> (b, a)) name_to_pdf)
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(** Glyph Lists *)

(** The Adobe Glyph List, which maps character names to sequences of unicode
codepoints. The source list is parsed into a hash table when called. *)
val glyph_hashes : unit -> (string, int list) Hashtbl.t

(** The reverse of [glyph_hashes]. The glyph list is not necessarily a
one-to-one map, so this reversal is heuristic. *)
val reverse_glyph_hashes : unit -> (int list, string) Hashtbl.t

(** Convert a glyph name to a PDF encoding number *)
val name_to_pdf : (string * int) list

(** Convert a glyph name to a Windows encoding number *)
val name_to_win : (string * int) list

(** Convert a glyph name to a Standard encoding number *)
val name_to_standard : (string * int) list

(** Convert a glyph name to a MacRoman encoding number *)
val name_to_macroman : (string * int) list

(** Convert a glyph name to a MacExpert encoding number *)
val name_to_macexpert : (string * int) list

(** Convert a glyph name to a Symbol encoding number *)
val name_to_symbol : (string * int) list

(** Convert a glyph name to a Dingbats encoding number *)
val name_to_dingbats : (string * int) list

(**/**)
val name_to_pdf_hashes : (string, int) Hashtbl.t
val reverse_name_to_pdf_hashes : (int, string) Hashtbl.t
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(* \chaptertitle{Pdfgraphics}{Structured Graphics} *)
open Pdfutil
open Pdfio

type fpoint = float * float

type winding_rule = EvenOdd | NonZero

type segment =
  | Straight of fpoint * fpoint
  | Bezier of fpoint * fpoint * fpoint * fpoint

(* Each segment list may be marked as a hole or not. *)
type hole = Hole | Not_hole

(* A [subpath] is either closed or open. *)
type closure = Closed | Open

(* A [subpath] is the pair of a hole and a list of segments. *)
type subpath = hole * closure * segment list

(* A path is made from a number of subpaths. *)
type path = winding_rule * subpath list

type tiling = Tiling

type function_shading =
  {funshading_domain : float * float * float * float;
   funshading_matrix : Pdftransform.transform_matrix;
   funshading_function : Pdffun.t}

type radial_shading =
  {radialshading_coords : float * float * float * float * float * float;
   radialshading_domain : float * float;
   radialshading_function : Pdffun.t list;
   radialshading_extend : bool * bool}

type axial_shading =
  {axialshading_coords : float * float * float * float;
   axialshading_domain : float * float;
   axialshading_function : Pdffun.t list;
   axialshading_extend : bool * bool}

type shading_kind =
 | FunctionShading of function_shading
 | AxialShading of axial_shading
 | RadialShading of radial_shading
 | FreeFormGouraudShading
 | LatticeFormGouraudShading
 | CoonsPatchMesh
 | TensorProductPatchMesh

type shading =
 {shading_colourspace : Pdf.pdfobject;
  shading_background : Pdf.pdfobject option;
  shading_bbox : Pdf.pdfobject option;
  shading_antialias : bool;
  shading_matrix : Pdftransform.transform_matrix;
  shading_extgstate : Pdf.pdfobject;
  shading : shading_kind}

type pattern =
  | ColouredTilingPattern of tiling
  | UncolouredTilingPattern of tiling
  | ShadingPattern of shading

type colvals =
  | Floats of float list
  | Named of (string * float list)
  | Pattern of pattern

let rec string_of_colvals = function
  | Floats fs ->
      "Floats " ^ fold_left ( ^ ) "" (map (function x -> string_of_float x ^ " ") fs)
  | Named (n, fs) ->
      "Named " ^ n ^ " " ^ string_of_colvals (Floats fs)
  | Pattern p ->
      "Pattern"

type objectclass =
  | PathObject
  | TextObject
  | ClippingPathObject
  | PageDescriptionLevel
  | ShadingObject
  | InlineImageObject
  | ExternalObject

let string_of_objectclass = function
  | PathObject -> "PathObject"
  | TextObject -> "TextObject"
  | ClippingPathObject -> "ClippingPathObject"
  | PageDescriptionLevel -> "PageDescriptionLevel"
  | ShadingObject -> "ShadingObject"
  | InlineImageObject -> "InlineImageObject"
  | ExternalObject -> "ExternalObject"

type transparency_attributes =
  {fill_transparency : float;
   line_transparency : float}

type path_attributes =
  {path_transform : Pdftransform.transform_matrix;
   path_fill : (Pdfspace.t * colvals) option;
   path_line : (Pdfspace.t * colvals) option;
   path_linewidth : float;
   path_joinstyle : int;
   path_capstyle : int;
   path_dash : float list * float;
   path_mitrelimit : float;
   path_transparency : transparency_attributes;
   path_intent : string}

type text_attributes =
  {textmode : int}

type textblock_attributes =
  {textblock_transform : Pdftransform.transform_matrix}

type textblock =
  text_attributes * Pdfops.t

type softmask_subtype =
  Alpha | Luminosity

type transparency_group =
  {tr_group_colourspace : Pdf.pdfobject option; (* FIXME: This should be colourspace *)
   isolated : bool;
   knockout : bool;
   tr_graphic : t}

and softmask =
  {softmask_subtype : softmask_subtype;
   transparency_group : transparency_group;
   softmask_bbox : float * float * float * float;
   backdrop : float list option;
   softmask_transfer : Pdffun.t option}

and image_attributes =
  {image_transform : Pdftransform.transform_matrix;
   image_transparency : float; (* The /ca value *)
   image_softmask : softmask option}

and fontname = string * Pdf.pdfobject (*r Name, font *)

(* The main type for a graphic. It must be kept paired with the PDF it comes
from, since it will reference objects (fonts, images etc) in that PDF. *)
and graphic_elt =
  | Path of (path * path_attributes)
  | Text of textblock list * textblock_attributes
  | MCPoint of string
  | MCPointProperties of string * Pdf.pdfobject 
  | MCSection of string * graphic_elt list
  | MCSectionProperties of string * Pdf.pdfobject * graphic_elt list
  | Image of image_attributes * int (* object number *)
  | GraphicInlineImage of Pdf.pdfobject * bytes * Pdftransform.transform_matrix
  | Clip of path * graphic_elt list
  | Shading of path option * shading * Pdftransform.transform_matrix

and t =
  {elements : graphic_elt list; (* Page content *)
   fonts : fontname list; (* Fonts *)
   resources : Pdf.pdfobject} (* Anything else in /Resources *)

(* Calculate the bounding box (xmin, xmax, ymin, ymax) of a graphic. *)
let bbox_of_segment = function
  | Straight ((x1, y1), (x2, y2)) ->
      fmin x1 x2, fmax x1 x2, fmin y1 y2, fmax y1 y2
  | Bezier ((x1, y1), (x2, y2), (x3, y3), (x4, y4)) ->
      fmin (fmin x1 x2) (fmin x3 x4), fmax (fmax x1 x2) (fmax x3 x4),
      fmin (fmin y1 y2) (fmin y3 y4), fmax (fmax y1 y2) (fmax y3 y4)

let bbox_of_path (_, subpaths) =
  let segments =
    flatten (map (function (_, _, l) -> l) subpaths)
  in
    fold_left
      box_union_float
      (max_float, min_float, max_float, min_float)
      (map bbox_of_segment segments)

let rec bbox_of_graphic_inner (xmin, xmax, ymin, ymax) = function
  | [] -> xmin, xmax, ymin, ymax
  | (Path (p, _) | Clip (p, _))::t ->
      bbox_of_graphic_inner
        (box_union_float (xmin, xmax, ymin, ymax) (bbox_of_path p)) t
  | h::t -> bbox_of_graphic_inner (xmin, xmax, ymin, ymax) t

let bbox_of_graphic graphic =
  bbox_of_graphic_inner
    (max_float, min_float, max_float, min_float)
    graphic.elements

(* For debug purposes, build a string of a graphic. *)
let string_of_segment = function
  | Straight ((ax, ay), (bx, by)) ->
      Printf.sprintf "Straight line: (%f, %f) --> (%f, %f)\n" ax ay bx by
  | Bezier ((ax, ay), (bx, by), (cx, cy), (dx, dy)) ->
      Printf.sprintf
        "Bezier curve: (%f, %f) --> (%f, %f) --> (%f, %f) --> (%f, %f)\n"
        ax ay bx by cx cy dx dy

let string_of_subpath (h, o ,segments) =
  Printf.sprintf "Hole: %b, Open: %b, segments:%s\n"
    (h = Hole) (o = Open) (fold_left ( ^ ) "" (map string_of_segment segments))

let string_of_path (windingrule, subpaths) =
  Printf.sprintf "%s %s"
    (match windingrule with
    | EvenOdd -> "Even-odd\n"
    | NonZero -> "Non-zero\n")
    (fold_left ( ^ ) "" (map string_of_subpath subpaths))

let string_of_textblock (st, op) =
  "TEXTPIECE: " ^ Pdfops.string_of_op op ^ "\n"

let string_of_font (f, i) = f ^ " " ^ Pdfwrite.string_of_pdf i ^ "\n"

let string_of_colvals = function
  | Floats l -> Printf.sprintf "Floats (%i)" (length l)
  | Named (s, fl) -> Printf.sprintf "Named %s, Floats (%i)" s (length fl)
  | Pattern _ -> Printf.sprintf "Pattern"

let string_of_attributes a =
  let line =
    match a.path_line with
    | None -> "none"
    | Some (cs, vals) ->
        Printf.sprintf "line colourspace is %s, %s vals"
          (Pdfspace.string_of_colourspace cs)
          (string_of_colvals vals)
  and fill =
    match a.path_fill with
    | None -> "none"
    | Some (cs, vals) ->
        Printf.sprintf "fill colourspace is %s, %s vals"
          (Pdfspace.string_of_colourspace cs)
          (string_of_colvals vals)
  in
    line ^ "\n" ^ fill ^ "\n"

let rec string_of_graphic_elt = function
  | MCSection (n, g) ->
      Printf.sprintf "Marked content section %s...\n" n ^ "BEGIN\n" ^
      (fold_left ( ^ ) "" (map string_of_graphic_elt g))
      ^ "\nEND Marked content section\n"
  | MCSectionProperties (n, d, g) ->
      Printf.sprintf "Marked content section %s with properties %s...\n" n
      (Pdfwrite.string_of_pdf d) 
      ^ "BEGIN\n" ^
      (fold_left ( ^ ) "" (map string_of_graphic_elt g))
      ^ "\nEND Marked content section\n"
  | MCPoint n ->
      Printf.sprintf "Marked content point %s...\n" n
  | MCPointProperties (n, d) ->
      Printf.sprintf "Marked content point %s with properties %s...\n" n (Pdfwrite.string_of_pdf d)
  | Path (p, attributes) -> Printf.sprintf "Path: %s\nAttributes\n%s\n" (string_of_path p) (string_of_attributes attributes)
  | Text (ts, attr) ->
      "-----BEGIN TEXT - fonts:\n" ^
      fold_left ( ^ ) "" (map string_of_textblock ts) ^
      "-----END TEXT\n"
  | Image (tr, x) ->
      "Image " ^ string_of_int x ^ "\n"
  | GraphicInlineImage _ ->
      "Inline image\n"
  | Clip (p, g) ->
      "Clipview: path = " ^ string_of_path p ^ "\ngraphic is " ^
      fold_left ( ^ ) "" (map string_of_graphic_elt g)
  | Shading (clip, shading, tr) ->
      "Shading\n"

and string_of_graphic g =
  "Elements:\n" ^
  fold_left ( ^ ) "" (map string_of_graphic_elt g.elements) ^ 
  "Fonts:\n" ^
  fold_left ( ^ ) ""
    (map
      (fun (name, obj) -> name ^ " "  ^ Pdfwrite.string_of_pdf obj)
       g.fonts) ^
  "Resources:\n" ^
  Pdfwrite.string_of_pdf g.resources

type state =
  {mutable objectclass : objectclass; (*r Not strictly part of the state, but fits here. *)
   mutable clip : path option; (*r Ditto - stores a clipping path which is to be invoked on the next path operation. *)
   mutable intent : string;
   mutable fill : colvals;
   mutable linewidth : float;
   mutable line : colvals;
   mutable mitrelimit : float;
   mutable joinstyle : int;
   mutable capstyle : int;
   mutable colourspace_stroke : Pdfspace.t;
   mutable colourspace_nonstroke : Pdfspace.t;
   mutable dash : float list * float;
   mutable flatness : int;
   mutable transform : Pdftransform.transform_matrix;
   mutable extra_transform : Pdftransform.transform_matrix;
   mutable text_transform : Pdftransform.transform_matrix;
   mutable text_line_transform : Pdftransform.transform_matrix;
   mutable opacity_stroke : float;
   mutable opacity_nonstroke : float;
   mutable character_spacing : float;
   mutable word_spacing : float;
   mutable scale : float;
   mutable leading : float;
   mutable font_and_size : (string * float) option;
   mutable font_render : int;
   mutable font_rise : float;
   mutable blendmode : int;
   mutable softmask : softmask option;
   mutable in_xobject : int;
   mutable opdo_matrix : Pdftransform.transform_matrix}

let default_state () =
  {objectclass = PageDescriptionLevel;
   clip = None;
   intent = "/RelativeColorimetric";
   fill = Floats [1.];
   linewidth = 1.;
   line = Floats [1.];
   mitrelimit = 10.;
   joinstyle = 0;
   capstyle = 0;
   colourspace_stroke = Pdfspace.DeviceGray;
   colourspace_nonstroke = Pdfspace.DeviceGray;
   dash = [], 0.;
   flatness = 0;
   transform = Pdftransform.i_matrix;
   extra_transform = Pdftransform.i_matrix;
   text_transform = Pdftransform.i_matrix;
   text_line_transform = Pdftransform.i_matrix;
   opacity_stroke = 1.;
   opacity_nonstroke = 1.;
   character_spacing = 0.;
   word_spacing = 0.;
   scale = 100.;
   leading = 0.;
   font_and_size = None; (*r No initial value. *)
   font_render = 0;
   font_rise = 0.;
   blendmode = 1;
   softmask = None;
   in_xobject = 0;
   opdo_matrix = Pdftransform.i_matrix}

let state = ref (default_state ())

let string_of_state s =
  (*i "Object class: " ^ string_of_objectclass s.objectclass ^ "\n" ^ i*)
  "Stroke Colourspace: " ^ Pdfspace.string_of_colourspace s.colourspace_stroke ^ "\n" ^
  "Nonstroke Colourspace: " ^ Pdfspace.string_of_colourspace s.colourspace_nonstroke ^ "\n" ^
  "Stroke colours: " ^ string_of_colvals s.line ^ "\n" ^ 
  "NonStroke colours: " ^ string_of_colvals s.fill ^ "\n"

let path_attributes_fill_and_stroke () =
  {path_transform = (!state).transform;
   path_fill = Some ((!state).colourspace_nonstroke, (!state).fill);
   path_line = Some ((!state).colourspace_stroke, (!state).line);
   path_linewidth = (!state).linewidth;
   path_joinstyle = (!state).joinstyle;
   path_capstyle = (!state).capstyle;
   path_dash = (!state).dash;
   path_mitrelimit = (!state).mitrelimit;
   path_transparency =
     {fill_transparency = (!state).opacity_nonstroke;
      line_transparency = (!state).opacity_stroke};
   path_intent = (!state).intent}

let path_attributes_fill () =
  {path_transform = (!state).transform;
   path_fill = Some ((!state).colourspace_nonstroke, (!state).fill);
   path_line = None;
   path_linewidth = (!state).linewidth;
   path_joinstyle = (!state).joinstyle;
   path_capstyle = (!state).capstyle;
   path_dash = (!state).dash;
   path_mitrelimit = (!state).mitrelimit;
   path_transparency =
     {fill_transparency = (!state).opacity_nonstroke;
      line_transparency = 1.};
   path_intent = (!state).intent}

let path_attributes_stroke () =
  {path_transform = (!state).transform;
   path_fill = None;
   path_line = Some ((!state).colourspace_stroke, (!state).line);
   path_linewidth = (!state).linewidth;
   path_joinstyle = (!state).joinstyle;
   path_capstyle = (!state).capstyle;
   path_dash = (!state).dash;
   path_mitrelimit = (!state).mitrelimit;
   path_transparency =
     {fill_transparency = 1.;
      line_transparency = (!state).opacity_stroke};
   path_intent = (!state).intent}

let textstate () =
  {textmode = 0}

let nonzero = EvenOdd

let rec initial_colour pdf resources = function
  | Pdf.Name "/DeviceGray"
  | Pdf.Array (Pdf.Name "/CalGray"::_) ->
      Floats [0.]
  | Pdf.Name "/DeviceRGB"
  | Pdf.Array (Pdf.Name "/CalRGB"::_) ->
      Floats [0.; 0.; 0.]
  | Pdf.Name "/DeviceCMYK" ->
      Floats [0.; 0.; 0.; 1.]
  | Pdf.Name "/Pattern"
  | Pdf.Array [Pdf.Name "/Pattern"] ->
      Floats [0.]
  | Pdf.Array elts as cs ->
      begin match elts with
        | [Pdf.Name "/ICCBased"; iccstream] ->
             begin match Pdf.lookup_direct pdf "/Alternate" iccstream with
             | Some space -> initial_colour pdf resources space
             | None ->
                 begin match Pdf.lookup_direct pdf "/N" iccstream with
                 | Some (Pdf.Integer 1) -> Floats [0.]
                 | Some (Pdf.Integer 3) -> Floats [0.; 0.; 0.]
                 | Some (Pdf.Integer 4) -> Floats [0.; 0.; 0.; 0.]
                 | _ -> raise (Pdf.PDFError "Bad ICCBased Alternate")
                 end
             end
        | Pdf.Name "/DeviceN"::_::alternate::_ 
        | [Pdf.Name "/Separation"; _; alternate; _] ->
            initial_colour pdf resources alternate
        | [Pdf.Name "/Pattern"; alternate] ->
            initial_colour pdf resources alternate
        | _ -> Printf.eprintf "%s\n" (Pdfwrite.string_of_pdf cs); raise (Pdf.PDFError "Unknown colourspace A")
      end
  | Pdf.Indirect _ as indirect ->
      initial_colour pdf resources (Pdf.direct pdf indirect)
  | _ -> raise (Pdf.PDFError "Unknown colourspace B")

(* PartialPath (sp, cp, p, s) is starting point [sp], current point [cp] the
partial segment list [p], subpath [s] and graphic [g]. *)
type partial =
  | NoPartial
  | PartialText of textblock list
  | PartialPath of fpoint * fpoint * segment list * subpath list 

(* g is a [group_transparency] xobject *)
let rec read_transparency_group pdf g =
  let group =
    match Pdf.lookup_direct pdf "/Group" g with
    | Some gr -> gr
    | None -> raise (Pdf.PDFError "Pdfgraphics.read_transparency_group: no /Group found")
  in
    let colourspace =
      Pdf.lookup_direct pdf "/CS" group
    and isolated =
      match Pdf.lookup_direct pdf "/I" group with
      | Some (Pdf.Boolean b) -> b
      | _ -> false
    and knockout =
      match Pdf.lookup_direct pdf "/K" group with
      | Some (Pdf.Boolean b) -> b
      | _ -> false
    and graphic =
      let fakepage =
        let resources =
          match Pdf.lookup_direct pdf "/Resources" g with
          | Some (Pdf.Dictionary d) -> Pdf.Dictionary d
          | _ -> Pdf.Dictionary []
        and contents =
          [g]
        in
          {Pdfpage.content = contents;
           Pdfpage.mediabox = Pdf.Null;
           Pdfpage.resources = resources;
           Pdfpage.rotate = Pdfpage.Rotate0;
           Pdfpage.rest = Pdf.Dictionary []}
      in
        graphic_of_page pdf fakepage
    and a, b, c, d =
      Pdf.parse_rectangle (Pdf.lookup_fail "no bbox" pdf "/BBox" g)
    in
      {tr_group_colourspace = colourspace;
       isolated = isolated;
       knockout = knockout;
       tr_graphic = graphic}, a, b, c, d

and read_soft_mask pdf mask =
  match
    match Pdf.lookup_direct pdf "/S" mask with
    | Some (Pdf.Name "/Alpha") -> Some Alpha
    | Some (Pdf.Name "/Luminosity") -> Some Luminosity
    | _ -> None
  with
  | None -> None
  | Some subtype ->
      let transparency_group, a, b, c, d =
        match Pdf.lookup_direct pdf "/G" mask with
        | Some g -> read_transparency_group pdf g
        | None -> raise (Pdf.PDFError "Pdfgraphics.transparency group not found in soft mask")
      and backdrop =
        match Pdf.lookup_direct pdf "/BC" mask with
        | Some (Pdf.Array nums) -> Some (map Pdf.getnum nums)
        | _ -> None
      and transfer =
        match Pdf.lookup_direct pdf "/TR" mask with
        | Some (Pdf.Dictionary d) ->
            Some (Pdffun.parse_function pdf (Pdf.Dictionary d))
        | _ -> None
      in
        Some
          {softmask_subtype = subtype;
           transparency_group = transparency_group;
           backdrop =  backdrop;
           softmask_transfer = transfer;
           softmask_bbox = (a, b, c, d)}

and update_graphics_state_from_dict pdf resources gdict =
  begin match Pdf.lookup_direct pdf "/SMask" gdict with
  | Some softmask -> (!state).softmask <- read_soft_mask pdf softmask
  | None -> ()
  end;
  begin match Pdf.lookup_direct pdf "/CA" gdict with
  | Some (Pdf.Real o) -> (!state).opacity_stroke <- o
  | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/ca" gdict with
  | Some (Pdf.Real o) -> (!state).opacity_nonstroke <- o
  | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/BM" gdict with
  | Some (Pdf.Name n)
  | Some (Pdf.Array (Pdf.Name n::_)) ->
      (!state).blendmode <- 0 (* FIXME: Do properly *)
  | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/LW" gdict with
    | Some (Pdf.Integer width) ->
        (!state).linewidth <- float width
    | Some (Pdf.Real width) ->
        (!state).linewidth <- width
    | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/LC" gdict with
    | Some (Pdf.Integer style) ->
        (!state).capstyle <- style
    | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/LC" gdict with
    | Some (Pdf.Integer join) ->
        (!state).joinstyle <- join
    | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/ML" gdict with
    | Some (Pdf.Integer limit) ->
        (!state).mitrelimit <- float limit
    | Some (Pdf.Real limit) ->
        (!state).mitrelimit <- limit
    | _ -> ()
  end;
  begin match Pdf.lookup_direct pdf "/D" gdict with
  | Some (Pdf.Array [Pdf.Array dashes; phase]) ->
      let dashnums, phase =
        map
          (function
           | (Pdf.Integer n) -> float n
           | (Pdf.Real n) -> n
           | _ -> raise (Pdf.PDFError "Malformed dash."))
          dashes,
        match phase with
        | Pdf.Integer phase -> float phase
        | Pdf.Real phase -> phase
        | _ -> raise (Pdf.PDFError "Malformed dash phase.")
      in
        (!state).dash <- dashnums, phase
  | _ -> ()
  end

and statestack : state list ref = ref []

and copystate () =
  {!state with fill = (!state).fill}

and push_statestack () =
  (*i Printf.printf "push_statestack\n"; i*)
  statestack =| copystate ()

and pop_statestack () =
  (*i Printf.printf "pop_statestack: %i items in stack before pop\n" (length !statestack);
  Printf.printf "Before pop_statestack, line and fill spaces are %s and %s\n"
  (Pdfspace.string_of_colourspace (!state).colourspace_stroke) (Pdfspace.string_of_colourspace (!state).colourspace_nonstroke);  I*)
  begin match !statestack with
  | [] -> raise (Pdf.PDFError "Unbalanced q/Q Ops")
  | h::t -> statestack := t; state := h
  end(*i ;
  Printf.printf "After pop_statestack, line and fill spaces are %s and %s\n"
  (Pdfspace.string_of_colourspace (!state).colourspace_stroke) (Pdfspace.string_of_colourspace (!state).colourspace_nonstroke)  i*)

and read_tiling_pattern _ =
  ColouredTilingPattern Tiling

and read_function_shading pdf shading =
  let domain =
    match Pdf.lookup_direct pdf "/Domain" shading with
    | Some (Pdf.Array [a; b; c; d]) -> Pdf.getnum a, Pdf.getnum b, Pdf.getnum c, Pdf.getnum d
    | _ -> 0., 1., 0., 1.
  and matrix =
    Pdf.parse_matrix pdf "/Matrix" shading
  and func =
    Pdf.lookup_fail "No function found" pdf "/Function" shading
  in
    FunctionShading
      {funshading_domain = domain;
       funshading_matrix = matrix;
       funshading_function = Pdffun.parse_function pdf func}

and read_radial_shading pdf shading =
  let coords =
    match Pdf.lookup_direct pdf "/Coords" shading with
    | Some (Pdf.Array [a; b; c; d; e; f]) ->
        Pdf.getnum a, Pdf.getnum b, Pdf.getnum c, Pdf.getnum d, Pdf.getnum e, Pdf.getnum f
    | _ -> raise (Pdf.PDFError "Pdfgraphics.read_radial_shading: no coords in radial shading")
  and domain =
    match Pdf.lookup_direct pdf "/Domain" shading with
    | Some (Pdf.Array [a; b]) -> Pdf.getnum a, Pdf.getnum b
    | _ -> 0., 1.
  and func =
    match Pdf.lookup_direct pdf "/Function" shading with
    | Some (Pdf.Array fs) -> map (Pdffun.parse_function pdf) fs
    | Some f -> [Pdffun.parse_function pdf f]
    | _ -> raise (Pdf.PDFError "Pdfgraphics.read_radial_shading: no function in radial shading")
  and extend =
    match Pdf.lookup_direct pdf "/Extend" shading with
    | Some (Pdf.Array [Pdf.Boolean a; Pdf.Boolean b]) -> a, b
    | _ -> false, false
  in
    RadialShading
      {radialshading_coords = coords;
       radialshading_domain = domain;
       radialshading_function = func;
       radialshading_extend = extend}

and read_axial_shading pdf shading =
  let coords =
    match Pdf.lookup_direct pdf "/Coords" shading with
    | Some (Pdf.Array [a; b; c; d]) ->
        Pdf.getnum a, Pdf.getnum b, Pdf.getnum c, Pdf.getnum d
    | _ -> raise (Pdf.PDFError "Pdfgraphics.read_axial_shading: no coords in radial shading")
  and domain =
    match Pdf.lookup_direct pdf "/Domain" shading with
    | Some (Pdf.Array [a; b]) -> Pdf.getnum a, Pdf.getnum b
    | _ -> 0., 1.
  and func =
    match Pdf.lookup_direct pdf "/Function" shading with
    | Some (Pdf.Array fs) -> map (Pdffun.parse_function pdf) fs
    | Some f -> [Pdffun.parse_function pdf f]
    | _ -> raise (Pdf.PDFError "Pdfgraphics.read_axial_shading: no function in radial shading")
  and extend =
    match Pdf.lookup_direct pdf "/Extend" shading with
    | Some (Pdf.Array [Pdf.Boolean a; Pdf.Boolean b]) -> a, b
    | _ -> false, false
  in
    AxialShading
      {axialshading_coords = coords;
       axialshading_domain = domain;
       axialshading_function = func;
       axialshading_extend = extend}

(* Read a shading pattern *)
and read_shading pdf matrix extgstate shading =
  let colourspace =
    Pdf.lookup_fail "No colourspace in shading" pdf "/ColorSpace" shading
  and background =
    Pdf.lookup_direct pdf "/Background" shading
  and bbox =
    Pdf.lookup_direct pdf "/BBox" shading
  and antialias =
    match Pdf.lookup_direct pdf "/BBox" shading with
    | Some (Pdf.Boolean true) -> true
    | _ -> false
  in
    let shading =
      match Pdf.lookup_fail "no /ShadingType" pdf "/ShadingType" shading with
      | Pdf.Integer 1 -> read_function_shading pdf shading
      | Pdf.Integer 3 -> read_radial_shading pdf shading
      | Pdf.Integer 2 -> read_axial_shading pdf shading
      | Pdf.Integer 4 -> FreeFormGouraudShading
      | Pdf.Integer 5 -> LatticeFormGouraudShading
      | Pdf.Integer 6 -> CoonsPatchMesh
      | Pdf.Integer 7 -> TensorProductPatchMesh
      | _ -> raise (Pdf.PDFError "Pdfgraphics.unknown shadingtype")
    in
      {shading_colourspace = colourspace;
       shading_background = background;
       shading_bbox = bbox;
       shading_antialias = antialias;
       shading_matrix = matrix;
       shading_extgstate = extgstate;
       shading = shading}

and read_shading_pattern pdf p =
  let matrix = Pdf.parse_matrix pdf "/Matrix" p
  and extgstate =
    match Pdf.lookup_direct pdf "/ExtGState" p with
    | Some (Pdf.Dictionary _ as d) -> d
    | _ -> Pdf.Dictionary []
  in
    match Pdf.lookup_direct pdf "/Shading" p with
    | Some shading ->
        ShadingPattern (read_shading pdf matrix extgstate shading)
    | _ ->
        raise (Pdf.PDFError "No shading dictionary")

and read_pattern pdf page name =
  match Pdf.lookup_direct pdf "/Pattern" page.Pdfpage.resources with
  | None -> raise (Pdf.PDFError "No pattern dictionary")
  | Some patterndict ->
      match Pdf.lookup_direct pdf name patterndict with
      | None -> raise (Pdf.PDFError "Pattern not found")
      | Some pattern ->
          match Pdf.lookup_direct pdf "/PatternType" pattern with
          | Some (Pdf.Integer 1) ->
               read_tiling_pattern pattern
          | Some (Pdf.Integer 2) ->
               read_shading_pattern pdf pattern
          | _ -> raise (Pdf.PDFError "unknown pattern")

and process_op pdf page (partial, graphic) op =
  let ret = (partial, graphic) in
  (*i flprint (string_of_state !state); *)
  (*i flprint (Pdfpages.string_of_op op ^ "\n"); i*)
  match op with
  | Pdfops.Op_W ->
      (* Move the current partial path into Clip, and return *)
      begin match partial with
      | PartialPath (_, _, segments, subpaths) ->
          if segments = [] && subpaths = [] then ret else
            let path =
              if segments <> []
                then (Not_hole, Closed, rev segments)::subpaths
                else subpaths
            in
              (!state).clip <- Some (NonZero, path); ret
      | _ -> ret
      end
      (* FIXME: In NextClip needs to support possibly several clips, since we can do W n W n W n f, for instance? *)
  | Pdfops.Op_W' ->
      begin match partial with
      | PartialPath (_, _, segments, subpaths) ->
          if segments = [] && subpaths = [] then ret else
            let path =
              if segments <> []
                then (Not_hole, Closed, rev segments)::subpaths
                else subpaths
            in
              (!state).clip <- Some (EvenOdd, path); ret
      | _ -> ret
      end
  | Pdfops.InlineImage (dict, data) ->
      (NoPartial, GraphicInlineImage (dict, data, (!state).transform)::graphic)
  | Pdfops.Op_MP name ->
      begin match (!state).objectclass with
      | PageDescriptionLevel -> (NoPartial, MCPoint name::graphic)
      | TextObject -> ret (* FIXME -- Add it to the text partial. *)
      | _ -> ret (* Invalid, silently drop *)
      end
  | Pdfops.Op_DP (name, properties) ->
      begin match (!state).objectclass with
      | PageDescriptionLevel ->
          (NoPartial, MCPointProperties (name, properties)::graphic)
      | TextObject -> ret (* FIXME -- Add it to the text partial. *)
      | _ -> ret (* Invalid, silently drop *)
      end
  | Pdfops.Op_BX | Pdfops.Op_EX -> ret    
  | Pdfops.Op_ri n -> (!state).intent <- n; ret
  | Pdfops.Op_j j -> (!state).joinstyle <- j; ret
  | Pdfops.Op_J c -> (!state).capstyle <- c; ret
  | Pdfops.Op_w w -> (!state).linewidth <- w; ret
  | Pdfops.Op_M m -> (!state).mitrelimit <- m; ret
  | Pdfops.Op_q ->
      (*i flprint "Op_q\n"; i*)
      push_statestack ();
      ret
  | Pdfops.Op_Q ->
      (*i flprint "Op_Q\n"; i*)
      pop_statestack ();
      ret
  | Pdfops.Op_SC vals | Pdfops.Op_SCN vals ->
      (!state).line <- Floats vals;
      ret
  | Pdfops.Op_sc vals | Pdfops.Op_scn vals ->
      (!state).fill <- Floats vals;
      ret
  | Pdfops.Op_scnName (name, vals) ->
      begin match (!state).colourspace_nonstroke with
      | Pdfspace.Pattern | Pdfspace.PatternWithBaseColourspace _ ->
          begin try
            (!state).fill <- Pattern (read_pattern pdf page name);
            ret
          with
            _ -> ret
          end
      | _ -> 
          (!state).fill <- Named (name, vals);
          ret
      end
  | Pdfops.Op_SCNName (name, vals) ->
      begin match (!state).colourspace_stroke with
      | Pdfspace.Pattern | Pdfspace.PatternWithBaseColourspace _ ->
          begin try
            (!state).line <- Pattern (read_pattern pdf page name);
            ret
          with
            _ -> ret
          end
      | _ ->
          (!state).line <- Named (name, vals);
          ret
      end
  | Pdfops.Op_CS c ->
      (*i Printf.printf "Op_CS: %s\n" c; *)
      (!state).colourspace_nonstroke <- Pdfspace.read_colourspace pdf page.Pdfpage.resources (Pdf.Name c);
      ret
  | Pdfops.Op_cs c ->
      (*i flprint "Op_cs\n";
      Printf.printf "Pdfgraphics: Op_cs: %s\n" c; i*)
      (!state).colourspace_nonstroke <- Pdfspace.read_colourspace pdf page.Pdfpage.resources (Pdf.Name c);
      ret
  | Pdfops.Op_G gv ->
      (*i flprint "Op_G\n"; i*)
      (!state).colourspace_stroke <- Pdfspace.DeviceGray;
      (!state).line <- Floats [gv];
      ret
  | Pdfops.Op_g gv ->
      (*i flprint "Op_g\n"; i*)
      (!state).colourspace_nonstroke <- Pdfspace.DeviceGray;
      (!state).fill <- Floats [gv];
      ret
  | Pdfops.Op_RG (rv, gv, bv) ->
      (!state).colourspace_stroke <- Pdfspace.DeviceRGB;
      (!state).line <- Floats [rv; gv; bv];
      ret
  | Pdfops.Op_rg (rv, gv, bv) ->
      (!state).colourspace_nonstroke <- Pdfspace.DeviceRGB;
      (!state).fill <- Floats [rv; gv; bv];
      ret
  | Pdfops.Op_K (c, m, y, k) ->
      (!state).colourspace_stroke <- Pdfspace.DeviceCMYK;
      (!state).line <- Floats [c; y; m; k];
      ret
  | Pdfops.Op_k (c, m, y, k) ->
      (!state).colourspace_nonstroke <- Pdfspace.DeviceCMYK;
      (!state).fill <- Floats [c; y; m; k];
      ret
  | Pdfops.Op_gs name ->
      let ext_state_dict = Pdf.lookup_fail "Bad Op_gs" pdf "/ExtGState" page.Pdfpage.resources in
        let gdict = Pdf.lookup_fail "Bad Op_gs" pdf name ext_state_dict in
          update_graphics_state_from_dict pdf page.Pdfpage.resources gdict;
          ret
  | Pdfops.Op_m (x, y) ->
      (* Begin a new subpath. Get into path mode if not already there. If the last op was an
      [Op_m], it should have no effect. *)
      (!state).objectclass <- PathObject;
      begin match partial with
      | PartialPath (sp, cp, segs, subpaths) ->
          if segs = []
            then PartialPath ((x, y), (x, y), [], subpaths), graphic
            else PartialPath ((x, y), (x, y), [], (Not_hole, Open, rev segs)::subpaths), graphic
      | _ ->
          PartialPath ((x, y), (x, y), [], []), graphic
      end
  | Pdfops.Op_l (x, y) ->
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_l");
      begin match partial with 
      | PartialPath (sp, cp, segs, subpaths) ->
          PartialPath (sp, (x, y), Straight (cp, (x, y))::segs, subpaths), graphic
      | _ ->
          raise (Pdf.PDFError "Pdfgraphics: Op_l")
      end
  | Pdfops.Op_c (a, b, c, d, e, f) ->
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_c");
      begin match partial with 
      | PartialPath (sp, cp, segs, subpaths) ->
          let ep = (e, f) in
            let curve = Bezier (cp, (a, b), (c, d), ep) in
              PartialPath (sp, ep, curve::segs, subpaths), graphic
      | _ ->
          raise (Pdf.PDFError "Pdfgraphics: Op_c")
      end
  | Pdfops.Op_v (a, b, c, d) ->
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_v");
      begin match partial with 
      | PartialPath (sp, cp, segs, subpaths) ->
          let ep = (c, d) in
            let curve = Bezier (cp, cp, (a, b), ep) in
              PartialPath (sp, ep, curve::segs, subpaths), graphic
      | _ ->
          raise (Pdf.PDFError "Pdfgraphics: Op_v")
      end
  | Pdfops.Op_y (a, b, c, d) ->
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_y");
      begin match partial with 
      | PartialPath (sp, cp, segs, subpaths) ->
          let ep = (c, d) in
            let curve = Bezier (cp, (a, b), ep, ep) in
              PartialPath (sp, ep, curve::segs, subpaths), graphic
      | _ ->
          raise (Pdf.PDFError "Pdfgraphics: Op_y")
      end
  | Pdfops.Op_h ->
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_h - not in PathObject");
      begin match partial with 
      | PartialPath (sp, cp, segs, subpaths) ->
          PartialPath (sp, cp, [], (Not_hole, Closed, rev segs)::subpaths), graphic
      | _ ->
          raise (Pdf.PDFError "Pdfgraphics: Op_h - not a partial path")
      end
  | Pdfops.Op_s ->
      (* Close and stroke. Equivalent to h S *)
      process_ops pdf page ret [Pdfops.Op_h; Pdfops.Op_S]
  | Pdfops.Op_b ->
      (* Close, fill, stroke, nonzero. Equivalent to h B *)
      process_ops pdf page ret [Pdfops.Op_h; Pdfops.Op_B]
  | Pdfops.Op_b' ->
      (* Close, fill, stroke, evenodd. Equivalent to h B* *)
      process_ops pdf page ret [Pdfops.Op_h; Pdfops.Op_B']
  | Pdfops.Op_f | Pdfops.Op_F ->
      (* Close and Fill non-zero *)
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_f");
      let partial, graphic = process_op pdf page (partial, graphic) Pdfops.Op_h in
        (!state).objectclass <- PageDescriptionLevel;
        begin match partial with
        | PartialPath (sp, cp, segs, subpaths) ->
            (* segs is empty, due to [Op_h] *)
            PartialPath (sp, cp, [], []),
            Path ((NonZero, rev subpaths), path_attributes_fill ())::graphic
        | _ ->
           raise (Pdf.PDFError "Pdfgraphics: Op_f")
        end
  | Pdfops.Op_S ->
      (* Stroke *)
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_S");
      (!state).objectclass <- PageDescriptionLevel;
      begin match partial with
      | PartialPath (sp, cp, segs, subpaths) ->
          if segs = [] then
            PartialPath (sp, cp, [], []),
            Path ((EvenOdd, rev subpaths), path_attributes_stroke ())::graphic
          else
            PartialPath (sp, cp, [], []),
            Path ((EvenOdd, rev ((Not_hole, Open, rev segs)::subpaths)), path_attributes_stroke ())::graphic
      | _ ->
         raise (Pdf.PDFError "Pdfgraphics: Op_S")
      end
  | Pdfops.Op_B ->
      (* Fill and stroke, non-zero. *)
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_B");
      (!state).objectclass <- PageDescriptionLevel;
      begin match partial with
      | PartialPath (sp, cp, segs, subpaths) ->
          if segs = [] then
            PartialPath (sp, cp, [], []),
            Path ((NonZero, rev subpaths), path_attributes_fill_and_stroke ())::graphic
          else
            PartialPath (sp, cp, [], []),
            Path ((NonZero, rev ((Not_hole, Open, rev segs)::subpaths)), path_attributes_fill_and_stroke ())
            ::graphic
      | _ ->
        raise (Pdf.PDFError "Pdfgraphics: Op_B")
      end
  | Pdfops.Op_B' ->
      (* Fill and stroke, even-odd. *)
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_B*");
      let partial, graphic = process_op pdf page (partial, graphic) Pdfops.Op_h in
        (!state).objectclass <- PageDescriptionLevel;
        begin match partial with
        | PartialPath (sp, cp, segs, subpaths) ->
            if segs = [] then
              PartialPath (sp, cp, [], []),
              Path ((EvenOdd, rev subpaths), path_attributes_fill_and_stroke ())::graphic
            else
              PartialPath (sp, cp, [], []),
              Path ((EvenOdd, rev ((Not_hole, Open, rev segs)::subpaths)), path_attributes_fill_and_stroke ())
              ::graphic
        | _ ->
           raise (Pdf.PDFError "Pdfgraphics: Op_B*")
        end
  | Pdfops.Op_f' ->
      (* Fill, even-odd *)
      if (!state).objectclass <> PathObject then
        raise (Pdf.PDFError "Pdfgraphics: Op_f*");
      (!state).objectclass <- PageDescriptionLevel;
      begin match partial with
      | PartialPath (sp, cp, segs, subpaths) ->
          if segs = [] then
            PartialPath (sp, cp, [], []),
            Path ((EvenOdd, rev subpaths), path_attributes_fill ())::graphic
          else
            PartialPath (sp, cp, [], []),
            Path ((EvenOdd, rev ((Not_hole, Open, rev segs)::subpaths)), path_attributes_fill ())
            ::graphic
      | _ ->
         raise (Pdf.PDFError "Pdfgraphics: Op_f*")
      end
  | Pdfops.Op_n ->
      (* no-op *)
      (!state).objectclass <- PageDescriptionLevel;
      (* for now, until we support clipviews, clean up the polygon *)
      (NoPartial, graphic)
  | Pdfops.Op_re (x, y, w, h) ->
      (* Rectangle. *)
      let ops =
        [Pdfops.Op_m (x, y);
         Pdfops.Op_l (x +. w, y);
         Pdfops.Op_l (x +. w, y +. h);
         Pdfops.Op_l (x, y +. h);
         Pdfops.Op_h]
      in
        process_ops pdf page (partial, graphic) ops
  | Pdfops.Op_Do name ->
      begin match Pdf.lookup_direct pdf "/XObject" page.Pdfpage.resources with
      | Some d ->
          begin match Pdf.lookup_direct pdf name d with
          | Some xobj ->
              begin match Pdf.lookup_direct pdf "/Subtype" xobj with
              | Some (Pdf.Name "/Image") ->
                  let objnum =
                    match Pdf.find_indirect name d with
                    | None -> raise (Pdf.PDFError "image not found")
                    | Some i -> i
                  in
                    partial,
                    Image
                       ({image_transform = (!state).transform;
                         image_transparency = (!state).opacity_nonstroke;
                         image_softmask = (!state).softmask}
                        , objnum)::graphic
              | Some (Pdf.Name "/Form") ->
                  let elts = read_form_xobject pdf page xobj in
                    partial, rev elts @ graphic
              | _ -> raise (Pdf.PDFError "Unknown kind of xobject")
              end
          | _ -> raise (Pdf.PDFError "Unknown xobject")
          end
      | None -> raise (Pdf.PDFError "xobject not found")
      end
  | Pdfops.Op_cm tr ->
      (!state).transform <- Pdftransform.matrix_compose (!state).transform tr;
      ret
  |  (  Pdfops.Op_Tc _
      | Pdfops.Op_Tw _ 
      | Pdfops.Op_Tz _ 
      | Pdfops.Op_TL _ 
      | Pdfops.Op_Tf _ 
      | Pdfops.Op_Tr _ 
      | Pdfops.Op_Ts _ 
      | Pdfops.Op_Td _ 
      | Pdfops.Op_TD _ 
      | Pdfops.Op_Tm _ 
      | Pdfops.Op_T' 
      | Pdfops.Op_Tj _ 
      | Pdfops.Op_TJ _ 
      | Pdfops.Op_' _ 
      | Pdfops.Op_'' _ 
      | Pdfops.Op_d0 _ 
      | Pdfops.Op_d1 _) as op ->
       begin match partial with
       | PartialText t ->
           let st = textstate () in
             PartialText ((st, op)::t), graphic
       | _ ->
         (* If there's no partial text, this is an op affecting the text state but not in a text section. Such ops are allowed. FIXME: Deal with them properly - by ops altering the text state so this can be reflected in the initial state at the start of a text section *)
         ret
       end
  | Pdfops.Op_sh n ->
      let shading =
        let shadingdict = Pdf.lookup_fail "no /Shading" pdf "/Shading" page.Pdfpage.resources in
          let shading = Pdf.lookup_fail "named shading not found" pdf n shadingdict in
            read_shading pdf Pdftransform.i_matrix Pdf.Null shading
      and currentclip = (!state).clip in
        partial, Shading (currentclip, shading, (!state).transform)::graphic
  | Pdfops.Op_i flatness ->
      if flatness >= 0 && flatness <= 100 then (!state).flatness <- flatness;
      ret
  | Pdfops.Op_d (spec, phase) ->
      (!state).dash <- spec, phase;
      ret
  | Pdfops.Op_Unknown _ -> ret
  | _ -> Printf.eprintf "Operator shouldn't appear at this place"; ret

and getuntil_matching_emc level prev = function
  | (Pdfops.Op_BMC _ | Pdfops.Op_BDC (_, _)) as h::t ->
      getuntil_matching_emc (level + 1) (h::prev) t
  | Pdfops.Op_EMC::t ->
      if level < 0
        then raise (Pdf.PDFError "Too many EMCs\n")
        else if level = 0
          then rev prev, t
          else getuntil_matching_emc (level - 1) (Pdfops.Op_EMC::prev) t
  | h::t -> getuntil_matching_emc level (h::prev) t
  | [] -> raise (Pdf.PDFError "Missing EMC\n")

and getuntil_matching_Q level prev = function
  | Pdfops.Op_q::t -> getuntil_matching_Q (level + 1) (Pdfops.Op_q::prev) t
  | Pdfops.Op_Q::t ->
      if level = 0
        then rev prev, Pdfops.Op_Q::t
        else getuntil_matching_Q (level - 1) (Pdfops.Op_Q::prev) t
  | [] -> rev prev, []
  | h::t -> getuntil_matching_Q level (h::prev) t

and process_ops pdf page (partial, graphic) ops =
  match ops with
  | [] -> partial, rev graphic
  | Pdfops.Op_n::t ->
      (* If there's a NextClip, select all operators within the scope of this
      clip. That is, all operators until an [Op_Q] which puts the stack level
      below the current level or the end of the stream, whichever comes first.*)
      begin match (!state).clip with
      | None ->
          process_ops pdf page (partial, graphic) t
      | Some path ->
          (* We process the operators concerned, putting them inside a Clip,
          and then proceed with the remaining operators (including any [Op_Q]).
          However, to deal with the case of overlapping pairs of marked content
          sections and q/Q pairs (which is allowed). Currently just chuck BDC we don't understand. *)
          let toq, rest = getuntil_matching_Q 0 [] t in
            let _, elts =
              process_ops pdf page (NoPartial, []) toq
            in
              process_ops pdf page (NoPartial, Clip (path, elts)::graphic) rest
      end
  | Pdfops.Op_BMC n::t ->
      (* FIXME: Marked content regions / q/Q pairs overlapping problem *)
      begin try
        let ops, rest = getuntil_matching_emc 0 [] t in
          let partial, graphic' = process_ops pdf page (partial, []) ops in
            process_ops pdf page (partial, MCSection (n, graphic')::graphic) rest
      with
        _ -> process_ops pdf page (partial, graphic) t
      end
  | Pdfops.Op_BDC (n, d)::t ->
      (* FIXME: Marked content regions / q/Q pairs overlapping problem *)
      begin try
        let ops, rest = getuntil_matching_emc 0 [] t in
          let partial, graphic' = process_ops pdf page (partial, []) ops in
            process_ops pdf page (partial, MCSectionProperties (n, d, graphic')::graphic) rest
      with
        _ -> process_ops pdf page (partial, graphic) t
      end
  | Pdfops.Op_BT::t ->
     (* Can't nest text sections, so just get to ET *)
     let textops, rest = cleavewhile (neq Pdfops.Op_ET) t in
       begin match rest with
       | Pdfops.Op_ET::_ | [] ->
          (* We allow blank in case of wrongly nested EMC / ET etc *)
          let more = tail_no_fail rest in
          (* We need to process the ops, and capture the text operations, but state changes inside
          text sections (e.g colour changes) have global effect, so need to keep the state *)
          (!state).objectclass <- TextObject;
          let partial, _ =
            process_ops pdf page (PartialText [], graphic) textops
          in
            begin match partial with
            | PartialText t ->
                let textblock =
                  Text (rev t, {textblock_transform = (!state).transform})
                in
                  process_ops pdf page (partial, textblock::graphic) (Pdfops.Op_ET::more)
            | _ -> raise (Pdf.PDFError "Bad operations in text block")
            end
       | _ ->
         (*i Printf.printf "textops: %s\n\n" (Pdfops.string_of_ops textops);
         Printf.printf "rest: %s\n\n" (Pdfops.string_of_ops rest); i*)
         raise (Pdf.PDFError "No Matching Op_ET")
       end
  | Pdfops.Op_ET::t ->
     (!state).objectclass <- PageDescriptionLevel;
     process_ops pdf page (partial, graphic) t
  | h::t -> process_ops pdf page (process_op pdf page (partial, graphic) h) t

(* Load the fonts as (name, pdfobject) pairs *)
and fonts_of_page pdf page =
  match Pdf.lookup_direct pdf "/Font" page.Pdfpage.resources with
  | Some (Pdf.Dictionary fs) -> fs
  | _ -> []

(* Find the operations of a form xobject. *)
and read_form_xobject pdf page pdfobject =
  let content = [Pdf.direct pdf pdfobject] in
    let pagedict =
      match Pdf.direct pdf page.Pdfpage.resources with
      | Pdf.Dictionary rs -> rs
      | _ -> []
    and xobjdict =
      match Pdf.direct pdf pdfobject with
      | Pdf.Stream {contents = (dict, _)} ->
          begin match Pdf.lookup_direct pdf "/Resources" dict with
          | Some (Pdf.Dictionary rs) -> rs
          | _ -> []
          end
      | _ -> raise (Pdf.PDFError "bad stream in read_form_xobject")
    in
      let total_resources =
        Pdf.Dictionary (mergedict pagedict xobjdict)
      in
        let fake_page =
          {Pdfpage.content = [];
           Pdfpage.mediabox = Pdf.Null;
           Pdfpage.resources = total_resources;
           Pdfpage.rotate = Pdfpage.Rotate0;
           Pdfpage.rest = Pdf.Dictionary []}
        in
          let _, graphic_elts =
              (process_ops pdf fake_page (NoPartial, [])
              (Pdfops.parse_operators pdf total_resources content))
          in
            graphic_elts

(* Main function - build a graphic from a page *)
and graphic_of_page pdf page =
  statestack := [];
  state := default_state ();
  if Pdfcrypt.is_encrypted pdf then
    raise (Pdf.PDFError "Pdfgraphics: File is encrypted")
  else
    begin
      let _, elts =
        let ops =
          Pdfops.parse_operators pdf page.Pdfpage.resources page.Pdfpage.content
        in
          process_ops pdf page (NoPartial, []) ops
      in
        {elements = elts;
         fonts = fonts_of_page pdf page;
         resources = page.Pdfpage.resources}
    end

let graphic_of_ops ops =
   graphic_of_page
     (Pdf.empty ())
     {(Pdfpage.blankpage Pdfpaper.a4) with
         Pdfpage.content =
           [Pdf.Stream {contents =
              (Pdf.Dictionary [], Pdf.Got (bytes_of_string (Pdfops.string_of_ops ops)))}]}

(* \section{Building a page from a graphic} *)

let int_of_shading_kind = function
  | FunctionShading _ -> 1
  | AxialShading _ -> 2
  | RadialShading _ -> 3
  | FreeFormGouraudShading -> 4
  | LatticeFormGouraudShading -> 5
  | CoonsPatchMesh -> 6
  | TensorProductPatchMesh -> 7

let entries_of_shading pdf s =
  match s.shading with
  | RadialShading r ->
      let coords =
        let a, b, c, d, e, f = r.radialshading_coords in
          Pdf.Array
            [Pdf.Real a; Pdf.Real b; Pdf.Real c; Pdf.Real d; Pdf.Real e; Pdf.Real f]
      and domain =
        let a, b = r.radialshading_domain in
          Pdf.Array
            [Pdf.Real a; Pdf.Real b]
      and funcnum =
        match r.radialshading_function with
        | [f] ->
           Pdf.addobj pdf (Pdffun.pdfobject_of_function pdf f)
        | funs ->
           Pdf.addobj pdf (Pdf.Array (map (Pdffun.pdfobject_of_function pdf) funs))
      and extend =
        Pdf.Array
          [Pdf.Boolean (fst r.radialshading_extend);
           Pdf.Boolean (snd r.radialshading_extend)]
      in
        ["/Coords", coords;
         "/Domain", domain;
         "/Function", Pdf.Indirect funcnum;
         "/Extend", extend]
  | AxialShading a ->
      let coords =
        let a, b, c, d = a.axialshading_coords in
          Pdf.Array
            [Pdf.Real a; Pdf.Real b; Pdf.Real c; Pdf.Real d]
      and domain =
        let a, b = a.axialshading_domain in
          Pdf.Array
            [Pdf.Real a; Pdf.Real b]
      and funcnum =
        match a.axialshading_function with
        | [f] ->
           Pdf.addobj pdf (Pdffun.pdfobject_of_function pdf f)
        | funs ->
           Pdf.addobj pdf (Pdf.Array (map (Pdffun.pdfobject_of_function pdf) funs))
      and extend =
        Pdf.Array
          [Pdf.Boolean (fst a.axialshading_extend);
           Pdf.Boolean (snd a.axialshading_extend)]
      in
        ["/Coords", coords;
         "/Domain", domain;
         "/Function", Pdf.Indirect funcnum;
         "/Extend", extend]
  | _ -> []

let shading_object_of_shading pdf s =
  let background =
    match s.shading_background with
    | None -> []
    | Some b -> ["/Background", b]
  and bbox =
    match s.shading_bbox with
    | None -> []
    | Some b -> ["/BBox", b]
  in
    Pdf.Dictionary
      (["/ShadingType", Pdf.Integer (int_of_shading_kind s.shading);
       "/ColorSpace", s.shading_colourspace;
       "/AntiAlias", Pdf.Boolean s.shading_antialias]
      @ background @ bbox @ entries_of_shading pdf s)

let pattern_object_of_pattern xobject_level opdo_matrix pdf = function
  | ShadingPattern s ->
      begin try
        let shading_matrix =
          if xobject_level > 0 then
            let inverted = Pdftransform.matrix_invert opdo_matrix in
              Pdftransform.matrix_compose inverted s.shading_matrix
          else
            s.shading_matrix
        in
          Pdf.Dictionary
            ["/Type", Pdf.Name "/Pattern";
             "/PatternType", Pdf.Integer 2;
             "/Shading", shading_object_of_shading pdf s;
             "/Matrix", Pdf.make_matrix shading_matrix]
      with
        Pdftransform.NonInvertable -> raise (Pdf.PDFError "Pdfgraphics.Bad pattern")
      end
  | _ ->
      Printf.eprintf "Unknown pattern\n";
      Pdf.Dictionary []

(* Output a move and line/curve ops. *)
let ops_of_segs segs closure =
  let raw_seg_ops =
    map
      (function
       | Straight (_, (x, y)) -> Pdfops.Op_l (x, y)
       | Bezier (_, (bx, by), (cx, cy), (dx, dy)) -> Pdfops.Op_c (bx, by, cx, cy, dx, dy))
      segs
  and get_move = function
    | Straight ((x, y), _) | Bezier ((x, y), _, _, _) -> Pdfops.Op_m (x, y)
  in
    (* Predicate: Do we need to close this subpath? *)
    match segs with
    | [] -> []
    | h::_ -> get_move h::raw_seg_ops @ (if closure = Closed then [Pdfops.Op_h] else [])

let protect ops =
  [Pdfops.Op_q] @ ops @ [Pdfops.Op_Q]

let attribute_ops_of_path (_, a) =
  [Pdfops.Op_w a.path_linewidth;
   Pdfops.Op_J a.path_capstyle;
   Pdfops.Op_j a.path_joinstyle;
   begin match a.path_dash with (x, y) -> Pdfops.Op_d (x, y) end;
   Pdfops.Op_M a.path_mitrelimit;
   Pdfops.Op_ri a.path_intent]

let transform_ops_of_path (_, a) =
  [Pdfops.Op_cm a.path_transform]

let stroke_ops_of_path ((winding, _), a) =
  match winding, a.path_fill, a.path_line with
  | _, None, None -> Pdfops.Op_n
  | EvenOdd, Some _, Some _ -> Pdfops.Op_B'
  | EvenOdd, Some _, None -> Pdfops.Op_f'
  | NonZero, Some _, Some _ -> Pdfops.Op_B
  | NonZero, Some _, None -> Pdfops.Op_f
  | _, None, Some _ -> Pdfops.Op_S

let path_ops_of_path (_, subpaths) =
  flatten (map (fun (_, closure, segs) -> ops_of_segs segs closure) subpaths)

let ops_of_path pdf page (((winding, subpaths), a) as p) =
  (* Add a colourspace returning new resources and a new name, or return the name it's already held under. *)
  let name_of_colourspace cs resources =
    match cs with
    (*i | Pdf.Name (("/DeviceGray" | "/DeviceRGB" | "/DeviceCMYK" | "/Pattern") as str) -> resources, str i*)
    | Pdfspace.DeviceGray | Pdfspace.DeviceRGB | Pdfspace.DeviceCMYK | Pdfspace.Pattern -> resources, Pdfspace.string_of_colourspace cs
    | _ ->
      let existing_colourspacedict =
        match Pdf.lookup_direct pdf "/ColorSpace" resources with
        | Some ((Pdf.Dictionary _) as d) -> d
        | _ -> Pdf.Dictionary []
      in
        (* FIXME: For now, we just always create a new one. Must search to see if it's already there for efficiency. *)
        let name = Pdf.unique_key "cs" existing_colourspacedict in
          let newcolourspacedict = Pdf.add_dict_entry existing_colourspacedict name (Pdfspace.write_colourspace pdf cs) in
            Pdf.add_dict_entry resources "/ColorSpace" newcolourspacedict, name
  in
  let resources = page.Pdfpage.resources in
  let attribute_ops = attribute_ops_of_path p
  and transform = transform_ops_of_path p
  and stroke_op = stroke_ops_of_path p in
  let colours_stroke, resources =
    match a.path_line with
    | Some (cs, Floats vals) ->
        let resources', name = name_of_colourspace cs resources in
        [Pdfops.Op_CS name; Pdfops.Op_SCN vals], resources
    | Some (cs, Named (n, vals)) ->
        let resources', name = name_of_colourspace cs resources in
          [Pdfops.Op_CS name; Pdfops.Op_SCNName (n, vals)], resources'
    | _ -> [], resources
  in
  let colours_nonstroke, resources =
    match a.path_fill with
    | Some (cs, Floats vals) ->
        let resources', name = name_of_colourspace cs resources in
          [Pdfops.Op_cs name; Pdfops.Op_scn vals], resources'
    | Some (cs, Named (n, vals)) ->
        let resources', name = name_of_colourspace cs resources in
          [Pdfops.Op_cs name; Pdfops.Op_scnName (n, vals)], resources'
    | Some (_, Pattern p) ->
        (* Build /Pattern cs and reference to pattern, having built the
        pattern in the pattern dictionary *)
        let pattern = pattern_object_of_pattern (!state).in_xobject (!state).opdo_matrix pdf p in
         let resources, name =
           let existing_patterndict =
             match Pdf.lookup_direct pdf "/Pattern" resources with
             | Some ((Pdf.Dictionary _) as d) -> d
             | _ -> Pdf.Dictionary []
           in
             let name = Pdf.unique_key "pt" existing_patterndict in
               let newpatterndict = Pdf.add_dict_entry existing_patterndict name pattern in
                 Pdf.add_dict_entry page.Pdfpage.resources "/Pattern" newpatterndict, name
        in
          [Pdfops.Op_cs "/Pattern"; Pdfops.Op_scnName (name, [])], resources
    | _ -> [], resources
  in
  let gs, resources =
    if a.path_transparency.fill_transparency < 1. || a.path_transparency.line_transparency < 1.
      then
         let resources, name =
           let existing_extgstate =
             match Pdf.lookup_direct pdf "/ExtGState" resources with
             | Some ((Pdf.Dictionary _) as d) -> d
             | _ -> Pdf.Dictionary []
           in
             let name = Pdf.unique_key "gs" existing_extgstate
             and gsdict =
               Pdf.Dictionary
                 [("/ca", Pdf.Real a.path_transparency.fill_transparency);
                  ("/CA", Pdf.Real a.path_transparency.line_transparency)]
             in
               let new_extgstate = Pdf.add_dict_entry existing_extgstate name gsdict in
                 Pdf.add_dict_entry page.Pdfpage.resources "/ExtGState" new_extgstate, name
         in
            [Pdfops.Op_gs name], resources
      else
        [], resources
  in
   let path_ops = path_ops_of_path (winding, subpaths) in
     protect (gs @ transform @ attribute_ops @ colours_stroke @ colours_nonstroke @ path_ops @ [stroke_op]),
     resources

let ops_of_textstate st = []

let ops_of_textpiece (st, op) =
  ops_of_textstate st @ [op]

(* Upon entry to this, the transformation matrix is identity *)
let ops_of_text tr ops =
  protect ([Pdfops.Op_cm tr; Pdfops.Op_BT] @ (flatten <| map ops_of_textpiece ops) @ [Pdfops.Op_ET])

(* Transform a bounding box by a given matrix *)
let extreme_of_4 f a b c d =
  hd <| sort f [a; b; c; d]

let min_of_4 = extreme_of_4 compare

let max_of_4 = extreme_of_4 (fun a b -> ~-(compare a b))

let transform_bbox tr l b r t =
  let (x0, y0) = Pdftransform.transform_matrix tr (l, t)
  and (x1, y1) = Pdftransform.transform_matrix tr (l, b)
  and (x2, y2) = Pdftransform.transform_matrix tr (r, t)
  and (x3, y3) = Pdftransform.transform_matrix tr (r, b) in
    min_of_4 x0 x1 x2 x3,
    min_of_4 y0 y1 y2 y3,
    max_of_4 x0 x1 x2 x3,
    max_of_4 y0 y1 y2 y3

(* Build a transparency group xobject, add it to the pdf and return its object number *)
let rec pdfobject_of_transparency_group (a, b, c, d) pdf t =
  (!state).in_xobject <- (!state).in_xobject + 1;
  let r =
    let page = page_of_graphic pdf (0., 0., 0., 0.) t.tr_graphic
    and group_attributes =
      let cs =
        match t.tr_group_colourspace with 
        | None -> []
        | Some pdfobject -> ["/CS", pdfobject]
      in
        Pdf.Dictionary
          (["/Type", Pdf.Name "/Group";
            "/S", Pdf.Name "/Transparency";
            "/I", Pdf.Boolean t.isolated;
            "/K", Pdf.Boolean t.knockout] @ cs)
    in
      let extras =
        ["/Type", Pdf.Name "/XObject";
         "/Subtype", Pdf.Name "/Form";
         "/BBox", Pdf.Array [Pdf.Real a; Pdf.Real b; Pdf.Real c; Pdf.Real d];
         "/Resources", page.Pdfpage.resources;
         "/Group", group_attributes]
      in
        match page.Pdfpage.content with
        | Pdf.Stream ({contents = Pdf.Dictionary dict, Pdf.Got data})::_ ->
            Pdf.addobj pdf (Pdf.Stream ({contents = Pdf.Dictionary (extras @ dict), Pdf.Got data}))
        | _ -> raise (Pdf.PDFError "Pdfgraphics: Bad page content")
  in
    (!state).in_xobject <- (!state).in_xobject - 1;
    r

and pdfobject_of_softmask pdf m =
  let bc =
    match m.backdrop with
    | None -> []
    | Some fs -> ["/BC", Pdf.Array (map (function x -> Pdf.Real x) fs)]
  and tr =
    match m.softmask_transfer with
    | None -> []
    | Some f -> ["/TR", Pdffun.pdfobject_of_function pdf f]
  in
    Pdf.addobj pdf
      (Pdf.Dictionary
        (["/Type", Pdf.Name "/Mask";
         "/S", Pdf.Name (match m.softmask_subtype with Alpha -> "/Alpha" | Luminosity -> "/Luminosity");
         "/G", Pdf.Indirect (pdfobject_of_transparency_group m.softmask_bbox pdf m.transparency_group)]
        @ bc @ tr))

and ops_of_image pdf page (a, i) =
  (!state).opdo_matrix <- a.image_transform;
  let resources = page.Pdfpage.resources in
    let ops, resources =
      let opgs, resources =
        if a.image_transparency < 1. || a.image_softmask <> None
          then
             let resources, name =
               let existing_extgstate =
                 match Pdf.lookup_direct pdf "/ExtGState" page.Pdfpage.resources with
                 | Some ((Pdf.Dictionary _) as d) -> d
                 | _ -> Pdf.Dictionary []
               in
                 let name = Pdf.unique_key "gs" existing_extgstate
                 and gsdict =
                   let softmask =
                     match a.image_softmask with
                     | None -> []
                     | Some m -> ["/SMask", Pdf.Indirect (pdfobject_of_softmask pdf m)]
                   in
                     Pdf.Dictionary
                       ([("/ca", Pdf.Real a.image_transparency)] @ softmask)
                 in
                   let new_extgstate = Pdf.add_dict_entry existing_extgstate name gsdict in
                     Pdf.add_dict_entry resources "/ExtGState" new_extgstate, name
             in
                [Pdfops.Op_gs name], resources
          else
            [], resources
      in
        [Pdfops.Op_cm a.image_transform] @ opgs @ [Pdfops.Op_Do ("/Im" ^ string_of_int i)], resources
    in
      protect ops, resources

and ops_of_shading pdf page path shading transform =
  let resources', name =
    (* Add new entry to shading dictionary, return its name, new resources *)
    let existing_shadingdict =
      match Pdf.lookup_direct pdf "/Shading" page.Pdfpage.resources with
      | Some ((Pdf.Dictionary _) as d) -> d
      | _ -> Pdf.Dictionary []
    in
      let name = Pdf.unique_key "sh" existing_shadingdict
      and objnum = Pdf.addobj pdf (shading_object_of_shading pdf shading) in
        let shadingref = Pdf.Indirect objnum in
          let new_shadingdict = Pdf.add_dict_entry existing_shadingdict name shadingref in
            let r =
              Pdf.add_dict_entry page.Pdfpage.resources "/Shading" new_shadingdict
            in
              r, name
  in
    let ops =
      let pathops, clipops =
       match path with
       | None -> [], []
       | Some p ->
           path_ops_of_path p, [Pdfops.Op_W; Pdfops.Op_n] (* FIXME: Even-odd vs Non-Zero *)
      in
        pathops @ clipops @ [Pdfops.Op_cm transform; Pdfops.Op_sh name]
    in
      protect ops, resources'

and ops_of_graphic_acc pdf page oplists = function
  | [] ->
      flatten (rev oplists), page
  | Path p::t ->
      let ops, resources' = ops_of_path pdf page p in
        let page' = {page with Pdfpage.resources = resources'} in
          ops_of_graphic_acc pdf page' (ops::oplists) t
  | Image (attr, i)::t ->
      let ops, resources' = ops_of_image pdf page (attr, i) in
        let page' = {page with Pdfpage.resources = resources'} in
          ops_of_graphic_acc pdf page' (ops::oplists) t
  | Text (ts, {textblock_transform = tr})::t ->
      let ops = ops_of_text tr ts in
        ops_of_graphic_acc pdf page (ops::oplists) t
  | MCSection (n, graphic)::t ->
      let oplist, page' =
        ops_of_graphic_acc pdf page [] graphic
      in
        ops_of_graphic_acc pdf page' (([Pdfops.Op_BMC n] @ oplist @ [Pdfops.Op_EMC])::oplists) t
  | MCSectionProperties (n, d, graphic)::t ->
      let oplist, page' =
        ops_of_graphic_acc pdf page [] graphic
      in
        ops_of_graphic_acc pdf page' (([Pdfops.Op_BDC (n, d)] @ oplist @ [Pdfops.Op_EMC])::oplists) t
  | MCPoint n::t ->
      ops_of_graphic_acc pdf page ([Pdfops.Op_MP n]::oplists) t
  | MCPointProperties (n, d)::t ->
      ops_of_graphic_acc pdf page ([Pdfops.Op_DP (n, d)]::oplists) t
  | GraphicInlineImage (dict, data, tr)::t ->
      ops_of_graphic_acc pdf page (protect [Pdfops.Op_cm tr; Pdfops.InlineImage (dict, data)]::oplists) t
  | Clip ((w, _) as p, elts)::t ->
      let ops, page' =
        let path_ops =
          [Pdfops.Op_cm (!state).transform] @ path_ops_of_path p 
        and clipviewops =
          [if w = NonZero then Pdfops.Op_W else Pdfops.Op_W'; Pdfops.Op_n]
        and insideclipops, page' =
          ops_of_graphic_acc pdf page [] elts
        in
          protect (path_ops @ clipviewops @ insideclipops), page'
      in
        ops_of_graphic_acc pdf page' (ops::oplists) t
   | Shading (path, shading, transform)::t ->
       let ops, resources' = ops_of_shading pdf page path shading transform in
         let oplists'= protect ops::oplists
         and page' = {page with Pdfpage.resources = resources'} in
           ops_of_graphic_acc pdf page' oplists' t

(* Build a page from a graphic in the same PDF. *)
and image_numbers_of_elts prev = function
  | Image (_, i)::t -> image_numbers_of_elts (i::prev) t
  | MCSection (_, elts)::t
  | MCSectionProperties (_, _, elts)::t
  | Clip (_, elts)::t ->
      let these = image_numbers_of_elts [] elts in
        image_numbers_of_elts (these @ prev) t
  | _::t -> image_numbers_of_elts prev t
  | [] -> prev

and make_xobjects pdf elts =
  let numbers = image_numbers_of_elts [] elts in
    setify <| map (function n -> ("/Im" ^ string_of_int n), Pdf.Indirect n) numbers

and make_resources pdf g page' =
  let resources =
    match g.resources with
    | Pdf.Dictionary rs -> rs
    | _ -> []
  and fontdict =
    Pdf.Dictionary g.fonts
  and xobjdict =
    let objs = make_xobjects pdf g.elements in
      Pdf.Dictionary objs
  and resources_frompage =
    match page'.Pdfpage.resources with
    | Pdf.Dictionary d -> d
    | _ -> raise (Pdf.PDFError "bad resources in page in make_resources")
  in
    let resources = remove "/Shading" resources in
    let resources = remove "/Pattern" resources in
    let resources = remove "/ExtGState" resources in
    let resources = remove "/ColorSpace" resources in
      (* [fold_right] so that entries overwrite *)
      Pdf.Dictionary
        (fold_right
           (fun (k, v) d -> add k v d)
           ["/Font", fontdict; "/XObject", xobjdict]
           (resources_frompage @ resources))

and page_of_graphic pdf (xmin, ymin, xmax, ymax) graphic =
  let page =
    Pdfpage.custompage (Pdf.Array [Pdf.Real xmin; Pdf.Real ymin; Pdf.Real xmax; Pdf.Real ymax])
  in
    let ops, page' = ops_of_graphic_acc pdf page [] graphic.elements in
      (* We're not including the ExtGState because it's in the page', so need
      to merge with resources *)
      let resources = make_resources pdf graphic page' in
        {page' with
           Pdfpage.content = [Pdfops.stream_of_ops ops];
           Pdfpage.resources = resources}

let ops_of_simple_graphic graphic =
  fst (ops_of_graphic_acc (Pdf.empty ()) (Pdfpage.blankpage Pdfpaper.a4) [] graphic.elements)

(* FIXME Add in here a function to copy a page/graphic from one document to another *)

let streams_of_simple_graphic g =
  (page_of_graphic (Pdf.empty ()) (0., 0., 600., 400.) g).Pdfpage.content

(* Transforming a graphic *)
let transform_segment tr s =
  let f = Pdftransform.transform_matrix tr in
    match s with
    | Straight (x, y) -> Straight (f x, f y)
    | Bezier (a, b, c, d) -> Bezier (f a, f b, f c, f d)

let transform_subpath tr (h, c, segments) =
  (h, c, map (transform_segment tr) segments)

let transform_path tr (w, subpaths) =
  (w, map (transform_subpath tr) subpaths)

let transform_element tr = function
  | Path (pth, attr) -> Path (transform_path tr pth, attr)
  | x -> x (* FIXME: Add rest of elements. *)

let transform_graphic tr g =
  {g with elements = map (transform_element tr) g.elements} 
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(** Structured Graphics. This will (eventually) be a module allowing for the raising of a page's contents to a tree form, the manipulation of that tree and its writing back to the page, with no possible loss of fidelity.

It is only a little experiment at the moment... *)

open Pdfutil
open Pdfio

(** Point. *)
type fpoint = float * float

(** Winding rule. *)
type winding_rule = EvenOdd | NonZero

(** A segment (a straight line or bezier curve) *)
type segment =
  | Straight of fpoint * fpoint
  | Bezier of fpoint * fpoint * fpoint * fpoint

(** Each segment list may be marked as a hole or not. *)
type hole = Hole | Not_hole

(* A [subpath] is either closed or open. *)
type closure = Closed | Open

(** A [subpath] is the pair of a hole and a list of segments. *)
type subpath = hole * closure * segment list

(** A path is made from a number of subpaths. *)
type path = winding_rule * subpath list

val string_of_path : path -> string

(** Colour values *)
type tiling = Tiling

type function_shading =
  {funshading_domain : float * float * float * float;
   funshading_matrix : Pdftransform.transform_matrix;
   funshading_function : Pdffun.t}

type radial_shading =
  {radialshading_coords : float * float * float * float * float * float;
   radialshading_domain : float * float;
   radialshading_function : Pdffun.t list;
   radialshading_extend : bool * bool}

type axial_shading =
  {axialshading_coords : float * float * float * float;
   axialshading_domain : float * float;
   axialshading_function : Pdffun.t list;
   axialshading_extend : bool * bool}

type shading_kind =
 | FunctionShading of function_shading
 | AxialShading of axial_shading
 | RadialShading of radial_shading
 | FreeFormGouraudShading
 | LatticeFormGouraudShading
 | CoonsPatchMesh
 | TensorProductPatchMesh

type shading =
 {shading_colourspace : Pdf.pdfobject;
  shading_background : Pdf.pdfobject option;
  shading_bbox : Pdf.pdfobject option;
  shading_antialias : bool;
  shading_matrix : Pdftransform.transform_matrix;
  shading_extgstate : Pdf.pdfobject;
  shading : shading_kind}

type pattern =
  | ColouredTilingPattern of tiling
  | UncolouredTilingPattern of tiling
  | ShadingPattern of shading

type colvals =
  | Floats of float list
  | Named of (string * float list)
  | Pattern of pattern

type transparency_attributes =
  {fill_transparency : float;
   line_transparency : float}

(** Path attributes. *)
type path_attributes =
  {path_transform : Pdftransform.transform_matrix;
   path_fill : (Pdfspace.t * colvals) option;
   path_line : (Pdfspace.t * colvals) option;
   path_linewidth : float;
   path_joinstyle : int;
   path_capstyle : int;
   path_dash : float list * float;
   path_mitrelimit : float;
   path_transparency : transparency_attributes;
   path_intent : string}

type text_attributes =
  {textmode : int}

type textblock_attributes =
  {textblock_transform : Pdftransform.transform_matrix}

type textblock =
  text_attributes * Pdfops.t

type image_attributes =
  {image_transform : Pdftransform.transform_matrix;
   image_transparency : float;
   image_softmask : softmask option} (* The /ca value *)

and softmask_subtype =
  Alpha | Luminosity

and transparency_group =
  {tr_group_colourspace : Pdf.pdfobject option;
   isolated : bool;
   knockout : bool;
   tr_graphic : t}

and softmask =
  {softmask_subtype : softmask_subtype;
   transparency_group : transparency_group;
   softmask_bbox : float * float * float * float;
   backdrop : float list option;
   softmask_transfer : Pdffun.t option}

and fontname = string * Pdf.pdfobject

(** For now, just support for reading paths out. Eventually a tree-structure for
an op stream. *)
and graphic_elt =
  | Path of (path * path_attributes)
  | Text of textblock list * textblock_attributes
  | MCPoint of string
  | MCPointProperties of string * Pdf.pdfobject 
  | MCSection of string * graphic_elt list
  | MCSectionProperties of string * Pdf.pdfobject * graphic_elt list
  | Image of image_attributes * int
  | GraphicInlineImage of Pdf.pdfobject * bytes * Pdftransform.transform_matrix
  | Clip of path * graphic_elt list
  | Shading of path option * shading * Pdftransform.transform_matrix

and t =
  {elements : graphic_elt list; (* Page content *)
   fonts : fontname list; (* Fonts *)
   resources : Pdf.pdfobject} (* Anything else in /Resources *)

(** Bounding box xmin, xmax, ymin, yman of a graphic *)
val bbox_of_graphic : t -> float * float * float * float

(** Make a graphic from operations. *)
val graphic_of_page : Pdf.t -> Pdfpage.t -> t

(** Make a graphic from a simple string. *)
val graphic_of_ops : Pdfops.t list -> t

(** Flatten a graphic to a list of operations and replace the operations in a
page by them, returning the new page. *)
val page_of_graphic : Pdf.t -> (float * float * float * float) -> t -> Pdfpage.t

(** Debug string of a [graphic] *)
val string_of_graphic : t -> string

(** Operations from a simple graphic (i.e no need for resources etc.) *)
val ops_of_simple_graphic : t -> Pdfops.t list

(** Pdfdoc.content entry from a simple graphic (i.e no need for resources etc.) *)
val streams_of_simple_graphic : t -> Pdf.pdfobject list

(** Transform a graphic by a matrix. *)
val transform_graphic : Pdftransform.transform_matrix -> t -> t
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(* \chaptertitle{PDFImage}{PDF Images} *)
open Pdfutil
open Pdfio

type pixel_layout =
  | BPP1
  | BPP8
  | BPP24
  | BPP48

type t =
  | JPEG of bytes * float list option
  | JPEG2000 of bytes * float list option
  | JBIG2 of bytes * float list option
  | Raw of int * int * pixel_layout * bytes

let string_of_layout = function
  | BPP1 -> "BPP1"
  | BPP8 -> "BPP8"
  | BPP24 -> "BPP24"
  | BPP48 -> "BPP48"

let string_of_image = function
  | JPEG _ -> "JPEG"
  | JPEG2000 _ -> "JPEG2000"
  | JBIG2 _ -> "JBIG2"
  | Raw (w, h, layout, data) ->
      "RAW: " ^ string_of_int w ^ " " ^ string_of_int h
      ^ " " ^ string_of_layout layout ^ " bytes of data = "
      ^ string_of_int (bytes_size data)

let print_floats fs =
  for x = 1 to Array.length fs do
    print_float fs.(x - 1);
    print_string " "
  done;
  print_string "\n"

(* Decodes an image in-place, given an array of floats. Assumes that output of Decode fits into same number of bits as input of Decode. FIXME: When might this not be true? *)

(* Invert the bits in a bytes *)
let invert_bits s =
  for x = 0 to bytes_size s - 1 do
    bset s x (bget s x lxor 255)
  done

let decode fs bpc image =
  (*i Printf.printf "decode, %i floats, BPC %i\n" (Array.length fs) bpc; i*)
  match Array.length fs with
  | 0 -> ()
  | l when odd l -> raise (Pdf.PDFError "Bad /Decode")
  | l ->
      (* Check to see if it's the identity transform. If so, do nothing. *)
      let ident = ref true in
        for x = 0 to Array.length fs / 2 - 1 do
          if fs.(x * 2) <> 0. || fs.(x * 2 + 1) <> 1. then clear ident
        done;
        (*i Printf.printf "ident: %b\n" !ident; i*)
        if not !ident then
          let interpolate dmin dmax x =
            int_of_float (dmin +. (float x *. (dmax -. dmin) /. (2.0 ** float bpc -. 1.)))
          in
            let functions =
              Array.init (l / 2) (function i -> interpolate (fs.(i * 2)) (fs.(i * 2 + 1)))
            in
              match bpc with
              | 1 ->
                 (* For now, just recognise [1 0] *)
                 invert_bits image
              | 2 -> (*iflprint "DECODE: 2 bit\n"; i*)()
              | 4 -> (*iflprint "DECODE: 4 bit\n"; i*)()
              | 8 ->
                  (*i flprint "DECODE: 8 bit\n";
                  print_floats fs; i*)
                  for p = 0 to bytes_size image - 1 do
                    bset image p ((functions.(p mod (l / 2))) (bget image p))
                  done
              | 16 -> (*i flprint "16 bit"; i*) ()
              | _ -> raise (Pdf.PDFError "Bad /Decode")

let decode_defaults pdf resources entry image =
  match entry with
  | None ->
      begin match Pdf.lookup_direct pdf "/ColorSpace" image with
      | None -> None
      | Some cspace ->
          match Pdfspace.read_colourspace pdf resources cspace with 
          | Pdfspace.DeviceGray | Pdfspace.CalGray (_, _, _) | Pdfspace.Separation (_, _, _) ->
              Some (Pdf.Array [Pdf.Real 0.; Pdf.Real 1.])
          | Pdfspace.DeviceRGB | Pdfspace.CalRGB (_, _, _, _) ->
              Some (Pdf.Array [Pdf.Real 0.; Pdf.Real 1.; Pdf.Real 0.; Pdf.Real 1.;Pdf.Real 0.; Pdf.Real 1.])
          | Pdfspace.DeviceCMYK ->
              Some (Pdf.Array [Pdf.Real 0.; Pdf.Real 1.; Pdf.Real 0.; Pdf.Real 1.;Pdf.Real 0.; Pdf.Real 1.; Pdf.Real 0.; Pdf.Real 1.])
          | Pdfspace.Lab (_, _, range) ->
              Some (Pdf.Array ([Pdf.Real 0.; Pdf.Real 1.] @ map (function n -> Pdf.Real n) (Array.to_list range)))
          | Pdfspace.ICCBased {Pdfspace.icc_range = range} ->
              (*i flprint "Making default from ICCBased colour space\n"; i*)
              Some (Pdf.Array (map (function n -> Pdf.Real n) (Array.to_list range)))
          | Pdfspace.Indexed (_, _) ->
              (*i flprint "Making default from Indexed colour space\n"; i*)
              (*i let bpc =
                match Pdf.lookup_direct_orelse pdf "/BitsPerComponent" "/BPC" image with
                | Some (Pdf.Integer n) -> n
                | _ -> 0
              in i*) (* Commented out because we don't use it yet... *)
                (* For now, just make identity. FIXME: How should decode /
                 indexed work - do it in the actual extraction routine? *)
                Some (Pdf.Array [Pdf.Real 0.; Pdf.Real 1.])
                (*i let n = 2.0 ** float bpc -. 1.0 in
                  Some (Pdf.Array [Pdf.Real 0.; Pdf.Real n]) i*)
          | Pdfspace.Pattern -> None
          | Pdfspace.PatternWithBaseColourspace _ -> None (* FIXME: Check this *)
          | Pdfspace.DeviceN (arr, _, _, _) ->
              Some (Pdf.Array (flatten (many [Pdf.Real 0.; Pdf.Real 1.] (Array.length arr))))
      end
  | x ->
      match Pdf.lookup_direct pdf "/ColorSpace" image with
      | None -> x (* Because image masks don't have a colourspace *)
      | Some cspace ->
          match Pdfspace.read_colourspace pdf resources cspace with
          (* Again. A bodge. Need to sort out indexed decoding properly. *)
          | Pdfspace.Indexed (_, _) -> None
          | _ -> x

(* Decode until it is either plain or a type of decoding we can't deal with
natively. *) 
let rec decode_to_image pdf = function
  | Pdf.Stream {contents = d, s} as stream ->
      begin match Pdf.lookup_direct pdf "/Filter" d with
      | None
      | Some (Pdf.Array [])
      | Some (Pdf.Name ("/DCTDecode" | "/DCT" | "/JBIG2Decode" | "/JPXDecode"))
      | Some (Pdf.Array [Pdf.Name ("/DCTDecode" | "/DCT" | "/JBIG2Decode" | "/JPXDecode")]) -> ()
      | _ ->
          Pdfcodec.decode_pdfstream_onestage pdf stream;
          decode_to_image pdf stream 
      end
  | _ -> raise (Pdf.PDFError "decode_to_image: bad stream")

(* Basic CMYK to RGB conversion *)
let rgb_of_cmyk c m y k =
  let c = float c in let m = float m in let y = float y in let k = float k in
  let r = 255. -. fmin 255. ((c /.  255.) *. (255. -. k) +. k) 
  in let g = 255. -. fmin 255. ((m /.  255.) *. (255. -. k) +. k)
  in let b = 255. -. fmin 255. ((y /.  255.) *. (255. -. k) +. k) in
    toint r, toint g,  toint b

let read_cmyk_8bpp_as_rgb24 width height data =
  let data' = mkbytes (width * height * 3) in
    for p = 0 to width * height - 1 do
      let c = bget data (p * 4)
      in let m = bget data (p * 4 + 1)
      in let y = bget data (p * 4 + 2)
      in let k = bget data (p * 4 + 3) in
        let r, g, b = rgb_of_cmyk c m y k in
          bset data' (p * 3) r;
          bset data' (p * 3 + 1) g;
          bset data' (p * 3 + 2) b
    done;
    data'

let read_gray_8bpp_as_rgb24 width height data =
  let data' = mkbytes (width * height * 3) in
    for pout = 0 to width * height - 1 do
      bset data' (pout * 3) (bget data pout);
      bset data' (pout * 3 + 1) (bget data pout);
      bset data' (pout * 3 + 2) (bget data pout);
    done;
    data'

(* Input is 1bpp, rows padded to bytes. *)
let read_1bpp_as_rgb24 width height s =
  let s' = mkbytes (width * height * 3)
  in let s_bits = Pdfio.bitbytes_of_input (Pdfio.input_of_bytes s) in
    let pout = ref 0 in
      for row = 0 to height - 1 do
        let bits_to_do = ref width in
          while !bits_to_do > 0 do
            let bit = if Pdfio.getbit s_bits then 255 else 0 in
              bset s' !pout bit;
              bset s' (!pout + 1) bit;
              bset s' (!pout + 2) bit;
              decr bits_to_do;
              pout += 3
          done;
          Pdfio.align s_bits 
      done;
      s'

(* 4bpp, rows padded to bytes. *)
let read_4bpp_gray_as_rgb24 width height s =
  let s' = mkbytes (width * height * 3)
  in let s_bits = Pdfio.bitbytes_of_input (Pdfio.input_of_bytes s) in
    let pout = ref 0 in
      for row = 0 to height - 1 do
        let pix_to_do = ref width in
          while !pix_to_do > 0 do
            let a = if Pdfio.getbit s_bits then 1 else 0 in
            let b = if Pdfio.getbit s_bits then 1 else 0 in
            let c = if Pdfio.getbit s_bits then 1 else 0 in
            let d = if Pdfio.getbit s_bits then 1 else 0 in
              let col = (a * 8 + b * 4 + c * 2 + d) * (16 + 1) in
                bset s' !pout col;
                bset s' (!pout + 1) col;
                bset s' (!pout + 2) col;
                decr pix_to_do;
                pout += 3
          done;
          Pdfio.align s_bits 
      done;
      s'

let read_8bpp_indexed_as_rgb24 table width height s =
  let s' = mkbytes (width * height * 3) in
    for x = 0 to width * height - 1 do
      match Hashtbl.find table (bget s x) with
      | [r; g; b] ->
          bset s' (x * 3) r;
          bset s' (x * 3 + 1) g;
          bset s' (x * 3 + 2) b
      | _ -> raise (Pdf.PDFError "read_8bpp_indexed_as_rgb24")
    done;
    s'

(* Clamp a value to 0.0...1.0 *)
let clamp10 f = 
  if f > 1.0 then 1.0 else if f < 0.0 then 0.0 else f

(* LAB colour space support *)
let xyz_of_lab l' a' b' xw yw zw =
  let g x =
    if x >= 6. /. 29.
      then x *. x *. x
      else (108. /. 841.) *. (x -. 4. /. 29.)
  in
    let l = (l' +. 16.) /. 116. +. a' /. 500.
    in let m = (l' +. 16.) /. 116.
    in let n = (l' +. 16.) /. 116. -. b' /. 200. in
      clamp10 (xw *. g l),
      clamp10 (yw *. g m),
      clamp10 (zw *. g n)

(* For x, y, z on 0..1 calculate r, g, b on 0..1 *)
let rgb_of_xyz x y z =
  clamp10 (2.5623 *. x +. -.1.1661 *. y +. -.0.3962 *. z),
  clamp10 (-.1.0215 *. x +. 1.9778 *. y +. 0.0437 *. z),
  clamp10 (0.0752 *. x +. -.0.2562 *. y +. 1.1810 *. z)

(* Assume indexed /Range of -127...128. FIXME *)
let convert_lab_to_rgb width height (xw, yw, zw) q rs s =
  for p = 0 to width * height - 1 do
    let l = bget s (p * 3) - 127
    in let a = bget s (p * 3 + 1) - 127
    in let b = bget s (p * 3 + 2) - 127 in
      (*i Printf.printf "xw yw zw = %f, %f, %f\n" xw yw zw;
      Printf.printf "l a b = %i, %i, %i\n" l a b; i*)
      let l' = float l /. 255.
      in let a' = float a /. 255.
      in let b' = float b /. 255. in
        (*i Printf.printf "l' a' b' = %f, %f, %f\n" l' a' b'; i*)
        let x, y, z = xyz_of_lab l' a' b' xw yw zw in
        (*i Printf.printf "x y z = %f, %f, %f\n" x y z; i*)
          let r, g, b = rgb_of_xyz x y z in
        (*i Printf.printf "r g b = %f, %f, %f\n" r g b; i*)
            let r' = toint (r *. 255.)
            in let g' = toint (g *. 255.)
            in let b' = toint (b *. 255.) in
              (*i Printf.printf "r', g', b' = %i, %i, %i\n" r' g' b'; i*)
              bset s (p * 3) r';
              bset s (p * 3 + 1) g';
              bset s (p * 3 + 2) b'
  done

let read_8bpp_lab_indexed_as_rgb24 table width height p q rs data =
  let s = read_8bpp_indexed_as_rgb24 table width height data in
    convert_lab_to_rgb width height p q rs s;
    s

let read_8bpp_cmyk_indexed_as_rgb24 table width height s =
  let s' = mkbytes (width * height * 3) in
    for x = 0 to width * height - 1 do
      match Hashtbl.find table (bget s x) with
      | [c; m; y; k] ->
          let r, g, b = rgb_of_cmyk c m y k in
            bset s' (x * 3) r;
            bset s' (x * 3 + 1) g;
            bset s' (x * 3 + 2) b
      | _ -> raise (Pdf.PDFError "read_8bpp_indexed_as_rgb24")
    done;
    s'

let read_4bpp_indexed_as_rgb24 table width height s =
  let s' = mkbytes (width * height * 3) in
    let posin = ref 0
    in let posout = ref 0 in
      for row = 0 to height - 1 do
        for byte = 0 to (width + 1) / 2 - 1 do
          let p1 = bget s !posin lsr 4
          in let p2 = bget s !posin land 15 in
            begin match Hashtbl.find table p1 with
            | [r1; g1; b1] ->
                bset s' !posout r1; incr posout;
                bset s' !posout g1; incr posout;
                bset s' !posout b1; incr posout;
            | _ -> raise (Pdf.PDFError "read_4bpp_indexed_as_rgb24")
            end;
            begin
              if not (odd width && byte = (width + 1) / 2 - 1) then
              match Hashtbl.find table p2 with
              | [r2; g2; b2] ->
                   bset s' !posout r2; incr posout;
                   bset s' !posout g2; incr posout;
                   bset s' !posout b2; incr posout;
              | _ -> raise (Pdf.PDFError "read_4bpp_indexed_as_rgb24")
            end;
            incr posin
        done
      done;
      s'

let read_4bpp_cmyk_indexed_as_rgb24 table width height s =
  let s' = mkbytes (width * height * 3) in
    let posin = ref 0
    in let posout = ref 0 in
      for row = 0 to height - 1 do
        for byte = 0 to (width + 1) / 2 - 1 do
          let p1 = bget s !posin lsr 4
          in let p2 = bget s !posin land 15 in
            begin match Hashtbl.find table p1 with
            | [c; m; y; k] ->
                let r1, g1, b1 = rgb_of_cmyk c m y k in
                  bset s' !posout r1; incr posout;
                  bset s' !posout g1; incr posout;
                  bset s' !posout b1; incr posout;
            | _ -> raise (Pdf.PDFError "read_4bpp_cmyk_indexed_as_rgb24")
            end;
            begin
              if not (odd width && byte = (width + 1) / 2 - 1) then
              match Hashtbl.find table p2 with
              | [c; m; y; k] ->
                  let r2, g2, b2 = rgb_of_cmyk c m y k in
                    bset s' !posout r2; incr posout;
                    bset s' !posout g2; incr posout;
                    bset s' !posout b2; incr posout;
              | _ -> raise (Pdf.PDFError "read_4bpp_cmyk_indexed_as_rgb24")
            end;
            incr posin
        done
      done;
      s'

(* Separation, CMYK alternate, tint transform function. *)
let read_separation_cmyk_as_rgb24 f width height s = 
  let s' = mkbytes (width * height * 3) in
    for p = 0 to width * height - 1 do
      let v = bget s p in
        try
          match Pdffun.eval_function f [float v /. 255.] with
          | [c; y; m; k] ->
              let c = toint (c *. 255.)
              and m = toint (m *. 255.)
              and y = toint (y *. 255.)
              and k = toint (k *. 255.) in
                let r, g, b = rgb_of_cmyk c m y k in
                  bset s' (p * 3) r;
                  bset s' (p * 3 + 1) g;
                  bset s' (p * 3 + 2) b;
          | _ ->
            raise (Pdf.PDFError "Bad tint transform function")
        with
          Pdffun.BadFunctionEvaluation s ->
            raise (Pdf.PDFError ("Bad tint transform function " ^ s))
    done;
    s'

let rec read_raw_image size colspace bpc pdf resources width height dict data =
  match size, colspace, bpc with
  | size, (Pdfspace.DeviceRGB | Pdfspace.CalRGB _), Some (Pdf.Integer 8)
      when size >= width * height * 3 ->
        Raw (width, height, BPP24, data)
  | size, Pdfspace.DeviceCMYK, Some (Pdf.Integer 8)
      when size >= width * height * 4 ->
        Raw (width, height, BPP24, read_cmyk_8bpp_as_rgb24 width height data)
  | size, (Pdfspace.DeviceGray | Pdfspace.CalGray _), Some (Pdf.Integer 8)
      when size >= width * height ->
        Raw (width, height, BPP24, read_gray_8bpp_as_rgb24 width height data)
  | size, _, Some (Pdf.Integer 1)
      when size >= width * height / 8 ->
        Raw (width, height, BPP24, read_1bpp_as_rgb24 width height data)
  | size, Pdfspace.DeviceGray, Some (Pdf.Integer 4)
      when size >= width * height / 2 ->
        Raw (width, height, BPP24, read_4bpp_gray_as_rgb24 width height data)
  | size, Pdfspace.Indexed ((Pdfspace.DeviceRGB | Pdfspace.CalRGB _), table), Some (Pdf.Integer 8)
  | size,
    Pdfspace.Indexed
      ((Pdfspace.DeviceN (_, (Pdfspace.DeviceRGB | Pdfspace.CalRGB _ |
      Pdfspace.ICCBased {Pdfspace.icc_alternate = (Pdfspace.DeviceRGB |
      Pdfspace.CalRGB _)}), _, _) |
       Pdfspace.ICCBased {Pdfspace.icc_alternate = (Pdfspace.DeviceRGB |
       Pdfspace.CalRGB _)}) , table),
    Some (Pdf.Integer 8)
      when size >= width * height ->
        Raw (width, height, BPP24, read_8bpp_indexed_as_rgb24 table width height data)
  | size, Pdfspace.Indexed (Pdfspace.DeviceCMYK, table), Some (Pdf.Integer 8)
      when size >= width * height ->
        Raw (width, height, BPP24, read_8bpp_cmyk_indexed_as_rgb24 table width height data)
  | size, Pdfspace.Indexed ((Pdfspace.DeviceRGB | Pdfspace.CalRGB _), table), Some (Pdf.Integer 4)
  | size, Pdfspace.Indexed (Pdfspace.ICCBased {Pdfspace.icc_alternate = (Pdfspace.DeviceRGB | Pdfspace.CalRGB _)}, table), Some (Pdf.Integer 4)
      when size >= width * height / 2 ->
        Raw (width, height, BPP24, read_4bpp_indexed_as_rgb24 table width height data)
  | size, Pdfspace.Indexed ((Pdfspace.DeviceCMYK), table), Some (Pdf.Integer 4)
  | size, Pdfspace.Indexed (Pdfspace.ICCBased {Pdfspace.icc_alternate = (Pdfspace.DeviceCMYK)}, table), Some (Pdf.Integer 4)
      when size >= width * height / 2 ->
        Raw (width, height, BPP24, read_4bpp_cmyk_indexed_as_rgb24 table width height data)
  | size, Pdfspace.Indexed (Pdfspace.Lab (p, q, rs), table), Some (Pdf.Integer 8)
      when size >= width * height / 2 ->
        Raw (width, height, BPP24, read_8bpp_lab_indexed_as_rgb24 table width height p q rs data)
  | size, Pdfspace.Separation (_, Pdfspace.DeviceCMYK, fn), Some (Pdf.Integer 8)
      when size >= width * height ->
          Raw (width, height, BPP24, read_separation_cmyk_as_rgb24 fn width height data)
  | size, Pdfspace.ICCBased {Pdfspace.icc_alternate = cs}, _ ->
      read_raw_image size cs bpc pdf resources width height dict data
  | size, cs, bpc ->
     (*i Printf.printf "NO IMAGE:\n size:%i\n cspace\n%s\n bpc\n%s\n width %i\n height %i\n" size
     (Pdfspace.string_of_colourspace cs)
     (match bpc with None -> "NONE" | Some bpc -> Pdfwrite.string_of_pdf bpc)
     width
     height;
     flush stdout; i*)
     raise (Pdf.PDFError "No image\n")

let get_raw_image pdf resources width height dict data =
  try
  let size =
    bytes_size data
  in let colspace =
    (* If an image mask, it's /DeviceGray, effectively *)
    match Pdf.lookup_direct_orelse pdf "/ImageMask" "/IM" dict with
    | Some (Pdf.Boolean true) -> Pdfspace.DeviceGray
    | _ ->
      let colspace =
        Pdf.lookup_direct_orelse pdf "/ColorSpace" "/CS" dict
      in
        let space =
          match Pdf.lookup_direct pdf "/ColorSpace" resources, colspace with
          | Some (Pdf.Dictionary _ as d), Some (Pdf.Name c) ->
              begin match Pdf.lookup_direct pdf c d with
              | Some colspace -> colspace
              | _ -> (Pdf.Name c)
              end
          | _ ->
              match colspace with
              | Some c -> c
              | _ -> raise (Pdf.PDFError "PDf image: no colourspace")
        in
          Pdfspace.read_colourspace pdf resources space
  in let bpc =
    match Pdf.lookup_direct_orelse pdf "/BitsPerComponent" "/BPC" dict with
    | Some bpc -> Some bpc
    | None ->
        match Pdf.lookup_direct pdf "/ImageMask" dict with
        | Some (Pdf.Boolean true) -> Some (Pdf.Integer 1)
        | _ -> None
  in
    (*i flprint ("IMAGE SPACE:\n" ^ Pdfspace.string_of_colourspace colspace ^
     * "\n"); i*)
    read_raw_image size colspace bpc pdf resources width height dict data
  with
    e ->
      (*i Printf.eprintf (Pdfwrite.string_of_pdf (Pdf.direct pdf dict)); i*)
      raise e 

(* Print some debug information about an image. *)
let print_image pdf resources img =
  (*i Printf.printf "-----------------------------------------------------\n";
  Printf.printf "Image Dictionary:\n%s\n" (Pdfwrite.string_of_pdf img); i*)
  let w = match Pdf.lookup_direct pdf "/Width" img with Some (Pdf.Integer n) -> n | _ ->  0
  in let h = match Pdf.lookup_direct pdf "/Height" img with Some (Pdf.Integer n)-> n | _ -> 0 in
    Printf.printf "Width is %i, height %i\n" w h;
  begin match Pdf.lookup_direct pdf "/ColorSpace" img with
  | Some cs -> Printf.printf "Colourspace is...%s\n" (Pdfspace.string_of_colourspace (Pdfspace.read_colourspace pdf resources cs))
  | None -> Printf.printf "No Colourspace\n"
  end;
  begin match Pdf.lookup_direct pdf "/BitsPerComponent" img with
  | Some (Pdf.Integer n) -> Printf.printf "%i Bits Per Component\n" n
  | _ -> Printf.printf "No /BitsPerComponent\n"
  end;
  begin match Pdf.lookup_direct pdf "/Decode" img with
  | Some decode -> Printf.printf "Decode Array: %s\n" (Pdfwrite.string_of_pdf decode)
  | None -> Printf.printf "No /Decode Array\n"
  end

let get_image_24bpp pdf resources stream =
  (*i flprint "\n";
  print_image pdf resources (Pdf.direct pdf stream);
  flprint "\n"; i*)
  let stream = Pdf.direct pdf stream in
  let streamdict, data =
    Pdf.getstream stream;
    match stream with
    | Pdf.Stream {contents = (s, Pdf.Got d)} ->
        s, d
    | _ -> assert false (*r [Pdf.getstream] would have failed *)
  in
    let width = 
      match (Pdf.lookup_direct_orelse pdf "/Width" "/W" streamdict) with
      | Some (Pdf.Integer x) -> x
      | _ -> raise (Pdf.PDFError "Malformed /Image width")
    in let height =
      match (Pdf.lookup_direct_orelse pdf "/Height" "/H" streamdict) with
      | Some (Pdf.Integer x) -> x
      | _ -> raise (Pdf.PDFError "Malformed /Image height")
    in let bpc =
      match Pdf.lookup_direct_orelse pdf "/BitsPerComponent" "/BPC" streamdict with
      | Some (Pdf.Integer n) -> n
      | _ -> 0
    in
      decode_to_image pdf stream;
      match stream with
      | Pdf.Stream {contents = (Pdf.Dictionary d) as dict, Pdf.Got s} ->
          let get_decode () =
            let decode_entry = Pdf.lookup_direct_orelse pdf "/Decode" "/D" dict in
              let decode_entry = decode_defaults pdf resources decode_entry dict in
                  match decode_entry with
                  | Some (Pdf.Array nums) ->
                      Some (map (function (Pdf.Real n) -> n | _ -> 0.) nums)
                  | _ -> None
          in
            begin match Pdf.lookup_direct_orelse pdf "/Filter" "/F" dict with
            | None | Some (Pdf.Array []) ->
                let raw = get_raw_image pdf resources width height dict s
                in let decode_entry = Pdf.lookup_direct_orelse pdf "/Decode" "/D" dict in
                  (* Printf.printf "Decode entry before decode_defaults %s\n"
                  ((function None -> "None" | Some x -> (Pdfwrite.string_of_pdf
                  x)) decode_entry); i*)
                  let decode_entry = decode_defaults pdf resources decode_entry dict in
                  (*i Printf.printf "Decode entry after decode_defaults %s\n"
                  ((function None -> "None" | Some x -> (Pdfwrite.string_of_pdf
                  x)) decode_entry); i*)
                    let floats =
                      match decode_entry with
                      | Some (Pdf.Array elts) -> Array.of_list (map Pdf.getnum elts)
                      | None -> [||]
                      | _ -> raise (Pdf.PDFError "Bad /Decode")
                    in
                      begin match raw with
                      | Raw (_, _, _, data) -> if floats <> [||] then decode floats bpc data;
                      | _ -> ()
                      end;
                      raw
            | Some (Pdf.Name ("/DCTDecode" | "/DCT"))
            | Some (Pdf.Array [Pdf.Name ("/DCTDecode" | "/DCT")]) -> JPEG (s, get_decode ())
            | Some (Pdf.Name "/JBIG2Decode")
            | Some (Pdf.Array [Pdf.Name "/JBIG2Decode"]) -> JBIG2 (s, get_decode ())
            | Some (Pdf.Name "/JPXDecode")
            | Some (Pdf.Array [Pdf.Name "/JPXDecode"]) -> JPEG2000 (s, get_decode ())
            | _ -> raise (Pdf.PDFError "decode_to_image")
            end
      | _ -> assert false

(* For now, this just knows how to do 1bpp specially, since this causes enormous
memory headaches in pdf2xar *)
let get_image pdf resources stream =
  let stream = Pdf.direct pdf stream in
    let streamdict, data =
      Pdf.getstream stream;
      match stream with
      | Pdf.Stream {contents = (s, Pdf.Got d)} -> s, d
      | _ -> assert false (*r [Pdf.getstream] would have failed *)
    in
    let components =
      let colourspace =
        match Pdf.lookup_direct_orelse pdf "/ColorSpace" "/CS" stream with
        | None -> Pdf.Name "/DeviceGray" (* This is for image masks, in which the colourspace is implicitly 1 bpp *)
        | Some x -> x
        in
          Pdfops.components pdf resources colourspace 
  and bpc =
      match Pdf.lookup_direct_orelse pdf "/BitsPerComponent" "/BPC" streamdict
      with
      | Some (Pdf.Integer i) -> i
      | _ -> raise (Pdf.PDFError "bad /BitsPerComponent")
  and colorspace =
    (* If an image mask, it's /DeviceGray, effectively *)
    match Pdf.lookup_direct_orelse pdf "/ImageMask" "/IM" stream with
    | Some (Pdf.Boolean true) -> Pdfspace.DeviceGray
    | _ ->
      let colspace =
        Pdf.lookup_direct_orelse pdf "/ColorSpace" "/CS" stream
      in
        let space =
          match Pdf.lookup_direct pdf "/ColorSpace" resources, colspace with
          | Some (Pdf.Dictionary _ as d), Some (Pdf.Name c) ->
              begin match Pdf.lookup_direct pdf c d with
              | Some colspace -> colspace
              | _ -> (Pdf.Name c)
              end
          | _ ->
              match colspace with
              | Some c -> c
              | _ -> raise (Pdf.PDFError "PDf image: no colourspace")
        in
          Pdfspace.read_colourspace pdf resources space
  in
      (*i Printf.printf "get_image: %i components, %i bits per component\n" components bpc;
      Printf.printf "colorspace is %s\n" (Pdfspace.string_of_colourspace
      colorspace); i*)
      match bpc, components, colorspace with
      | (8 | 1), 1, (Pdfspace.DeviceGray | Pdfspace.DeviceRGB | Pdfspace.CalGray _ | Pdfspace.CalRGB _) ->
        (* 1bpp black and white and 8bpp greyscale special case *)
        begin
          let width = 
            match (Pdf.lookup_direct_orelse pdf "/Width" "/W" streamdict) with
            | Some (Pdf.Integer x) -> x
            | _ -> raise (Pdf.PDFError "Malformed /Image width")
          and height =
            match (Pdf.lookup_direct_orelse pdf "/Height" "/H" streamdict) with
            | Some (Pdf.Integer x) -> x
            | _ -> raise (Pdf.PDFError "Malformed /Image height")
          in
            decode_to_image pdf stream;
            begin match stream with
            | Pdf.Stream {contents = (Pdf.Dictionary d) as dict, Pdf.Got s} ->
          let get_decode () =
            let decode_entry = Pdf.lookup_direct_orelse pdf "/Decode" "/D" dict in
              let decode_entry = decode_defaults pdf resources decode_entry dict in
                match decode_entry with
                | Some (Pdf.Array nums) ->
                    Some (map (function Pdf.Real n -> n | Pdf.Integer i -> float i | _ -> 0.) nums)
                | _ -> None
          in
            begin match Pdf.lookup_direct_orelse pdf "/Filter" "/F" dict with
            | None | Some (Pdf.Array []) ->
                (* Now, fetch the raw data from the stream and, if necessary.
                apply the decode... *)
                let s =
                  if get_decode () = Some [1.; 0.] then
                    let s = copybytes s in
                      bytes_selfmap (if bpc = 1 then lnot else (function x -> 255 - x)) s;
                      s
                  else
                    s
                in       
                  Raw (width, height, (if bpc = 1 then BPP1 else BPP8), s)
            | Some (Pdf.Name ("/DCTDecode" | "/DCT"))
            | Some (Pdf.Array [Pdf.Name ("/DCTDecode" | "/DCT")]) -> JPEG (s, get_decode ())
            | Some (Pdf.Name "/JBIG2Decode")
            | Some (Pdf.Array [Pdf.Name "/JBIG2Decode"]) -> JBIG2 (s, get_decode ())
            | Some (Pdf.Name "/JPXDecode")
            | Some (Pdf.Array [Pdf.Name "/JPXDecode"]) -> JPEG2000 (s, get_decode ())
            | _ -> raise (Pdf.PDFError "decode_to_image")
            end
            | _ -> raise (Pdf.PDFError "get_image")
            end
     end
  | _ -> get_image_24bpp pdf resources stream

let get_image_raw_24bpp (pdf : Pdf.t) (resources : Pdf.pdfobject) (stream : Pdf.pdfobject) =
  (raise (Pdf.PDFError "get_image not implemented") : t)

let get_image_raw (pdf : Pdf.t) (resources : Pdf.pdfobject) (stream : Pdf.pdfobject) =
  (raise (Pdf.PDFError "get_image not implemented") : t)

(** Return a function which, when given an x and y coordinate, returns the pixel
byte values prior to any decoding, i.e in the raw input image data before /Decode,
/Index lookups and so on. Returns array of components as bytes.
This function is needed because color key masking is defined in terms of the
pixel values of undecoded images. *)
let get_image_unprocessed_pixel pdf resources stream =
  (* 1. Need to getstream / uncompress the image as normal (including any
  predictor), if not already done. *)
  Pdf.getstream stream;
  decode_to_image pdf stream;
  (* 1A. If it's JPEG, we can't oblige - Need a JPEG decoder to fix this... *)
  match stream with
  | Pdf.Stream {contents = d, Pdf.Got data} ->
      begin match Pdf.lookup_direct pdf "/Filter" d with
      | Some (Pdf.Name ("/DCTDecode" | "/DCT" | "/JBIG2Decode" | "/JPXDecode"))
      | Some (Pdf.Array [Pdf.Name ("/DCTDecode" | "/DCT" | "/JBIG2Decode" | "/JPXDecode")]) -> None
      | _ ->
        (* 2. Now, work out how many bytes per pixel - check this *)
        let bpc =
          match Pdf.lookup_direct_orelse pdf "/BitsPerComponent" "/BPC" stream with
          | Some (Pdf.Integer n) -> n
          | _ -> 0
        in let nocomponents =
          let colourspace =
            match Pdf.lookup_direct pdf "/ColorSpace" stream with
            | None -> Pdf.Dictionary []
            | Some x -> x
          in
            Pdfops.components pdf resources colourspace 
        in
          if bpc <> 8 then None else (* FIXME: Things other than bytes *)
          (* 3. Return the function, and making sure enough data / error handling done properly. *)
          Some
            (fun s ->
               try
                 (* Get nocomponents from correct position in data and put in an array... *)
                 let pos =
                   s * nocomponents
                 in
                   let a = Array.make nocomponents 0 in
                     for x = 0 to nocomponents - 1 do
                       a.(x) <- bget data (pos + x)
                     done;
                     a 
               with
                 _ -> raise (Pdf.PDFError "bad serial in get_image_unprocessed_pixel"))
      end 
  | _ -> None 
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(** Extract Images. *)

(* FIXME: Also CMYK etc... *)
type pixel_layout =
  | BPP1 (* Black and white *)
  | BPP8 (* Greyscale *)
  | BPP24 (* Colour *)
  | BPP48 (* 48 bit colour *)

type t =
  | JPEG of Pdfio.bytes * float list option
  | JPEG2000 of Pdfio.bytes * float list option
  | JBIG2 of Pdfio.bytes * float list option
  | Raw of int * int * pixel_layout * Pdfio.bytes

(** Given a pdf document, resources dictionary and a stream representing an
image, return a triple : width, height, and a stream of (width * height * 3)
bytes RGBRGB etc. In all instances, if JPEG or JPEG2000 or JBIG2 is the compression
 method, data is returned still encoded. *)
val get_image_24bpp :
  Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject -> t

(** Similarly, but if it's to be Raw, use the smallest pixel layout required to
represent the data. Not implemented yet. *)
val get_image :
  Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject -> t

(** Get the uncompressed image contents in 24bpp, decoding JPEG, JPEG2000 and JBIG2 as
required. Not implemented yet. *)
val get_image_raw_24bpp :
  Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject -> t

(** Get the uncompressed image contents, decoding JPEG, JPEG2000 and JBIG2 as
required. Not implemented yet. *)
val get_image_raw :
  Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject -> t

(** Return a function which, when given an x and y coordinate, returns the pixel
byte values prior to any decoding, i.e in the raw input image data before /Decode,
/Index lookups and so on. Returns array of components as bytes. *)
val get_image_unprocessed_pixel : Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject
-> (int -> int array) option
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(* General Input and Output *)
open Pdfutil

(* On 64 bit platforms, bigarray isn't used since max_string is big. If
 * this is set, we use bigarray always, for testing... *)
let test_bigarray = false

(* We used to have a type called "bytes" before OCaml did.  In order
   not to break client code using e.g. Pdfio.bytes, we keep the name
   but expose an alias caml_bytes for the built-in type. *)
type caml_bytes = bytes

(* External type for big streams of bytes passed to C*)
type rawbytes =
  (int, Bigarray.int8_unsigned_elt, Bigarray.c_layout) Bigarray.Array1.t

(* But for speed, we use strings of length < Sys.max_string_length *)
type bytes =
  | Long of rawbytes
  | Short of caml_bytes

let bigarray_unsafe_get =
  Bigarray.Array1.unsafe_get

let bigarray_unsafe_set =
  Bigarray.Array1.unsafe_set

(* Extract the raw bytes, without necessarily copying *)
let raw_of_bytes = function
  | Short b ->
      let l = Bigarray.Array1.create Bigarray.int8_unsigned Bigarray.c_layout (Bytes.length b) in
        for x = 0 to Bytes.length b - 1 do
          bigarray_unsafe_set l x (int_of_char (Bytes.unsafe_get b x))
        done;
        l
  | Long b -> b

(* Build a bytes from raw data, without copying *)
let bytes_of_raw b = Long b

(* Make a stream of a given size. *)
let mkbytes l =
  if l <= (if test_bigarray then max_int else Sys.max_string_length)
    then Short (Bytes.create l)
    else Long (Bigarray.Array1.create Bigarray.int8_unsigned Bigarray.c_layout l)

(* Find the size of a stream. *)
let bytes_size = function
  | Short s -> Bytes.length s
  | Long b -> Bigarray.Array1.dim b

let bset s n v =
  match s with
  | Short s -> Bytes.set s n (Char.unsafe_chr v)
  | Long s -> Bigarray.Array1.set s n v

let bset_unsafe s n v =
  match s with
  | Short s -> Bytes.unsafe_set s n (Char.unsafe_chr v)
  | Long s -> bigarray_unsafe_set s n v

let bget s n =
  match s with
  | Short s -> int_of_char (Bytes.get s n)
  | Long s -> Bigarray.Array1.get s n

let bget_unsafe s n =
  match s with
  | Short s -> int_of_char (Bytes.unsafe_get s n)
  | Long s -> bigarray_unsafe_get s n

(* For lexing / parsing byte streams, keep the position. Starts at zero. *)
type stream =
  {mutable pos : int;
   data : bytes ref}

(* Fill a stream with a value. *)
let fillbytes v s =
  for x = 0 to bytes_size s - 1 do bset_unsafe s x v done

let print_bytes s =
  if bytes_size s > 0 then
    for x = 0 to bytes_size s - 1 do
      Printf.printf "%i " (bget s x)
    done

(* Make a bytes from a string, with no terminator. *)
let bytes_of_string s =
  let l = String.length s in
    let stream = mkbytes l in
      if l > 0 then
        for k = 0 to l - 1 do
          bset_unsafe stream k (int_of_char (String.unsafe_get s k))
        done;
      stream

let bytes_of_caml_bytes s =
  let l = Bytes.length s in
    let stream = mkbytes l in
      if l > 0 then
        for k = 0 to l - 1 do
          bset_unsafe stream k (int_of_char (Bytes.unsafe_get s k))
        done;
      stream

(* Make a byte stream from an integer list. *)
let bytes_of_list l =
  let length = length l in
    if length = 0 then mkbytes 0 else
      let s = mkbytes length in let l = ref l in
        for pos = 0 to length - 1 do
          bset_unsafe s pos (hd !l);
          l := tl !l
        done;
        s

(* Convert a character list to a stream. *)
let bytes_of_charlist cs =
  let length = length cs in
    if length = 0 then mkbytes 0 else
      let s = mkbytes length in let cs = ref cs in
        for pos = 0 to length - 1 do
          bset_unsafe s pos (int_of_char (hd !cs));
          cs := tl !cs
        done;
        s

let bytes_of_arraylist l =
  let totalsize = fold_left ( + ) 0 (map Array.length l) in
    let output = mkbytes totalsize
    in let pos = ref 0 in
      iter
        (fun a ->
           for x = 0 to Array.length a - 1 do
             bset_unsafe output !pos (Array.unsafe_get a x); incr pos
           done)
        l;
      output

let string_of_bytes s =
  let l = bytes_size s in
    let buf = Buffer.create l in
      for x = 0 to l - 1 do
        Buffer.add_char buf (Char.unsafe_chr (bget_unsafe s x))
      done;
      Buffer.contents buf

let bytes_of_int_array a =
  let s = mkbytes (Array.length a) in
    for i = 0 to bytes_size s - 1 do
      bset_unsafe s i (Array.unsafe_get a i)
    done;
    s

let int_array_of_bytes s =
  let a = Array.make (bytes_size s) 0 in
    for i = 0 to Array.length a - 1 do
      Array.unsafe_set a i (bget_unsafe s i)
    done;
    a

(* Copy a stream. *)
let copybytes s =
  let l = bytes_size s in
    let s' = mkbytes l in
      if l > 0 then
        for k = 0 to l - 1 do
          bset_unsafe s' k (bget_unsafe s k)
        done;
      s'

let int_array_of_string s =
  Array.init (String.length s) (fun i -> int_of_char (String.unsafe_get s i))

let string_of_int_arrays arrays =
  let len = fold_left ( + ) 0 (map Array.length arrays) in
    let buf = Buffer.create len in
      iter (Array.iter (fun v -> Buffer.add_char buf (Char.unsafe_chr v))) arrays;
      Buffer.contents buf

let string_of_int_array a =
  string_of_int_arrays [a]

let bytes_selfmap f s =
  let l = bytes_size s in
    for k = 0 to l - 1 do
      bset_unsafe s k (f (bget_unsafe s k))
    done

let charlist_of_bytes s =
  let l = ref [] in
    for x = bytes_size s - 1 downto 0 do
      l =| Char.unsafe_chr (bget_unsafe s x)
    done;
    !l

(* Position in a file *)
type pos = int

(* End_of_file without exceptions or Some / None *)
let no_more = -1

(* A general type for input functions. This allows paramaterization over
channels, strings, bigarrays etc. *)
type input =
  {pos_in : unit -> pos;
   seek_in : pos -> unit;
   input_char : unit -> char option;
   input_byte : unit -> int;
   in_channel_length : pos;
   set_offset : pos -> unit;
   caml_channel : in_channel option;
   source : string}

(* A general type for output functions, allowing parameterisation as above. *)
type output =
  {pos_out : unit -> pos;
   seek_out : pos -> unit;
   output_char : char -> unit;
   output_byte : int -> unit;
   output_string : string -> unit;
   out_caml_channel : out_channel option;
   out_channel_length : unit -> pos}

(* Create input functions from a channel. *)
let input_of_channel ?(source = "channel") ch =
  let offset = ref 0 in
    {pos_in =
       (fun () -> pos_in ch - !offset);
     seek_in =
       (fun x -> seek_in ch (x + !offset));
     input_char =
       (fun () -> try Some (input_char ch) with End_of_file -> None);
     input_byte =
       (fun () -> try input_byte ch with End_of_file -> no_more);
     in_channel_length =
       in_channel_length ch;
     set_offset =
       (fun o -> if !offset = 0 then offset := o);
     caml_channel = Some ch;
     source = source}

(* Create input functions from a. *)
let input_of_stream ?(source = "bytes") s =
  let offset = ref 0 in
    let ssize = bytes_size !(s.data) in
      let input_int () =
        let r =
          if s.pos > ssize - 1 then no_more else bget_unsafe !(s.data) s.pos
        in
          s.pos <- s.pos + 1;
          r
      in
        {pos_in =
           (fun () -> s.pos - !offset);
         seek_in =
           (fun p ->
              s.pos <- p + !offset);
         input_char =
           (fun () ->
              match input_int () with x when x = no_more -> None | s -> Some (Char.unsafe_chr s));
         input_byte =
           input_int;
         in_channel_length =
           ssize;
         set_offset =
           (fun o -> if !offset = 0 then offset := o);
         caml_channel = None;
         source = source}

(* Create input functions from a Pdfio.bytes *)
let input_of_bytes ?(source = "bytes") b =
  input_of_stream ~source {pos = 0; data = ref b}

(* Create input functions from a string *)
let input_of_string ?(source = "string") s =
 let pos = ref 0 in
   let input_char () =
     if !pos < 0 then failwith "string input_char: attempt to be before beginning" else
     if !pos > String.length s - 1
       then
         begin
           pos := !pos + 1;
           None
         end
       else
         begin
           pos := !pos + 1;
           Some (String.unsafe_get s (!pos - 1))
         end
   in
     {pos_in =
        (fun () -> !pos);
      seek_in =
        (fun p -> if p < 0 then failwith "string seek_in: seek before beginning"; pos := p);
      input_char =
        (fun () -> input_char ());
      input_byte =
        (fun () ->
           if !pos < 0 then failwith "string input_byte: attempt to be before beginning" else
           if !pos > String.length s - 1
             then
               begin
                 pos := !pos + 1;
                 no_more
               end
             else
               begin
                 pos := !pos + 1;
                 int_of_char (String.unsafe_get s (!pos - 1))
               end);
      in_channel_length =
        String.length s;
      set_offset =
        (fun _ -> ());
      caml_channel =
        None;
      source =
        source}

(* Output functions over channels *)
let output_of_channel ch =
  {pos_out = (fun () -> pos_out ch);
   seek_out = seek_out ch;
   output_char = (fun c -> output_byte ch (int_of_char c));
   output_byte = output_byte ch;
   output_string = output_string ch;
   out_caml_channel = Some ch;
   out_channel_length = (fun () -> out_channel_length ch)}

(* Output functions over streams. If data is written past the end of a stream,
we extend the stream to that point plus one-third of that (new) size. Note that
this has an implication upon mixing reading and writing: the stream will have
junk in the extended section and will be longer than that which has been
written. *)
let output_of_bytes s =
  let highest_written = ref 0 in
    let output_int i =
      if s.pos > bytes_size !(s.data) - 1
        then
          let newstream = mkbytes (max 1 (s.pos * 2)) in
            for x = 0 to bytes_size !(s.data) - 1 do
              bset_unsafe newstream x (bget_unsafe !(s.data) x)
            done;
            bset_unsafe newstream s.pos i;
            highest_written := max !highest_written s.pos;
            s.pos <- s.pos + 1;
            s.data := newstream
        else
          begin
            highest_written := max !highest_written s.pos;
            bset_unsafe !(s.data) s.pos i;
            s.pos <- s.pos + 1
          end
    in
      {pos_out =
         (fun () -> s.pos);
       seek_out =
         (fun p -> s.pos <- p);
       output_char =
         (fun c -> output_int (int_of_char c));
       output_string =
         String.iter (function c -> output_int (int_of_char c));
       output_byte =
         output_int;
       out_caml_channel = None;
       out_channel_length =
         (fun () -> !highest_written + 1)}

let input_output_of_bytes l =
  let data = ref (mkbytes l) in
    (output_of_bytes {data = data; pos = 0}, data)

let extract_bytes_from_input_output o data =
  let len = o.pos_out () in
    let b = mkbytes len in
      for x = 0 to len - 1 do bset_unsafe b x (bget_unsafe !data x) done;
      b

(* Nudge forward one character. *)
let nudge i =
  ignore (i.input_byte ())

(* Read one character behind the current position, and reposition ourselves on
that character. *)
let read_char_back i =
  let pos = i.pos_in () in
    i.seek_in (pos - 1);
    let chr = i.input_char () in
      i.seek_in (pos - 1);
      chr

(* Go back one character in a file. *)
let rewind i =
  i.seek_in (i.pos_in () - 1)

(* Read a character, leaving the position unchanged. *)
let peek_char i =
  let r = i.input_char () in
    rewind i; r

(* Read a byte, leaving the position unchanged. *)
let peek_byte i =
  let r = i.input_byte () in
    rewind i; r

(* Make a bytes of an input channel. *)
let bytes_of_input_channel ch =
  let fi = input_of_channel ch in
    let size = fi.in_channel_length in
      let s = mkbytes size in
        for x = 1 to size do
          match fi.input_byte () with
          | b when b = no_more -> failwith "channel length inconsistent"
          | b -> bset_unsafe s (x - 1) b
        done;
        s

(* Save a bytes to a channel. *)
let bytes_to_output_channel ch data =
  for x = 1 to bytes_size data do
    output_byte ch (bget_unsafe data (x - 1))
  done

(* Like Pervasives.read_line *) 
let b = Buffer.create 256

let read_line i =
  Buffer.clear b;
  (* Raise EndOfInput if at end *)
  begin match i.input_byte () with
  | x when x = no_more -> raise End_of_file
  | _ -> ()
  end;
  rewind i;
  (* Read characters whilst <> newline or until end of input *)
  let rec read_chars () =
    match i.input_byte () with
    | x when x = no_more -> Buffer.contents b
    | x when Char.unsafe_chr x = '\n' -> Buffer.add_char b '\n'; Buffer.contents b
    | x -> Buffer.add_char b (Char.unsafe_chr x); read_chars ()
  in
    read_chars ()

(* Read all the lines in an input *)
let read_lines i =
  let ls = ref [] in
    try
      while true do
        ls := read_line i::!ls
      done;
      []
    with
      End_of_file -> rev !ls

let setinit i s o l =
  let max = bytes_size s - 1
  and last = o + 1 - 1 in
    if o > max || o < 0 || last < 0 || last > max then raise (Failure "setinit") else
      match s with
      | Short s ->
          begin match i.caml_channel with
          | None ->
              for x = o to o + l - 1 do Bytes.unsafe_set s x (Char.unsafe_chr (i.input_byte ())) done
          | Some ch -> really_input ch s o l
          end
      | Long s ->
          for x = o to o + l - 1 do bigarray_unsafe_set s x (i.input_byte ()) done

let setinit_string i s o l =
  let max = Bytes.length s - 1
  and last = o + 1 - 1 in
    if o > max || o < 0 || last < 0 || last > max then raise (Failure "setinit_string") else
      match i.caml_channel with
      | Some ch ->
          really_input ch s o l
      | None ->
          for x = o to o + l - 1 do Bytes.unsafe_set s x (Char.unsafe_chr (i.input_byte ())) done

let bytes_of_input i o l =
  i.seek_in o;
  let s = Bytes.create l in
    setinit_string i s 0 l;
    if l <= Sys.max_string_length then
      Short s
    else
      bytes_of_caml_bytes s

let getinit i s o l =
  let max = bytes_size s - 1
  and last = o + 1 - 1 in
    if o > max || o < 0 || last < 0 || last > max then raise (Failure "getinit") else
      match s with
      | Short s ->
          begin match i.out_caml_channel with
          | None -> for x = o to o + l - 1 do i.output_byte (int_of_char (Bytes.unsafe_get s x)) done
          | Some ch -> output ch s o l
          end
      | Long s ->
          for x = o to o + l - 1 do i.output_byte (bigarray_unsafe_get s x) done

(* The type of bit (MSB first) streams. *)
type bitstream =
  {input : input; (* The input from which bits are taken. It is advanced a byte at a time *)
   mutable currbyte : int; (* Current byte value from input *)
   mutable bit : int; (* Mask for getting the next bit (128, 64,... 2, 1 or 0 = none left) *)
   mutable bitsread : int (* A count of the number of bits read since inception. Debug use only *)}

(* A bitstream position is a byte (the position in the base input of the
CURRENT byte) together with the mask value (128 down to 0) *)
type bitstream_position = int * int * int * int

let bitstream_pos b =
  (b.input.pos_in (), b.currbyte, b.bit, b.bitsread)

let bitstream_seek b (pos, currbyte, bit, bitsread) =
  b.input.seek_in pos;
  b.currbyte <- currbyte;
  b.bit <- bit;
  b.bitsread <- bitsread

(* Make a bitstream from an input. *) 
let bitbytes_of_input i =
  {currbyte = 0;
   bit = 0;
   bitsread = 0;
   input = i}

(* Get a single bit *)
let rec getbit b =
  if b.bit = 0 then
    begin
      b.currbyte <-
        begin match b.input.input_byte () with
        | x when x = no_more -> raise End_of_file
        | x -> x
        end;
      b.bit <- 128;
      getbit b
    end
  else
    let r = b.currbyte land b.bit > 0 in
      b.bitsread <- b.bitsread + 1;
      b.bit <- b.bit / 2;
      r

(* Get a bit as an integer, set = 1, unset = 0 *)
let getbitint i =
  if getbit i then 1 else 0

(* Align on a byte boundary. *)
let align b =
  if b.bit > 0 then b.bitsread <- (b.bitsread / 8 + 1) * 8;
  b.bit <- 0

(* Further speed possibilities - if byte-aligned and bitstoget >=8 read whole bytes in.. *)

(* Get n (up to 32) bits from b, returned as an int32, taken highest bit
first. Getting 0 bits gets the value 0. *)
let getval_32 b n =
  if n < 0 then raise (Invalid_argument "Pdfio.getval_32 - n < 0") else
    if n = 0 then 0l else
      let r = ref Int32.zero in
        for x = n - 1 downto 0 do
          r := Int32.logor !r (Int32.shift_left (i32ofi (getbitint b)) x)
        done;
        !r

let getval_31 b n =
  if n < 0 then raise (Invalid_argument "Pdfio.getval_31 - n < 0") else
    if n = 0 then 0 else
      let r = ref 0 in
        for x = n - 1 downto 0 do
          r := !r lor (getbitint b lsl x)
        done;
        !r

(* Writing MSB-first bit streams *)

(* FIXME: This is excessively complicated and probably inefficient - we should
be able to do the appending and so on by other means? *)

(* The type: A current byte, the position in the byte (0 = nothing in it, 7 =
almost full), and the list (in reverse order) of full bytes so far *)
type bitstream_write =
  {mutable wcurrbyte : int;
   mutable wbit : int;
   mutable bytes : int list}

let make_write_bitstream () =
  {wcurrbyte = 0;
   wbit = 0;
   bytes = []}

let copy_write_bitstream b =
  let b' = make_write_bitstream () in
    b'.wcurrbyte <- b.wcurrbyte;
    b'.wbit <- b.wbit;
    b'.bytes <- b.bytes;
    b'

(* Put a single bit into bitstream b*)
let putbit b bit =
  assert (bit = 0 || bit = 1);
  match b.wbit with
  | 7 ->
      b.bytes <- (b.wcurrbyte lor bit) :: b.bytes;
      b.wbit <- 0;
      b.wcurrbyte <- 0
  | _ ->
      b.wbit <- b.wbit + 1;
      b.wcurrbyte <- b.wcurrbyte lor (bit lsl (8 - b.wbit))

let putbool b bit =
  putbit b (if bit then 1 else 0)

(* Put a multi-bit value n of bits bs (given as an int32) into bitstream b. *)
let rec putval b bs n =
  if bs < 0 || bs > 32 then raise (Invalid_argument "putval");
  match bs with
  | 0 -> ()
  | _ ->
      let bit =
        if land32 n (i32ofi (1 lsl (bs - 1))) > 0l then 1 else 0
      in
        putbit b bit;
        putval b (bs - 1) n

(* Align on a byte boundary, writing zeroes. *)
let align_write b =
  if b.wbit > 0 then
    for x = 1 to 8 - b.wbit do
      putbit b 0
    done

(* Get the output out. *)
let bytes_of_write_bitstream b =
  align_write b;
  bytes_of_list (rev b.bytes)

(* Return a list of booleans, representing (in order) the bits *)
let bits_of_write_bitstream b =
  let numbits = length b.bytes * 8 + b.wbit
  and bytes : bytes = bytes_of_write_bitstream b
  and bits = ref [] in
    let bitstream = bitbytes_of_input (input_of_bytes bytes) in
      for x = 1 to numbits do
        bits =| getbit bitstream
      done;
      rev !bits

(* Same, but from a list *)
let join_write_bitstreams ss =
  let c = make_write_bitstream () in
    iter
      (putbool c)
      (flatten (map bits_of_write_bitstream ss));
    c

(* Append b to a. Inputs unaltered. *)
let write_bitstream_append a b =
  join_write_bitstreams [a; b]

(* Same, but align at the join. *)
let write_bitstream_append_aligned a b =
  let c = copy_write_bitstream a in
    align_write c;
    write_bitstream_append c b

(* Print the next five characters, to the extent that they exist. *)
let debug_next_char i =
  try
    let a = unopt (i.input_char ()) in
      Printf.eprintf "%C = %i\n" a (int_of_char a)
  with
    _ -> ()

let debug_next_n_chars n i =
  for x = 1 to n do debug_next_char i done;
  prerr_string "\n";
  for x = 1 to n do rewind i done
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(** Generic Input/Ouput from/to channels, strings, files etc. *)

(* {2 Types} *)

(** An input. 

- Calling [pos_in ()] will give the current position (i.e the index of the next byte to be read) in the range zero to the length of the channel minus one.
- [seek_in x] moves to a given position.
- [input_char ()] returns None if end of input, or the next byte of the input as a character.
- [input_byte ()] returns the next byte as an integer, or [Pdfio.no_more] in case of end of input. 
- [in_channel_length] is the length of the channel.
- [set_offset] shifts the channel so positions run from offset to channel_length + offset - 1 instead of 0 to channel_length - 1.
- [caml_channel] is the underlying OCaml channel (if any) of the input.
- [source] is a string used to inficate the original source of the data, for debugging purposes.

*)
type input =
  {pos_in : unit -> int;
   seek_in : int -> unit;
   input_char : unit -> char option;
   input_byte : unit -> int;
   in_channel_length : int;
   set_offset : int -> unit;
   caml_channel : in_channel option;
   source : string}

(** An output.

- Calling [pos_out ()] gives the position of the next byte to be written
- [seek_out x] moves to a a given position in the output
- [output_char] writes a given character as the next byte
- [output_byte] writes an integer between 0 and 255 as the next byte
- [output_string] writes a string as a sequence of bytes
- [out_caml_channel] holds the OCaml channel this output is based on, if any
- [out_channel_length ()] gives the current length of the output channel

*)
type output =
  {pos_out : unit -> int;
   seek_out : int -> unit;
   output_char : char -> unit;
   output_byte : int -> unit;
   output_string : string -> unit;
   out_caml_channel : out_channel option;
   out_channel_length : unit -> int}

(** A distinguished byte value indicating "no more input" *)
val no_more : int

(** An alias to OCaml built-in [bytes] type. *)
type caml_bytes = bytes

(** The type of fast to access but possibly very large arrays of bytes. *)
type bytes

(** {2 Building inputs} *)

(** Make an input from an OCaml input channel. *)
val input_of_channel : ?source:string -> in_channel -> input

(** Make an input from a bytes. *)
val input_of_bytes : ?source:string -> bytes -> input

(** Make an input from a string. *)
val input_of_string : ?source:string -> string -> input

(** {2 Building outputs} *)

(** Make an output from an OCaml channel *)
val output_of_channel : out_channel -> output

(** {2 Building an input-output} *)

(** An input-output in this context is an output of a bytes, whose content can
be extracted to another bytes having been written. For example, one might use a
write bitstream (see below), and then extract the result into a [bytes] *)

(** Build an input-ouput, with an initial buffer size. *)
val input_output_of_bytes : int -> output * bytes ref

(** Extract the contents of an input-output in bytes *)
val extract_bytes_from_input_output : output -> bytes ref -> bytes

(** {2 Compound operations on inputs} *)

(** Move forward one byte *)
val nudge : input -> unit

(** Move backward one byte *)
val rewind : input -> unit

(** Look at the next character without advancing the pointer. *)
val peek_char : input -> char option

(** Look at the next byte without advancing the pointer. Returns
[Pdfio.no_more] for end of file. *)
val peek_byte : input -> int

(** Read the previous character (if there is one), moving the pointer back one. *)
val read_char_back : input -> char option

(** Read a line from an input in the manner of [Pervasives.read_line]. *)
val read_line : input -> string

(** Read all the lines in an input, in the manner of [Pervasives.read_line]. *)
val read_lines : input -> string list

(** {2 Bytes } *)

(**/**)
type rawbytes

val raw_of_bytes : bytes -> rawbytes

val bytes_of_raw : rawbytes -> bytes
(**/**)

(** Make bytes from a given size. Contents not initialized. *)
val mkbytes : (int -> bytes)

(** Size of bytes. *)
val bytes_size : bytes -> int

(** Fill bytes with a value *)
val fillbytes : int -> bytes -> unit

(** Print bytes to standard output. Format undefined: for debug only. *)
val print_bytes : bytes -> unit

(** Get the value at a position in a bytes *)
val bget : bytes -> int -> int

(** Like [bget], but with no range checking *)
val bget_unsafe : bytes -> int -> int

(** [getinit f s o l] calls f on each s within o...l - 1 *)
val getinit : output -> bytes -> int -> int -> unit

(** [bset s n v] sets the value n at position v in bytes *)
val bset : bytes -> int -> int -> unit

(** Like [bset] but with no range checking *)
val bset_unsafe : bytes -> int -> int -> unit

(** [setinit i s o l] sets s o...o + l - 1 from the input *)
val setinit : input -> bytes -> int -> int -> unit

(** [setinit_string i s o l] sets s o...o + l - 1 from the input *)
val setinit_string : input -> caml_bytes -> int -> int -> unit

(** [setinit_bytes i o l] gives a [bytes] with s o...o + l - 1 from the input *)
val bytes_of_input : input -> int -> int -> bytes

(** Make bytes from a string. *)
val bytes_of_string : string -> bytes

(** Make bytes from ocaml bytes. *)
val bytes_of_caml_bytes : caml_bytes -> bytes

(** Make bytes from a list of integers, each between 0 and 255. *)
val bytes_of_list : int list -> bytes

(** Make bytes from a character list. *)
val bytes_of_charlist : char list -> bytes

(** Make bytes from a list of integer arrays. *)
val bytes_of_arraylist : int array list -> bytes

(** Make bytes from an integer array *)
val bytes_of_int_array : int array -> bytes

(** An integer array of bytes from bytes *)
val int_array_of_bytes : bytes -> int array

(** Integer array from a string *)
val int_array_of_string : string -> int array

(** A string from a list of integer arrays *)
val string_of_int_arrays : int array list -> string

(** A string from a single int array *)
val string_of_int_array : int array -> string

(** Map bytes onto itself using a function on each byte *)
val bytes_selfmap : (int -> int) -> bytes -> unit

(** Make a string from a bytes. Fails if array is longer than
[String.max_length]. *)
val string_of_bytes : bytes -> string

(** Make a character list from a bytes *)
val charlist_of_bytes : bytes -> char list

(** Copy bytes. *)
val copybytes : bytes -> bytes

(** Write a bytes to an output channel *)
val bytes_to_output_channel : out_channel -> bytes -> unit

(** Extract a bytes from an input or output. *)
val bytes_of_input_channel : in_channel -> bytes

(** {2 Bit streams for reading} *)

(** The type of most-significant-bit-first bitstreams over inputs. *)
type bitstream

(** Make a bitstream from an input. *)
val bitbytes_of_input : input -> bitstream

(** The type of a position within a bitstream *)
type bitstream_position

(** Get the current position. It's abstract, so can't be manipulated, but it
can be used to return to a previous point *)
val bitstream_pos : bitstream -> bitstream_position

(** Seek to a position within a bitstream *)
val bitstream_seek : bitstream -> bitstream_position -> unit

(** Get a bit *)
val getbit : bitstream -> bool

(** Get a bit, but as an integer, 0 or 1. *)
val getbitint : bitstream -> int

(** Align the bitstream on a byte boundary *)
val align : bitstream -> unit

(** Get up to 32 bits as a 32 bit value *)
val getval_32 : bitstream -> int -> int32

(** Get up to 31 bits as a native integer *)
val getval_31 : bitstream -> int -> int

(** {2 Bit streams for writing} *)

(** The type of most-significant-bit-first bitstreams for writing over outputs. *)
type bitstream_write

(** Return a new write bistream. *)
val make_write_bitstream : unit -> bitstream_write

(** Put a single bit, 0 or 1. *)
val putbit : bitstream_write -> int -> unit

(** Put a multi-bit value (given as an [int32]) containing the given number of
useful bits into a bitstream *)
val putval : bitstream_write -> int -> int32 -> unit

(** Byte-align. *)
val align_write : bitstream_write -> unit

(** Append two write bitstreams, aligning at boundary *)
val write_bitstream_append_aligned :
  bitstream_write -> bitstream_write -> bitstream_write

(** Build bytes from a write bitstream, padding the with zero-valued bits. *)
val bytes_of_write_bitstream : bitstream_write -> bytes

(** {2 Debug } *)

(** Debug the next [n] chars to standard output and then rewind back *)
val debug_next_n_chars : int -> input -> unit
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(* JPEG images *)
open Pdfutil
open Pdfio

(* This function is used by the inline image code to return the JPEG data
without decoding it, placing the stream pointer at the byte following the data.
This is done by searching for the two-byte sequence &FF, &D9 (the end of image
marker). This sequence cannot occur in the entropy-encoded image data because
the encoder always puts a &00 after any &FF. *)
let get_jpeg_data i =
  let s, data = input_output_of_bytes 4096 in
    let fin = ref false and last = ref 0 in
    while not !fin do
      match i.input_byte () with
      | x when x = no_more ->
          raise (Failure "Could not read JPEG data - end of stream")
      | 0xD9 ->
          if !last = 0xFF then set fin else last := 0xD9;
          s.output_byte 0xD9
      | n -> last := n; s.output_byte n
    done;
    extract_bytes_from_input_output s data
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(** PDF Jpeg Support *)

(** Return the JPEG data starting at the current position in the [Pdfio.input],
leaving the input ready to read the first byte following the JPEG data. *)
val get_jpeg_data : Pdfio.input -> Pdfio.bytes
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(* PDF Bookmarks *)
open Pdfutil

type t =
  {level : int;
   text : string;
   target : Pdfdest.t;
   isopen : bool}

let string_of_bookmark m =
   Printf.sprintf "%i %s %s %b\n" m.level m.text (Pdfdest.string_of_destination m.target) m.isopen

let remove_bookmarks pdf =
  match Pdf.lookup_direct pdf "/Root" pdf.Pdf.trailerdict with
  | None -> raise (Pdf.PDFError "remove_boomarks: Bad PDF: no root")
  | Some catalog ->
      let catalog' = Pdf.remove_dict_entry catalog "/Outlines" in
        let newcatalognum = Pdf.addobj pdf catalog' in
          {pdf with
            Pdf.root = newcatalognum;
            Pdf.trailerdict =
              Pdf.add_dict_entry
                pdf.Pdf.trailerdict "/Root" (Pdf.Indirect newcatalognum)}

type ntree =
  Br of int * Pdf.pdfobject * ntree list * bool (* bool is will_be_open *)

let rec print_tree (Br (i, obj, ls, isopen)) =
  Printf.printf "Br (%i, %s, %b\n" i (Pdfwrite.string_of_pdf obj) isopen;
  iter print_tree ls;
  flprint ")\n"

let fresh source pdf =
  incr source; pdf.Pdf.objects.Pdf.maxobjnum + !source

(* True if there are any open nodes in the tree *)
let rec any_open_nodes = function
  | [] -> false
  | (Br (_, _, ls, o))::r ->
       o || any_open_nodes ls || any_open_nodes r

(* Total visible nodes in a tree *)
let rec total_visible = function
  | [] -> 0
  | (Br (_, _, ls, o))::r ->
       1 + (if o then total_visible ls else 0) + total_visible r

(* Flatten a tree and produce a root object for it. Return a list of
(num, pdfobject) pairs with the root first. *)
let flatten_tree source pdf = function
  | [] ->
      let n = fresh source pdf in
        [(n, Pdf.Dictionary [])], n
  | tree ->
      let root_objnum = fresh source pdf in
      (* Add /Parent links to root *)
      let tree =
        let add_root_parent (Br (i, dict, children, isopen)) =
          Br
            (i,
             Pdf.add_dict_entry dict "/Parent" (Pdf.Indirect root_objnum),
             children,
             isopen)
        in
          map add_root_parent tree
      in
        let rec really_flatten = function
          Br (i, pdfobject, children, isopen) ->
            (i, pdfobject) :: flatten (map really_flatten children)
        in
          let all_but_top = flatten (map really_flatten tree)
          in let top, topnum =
            (* Make top level from objects at first level of tree *)
            let Br (first, _, _, _), Br (last, _, _, _) = extremes tree in
              let count =
                if any_open_nodes tree
                  then ["/Count", (Pdf.Integer (total_visible tree))]
                  else []
              in
               (root_objnum, Pdf.Dictionary
                 ([("/First", Pdf.Indirect first); ("/Last", Pdf.Indirect last)] @ count)),
               root_objnum
          in
            top::all_but_top, topnum

(* Add negative /Count entries to an ntree *)
let rec add_counts l = map add_count l

and add_count (Br (i, obj, ls, isopen)) =
  let newobj =
    if ls = [] then obj else
      if isopen then
        (* Calculate sum of the number of visible descendent items *)
        Pdf.add_dict_entry obj "/Count" (Pdf.Integer (total_visible ls))
      else
        (* Negative - abs value is number of descendants which would be visible *) 
        Pdf.add_dict_entry obj "/Count" (Pdf.Integer (~-(total_visible ls)))
  in
    Br (i, newobj, add_counts ls, isopen)

(* Add /Parent entries to an ntree *)
let rec add_parent parent (Br (i, obj, children, isopen)) =
  let obj' =
    match parent with
    | None -> obj
    | Some parent_num ->
        Pdf.add_dict_entry obj "/Parent" (Pdf.Indirect parent_num)
  in
    Br (i, obj', map (add_parent (Some i)) children, isopen)

(* Add /First and /Last entries to an ntree *)
let rec add_firstlast (Br (i, obj, children, isopen)) =
  match children with
  | [] -> (Br (i, obj, children, isopen))
  | c ->
      match extremes c with
        Br (i', _, _, _), Br (i'', _, _, _) ->
          let obj = Pdf.add_dict_entry obj "/First" (Pdf.Indirect i') in
            let obj = Pdf.add_dict_entry obj "/Last" (Pdf.Indirect i'') in
              (Br (i, obj, map add_firstlast children, isopen))
       
(* Add /Next and /Prev entries to an ntree *)
let rec add_next (Br (i, obj, children, isopen)) =
  match children with
  | [] -> Br (i, obj, children, isopen)
  | [_] -> Br (i, obj, map add_next children, isopen)
  | c::cs ->
      let numbers = map (fun (Br (i, _, _, _)) -> i) cs in
        let children' =
          (map2
             (fun (Br (i, obj, children, isopen)) nextnum ->
                Br (i,
                    Pdf.add_dict_entry obj "/Next" (Pdf.Indirect nextnum),
                    children,
                    isopen))
             (all_but_last (c::cs))
             numbers)
          @ [last cs]
        in
          Br (i, obj, map add_next children', isopen)

let rec add_prev (Br (i, obj, children, isopen)) =
  match children with
  | [] -> Br (i, obj, children, isopen)
  | [_] -> Br (i, obj, map add_prev children, isopen)
  | c::cs ->
      let numbers = map (fun (Br (i, _, _, _)) -> i) (all_but_last (c::cs)) in
        let children' =
          c::
            map2
              (fun (Br (i, obj, children, isopen)) prevnum ->
                 Br (i,
                     Pdf.add_dict_entry obj "/Prev" (Pdf.Indirect prevnum),
                     children,
                     isopen))
              cs
              numbers
        in
          Br (i, obj, map add_prev children', isopen)

(* Make a node from a given title, destination page number in a given PDF ond
open flag. *)
let node_of_line pdf title target =
  Pdf.Dictionary
    (("/Title", Pdf.String title)::
     let dest = Pdfdest.pdfobject_of_destination target in
       if dest = Pdf.Null then [] else
         (match target with Pdfdest.Action a -> [("/A", a)] | _ -> [("/Dest", dest)]))

(* Make an ntree list from a list of parsed bookmark lines. *)
let rec make_outline_ntree source pdf = function
  | [] -> []
  | h::t ->
      let lower, rest = cleavewhile (fun {level = n'} -> n' > h.level) t in
        (*Printf.printf "make_outline_ntree: %s\n" h.text;*)
        let node = node_of_line pdf h.text h.target in
          Br (fresh source pdf, node, make_outline_ntree source pdf lower, h.isopen)
            ::make_outline_ntree source pdf rest

(* Add bookmarks. *)
let add_bookmarks parsed pdf =
  if parsed = [] then remove_bookmarks pdf else
    let source = ref 0 in
    let tree = make_outline_ntree source pdf parsed in
      (* Build the (object number, bookmark tree object) pairs. *)
      let pairs, tree_root_num =
        let tree = map add_firstlast tree in
          let tree =
            match add_next (add_prev (Br (0, Pdf.Null, tree, false))) with
              Br (_, _, children, _) -> children
          in
            let tree = add_counts (map (add_parent None) tree) in
              flatten_tree source pdf tree
      in
        (* Add the objects to the pdf *)
        iter (function x -> ignore (Pdf.addobj_given_num pdf x)) pairs;
        (* Replace the /Outlines entry in the document catalog. *)
        match Pdf.lookup_direct pdf "/Root" pdf.Pdf.trailerdict with
        | None -> raise (Pdf.PDFError "Bad PDF: no root")
        | Some catalog ->
            let catalog' =
              Pdf.add_dict_entry catalog "/Outlines" (Pdf.Indirect tree_root_num)
            in
              let newcatalognum = Pdf.addobj pdf catalog' in
                {pdf with
                  Pdf.root = newcatalognum;
                  Pdf.trailerdict =
                    Pdf.add_dict_entry
                      pdf.Pdf.trailerdict "/Root" (Pdf.Indirect newcatalognum)}

(* Read bookmarks *)
let rec traverse_outlines_lb indent_lb pdf outlines output =
  match Pdf.lookup_direct pdf "/First" outlines with
  | None -> ()
  | Some first -> do_until_no_next_lb indent_lb pdf first output

and do_until_no_next_lb indent_lb pdf outline output =
  begin match Pdf.lookup_direct pdf "/Title" outline with
  | Some (Pdf.String s) ->
      let page =
        match Pdf.lookup_direct pdf "/Dest" outline with
        | Some dest -> Pdfdest.read_destination pdf dest
        | None ->
            match Pdf.lookup_direct pdf "/A" outline with
            | None -> Pdfdest.NullDestination
            | Some action ->
                match Pdf.lookup_direct pdf "/D" action with
                | None -> Pdfdest.Action (Pdf.direct pdf action)
                | Some dest -> Pdfdest.read_destination pdf dest
      in let opn =
        match Pdf.lookup_direct pdf "/Count" outline with
        | Some (Pdf.Integer i) when i > 0 -> true
        | _ -> false
      in
        output {level = !indent_lb; text = s; target = page; isopen = opn}
    | _ -> raise (Pdf.PDFError "/Title not a string or not present in document outline entry")
    end;
    incr indent_lb;
    traverse_outlines_lb indent_lb pdf outline output;
    if !indent_lb > 0 then decr indent_lb;
    begin match Pdf.lookup_direct pdf "/Next" outline with
    | None -> ()
    | Some outline -> do_until_no_next_lb indent_lb pdf outline output
    end

let read_bookmarks pdf =
  match Pdf.lookup_direct pdf "/Root" pdf.Pdf.trailerdict with
  | None -> raise (Pdf.PDFError "read_bookmarks - Bad PDF: no root")
  | Some catalog ->
      match Pdf.lookup_direct pdf "/Outlines" catalog with
      | None -> []
      | Some outlines ->
          let out = ref [] in
            let output = (function b -> out := b::!out) in
              traverse_outlines_lb (ref 0) pdf outlines output;
              rev !out

let transform_bookmark tr m =
  {m with target = Pdfdest.transform_destination tr m.target}
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(** Bookmarks *)

(** The type of bookmarks. *)
type t =
  {level : int;
   text : string;
   target : Pdfdest.t;
   isopen : bool}

(** Debug string from a bookmark. *)
val string_of_bookmark : t -> string

(** Read the bookmarks from a document. *)
val read_bookmarks : Pdf.t -> t list

(** Remove the bookmarks from a document. *)
val remove_bookmarks : Pdf.t -> Pdf.t

(** Add bookmarks to a document, replacing any currently there. *)
val add_bookmarks : t list -> Pdf.t -> Pdf.t

(** Transform a bookmark's destination *)
val transform_bookmark : Pdftransform.transform_matrix -> t -> t
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open Pdfutil

(* We read all the files, read their pages and concatenate them, dealing with
clashing object numbers. We then build a new page tree, and build the output
PDF document, with a new root and trailer dictionary. We then remove any
unreferenced objects, and write to file.

The [names] argument contains the initial filenames, so that a file referenced
several times (and only loaded once, of course) is not inadvertantly renumbered
to form several separate PDFs, which would increase output size. *)

(* Equality on PDF streams *)
let streameq pdf x y =
  let x = Pdf.lookup_obj pdf x 
  and y = Pdf.lookup_obj pdf y in
    Pdf.getstream x;
    Pdf.getstream y;
    match x, y with
    | Pdf.Stream {contents = (dict, Pdf.Got (bytes))},
      Pdf.Stream {contents = (dict', Pdf.Got (bytes'))} ->
        compare (dict, bytes) (dict', bytes')
    | _ -> raise (Pdf.PDFError "streameq")

let remove_duplicate_fonts pdf =
  let streamobjs = ref [] in
    Pdf.objiter
      (fun objnum obj ->
         match obj with Pdf.Stream _ -> streamobjs := objnum::!streamobjs | _ -> ())
      pdf;
    let toprocess =
      keep (fun x -> length x > 1) (collate (streameq pdf) (sort (streameq pdf) !streamobjs))
    in
      let pdfr = ref pdf in
        iter
          (function [] -> assert false | h::t ->
             let changetable = Hashtbl.create 100 in
               iter (fun e -> Hashtbl.add changetable e h) t;
               pdfr := Pdf.renumber changetable !pdfr)
          toprocess;
        pdf.Pdf.root <- !pdfr.Pdf.root;
        pdf.Pdf.objects <- !pdfr.Pdf.objects;
        pdf.Pdf.trailerdict <- !pdfr.Pdf.trailerdict

(* Merge the bookmarks in the pdfs and ranges, adding to the new pdf. changes
is oldpageobjnum, newpageobjnum pairs. *)
let merge_bookmarks changes pdfs ranges pdf =
  try
    let process_mark oldnums changes mark = 
      let pageobjectnumber_of_target = function
        | Pdfdest.NullDestination -> 0
        | Pdfdest.NamedDestinationElsewhere _ -> 0
        | Pdfdest.Action _ -> 0
        | Pdfdest.XYZ (t, _, _, _) | Pdfdest.Fit t | Pdfdest.FitH (t, _) | Pdfdest.FitV (t, _)
        | Pdfdest.FitR (t, _, _, _, _) | Pdfdest.FitB t | Pdfdest.FitBH (t, _) | Pdfdest.FitBV (t, _) ->
            match t with
            | Pdfdest.OtherDocPageNumber _ -> 0
            | Pdfdest.PageObject i -> i
      in
        let objnum = pageobjectnumber_of_target mark.Pdfmarks.target in
          (*Printf.printf "Considering objnum %i for inclusion...\n" objnum;*)
          if mem objnum oldnums || mark.Pdfmarks.target = Pdfdest.NullDestination (* If this bookmark is to be included... *)
            then
              let change_target_destinationpage target n =
                let change_targetpage = function
                  | Pdfdest.OtherDocPageNumber a -> Pdfdest.OtherDocPageNumber a
                  | Pdfdest.PageObject _ -> Pdfdest.PageObject n 
                in
                  match target with
                  | Pdfdest.Action a -> Pdfdest.Action a
                  | Pdfdest.NullDestination -> Pdfdest.NullDestination
                  | Pdfdest.NamedDestinationElsewhere s -> Pdfdest.NamedDestinationElsewhere s
                  | Pdfdest.XYZ (t, a, b, c) -> Pdfdest.XYZ (change_targetpage t, a, b, c)
                  | Pdfdest.Fit t -> Pdfdest.Fit (change_targetpage t)
                  | Pdfdest.FitH (t, a) -> Pdfdest.FitH (change_targetpage t, a)
                  | Pdfdest.FitV (t, a) -> Pdfdest.FitV (change_targetpage t, a)
                  | Pdfdest.FitR (t, a, b, c, d) -> Pdfdest.FitR (change_targetpage t, a, b, c, d)
                  | Pdfdest.FitB t -> Pdfdest.FitB (change_targetpage t)
                  | Pdfdest.FitBH (t, a) -> Pdfdest.FitBH (change_targetpage t, a)
                  | Pdfdest.FitBV (t, a) -> Pdfdest.FitBV (change_targetpage t, a)
              in
                Some
                  {mark with Pdfmarks.target =
                     if mark.Pdfmarks.target = Pdfdest.NullDestination
                       then Pdfdest.NullDestination
                       else change_target_destinationpage mark.Pdfmarks.target (lookup_failnull objnum changes)}
           else
             None
      in
        let bookmarks' =
          let oldnums = ref (fst (split changes))
          and changes = ref changes in
            let call_process_mark marks range =
              let r =
                (* Pass just the oldnums / changes in question. This is a fix
                for when a single file is multiply included without renumbering
                for efficiency. *)
                option_map
                  (process_mark (take !oldnums (length range)) (take !changes (length range)))
                  marks
              in
                (* Remove (length range) things from the beginning of !oldnums
                / !changes.  This allows the function to work properly when a
                single file is included unrenumbered multiple times due to
                being included twice or more in the merge! *)
                oldnums := drop !oldnums (length range);
                changes := drop !changes (length range);
                r
            in
              flatten (map2 call_process_mark (map Pdfmarks.read_bookmarks pdfs) ranges)
        in
          Pdfmarks.add_bookmarks bookmarks' pdf
  with
    e -> Printf.eprintf "failure in merge_bookmarks %s\n" (Printexc.to_string e); pdf

let debug_pagelabels ls =
  iter (Printf.printf "%s\n") (map Pdfpagelabels.string_of_pagelabel ls)

let debug_collection_of_pagelabels =
  iter (fun ls -> debug_pagelabels ls; flprint "\n")

(* Merging /Dests (Named destinations) in the catalog (PDF v1.1 style, rather
 * than in the PDF 1.3 style in the name tree). Since the new /Dests must be an
 * indirect reference, we add the new object to the pdf, returning the new pdf
 * and the reference.
FIXME: merging a v1.1 file with a v1.2 file will result in both sets of dests, confusing the reader...*)
let new_dests pdf pdfs =
  let dests =
    option_map
      (function pdf ->
        let catalog = Pdf.catalog_of_pdf pdf in
          match Pdf.lookup_direct pdf "/Dests" catalog with
          | Some (Pdf.Dictionary d) -> Some d
          | _ -> None)
      pdfs
  in
    if dests = [] then None else
      let new_dests =
        Pdf.Dictionary (flatten dests)
      in
        Some (Pdf.addobj pdf new_dests)

(* Names distinguish PDFs which are actually the same. So we only use the first
of each group of same ones. Then renumber them. and return. *)
let merge_pdfs_renumber names pdfs =  
  (* Can't use setify due to functional values in PDFs, so use a hash table *)
  let h = Hashtbl.create 20 in
    iter2 (Hashtbl.replace h) names pdfs;
    let first_names, first_pdfs =
      let ns = ref [] and ps = ref [] in
        Hashtbl.iter
          (fun name pdf ->
          ns := name::!ns; ps := pdf::!ps) h;
        (!ns, !ps)
      in
        let table = combine first_names (Pdf.renumber_pdfs first_pdfs) in
          map (function k -> lookup_failnull k table) names
      
(* Reading a name tree, flattened. *)
let rec read_name_tree pdf tree =
  let names =
    match Pdf.lookup_direct pdf "/Names" tree with
    | Some (Pdf.Array elts) ->
        if odd (length elts)
          then
             begin
               Printf.eprintf "Bad /Names array. Name tree will be read as empty\n";
               []
             end
          else pairs_of_list elts
    | _ -> []
  in
    match Pdf.lookup_direct pdf "/Kids" tree with
    | Some (Pdf.Array kids) ->
        names @ flatten (map (read_name_tree pdf) kids)
    | _ -> names

let read_name_tree pdf tree =
  let r = read_name_tree pdf tree in
    try
      map (function (Pdf.String s, x) -> (s, x) | _ -> raise Exit) r
    with
      Exit ->
        Printf.eprintf "Pdfmerge.read_names tree: skipping malformed name tree\n";
        []

let maxsize = 10 (* Must be at least two *)

type ('k, 'v) nt =
  Br of 'k * ('k, 'v) nt list * 'k
| Lf of 'k * ('k * 'v) list * 'k

let left l = fst (hd l)
let right l = fst (last l)

let rec build_nt_tree l =
  if length l = 0 then assert false;
  if length l <= maxsize
    then Lf (left l, l, right l)
    else Br (left l, map build_nt_tree (splitinto (length l / maxsize) l), right l)

let rec name_tree_of_nt isroot pdf = function
  Lf (llimit, items, rlimit) ->
    Pdf.Dictionary
      ([("/Names", Pdf.Array (flatten (map (fun (k, v) -> [Pdf.String k; v]) items)))] @
       if isroot then [] else [("/Limits", Pdf.Array [Pdf.String llimit; Pdf.String rlimit])])
| Br (llimit, nts, rlimit) ->
    let indirects =
      let kids = map (name_tree_of_nt false pdf) nts in
        map (Pdf.addobj pdf) kids
    in
      Pdf.Dictionary
       [("/Kids", Pdf.Array (map (fun x -> Pdf.Indirect x) indirects));
        ("/Limits", Pdf.Array [Pdf.String llimit; Pdf.String rlimit])]

let build_name_tree pdf = function
  | [] -> Pdf.Dictionary [("/Names", Pdf.Array [])]
  | ls ->
      let nt = build_nt_tree (sort compare ls) in
        name_tree_of_nt true pdf nt



(* Once we know there are no clashes *)
let merge_name_trees_no_clash pdf trees =
  build_name_tree pdf (flatten (map (read_name_tree pdf) trees))

(* Merging entries in the Name Dictionary. [pdf] here is the new merged pdf, [pdfs] the original ones. *)
let merge_namedicts pdf pdfs =
  let names =
    ["/Dests"; "/AP"; "/JavaScript"; "/Pages"; "/Templates"; "/IDS";
     "/URLS"; "/EmbeddedFiles"; "/AlternatePresentations"; "/Renditions"]
  in
    let gettree name pdf =
      let catalog = Pdf.catalog_of_pdf pdf in
        match Pdf.lookup_direct pdf "/Names" catalog with
        | Some d -> Pdf.lookup_direct pdf name d
        | None -> None
    in
    (* Build a list of the lists of trees for each name *)
    let trees_in_each =
      map (fun name -> option_map (gettree name) pdfs) names
    in
      (* Combine with the names, and lose nulls *)
      let with_names =
        lose
          (function (_, []) -> true | _ -> false)
          (combine names trees_in_each)
      in
        let new_trees =
          map
            (fun (name, trees) -> name, merge_name_trees_no_clash pdf trees)
            with_names
        in
          (* Add all the trees as indirect references to the pdf *)
          let nums = ref [] in
            iter
              (function (_, obj) ->
                let num = Pdf.addobj pdf obj in
                  nums =| num)
              new_trees;
          (* Build the new name dictionary *)
          let newdict =
            Pdf.Dictionary
              (map2
                (fun (name, _) n -> name, Pdf.Indirect n)
                new_trees
                (rev !nums))
          in
            (* Return the new pdf, and the new dictionary. *)
            Pdf.addobj pdf newdict

(* Merge name trees This needs to return some changes to be made to Annots when
 * names in the trees might clash. e.g if the name /A appears in two trrees, we
 * might return (6, "/A", "/A-6") to indicate all uses of "/A" in PDF number 6
 * must be rewritten to "/A-6" *)
(* For now, only operates on /Dests, because for now we only know how to find all
 * the uses of these dest names. To merge any of the others properly, we need
 * to find out how to find every instance of their use in the file. We can't
 * just assume any string object is a name tree key *)
(* This runs after merge_pdfs_renumber, so there can be no clashing of values.
 * We can return the OCaml name tree structure safe in the knowledge that it
 * can be written to the eventual merged PDF and the object numbers will be
 * correct. *)
let merge_pdfs_rename_name_trees names pdfs = pdfs
  (* Find the /Dests nametree in each file *)
  (* Calculate the changes *)
  (* Apply the changes to the name tree *)
  (* Apply the changes to each PDFs annots entries and anywhere else Dests can be used. *)
  (* Build our name tree OCaml structure for the merged tree and return. *)

(* FIXME: The problem here is that we may need to break the non-copy of a file
 * multiply included in a merge, since we need to alter its destination
 * objects. It's hard to see a way around this without removing that
 * functionality. See comments in cpdf-source github issue 79. *)

(* Merge catalog items from the PDFs, taking an abitrary instance of any one we
 * find. Items we know how to merge properly, like /Dests, /Names, /PageLabels,
 * /Outlines, will be overwritten, so we don't worry about them here. *)
let catalog_items_from_original_documents pdfs =
  let catalog_entries =
    flatten
      (map
        (fun pdf ->
           match Pdf.catalog_of_pdf pdf with
             Pdf.Dictionary es -> es
           | _ -> failwith "catalog_items_from_original_documents")
        pdfs)
  in
    fold_left (fun d (k, v) -> add k v d) [] catalog_entries

(* Optional Content Groups. We merge the /OCProperties entries like this:
  * a) append /OCGs entries
  * b) append /Configs entries, or leave absent if everywhere-absent.
  * c) combine /D dictionary by appending its subentries:
    *    1) /ON / /OFF arrays, merge or absent if everywhere-absent
    *    2) /Order ditto
    *    3) /RBGroups ditto
    *    4) Use first or any found /Locked /ListMode /AS /Intent /BaseState /Creator /Name *)
let merge_entries pdf n maindict =
  flatten
    (option_map
       (fun dict -> match Pdf.lookup_direct pdf n dict with Some (Pdf.Array a) -> Some a | _ -> None)
       maindict)

let merge_default_dictionaries pdf dics =
  let merge_empty_is_none n =
    match option_map (Pdf.lookup_direct pdf n) dics with
    | [] -> []
    | l -> [(n, Pdf.Array (flatten (option_map (function Pdf.Array a -> Some a | _ -> None) l)))]
  in
    let merged_on = merge_empty_is_none "/ON" in
    let merged_off = merge_empty_is_none "/OFF" in
    let merged_order = merge_empty_is_none "/Order" in
    let merged_rbgroups = merge_empty_is_none "/RBGroups" in
    let simple_copies =
      let keys =
        ["/Locked"; "/ListMode"; "/AS"; "/Intent"; "/BaseState"; "/Creator"; "/Name"]
      in
      let find_first_item key =
        match option_map (Pdf.lookup_direct pdf key) dics with
        | [] -> []
        | h::_ -> [(key, h)]
      in
        flatten (map find_first_item keys)
    in
      (*Printf.printf "merged_on length %i\n" (length merged_on);
      Printf.printf "merged_off length %i\n" (length merged_off);
      Printf.printf "merged_order length %i\n" (length merged_order);
      Printf.printf "merged_rbgroups length %i\n" (length merged_rbgroups);
      Printf.printf "simple_copies length %i\n" (length simple_copies);*)
      merged_on @ merged_off @ merged_order @ merged_rbgroups @ simple_copies

let merge_optional_content_groups pdf pdfs =
  let ocp_dicts =
    option_map
      (fun pdf -> Pdf.lookup_direct pdf "/OCProperties" (Pdf.catalog_of_pdf pdf))
      pdfs
  in
    if ocp_dicts = [] then None else
    let merged_ocg_arrays = merge_entries pdf "/OCGs" ocp_dicts in
    let merged_config_arrays = merge_entries pdf "/Configs" ocp_dicts in
    let merged_default_dictionary =
      merge_default_dictionaries pdf (option_map (Pdf.lookup_direct pdf "/D") ocp_dicts)
    in
    let new_ocproperties =
      Pdf.Dictionary
        ([("/OCGs", Pdf.Array merged_ocg_arrays); ("/D", Pdf.Dictionary merged_default_dictionary)]
         @ if merged_config_arrays = [] then [] else [("/Configs",  Pdf.Array merged_config_arrays)])
    in
      Some (Pdf.addobj pdf new_ocproperties)

let merge_pdfs retain_numbering do_remove_duplicate_fonts names pdfs ranges =
  let pdfs = merge_pdfs_renumber names pdfs in
  let pdfs = merge_pdfs_rename_name_trees names pdfs in
    let minor' = fold_left max 0 (map (fun p -> p.Pdf.minor) pdfs) in
      let pagelists = map Pdfpage.pages_of_pagetree pdfs
      in let pdf = Pdf.empty () in
        let select_pages range pagelist =
          let pages = ref [] in
            iter (fun n -> pages =| select n pagelist) range;
            rev !pages
        in
  let pages = flatten (map2 select_pages ranges pagelists) in
    iter (Pdf.objiter (fun k v -> ignore (Pdf.addobj_given_num pdf (k, v)))) pdfs;
    let pdf, pagetree_num = Pdfpage.add_pagetree pages pdf in
      let page_labels =
        if retain_numbering
         then Pdfpagelabels.merge_pagelabels pdfs ranges
         else []
      in
        let dests = new_dests pdf pdfs in
          let namedict = merge_namedicts pdf pdfs in
            let extra_catalog_entries =
              let with_names =
                (add  "/Names" (Pdf.Indirect namedict)
                  (catalog_items_from_original_documents pdfs))
              in
                match dests with
                  None -> with_names
                | Some dests ->
                    add "/Dests" (Pdf.Indirect dests) with_names
            in
            (* Merge Optional content groups *)
            let extra_catalog_entries =
              match merge_optional_content_groups pdf pdfs with
                None -> extra_catalog_entries
              | Some ocgpropnum -> add "/OCProperties" (Pdf.Indirect ocgpropnum) extra_catalog_entries
            in
   let pdf = Pdfpage.add_root pagetree_num extra_catalog_entries pdf in
      (* To sort out annotations etc. *)
      let old_page_numbers =
        let select_page_numbers range pageobjnums =
          let pages = ref [] in
            iter (fun n -> pages =| select n pageobjnums) range;
            rev !pages
        in
          flatten (map2 select_page_numbers ranges (map Pdf.page_reference_numbers pdfs))
      in let new_page_numbers =
        Pdf.page_reference_numbers pdf
      in
        let changes = combine old_page_numbers new_page_numbers in
          Pdf.objselfmap
          (Pdf.renumber_object_parsed pdf (hashtable_of_dictionary changes))
          pdf;
   let pdf = {pdf with Pdf.major = 1; Pdf.minor = minor'} in
     let pdf = merge_bookmarks changes pdfs ranges pdf in
       Pdfpagelabels.write pdf page_labels;
       if do_remove_duplicate_fonts then remove_duplicate_fonts pdf;
       Pdf.change_id pdf "";
       pdf
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(** Merge PDF files *)

(** Merge PDF files. [merge_pdfs retain_numbering remove_duplicate_fonts names
pdfs ranges] will merge the given PDFs. if [retain_numbering] is true, page
labels are retained. If [remove_duplicate_fonts] is true, duplicate fonts are
detected and coalesced. [names] is a list of strings the same length as the list
of PDFs. Equal names imply equal PDFs (for efficiency). [ranges] is a list of
page ranges. A page range is a list of pages to select, in order. For example
[[1]] or [[2; 2; 2; 5; 6; 7]].  *)
val merge_pdfs :
  bool -> bool -> string list -> Pdf.t list -> int list list -> Pdf.t

(** Remove duplicate fonts from a PDF. For example, if it was created by merging
several documents from the same source. *)
val remove_duplicate_fonts : Pdf.t -> unit
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(* Pdf Optional Content Groups *)
open Pdfutil

type ocgusage (* Nothing for now; expand later *)

type ocg =
  {ocg_name : string;
   ocg_intent : string list;
   ocg_usage : ocgusage option}

type ocgstate = OCG_ON | OCG_OFF | OCG_Unchanged

type ocglistmode = OCG_AllPages | OCG_VisiblePages

type ocgappdict = AppDict (* Nothing for now; expand later *)

type ocgconfig =
  {ocgconfig_name : string option;
   ocgconfig_creator : string option;
   ocgconfig_basestate : ocgstate;
   ocgconfig_on : int list option;
   ocgconfig_off : int list option;
   ocgconfig_intent: string list;
   ocgconfig_usage_application_dictionaries: ocgappdict list option;
   ocgconfig_order : int tree option;
   ocgconfig_listmode : ocglistmode;
   ocgconfig_rbgroups : int list list;
   ocgconfig_locked : int list}

type ocgproperties =
  {ocgs : (int * ocg) list;
   ocg_default_config : ocgconfig;
   ocg_configs : ocgconfig list}

let read_ocgappdict pdf appdict = AppDict

(* Read an OCG from a file, if there is one. None represents a non-existent
/OCProperties, rather than an error. *)
let read_config pdf config =
  let ocgconfig_name =
    match Pdf.lookup_direct pdf "/Name" config with
    | Some (Pdf.String s) -> Some s
    | _ -> None
  and ocgconfig_creator =
    match Pdf.lookup_direct pdf "/Creator" config with
    | Some (Pdf.String s) -> Some s
    | _ -> None
  and ocgconfig_basestate =
    match Pdf.lookup_direct pdf "/BaseState" config with
    | Some (Pdf.Name "/ON") -> OCG_ON
    | Some (Pdf.Name "/OFF") -> OCG_OFF
    | Some (Pdf.Name "/Unchanged") -> OCG_Unchanged
    | _ -> OCG_ON
  and ocgconfig_on =
    match Pdf.lookup_direct pdf "/ON" config with
    | Some (Pdf.Array indirects) -> 
        Some (map (function Pdf.Indirect n -> n | _ -> 0) indirects)
    | _ -> None
  and ocgconfig_off =
    match Pdf.lookup_direct pdf "/OFF" config with
    | Some (Pdf.Array indirects) -> 
        Some (map (function Pdf.Indirect n -> n | _ -> 0) indirects)
    | _ -> None
  and ocgconfig_intent =
    match Pdf.lookup_direct pdf "/Intent" config with
    | Some (Pdf.Name n) -> [n]
    | Some (Pdf.Array a) ->
          (map
            (function x ->
               match Pdf.direct pdf x with | Pdf.Name n -> n | _ -> "")
            a)
    | _ -> ["/View"]
  and ocgconfig_usage_application_dictionaries =
    match Pdf.lookup_direct pdf "/AS" config with
    | Some (Pdf.Array appdicts) -> Some (map (read_ocgappdict pdf) appdicts)
    | _ -> None
  and ocgconfig_order = None (* FIXME *)
  and ocgconfig_listmode =
    match Pdf.lookup_direct pdf "/ListMode" config with
    | Some (Pdf.Name "/VisiblePages") -> OCG_VisiblePages
    | _ -> OCG_AllPages
  and ocgconfig_rbgroups = [] (* FIXME *)
  and ocgconfig_locked = 
    match Pdf.lookup_direct pdf "/Locked" config with
    | Some (Pdf.Array a) ->
          (map
            (function x ->
               match Pdf.direct pdf x with | Pdf.Indirect n -> n | _ -> 0)
            a)
    | _ -> []
  in
    {ocgconfig_name = ocgconfig_name;
     ocgconfig_creator = ocgconfig_creator;
     ocgconfig_basestate = ocgconfig_basestate;
     ocgconfig_on = ocgconfig_on;
     ocgconfig_off = ocgconfig_off;
     ocgconfig_intent = ocgconfig_intent;
     ocgconfig_usage_application_dictionaries = ocgconfig_usage_application_dictionaries;
     ocgconfig_order = ocgconfig_order;
     ocgconfig_listmode = ocgconfig_listmode;
     ocgconfig_rbgroups = ocgconfig_rbgroups;
     ocgconfig_locked = ocgconfig_locked}

let read_ocg_usage pdf usage = None (* FIXME *) 

let read_individual_ocg pdf ocg =
  let ocg_name =
    match Pdf.lookup_direct pdf "/Name" ocg with
    | Some (Pdf.String s) -> s
    | _ -> raise (Pdf.PDFError "No /Name in optional content group")
  and ocg_intent =
    match Pdf.lookup_direct pdf "/Intent" ocg with
    | Some (Pdf.Name n) -> [n]
    | Some (Pdf.Array a) ->
       option_map (function Pdf.Name n -> Some n | _ -> None) (map (Pdf.direct pdf) a)
    | _ -> ["/View"]
  and ocg_usage =
    match Pdf.lookup_direct pdf "/Usage" ocg with
    | None -> None
    | Some usage -> read_ocg_usage pdf usage
  in
    {ocg_name = ocg_name;
     ocg_intent = ocg_intent;
     ocg_usage = ocg_usage}

let read_ocg pdf =
  match Pdf.lookup_direct pdf "/Root" pdf.Pdf.trailerdict with
  | None -> raise (Pdf.PDFError "No /Root")
  | Some r ->
      match Pdf.lookup_direct pdf "/OCProperties" r with
      | None -> None
      | Some ocproperties ->
          let ocgs =
            match Pdf.lookup_direct pdf "/OCGs" ocproperties with
            | Some (Pdf.Array indirects) ->
               combine
                 (map (function Pdf.Indirect n -> n | _ -> 0) indirects)
                 (map (read_individual_ocg pdf) indirects)
            | _ -> []
          and ocg_default_config =
            match Pdf.lookup_direct pdf "/D" ocproperties with
            | None -> raise (Pdf.PDFError "No default config in /OCProperties")
            | Some config -> read_config pdf config
          and ocg_configs =
            match Pdf.lookup_direct pdf "/Configs" ocproperties with
            | Some (Pdf.Array configs) -> map (read_config pdf) configs
            | _ -> []
          in
            Some
              {ocgs = ocgs;
               ocg_default_config = ocg_default_config;
               ocg_configs = ocg_configs}

let write_ocg pdf ocgprops = ()

(* Use things called by write_ocg to get the pdf objects, then can use
Pdfwrite.string_of_pdf to do the work *)
let print_ocg (num, ocg) =
  Printf.printf "OCG %i\n" num;
  Printf.printf "Name %s\n" ocg.ocg_name;
  Printf.printf "Intent(s)";
  iter (Printf.printf "%s ") ocg.ocg_intent;
  Printf.printf "\n"

let print_ocg_config config =
  begin match config.ocgconfig_name with
  | None -> Printf.printf "No config name\n"
  | Some n -> Printf.printf "Config Name: %s\n" n
  end

let print_document_ocg pdf =
  match read_ocg pdf with
  | None -> flprint "There are no optional content groups in this document\n"
  | Some ocgs ->
      Printf.printf "There are %i OCGs, and %i additional configs\n"
      (length ocgs.ocgs) (length ocgs.ocg_configs);
      flprint "OCGs\n-------------\n";
      iter print_ocg ocgs.ocgs;
      flprint "OCG Configs\n------------\n";
      iter print_ocg_config ocgs.ocg_configs
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(** Optional Content Groups. *)

open Pdfutil

type ocgusage (* Nothing for now; expand later *)

type ocg =
  {ocg_name : string;
   ocg_intent : string list;
   ocg_usage : ocgusage option}

type ocgstate = OCG_ON | OCG_OFF | OCG_Unchanged

type ocglistmode = OCG_AllPages | OCG_VisiblePages

type ocgappdict (* Nothing for now; expand later *)

type ocgconfig =
  {ocgconfig_name : string option;
   ocgconfig_creator : string option;
   ocgconfig_basestate : ocgstate;
   ocgconfig_on : int list option;
   ocgconfig_off : int list option;
   ocgconfig_intent: string list;
   ocgconfig_usage_application_dictionaries: ocgappdict list option;
   ocgconfig_order : int tree option;
   ocgconfig_listmode : ocglistmode;
   ocgconfig_rbgroups : int list list;
   ocgconfig_locked : int list}

type ocgproperties =
  {ocgs : (int * ocg) list;
   ocg_default_config : ocgconfig;
   ocg_configs : ocgconfig list}

(** Read optional content data. *)
val read_ocg : Pdf.t -> ocgproperties option

(** Write optional content data. *)
val write_ocg : Pdf.t -> ocgproperties -> unit

(**/**)

val print_document_ocg : Pdf.t -> unit
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open Pdfutil
open Pdfio

let debug = ref false

(* Graphics operators. *)
type t =
  | Op_w of float (* Set line width *)
  | Op_J of int (* Set line cap *)
  | Op_j of int (* Set line join *)
  | Op_M of float (* Set mitre limit *)
  | Op_d of float list * float (* Set dash pattern (dash, phase) *)
  | Op_ri of string (* Set rendering intent. *)
  | Op_i of int (* Set flatness. *)
  | Op_gs of string (* Set graphics state from dictionary *)
  | Op_q (* Save graphics state to stack *)
  | Op_Q (* Restore graphics state from stack *)
  | Op_cm of Pdftransform.transform_matrix (*r Modify CTM by concatenation *)
  | Op_m of float * float (* Begin a new subpath *)
  | Op_l of float * float (* Append a straight segment *)
  | Op_c of float * float * float * float * float * float (* Cubic bezier *)
  | Op_v of float * float * float * float (* Similar. *)
  | Op_y of float * float * float * float (* Similar. *)
  | Op_h (* Close subpath *)
  | Op_re of float * float * float * float (* Append rectangle *)
  | Op_S (* Stroke a path *)
  | Op_s (* Close and stroke path *) 
  | Op_f (* Fill path, non-zero *)
  | Op_F (* Same. *)
  | Op_f' (* f* operator. Fill path, even-odd. *)
  | Op_B (* Fill and stroke path, non-zero *)
  | Op_B' (* B* operator. Fill and stroke path, even-odd *)
  | Op_b (* Close fill and stroke, non-zero *)
  | Op_b' (* b* operator. Close fill and stroke, even-odd *)
  | Op_n (* Path no-op *)
  | Op_W (* Clipping path, even-odd *)
  | Op_W' (* Clipping path, non-zero *)
  | Op_BT (* Begin a text object *)
  | Op_ET (* End a text object *)
  | Op_Tc of float (* Set character spacing *)
  | Op_Tw of float (* Set word spacing *)
  | Op_Tz of float (* Set horizontal scaling *)
  | Op_TL of float (* Set leading *)
  | Op_Tf of string * float (* Set font size *)
  | Op_Tr of int (* Set text rendering mode *)
  | Op_Ts of float (* Set text rise *)
  | Op_Td of float * float (* Move to next line *)
  | Op_TD of float * float (* Ditto, but set leading *)
  | Op_Tm of Pdftransform.transform_matrix (* Set text and line matrices *)
  | Op_T' (* T* operator. Move text to the next line *)
  | Op_Tj of string (* Show text string *)
  | Op_TJ of Pdf.pdfobject (* Show many text strings *)
  | Op_' of string (* Move to next line and show text *)
  | Op_'' of float * float * string (* Ditto, extra parameters *)
  | Op_d0 of float * float (* Set glpyh width info *)
  | Op_d1 of float * float * float * float * float * float (* Similar *)
  | Op_CS of string (* Set colour space. *)
  | Op_cs of string (* Same for nonstroking operations *)
  | Op_SC of float list (* Set colour in current colour space. *)
  | Op_sc of float list (* Same for nonstroking operations *)
  | Op_SCN of float list (* Set colour in current colour space. *)
  | Op_scn of float list (* Same for nonstroking operations *)
  | Op_SCNName of string * float list (* A named Op_SCN *)
  | Op_scnName of string * float list (* Same for Op_scn *)
  | Op_G of float (* set gray *)
  | Op_g of float (* set gray nonstroking *)
  | Op_RG of float * float * float (* Set stroking colour *)
  | Op_rg of float * float * float (* Set painting colour *)
  | Op_K of float * float * float * float (* Set CMYK stroking *)
  | Op_k of float * float * float * float (* Set CMYK nonstroking *)
  | Op_sh of string (* Shading pattern *)
  | InlineImage of (Pdf.pdfobject * bytes) (* Inline image dictionary/data *)
  | Op_Do of string (* Introduce an XObject *)
  | Op_MP of string (* Marked content point *)
  | Op_DP of string * Pdf.pdfobject (* same with property list *)
  | Op_BMC of string (* begin marked content sequence *)
  | Op_BDC of string * Pdf.pdfobject (* same with property list *)
  | Op_EMC (* end of marked content sequence *)
  | Op_BX (* Start compatibility mode *)
  | Op_EX (* End compatibility mode *)
  | Op_Unknown of string (* Unknown operand / operator sequence *)

type lexeme =
  | Op of string
  | Obj of Pdfgenlex.t
  | PdfObj of Pdf.pdfobject
  | LexInlineImage of (Pdf.pdfobject * bytes)
  | LexComment
  
(* Lexing *)
let lexemes_of_op f = function
  | Op_w w -> f (Obj (Pdfgenlex.LexReal w)); f (Op "w")
  | Op_J j -> f (Obj (Pdfgenlex.LexInt j)); f (Op "J")
  | Op_j j -> f (Obj (Pdfgenlex.LexInt j)); f (Op "j")
  | Op_M m -> f (Obj (Pdfgenlex.LexReal m)); f (Op "M")
  | Op_d (fl, y) ->
      f (Obj Pdfgenlex.LexLeftSquare);
      iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fl;
      f (Obj Pdfgenlex.LexRightSquare);
      f (Obj (Pdfgenlex.LexReal y)); f (Op "d")
  | Op_ri s -> f (Obj (Pdfgenlex.LexName s)); f (Op "ri")
  | Op_i i -> f (Obj (Pdfgenlex.LexInt i)); f (Op "i")
  | Op_gs s -> f (Obj (Pdfgenlex.LexName s)); f (Op "gs")
  | Op_q -> f (Op "q")
  | Op_Q -> f (Op "Q")
  | Op_cm t ->
      f (Obj (Pdfgenlex.LexReal t.Pdftransform.a));
      f (Obj (Pdfgenlex.LexReal t.Pdftransform.b));
      f (Obj (Pdfgenlex.LexReal t.Pdftransform.c));
      f (Obj (Pdfgenlex.LexReal t.Pdftransform.d));
      f (Obj (Pdfgenlex.LexReal t.Pdftransform.e));
      f (Obj (Pdfgenlex.LexReal t.Pdftransform.f));
      f (Op "cm")
  | Op_m (a, b) ->
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b)); f (Op "m")
  | Op_l (a, b) ->
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b)); f (Op "l")
  | Op_c (a, b, c, d, e, k) ->
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b));
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal d));
      f (Obj (Pdfgenlex.LexReal e)); f (Obj (Pdfgenlex.LexReal k)); f (Op "c");
  | Op_v (a, b, c, d) ->
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b));
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal d)); f (Op "v")
  | Op_y (a, b, c, d) -> 
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b));
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal d)); f (Op "y")
  | Op_h -> f (Op "h")
  | Op_re (a, b, c, d) -> 
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b));
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal d)); f (Op "re")
  | Op_S -> f (Op "S")
  | Op_s -> f (Op "s")
  | Op_f -> f (Op "f")
  | Op_F -> f (Op "F")
  | Op_f' -> f (Op "f*")
  | Op_B -> f (Op "B")
  | Op_B' -> f (Op "B*")
  | Op_b -> f (Op "b")
  | Op_b' -> f (Op "b*")
  | Op_n -> f (Op "n")
  | Op_W -> f (Op "W")
  | Op_W' -> f (Op "W*")
  | Op_BT -> f (Op "BT")
  | Op_ET -> f (Op "ET")
  | Op_Tc c -> f (Obj (Pdfgenlex.LexReal c)); f (Op "Tc")
  | Op_Tw w -> f (Obj (Pdfgenlex.LexReal w)); f (Op "Tw")
  | Op_Tz z -> f (Obj (Pdfgenlex.LexReal z)); f (Op "Tz")
  | Op_TL l -> f (Obj (Pdfgenlex.LexReal l)); f (Op "TL") 
  | Op_Tf (k, s) ->
      f (Obj (Pdfgenlex.LexName k)); f (Obj (Pdfgenlex.LexReal s)); f (Op "Tf")
  | Op_Tr i -> f (Obj (Pdfgenlex.LexInt i)); f (Op "Tr")
  | Op_Ts k -> f (Obj (Pdfgenlex.LexReal k)); f (Op "Ts")
  | Op_Td (k, k') ->
      f (Obj (Pdfgenlex.LexReal k)); f (Obj (Pdfgenlex.LexReal k')); f (Op "Td")
  | Op_TD (k, k') ->
      f (Obj (Pdfgenlex.LexReal k)); f (Obj (Pdfgenlex.LexReal k')); f (Op "TD")
  | Op_Tm t ->
       f (Obj (Pdfgenlex.LexReal t.Pdftransform.a));
       f (Obj (Pdfgenlex.LexReal t.Pdftransform.b));
       f (Obj (Pdfgenlex.LexReal t.Pdftransform.c));
       f (Obj (Pdfgenlex.LexReal t.Pdftransform.d));
       f (Obj (Pdfgenlex.LexReal t.Pdftransform.e));
       f (Obj (Pdfgenlex.LexReal t.Pdftransform.f));
       f (Op "Tm")
  | Op_T' -> f (Op "T*")
  | Op_Tj s -> f (Obj (Pdfgenlex.LexString s)); f (Op "Tj")
  | Op_TJ pdfobject -> f (PdfObj pdfobject); f (Op "TJ")
  | Op_' s -> f (Obj (Pdfgenlex.LexString s)); f (Op "'")
  | Op_'' (k, k', s) -> 
      f (Obj (Pdfgenlex.LexReal k));
      f (Obj (Pdfgenlex.LexReal k'));
      f (Obj (Pdfgenlex.LexString s));
      f (Op "\"")
  | Op_d0 (k, k') ->
      f (Obj (Pdfgenlex.LexReal k)); f (Obj (Pdfgenlex.LexReal k')); f (Op "d0")
  | Op_d1 (a, b, c, d, e, k) ->
      f (Obj (Pdfgenlex.LexReal a)); f (Obj (Pdfgenlex.LexReal b));
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal d));
      f (Obj (Pdfgenlex.LexReal e)); f (Obj (Pdfgenlex.LexReal k)); f (Op "d1")
  | Op_CS s -> f (Obj (Pdfgenlex.LexName s)); f (Op "CS")
  | Op_cs s -> f (Obj (Pdfgenlex.LexName s)); f (Op "cs")
  | Op_SC fs -> iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fs; f (Op "SC")
  | Op_sc fs -> iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fs; f (Op "sc")
  | Op_SCN fs -> iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fs; f (Op "SCN")
  | Op_scn fs -> iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fs; f (Op "scn")
  | Op_SCNName (s, fs) ->
      iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fs;
      f (Obj (Pdfgenlex.LexName s)); f (Op "SCN")
  | Op_scnName (s, fs) ->
      iter (fun x -> f (Obj (Pdfgenlex.LexReal x))) fs;
      f (Obj (Pdfgenlex.LexName s)); f (Op "scn")
  | Op_G k -> f (Obj (Pdfgenlex.LexReal k)); f (Op "G")
  | Op_g k -> f (Obj (Pdfgenlex.LexReal k)); f (Op "g") 
  | Op_RG (r, g, b) ->
      f (Obj (Pdfgenlex.LexReal r)); f (Obj (Pdfgenlex.LexReal g));
      f (Obj (Pdfgenlex.LexReal b)); f (Op "RG")
  | Op_rg (r, g, b) ->
      f (Obj (Pdfgenlex.LexReal r)); f (Obj (Pdfgenlex.LexReal g));
      f (Obj (Pdfgenlex.LexReal b)); f (Op "rg")
  | Op_K (c, m, y, k) ->
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal m));
      f (Obj (Pdfgenlex.LexReal y)); f (Obj (Pdfgenlex.LexReal k)); f (Op "K")
  | Op_k (c, m, y, k) ->
      f (Obj (Pdfgenlex.LexReal c)); f (Obj (Pdfgenlex.LexReal m));
      f (Obj (Pdfgenlex.LexReal y)); f (Obj (Pdfgenlex.LexReal k)); f (Op "k")
  | Op_sh s -> f (Obj (Pdfgenlex.LexName s)); f (Op "sh")
  | InlineImage (dict, data) -> f (LexInlineImage (dict, data))
  | Op_Do s -> f (Obj (Pdfgenlex.LexName s)); f (Op "Do")
  | Op_MP s -> f (Obj (Pdfgenlex.LexName s)); f (Op "MP")
  | Op_DP (s, obj) ->
      f (Obj (Pdfgenlex.LexName s)); f (PdfObj obj); f (Op "DP")
  | Op_BMC s -> f (Obj (Pdfgenlex.LexName s)); f (Op "BMC")
  | Op_BDC (s, obj) ->
      f (Obj (Pdfgenlex.LexName s)); f (PdfObj obj); f (Op "BDC")
  | Op_EMC -> f (Op "EMC")
  | Op_BX -> f (Op "BX")
  | Op_EX -> f (Op "EX")
  | Op_Unknown _ -> ()

let lexemes_of_ops ops =
  let ls = ref [] in
    iter (lexemes_of_op (fun x -> ls := x::!ls)) ops;
    rev !ls

let lexemelists_of_ops (ops : t list) =
  map
    (fun op ->
       let ls = ref [] in
         lexemes_of_op (fun x -> ls := x::!ls) op; rev !ls)
    ops

(* Find a string representing some lexemes *)
let rec filterspecial = function
  | [] -> false
  | Pdf.Name ("/ASCIIHexDecode" | "/ASCII85Decode" | "/AHx" | "/A85")::_ -> true
  | _::t -> filterspecial t

let string_of_lexeme = function
  | LexComment -> ""
  | Obj o -> Pdfread.string_of_lexeme o 
  | Op op -> op
  | PdfObj obj -> Pdfwrite.string_of_pdf obj
  | LexInlineImage (dict, data) ->
      let dict_string = Pdfwrite.string_of_pdf dict in
        let dict_string' =
          (* Remove the dictionary markers. *)
          implode (rev (drop' 2 (rev (drop' 2 (explode dict_string)))))
        in let data_string =
          string_of_bytes data
        in let space =
          let filters =
            match
              Pdf.lookup_direct_orelse (Pdf.empty ()) "/F" "/Filter" dict
            with
            | Some (Pdf.Array filters) -> filters
            | Some (Pdf.Name f) -> [Pdf.Name f]
            | _ -> []
          in
            if filterspecial filters then "" else " "
        in
          "BI\n" ^ dict_string' ^ " ID" ^ space ^ data_string ^ "\nEI\n"

let b = Buffer.create 30

let string_of_lexemes lexemes =
  Buffer.clear b;
  iter
    (fun l ->
       let str = string_of_lexeme l in
         (* Add a space character if neither the current last character in the
          * buffer nor the first character of the new string is a delimiter *)
         if
           Buffer.length b > 0 &&
           not (Pdf.is_delimiter (Buffer.nth b (Buffer.length b - 1))) &&
           String.length str > 0 &&
           not (Pdf.is_delimiter str.[0])
         then
           Buffer.add_char b ' ';
         Buffer.add_string b str)
    lexemes;
  Buffer.contents b

(* Make a string of an operation, for debug purposes only. *)
let string_of_ops ops =
  string_of_lexemes (lexemes_of_ops ops)

let string_of_op op = string_of_ops [op]

exception LexingEnd

(* Lex a name. *)
let lex_name i =
  nudge i;
  Obj (Pdfgenlex.LexName ("/" ^ Pdfread.getuntil_white_or_delimiter_string i))

(* This is raised when we can't deal with some content. This should only happen
in the case of a malformed operator stream, not on any legitimate content. *)
exception Couldn'tHandleContent

let nocontent i =
  Printf.eprintf "Failed to understand content on page\n";
  if !Pdfread.read_debug then
    begin
      Pdfio.debug_next_n_chars 20 i;
      flprint "\n"
    end;
  raise Couldn'tHandleContent

(* Lex a number *)
let lex_number i =
  match Pdfread.lex_number i with
  | Pdfgenlex.LexReal r -> Obj (Pdfgenlex.LexReal r)
  | Pdfgenlex.LexInt i -> Obj (Pdfgenlex.LexReal (float_of_int i))
  | _ -> nocontent i

(* Lex and parse a dictionary to a Pdf.pdfobject. This constitutes a single
lexeme in terms of this module. *)
let get_dictionary i =
  PdfObj (snd (Pdfread.parse (Pdfread.lex_dictionary i)))

(* Given a colourspace and the number of bits per component, give the number of
bytes per pixel in the stored image data. *)
let rec components pdf resources t =
  match t with
  | Pdf.Name ("/CalGray" | "/DeviceGray" | "/G") -> 1
  | Pdf.Name ("/CalRGB" | "/DeviceRGB" | "/RGB") -> 3
  | Pdf.Name ("/CalCMYK" | "/DeviceCMYK" | "/CMYK") -> 4
  | Pdf.Name "/Pattern" ->
      raise (Pdf.PDFError "Can't use /Pattern here")
  | Pdf.Name space ->
      begin match Pdf.lookup_direct pdf "/ColorSpace" resources with
      | Some csdict ->
          begin match Pdf.lookup_direct pdf space csdict with
          | Some space' -> components pdf resources space'
          | None -> raise (Pdf.PDFError "ColorSpace not found")
          end
      | None -> raise (Pdf.PDFError "ColorSpace dict not found")
      end
  | Pdf.Array [Pdf.Name "/Lab"; _] -> 3
  | Pdf.Array [Pdf.Name "/ICCBased"; iccstream] ->
      begin match Pdf.lookup_direct pdf "/N" iccstream with
      | Some (Pdf.Integer n) -> n
      | _ -> raise (Pdf.PDFError "Bad iccstream")
      end
  | Pdf.Array (Pdf.Name "/DeviceN"::Pdf.Array items::_) ->
      (* 4th July 2017. Changed from looking at alternate to counting items. *)
      length items
  | Pdf.Array [Pdf.Name "/Separation"; _; _; _]
  | Pdf.Array (Pdf.Name ("/Indexed" | "/I")::_::_) -> 1
  | Pdf.Array [Pdf.Name "/CalRGB"; _] -> 3
  | Pdf.Array [Pdf.Name "/CalCMYK"; _] -> 4
  | Pdf.Array [Pdf.Name "/CalGray"; _] -> 1
  | Pdf.Array [Pdf.Name "/Pattern"; alternate] ->
      components pdf resources (Pdf.direct pdf alternate)
  | cs ->
     Printf.eprintf "%s\n" (Pdfwrite.string_of_pdf cs);
     raise (Pdf.PDFError "Unknown colourspace")

(* Lex an inline image. We read the dictionary, and then the stream. *)
let lex_inline_image pdf resources i =
  if !debug then Printf.eprintf "lex_inline_image at %i\n" (i.pos_in ());
  try
  let dict =
    let lexemes = Pdfread.lex_dictionary i in
      snd
        (Pdfread.parse
          ([Pdfgenlex.LexLeftDict] @ lexemes @ [Pdfgenlex.LexRightDict]))
  in
    if !debug then Printf.eprintf "dict was %s\n" (Pdfwrite.string_of_pdf dict);
    (* Read ID token *)
    Pdfread.dropwhite i;
    let c = char_of_int (i.input_byte ()) in
    let c' = char_of_int (i.input_byte ()) in
    match c, c' with
    | 'I', 'D' ->
      (* Skip a byte if not ASCII85 / ASCIIHex as one of the filters. *)
      let toskip =
        let filters =
          match Pdf.lookup_direct_orelse pdf "/F" "/Filter" dict with
          | Some (Pdf.Array filters) -> filters
          | Some (Pdf.Name f) -> [Pdf.Name f]
          | _ -> []
        in
          not (filterspecial filters)
      in
        if toskip then ignore (i.input_byte ());
        if !debug then Printf.eprintf "**got ID header, skipped possble byte";
        let bytes =
          let bpc =
            match
              Pdf.lookup_direct_orelse pdf "/BPC" "/BitsPerComponent" dict
            with
            | Some (Pdf.Integer bpc) -> bpc
            | _ ->
                Printf.eprintf "no BPC\n";
                nocontent i
          in
          let cspace =
            match Pdf.lookup_direct_orelse pdf "/CS" "/ColorSpace" dict with
            | Some
                (Pdf.Name
                   ("/DeviceGray" | "/DeviceRGB" | "/DeviceCMYK") as n) -> n
            | Some (Pdf.Name ("/G" | "/RGB" | "/CMYK") as n) -> n
            | Some ((Pdf.Array _) as n) -> n
            | Some (Pdf.Name cspace) ->
                if !debug then Printf.eprintf "resources is %s\n" (Pdfwrite.string_of_pdf resources);
                begin match Pdf.lookup_direct pdf "/ColorSpace" resources with
                | Some (Pdf.Dictionary _ as d) ->
                    begin match Pdf.lookup_direct pdf cspace d with
                    | Some c -> c
                    | _ ->
                        Printf.eprintf "no colourspace A\n";
                        nocontent i
                    end
                | _ ->
                    Printf.eprintf "no colourspace B\n";
                    nocontent i
                end
            | None ->
                (* Could it be an image mask? *)
                begin match
                  Pdf.lookup_direct_orelse pdf "/IM" "/ImageMask" dict
                with
                | Some (Pdf.Boolean true) -> Pdf.Name "/DeviceGray"
                | _ ->
                    Printf.eprintf "no colourspace C\n";
                    nocontent i
                end
            | _ ->
                Printf.eprintf "no colourspace D\n";
                nocontent i
          in let width =
            match Pdf.lookup_direct_orelse pdf "/W" "/Width" dict with
            | Some (Pdf.Integer w) -> w
            | _ ->
                Printf.eprintf "no or malformed /W";
                nocontent i 
          in let height =
            match Pdf.lookup_direct_orelse pdf "/H" "/Height" dict with
            | Some (Pdf.Integer h) -> h
            | _ ->
                Printf.eprintf "no or malformed /H";
                nocontent i
          in
            let bitwidth =
              components pdf resources cspace * bpc * width
            in
              let bytewidth =
                if bitwidth mod 8 = 0 then bitwidth / 8 else bitwidth / 8 + 1
              in
                bytewidth * height
        in
          let data =
            match
              Pdf.lookup_direct_orelse (Pdf.empty ()) "/F" "/Filter" dict
            with
            | None | Some (Pdf.Array []) ->
                begin try let data = mkbytes bytes in
                  if bytes > 0 then
                    for x = 0 to bytes_size data - 1 do
                      bset_unsafe data x (i.input_byte ());
                    done;
                  data
                with
                | e -> Printf.eprintf "%s" (Printexc.to_string e); raise e
                end
            | Some (Pdf.Name ("/DCT" | "/DCTDecode") | Pdf.Array [Pdf.Name ("/DCT" | "/DCTDecode")]) ->
                (* FIXME. The case of DCT combined with another one is possible e.g ["/DCT"; "/A85"]. Need to re-work. But have not seen an example yet. *)
                begin try Pdfjpeg.get_jpeg_data i with
                  e ->
                    Printf.eprintf "Couldn't read inline image JPEG data %s\n" (Printexc.to_string e);
                    raise e
                end
            | Some _ ->
                try
                  match Pdfcodec.decode_from_input i dict with
                  | None ->
                      Printf.eprintf "decode_from_input failed\n";
                      nocontent i
                  | Some data -> data 
                with
                  | Pdfcodec.DecodeNotSupported d ->
                      Printf.eprintf "Content DecodeNotSupported: %s\n" d;
                      nocontent i
                  | Pdfcodec.Couldn'tDecodeStream r ->
                      raise (Pdf.PDFError ("Inline image, bad data: " ^ r))
                  | e -> raise e
          in
            (* Read EI token *)
            Pdfread.dropwhite i;
            let c = char_of_int (i.input_byte ()) in
              let c' = char_of_int (i.input_byte ()) in
                if c <> 'E' || c' <> 'I' then
                  begin
                    Printf.eprintf "warning: bad end to inline image %C, %C\n" c c';
                    (* We try to find "EI" anyway, in case there is just some junk.
                     * To do this, we drop any whitespace and any E or I character. *)
                    Pdfread.ignoreuntil true (fun x -> Pdf.is_not_whitespace x && x <> 'E' && x <> 'I') i;
                  end;
                (* Remove filter, predictor, if it wasn't JPEG. *)
                let dict' =
                  match
                    Pdf.lookup_direct_orelse
                    (Pdf.empty ()) "/F" "/Filter" dict
                  with
                  (* FIXME as above *)
                  | Some (Pdf.Name ("/DCT" | "/DCTDecode") | Pdf.Array [Pdf.Name ("/DCT" | "/DCTDecode")]) -> dict
                  | _ -> 
                      fold_left
                        Pdf.remove_dict_entry
                        dict
                        ["/Filter"; "/F"; "/DecodeParms"; "/DP"] 
                in
                  dict', data
    | _ ->
        Printf.eprintf "Did not recognise beginning of inline image ID\n";
        nocontent i
  with
    e ->
      Printf.eprintf "inline image reading failed: %s\n" (Printexc.to_string e);
      nocontent i

(* Lex a keyword. *)
let lex_keyword pdf resources i =
  match Pdfread.getuntil_white_or_delimiter_string i with
  | "true" -> Obj (Pdfgenlex.LexBool true)
  | "false" -> Obj (Pdfgenlex.LexBool false)
  | "BI" -> LexInlineImage (lex_inline_image pdf resources i)
  | "ID" | "EI" -> nocontent i (* lex_inline_image should consume these *)
  | "" -> nocontent i
  | opstring -> Op opstring

(* Lex a string. *)
let lex_string i =
  match Pdfread.lex_string i with
  | Pdfgenlex.LexString str -> Obj (Pdfgenlex.LexString str)
  | _ -> nocontent i

(* Lex a hexadecimal string. *)
let lex_hexstring i =
  match Pdfread.lex_hexstring i with
  | Pdfgenlex.LexString str -> Obj (Pdfgenlex.LexString str)
  | _ -> nocontent i

(* Lex one token *)
let lex_next pdf resources i =
  try
    Pdfread.dropwhite i;
    match peek_byte i with
    | x when x = Pdfio.no_more ->
        raise LexingEnd
    | chr ->
        match char_of_int chr with
        | '/' -> lex_name i
        | '+' | '-' | '.' | '0'..'9' -> lex_number i
        | 'A'..'Z' | 'a'..'z' | '\'' | '\"' -> lex_keyword pdf resources i
        | '(' -> lex_string i
        | '[' -> nudge i; Obj (Pdfgenlex.LexLeftSquare)
        | ']' -> nudge i; Obj (Pdfgenlex.LexRightSquare)
        | '<' -> 
            begin match nudge i; let c = unopt (peek_char i) in rewind i; c with
            | '<' -> get_dictionary i
            | _ -> lex_hexstring i
            end
        | '%' -> ignore (Pdfread.lex_comment i); LexComment
        | _ -> raise (Pdf.PDFError "Lexing failure in content stream")
  with
    | Pdf.PDFError r -> 
        raise (Pdf.PDFError ("Pdfpages.lex_next => " ^ r))
    | Failure _ (*"unopt"*) | End_of_file ->
        raise LexingEnd 
    | Couldn'tHandleContent ->
        raise (Pdf.PDFError "Malformed page content")

let print_lexeme = function
  | Obj p -> Pdfread.print_lexeme p
  | Op s -> print_string s; print_newline ()
  | PdfObj p -> print_string "PDF OBJECT\n"
  | LexInlineImage _ -> print_string "INLINE IMAGE\n"
  | LexComment -> print_string "COMMENT\n"

(* Lex a graphics stream *)
let lex_stream pdf resources i =
  let lexemes = ref [] in
    try
      while true do
        match lex_next pdf resources i with
        | LexComment -> ()
        | lexeme -> lexemes := lexeme::!lexemes
      done;
      []
    with
      LexingEnd -> rev !lexemes

(* Split the lexemes into sections (zero or more operands followed by an
operator) and parse each. Section is reversed. *)
let split s =
  let rec split_inner prev = function
  | (Op _ | LexInlineImage _) as f::r -> f::prev, r
  | [] -> prev, []
  | x::r -> split_inner (x::prev) r
  in
    split_inner [] s

(* Parse a single operator and its operands, provided as a lexeme list. The
string from which these lexemes were extracted is provided so that Op_Unknown
instances can be generated. The compatibility level is also provided, and may be
updated. *)
let parse_operator compatibility = function
  | Op "W"::r -> Op_W, r
  | Op "W*"::r -> Op_W', r
  | Op "q"::r -> Op_q, r
  | Op "Q"::r -> Op_Q, r
  | Op "h"::r -> Op_h, r
  | Op "n"::r -> Op_n, r
  | Op "f*"::r -> Op_f', r
  | Op "f"::r -> Op_f, r
  | Op "F"::r -> Op_F, r
  | Op "BT"::r -> Op_BT, r
  | Op "ET"::r -> Op_ET, r
  | Op "B"::r -> Op_B, r
  | Op "B*"::r -> Op_B', r
  | Op "b"::r -> Op_b, r
  | Op "b*"::r -> Op_b', r
  | Op "S"::r -> Op_S, r
  | Op "s"::r -> Op_s, r
  | Op "T*"::r -> Op_T', r
  | Op "BX"::r -> incr compatibility; Op_BX, r
  | Op "EX"::r -> decr compatibility; Op_EX, r
  | Obj (Pdfgenlex.LexReal tx)::Obj (Pdfgenlex.LexReal ty)::Op "Td"::r ->
      Op_Td (tx, ty), r
  | Obj (Pdfgenlex.LexReal tx)::Obj (Pdfgenlex.LexReal ty)::Op "TD"::r ->
      Op_TD (tx, ty), r
  | Obj (Pdfgenlex.LexReal width)::Op "w"::r -> Op_w width, r
  | Obj (Pdfgenlex.LexReal cap)::Op "J"::r -> Op_J (int_of_float cap), r
  | Obj (Pdfgenlex.LexReal join)::Op "j"::r -> Op_j (int_of_float join), r
  | Obj (Pdfgenlex.LexReal x)::Obj (Pdfgenlex.LexReal y)::Op "m"::r ->
      Op_m (x, y), r
  | Obj (Pdfgenlex.LexReal x)::Obj (Pdfgenlex.LexReal y)::Op "l"::r ->
      Op_l (x, y), r
  | Obj (Pdfgenlex.LexReal leading)::Op "TL"::r -> Op_TL leading, r
  | Obj (Pdfgenlex.LexName n)::Obj (Pdfgenlex.LexReal s)::Op "Tf"::r ->
      Op_Tf (n, s), r
  | Obj (Pdfgenlex.LexString s)::Op "Tj"::r -> Op_Tj s, r
  | Obj (Pdfgenlex.LexReal r)::
    Obj (Pdfgenlex.LexReal g)::
    Obj (Pdfgenlex.LexReal b)::Op "RG"::rest ->
      Op_RG (r, g, b), rest
  | Obj (Pdfgenlex.LexReal r)::
    Obj (Pdfgenlex.LexReal g)::
      Obj (Pdfgenlex.LexReal b)::Op "rg"::rest ->
      Op_rg (r, g, b), rest
  | Obj (Pdfgenlex.LexReal g)::Op "G"::r -> Op_G g, r
  | Obj (Pdfgenlex.LexReal g)::Op "g"::r -> Op_g g, r
  | Obj (Pdfgenlex.LexReal c)::Obj (Pdfgenlex.LexReal m)::
    Obj (Pdfgenlex.LexReal y)::Obj (Pdfgenlex.LexReal k)::
    Op "k"::r -> Op_k (c, m, y, k), r
  | Obj (Pdfgenlex.LexReal c)::Obj (Pdfgenlex.LexReal m)::
    Obj (Pdfgenlex.LexReal y)::Obj (Pdfgenlex.LexReal k)::
    Op "K"::r -> Op_K (c, m, y, k), r
  | Obj (Pdfgenlex.LexReal a)::Obj (Pdfgenlex.LexReal b)::
    Obj (Pdfgenlex.LexReal c)::Obj (Pdfgenlex.LexReal d)::
    Obj (Pdfgenlex.LexReal e)::Obj (Pdfgenlex.LexReal f):: Op "cm"::r ->
       Op_cm
         {Pdftransform.a = a; Pdftransform.b = b; Pdftransform.c = c;
          Pdftransform.d = d; Pdftransform.e = e; Pdftransform.f = f}, r
  | Obj (Pdfgenlex.LexReal a)::Obj (Pdfgenlex.LexReal b)::
    Obj (Pdfgenlex.LexReal c)::Obj (Pdfgenlex.LexReal d)::
    Obj (Pdfgenlex.LexReal e)::Obj (Pdfgenlex.LexReal f)::Op "Tm"::r ->
       Op_Tm
         {Pdftransform.a = a; Pdftransform.b = b; Pdftransform.c = c;
          Pdftransform.d = d; Pdftransform.e = e; Pdftransform.f = f}, r
  | Obj (Pdfgenlex.LexName n)::Op "MP"::r -> Op_MP n, r
  | Obj (Pdfgenlex.LexName n)::PdfObj p::Op "DP"::r -> Op_DP (n, p), r
  | Obj (Pdfgenlex.LexName n)::Obj o::Op "DP"::r ->
      let p = snd (Pdfread.parse [o]) in Op_DP (n, p), r
  | Obj (Pdfgenlex.LexName n)::Op "BMC"::r -> Op_BMC n, r
  | Obj (Pdfgenlex.LexName n)::PdfObj p::Op "BDC"::r -> Op_BDC (n, p), r
  | Obj (Pdfgenlex.LexName n)::Obj o::Op "BDC"::r ->
      let p = snd (Pdfread.parse [o]) in Op_BDC (n, p), r
  | Op "EMC"::r -> Op_EMC, r
  | Obj (Pdfgenlex.LexName n)::Op "gs"::r -> Op_gs n, r
  | Obj (Pdfgenlex.LexName n)::Op "Do"::r -> Op_Do n, r
  | Obj (Pdfgenlex.LexName n)::Op "CS"::r -> Op_CS n, r
  | Obj (Pdfgenlex.LexName n)::Op "cs"::r -> Op_cs n, r
  | Obj (Pdfgenlex.LexReal x1)::Obj (Pdfgenlex.LexReal y1)::
    Obj (Pdfgenlex.LexReal x2)::Obj (Pdfgenlex.LexReal y2)::
    Obj (Pdfgenlex.LexReal x3)::Obj (Pdfgenlex.LexReal y3)::
     Op "c"::r -> Op_c (x1, y1, x2, y2, x3, y3), r
  | Obj (Pdfgenlex.LexReal x2)::Obj (Pdfgenlex.LexReal y2)::
    Obj (Pdfgenlex.LexReal x3)::Obj (Pdfgenlex.LexReal y3)::
     Op "v"::r -> Op_v (x2, y2, x3, y3), r
  | Obj (Pdfgenlex.LexReal x1)::Obj (Pdfgenlex.LexReal y1)::
    Obj (Pdfgenlex.LexReal x3)::Obj (Pdfgenlex.LexReal y3)::
     Op "y"::r -> Op_y (x1, y1, x3, y3), r
  | Obj (Pdfgenlex.LexReal x)::Obj (Pdfgenlex.LexReal y)::
    Obj (Pdfgenlex.LexReal w)::Obj (Pdfgenlex.LexReal h)::
     Op "re"::r -> Op_re (x, y, w, h), r
  | Obj (Pdfgenlex.LexName n)::Op "ri"::r -> Op_ri n, r
  | Obj (Pdfgenlex.LexReal i)::Op "i"::r -> Op_i (int_of_float i), r
  | Obj (Pdfgenlex.LexReal m)::Op "M"::r -> Op_M m, r
  | Obj (Pdfgenlex.LexString s)::Op "\'"::r -> Op_' s, r
  | Obj (Pdfgenlex.LexReal aw)::
    Obj (Pdfgenlex.LexReal ac)::
    Obj (Pdfgenlex.LexString s)::Op "\""::r ->
      Op_'' (aw, ac, s), r
  | Obj (Pdfgenlex.LexReal wx)::Obj (Pdfgenlex.LexReal wy)::Op "d0"::r ->
      Op_d0 (wx, wy), r
  | Obj (Pdfgenlex.LexReal wx)::Obj (Pdfgenlex.LexReal wy)::
    Obj (Pdfgenlex.LexReal llx)::Obj (Pdfgenlex.LexReal lly)::
    Obj (Pdfgenlex.LexReal urx)::Obj (Pdfgenlex.LexReal ury)::Op "d1"::r ->
      Op_d1 (wx, wy, llx, lly, urx, ury), r
  | Obj (Pdfgenlex.LexName n)::Op "sh"::r -> Op_sh n, r
  | Obj (Pdfgenlex.LexReal tc)::Op "Tc"::r -> Op_Tc tc, r
  | Obj (Pdfgenlex.LexReal tw)::Op "Tw"::r -> Op_Tw tw, r
  | Obj (Pdfgenlex.LexReal tz)::Op "Tz"::r -> Op_Tz tz, r
  | Obj (Pdfgenlex.LexReal tr)::Op "Tr"::r -> Op_Tr (toint tr), r
  | Obj (Pdfgenlex.LexReal ts)::Op "Ts"::r -> Op_Ts ts, r
  | LexInlineImage d::r -> InlineImage d, r
  | ls ->
      let ls, more = split ls in
      (* More complicated things are parsed by reversing the lexemes so we may
      inspect the operator. *)
      let r =
        let reals_of_real_lexemes errtext lexemes =
          let real_of_real_lexeme errtext = function
            | Obj (Pdfgenlex.LexReal n) -> n
            | _ -> raise (Pdf.PDFError errtext)
          in
            (* Adobe Distiller 5.0.5 produces bad Op_scn *)
            try rev_map (real_of_real_lexeme errtext) lexemes with
              _ -> [0.;0.;0.;]
        in
          match ls with
          | Op "sc"::nums ->
              Op_sc (reals_of_real_lexemes "Malformed 'sc'" nums)
          | Op "SC"::nums ->
              Op_SC (reals_of_real_lexemes "Malformed 'SC'" nums)
          | Op "scn"::Obj (Pdfgenlex.LexName n)::rest ->
              Op_scnName (n, reals_of_real_lexemes "scn" rest)
          | Op "SCN"::Obj (Pdfgenlex.LexName n)::rest ->
              Op_SCNName (n, reals_of_real_lexemes "SCN" rest)
          | Op "scn"::nums ->
              Op_scn (reals_of_real_lexemes "Malformed 'scn'" nums)
          | Op "SCN"::nums ->
              Op_SCN (reals_of_real_lexemes "Malformed 'SCN'" nums)
          | Op "d"::
            Obj (Pdfgenlex.LexReal phase)::
            Obj Pdfgenlex.LexRightSquare::r ->
              begin match rev r with
              | Obj Pdfgenlex.LexLeftSquare::t ->
                  let reals =
                    map
                      (function
                       | (Obj (Pdfgenlex.LexReal i)) -> i
                       | _ ->
                         raise (Pdf.PDFError "malformed 'd' op"))
                      t
                  in
                    Op_d (reals, phase) 
              | _ -> raise (Pdf.PDFError "malformed 'd' op")
              end
          | Op "TJ"::Obj Pdfgenlex.LexRightSquare::r ->
              begin match rev r with
              | Obj Pdfgenlex.LexLeftSquare::t ->
                  let elements =
                    option_map
                      (function
                       | (Obj (Pdfgenlex.LexReal i)) -> Some (Pdf.Real i)
                       | (Obj (Pdfgenlex.LexString s)) -> Some (Pdf.String s)
                       | e ->
                           Printf.eprintf "Warning: malformed TJ element; skipping\n";
                           None)
                      t
                  in
                    Op_TJ (Pdf.Array elements)
              | _ -> raise (Pdf.PDFError "malformed TJ op")
              end
          | Op _::_ as l -> Op_Unknown (string_of_lexemes l)
          | l ->
             Printf.eprintf "Empty or malformed graphics operation %s.\n" (string_of_lexemes l);
             Op_Unknown (string_of_lexemes l)
      in
        r, more

let rec parse_lexemes compatibility ls ops =
  match ls with
  | [] -> rev ops
  | _ ->
      let op, remaining = parse_operator compatibility ls in
        parse_lexemes compatibility remaining (op::ops)

(* Parse, given a list of streams. The contents of a single PDF page can be
split over several streams, which must be concatenated at the lexeme level. *)

(* Concatenate bytess, padding with whitespace *)
let concat_bytess ss =
  let total_length = fold_left ( + ) 0 (map bytes_size ss) in
    let s' = mkbytes (total_length + length ss) in
      let p = ref 0 in
        iter
          (fun s ->
             for x = 0 to bytes_size s - 1 do
               bset_unsafe s' !p (bget s x);
               incr p
             done;
             bset_unsafe s' !p (int_of_char ' ');
             incr p)
          ss;
        s'

let parse_stream pdf resources streams =
  let stream = match streams with [s] -> s | _ -> concat_bytess streams in
  let i = input_of_bytes stream in
    let lexemes = lex_stream pdf resources i in
      parse_lexemes (ref 0) lexemes []

(* Parse the operators in a list of streams. *)
let parse_operators pdf resources streams =
  let rawstreams =
    map
      (fun c ->
        let c = Pdf.direct pdf c in
          Pdfcodec.decode_pdfstream pdf c;
          Pdf.bigarray_of_stream c)
      streams
  in
    parse_stream pdf resources rawstreams
    
(* Flattening *)
          
(* Give a bigarray representing a list of graphics operators. *)
let stream_of_lexemes (oplists : lexeme list list) =
  let strings =
    map string_of_lexemes oplists
  in
    (* Insert a space if the neither the last character of a string nor the
     * first character of the next is a delimiter *)
    let rec addspaces prev = function
      [] -> rev prev
    | [x] -> addspaces (x :: prev) []
    | x::y::r ->
        if
             String.length x > 0 && Pdf.is_delimiter x.[String.length x - 1]
          || String.length y > 0 && Pdf.is_delimiter y.[0]
        then
          addspaces (x :: prev) (y :: r)
        else
          addspaces (" " :: x :: prev) (y :: r)
    in
      let strings = addspaces [] strings in
        let total_length =
          let l = ref 0 in iter (fun s -> l := !l + String.length s) strings; !l
        in
          let s = mkbytes total_length
          in let strings = ref strings
          in let pos = ref 0 in
            while !strings <> [] do
              let str = hd !strings in
                let l = String.length str in
                  if l > 0 then
                    for n = 0 to l - 1 do
                      bset_unsafe s !pos (int_of_char str.[n]);
                      incr pos
                    done;
                  strings := tl !strings
            done;
            s

let print_stream s =
  if bytes_size s > 0 then 
    for x = 0 to bytes_size s - 1 do
      Printf.printf "%c" (char_of_int (bget s x))
    done;
  print_newline ()
    
(* Make a stream from a list of operators. *)
let stream_of_ops ops =
  let data = stream_of_lexemes (lexemelists_of_ops ops) in
    Pdf.Stream
      (ref
        (Pdf.Dictionary
          [("/Length", Pdf.Integer (bytes_size data))], Pdf.Got data))
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(** Parsing PDF Graphics Streams *)

(** A flat representation of the PDF graphics stream operators. Where the operator
contains the asterisk character (not allowable in OCaml syntax), a prime is
substituted. *)
type t =
  | Op_w of float
  | Op_J of int
  | Op_j of int
  | Op_M of float 
  | Op_d of float list * float
  | Op_ri of string
  | Op_i of int
  | Op_gs of string
  | Op_q
  | Op_Q
  | Op_cm of Pdftransform.transform_matrix
  | Op_m of float * float
  | Op_l of float * float
  | Op_c of float * float * float * float * float * float
  | Op_v of float * float * float * float
  | Op_y of float * float * float * float
  | Op_h
  | Op_re of float * float * float * float
  | Op_S
  | Op_s
  | Op_f
  | Op_F
  | Op_f'
  | Op_B
  | Op_B'
  | Op_b
  | Op_b'
  | Op_n
  | Op_W
  | Op_W'
  | Op_BT
  | Op_ET
  | Op_Tc of float
  | Op_Tw of float
  | Op_Tz of float
  | Op_TL of float
  | Op_Tf of string * float
  | Op_Tr of int
  | Op_Ts of float
  | Op_Td of float * float
  | Op_TD of float * float
  | Op_Tm of Pdftransform.transform_matrix
  | Op_T'
  | Op_Tj of string
  | Op_TJ of Pdf.pdfobject
  | Op_' of string
  | Op_'' of float * float * string
  | Op_d0 of float * float
  | Op_d1 of float * float * float * float * float * float
  | Op_CS of string
  | Op_cs of string
  | Op_SC of float list 
  | Op_sc of float list 
  | Op_SCN of float list
  | Op_scn of float list
  | Op_SCNName of string * float list
  | Op_scnName of string * float list
  | Op_G of float
  | Op_g of float
  | Op_RG of float * float * float
  | Op_rg of float * float * float
  | Op_K of float * float * float * float
  | Op_k of float * float * float * float
  | Op_sh of string
  | InlineImage of (Pdf.pdfobject * Pdfio.bytes)
  | Op_Do of string
  | Op_MP of string
  | Op_DP of string * Pdf.pdfobject 
  | Op_BMC of string 
  | Op_BDC of string * Pdf.pdfobject 
  | Op_EMC 
  | Op_BX
  | Op_EX
  | Op_Unknown of string

(** Parse a single byte stream to an operator list given a document and resource
dictionary. *)
val parse_stream :
  Pdf.t -> Pdf.pdfobject -> Pdfio.bytes list -> t list

(** Given a pdf document, resource dictionary and list of streams representing
the graphics content (PDF allows a single page's graphics content to be split
over several streams), return a list of operators. Raises PDFError on bad
content. *)
val parse_operators :
  Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject list -> t list

(** Flatten a list of operators to an uncompressed PDF stream. *)
val stream_of_ops : t list -> Pdf.pdfobject

(** Make a string of a single operator (for debug purposes). *)
val string_of_op : t -> string

(** Same as [string_of_op], but of several operators (for debug purposes). *)
val string_of_ops : t list -> string

(** Given a pdf, a resources dictionary and a colourspace dictionary, give the
number of bytes per pixel in the stored image data. *)
val components : Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject -> int

(**/**)
val debug : bool ref
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open Pdfutil

(* The type of the four rotations of pages. This defines how a viewing
application (e.g Acrobat) displays the page. *)
type rotation =
  | Rotate0
  | Rotate90
  | Rotate180
  | Rotate270

(* A type representing a page. content is the list of objects
containing the graphical content stream (see the Pdfops module), mediabox
the page size, resources the page's resource dictionary, rotate its rotation
and rest any other entries to reside in the page dictionary. *)
type t =
  {content : Pdf.pdfobject list; (*FIXME Change this to int list, to ensure sharing? *)
   mediabox : Pdf.pdfobject;
   resources : Pdf.pdfobject;
   rotate : rotation;
   rest : Pdf.pdfobject} (* A dictionary of the other records in the page. *)

(* Make a PDF rectangle from a Paper.papersize. *)
let rectangle_of_paper paper =
  let u = Pdfpaper.unit paper
  in let w = Pdfpaper.width paper
  in let h = Pdfpaper.height paper in
    let w', h' =
      let f = Pdfunits.convert 100. u Pdfunits.PdfPoint in
        f w, f h
    in
      Pdf.Array [Pdf.Real 0.; Pdf.Real 0.; Pdf.Real w'; Pdf.Real h']

(* Create a page with empty content, media box from the given paper size,
empty resources, zero rotation and no extra dictionary entries. *)
let custompage rectangle =
  {content = [];
   mediabox = rectangle;
   resources = Pdf.Dictionary [];
   rotate = Rotate0;
   rest = Pdf.Dictionary []}

let blankpage papersize =
  custompage (rectangle_of_paper papersize)

(* Utility function to convert from rotation to integers. *)
let int_of_rotation = function
  | Rotate0 -> 0
  | Rotate90 -> 90
  | Rotate180 -> 180
  | Rotate270 -> 270

(* The reverse. raises [Pdf.PDFError] if its input modulo 360 is not 0, 90, 
180, 270, -90, -180 or -270. *)
let rotation_of_int i =
  match i mod 360 with
  | 0 -> Rotate0
  | 90 | -270 -> Rotate90
  | 180 | -180 -> Rotate180
  | 270 | -90 -> Rotate270
  | _ -> raise (Pdf.PDFError "Bad /Rotate")

(* Extracting the page tree *)

let rec remove_dict_entries e = function
  | (("/Resources" | "/Contents" | "/MediaBox" | "/Rotate" | "/Parent" | "/Type"), v)::t -> remove_dict_entries e t
  | h::t -> remove_dict_entries (h::e) t
  | [] -> e

(* Given a page tree, find the first page resources, contents and
mediabox.  The resources and mediabox may be inherited from any node above in
the page tree. *)
let rec find_pages pages pdf resources mediabox rotate =
  match Pdf.lookup_direct pdf "/Type" pages with
  | Some (Pdf.Name "/Pages") | None ->
      begin match
        Pdf.lookup_fail "No /Kids in page tree" pdf "/Kids" pages
      with
      | Pdf.Array kids ->
          let kids =
            map
              (function
               | Pdf.Indirect k ->
                   (try Pdf.lookup_obj pdf k with
                     Not_found -> raise (Pdf.PDFError "missing kid\n"))
               | _ -> raise (Pdf.PDFError "malformed kid\n"))
              kids
          in
            let resources =
              match Pdf.lookup_direct pdf "/Resources" pages with
              | Some x -> Some x
              | None -> resources
            in let mediabox =
              match Pdf.lookup_direct pdf "/MediaBox" pages with
              | Some x -> Some x
              | None -> mediabox
            in let rotate =
              match Pdf.lookup_direct pdf "/Rotate" pages with
              | Some (Pdf.Integer r) -> rotation_of_int r
              | _ -> rotate
            in
              flatten
                (map
                  (fun k -> find_pages k pdf resources mediabox rotate)
                  kids)
      | _ -> raise (Pdf.PDFError "Malformed /Kids in page tree node")
      end
  | Some (Pdf.Name "/Page") ->
      let resources =
        match Pdf.lookup_direct pdf "/Resources" pages with
        | Some x -> Some x
        | None -> resources
      in let mediabox =
        match Pdf.lookup_direct pdf "/MediaBox" pages with
        | Some x -> Some x
        | None -> mediabox
      in let contents =
        (* 28th March 2016. We modify this to always create an array of one
        indirect if just a single contents stream, rather than following
        through to the actual object. Other code can then preserve the
        sharing. *)
        begin match pages with
          Pdf.Dictionary d ->
            begin match lookup "/Contents" d with
              Some (Pdf.Indirect i) ->
                (* A single content stream, or indirect to array *)
                begin match Pdf.lookup_obj pdf i with
                | Pdf.Array a -> Some (Pdf.Array a)
                | _ -> Some (Pdf.Array [Pdf.Indirect i])
                end
            | _ ->
                (* An array of indirects. Just return it *)
                Pdf.lookup_direct pdf "/Contents" pages
            end
        | _ -> assert false
        end
      in let rotate =
        match Pdf.lookup_direct pdf "/Rotate" pages with
        | Some (Pdf.Integer r) -> rotation_of_int r
        | _ -> rotate
      in
        [{resources =
            (match resources with
            | Some r -> r
            | None -> Pdf.Dictionary []);
          content =
            (* 15th Feb 2012. We now preserve indirect references in /Contents
            to preserve sharing, at least on operations which don't modify the
            /Contents. *)
            (match contents with
            | None -> []
            | Some (Pdf.Array cs) ->
                map
                  (function x ->
                     match Pdf.direct pdf x with
                     | Pdf.Stream _ -> x
                     | x ->
                         raise (Pdf.PDFError ("Bad /Contents 1")))
                  cs;
            | Some pdfobject ->
                begin match Pdf.direct pdf pdfobject with
                | Pdf.Stream _ -> [pdfobject]
                | _ -> raise (Pdf.PDFError "Bad /Contents 2")
                end);
          mediabox =
            (match mediabox with
            | Some m -> m
            | None -> raise (Pdf.PDFError "Bad /MediaBox"));
          rotate = rotate;
          rest =
            (match pages with
            | Pdf.Dictionary d -> Pdf.Dictionary (remove_dict_entries [] d)
            | _ -> raise (Pdf.PDFError "Bad /Pages"))
        }]
  | _ -> raise (Pdf.PDFError "find_pages: Not a page tree node or page object")

(* Given a pdf, return a list of (resources, contents, mediabox) triples. *)
let pages_of_pagetree pdf =
  let document_catalog =
    try Pdf.lookup_obj pdf pdf.Pdf.root with
      Not_found -> raise (Pdf.PDFError "/Root entry is incorrect")
  in 
    let pages =
      Pdf.lookup_fail "No or malformed /Pages" pdf "/Pages" document_catalog
    in
      find_pages pages pdf None None Rotate0

let rec find_pages_quick pages pdf =
  match Pdf.lookup_direct pdf "/Type" pages with
  | Some (Pdf.Name "/Pages") | None ->
      begin match
        Pdf.lookup_fail "No /Kids in page tree" pdf "/Kids" pages
      with
      | Pdf.Array kids ->
          let kids =
            map
              (function
               | Pdf.Indirect k ->
                   (try Pdf.lookup_obj pdf k with
                     Not_found -> raise (Pdf.PDFError "missing kid\n"))
               | _ -> raise (Pdf.PDFError "malformed kid\n"))
              kids
          in
            fold_left ( + ) 0 (map (fun k -> find_pages_quick k pdf) kids)
      | _ -> raise (Pdf.PDFError "Malformed /Kids in page tree node")
      end
  | Some (Pdf.Name "/Page") -> 1
  | _ -> raise (Pdf.PDFError "find_pages: Not a page tree node or page object")

let pages_of_pagetree_quick pdf =
  let document_catalog =
    try Pdf.lookup_obj pdf pdf.Pdf.root with
      Not_found -> raise (Pdf.PDFError "/Root entry is incorrect")
  in 
    let pages =
      Pdf.lookup_fail "No or malformed /Pages" pdf "/Pages" document_catalog
    in
      find_pages_quick pages pdf

let endpage pdf =
  pages_of_pagetree_quick pdf

(* Make a collection of pages capable of being merged -- in other words rename
their resources so as not to clash. *)
let source k =
  let k = ref k in (fun () -> incr k; !k)

let freshname source =
  "/r" ^ string_of_int (source ())

let resource_keys =
  ["/Font"; "/ExtGState"; "/ColorSpace";
   "/Pattern"; "/Shading"; "/XObject"; "/Properties"]

let make_changes pdf pages =
  let src = source 0 in
    let entries_of_page entry pageseq page =
      let entries =
        match Pdf.lookup_direct pdf entry page.resources with
        | Some (Pdf.Dictionary es) -> es
        | _ -> []
      in
        map (fun (k, v) -> entry, pageseq, k, freshname src) entries
    in
      let pagenums = ilist 1 (length pages) in
        let entries name =
          map2 (entries_of_page name) pagenums pages
        in
          let entries = flatten <| flatten (map entries resource_keys) in
            let table = Hashtbl.create 1000 in
              iter
                (fun (entry, pageseq, k, name) ->
                   Hashtbl.add table (entry, pageseq, k) name)
                entries;
              table

let change_operator pdf lookup lookup_option seqnum = function
  | Pdfops.Op_Tf (f, s) ->
      Pdfops.Op_Tf (lookup "/Font" seqnum f, s)
  | Pdfops.Op_gs n ->
      Pdfops.Op_gs (lookup "/ExtGState" seqnum n)
  | Pdfops.Op_CS n ->
      begin match lookup_option "/ColorSpace" seqnum n with
      | Some x -> Pdfops.Op_CS x
      | None -> Pdfops.Op_CS n
      end
  | Pdfops.Op_cs n ->
      begin match lookup_option "/ColorSpace" seqnum n with
      | Some x -> Pdfops.Op_cs x
      | None -> Pdfops.Op_cs n
      end
  | Pdfops.Op_SCNName (s, ns) ->
      Pdfops.Op_SCNName (lookup "/Pattern" seqnum s, ns)
  | Pdfops.Op_scnName (s, ns) ->
      Pdfops.Op_scnName (lookup "/Pattern" seqnum s, ns)
  | Pdfops.Op_sh s ->
      Pdfops.Op_sh (lookup "/Shading" seqnum s)
  | Pdfops.Op_Do x ->
      Pdfops.Op_Do (lookup "/XObject" seqnum x)
  | Pdfops.Op_DP (n, Pdf.Name p) ->
      Pdfops.Op_DP (n, Pdf.Name (lookup "/Properties" seqnum p))
  | Pdfops.Op_BDC (n, Pdf.Name p) ->
      begin match lookup_option "/Properties" seqnum p with
        | Some x ->
            Pdfops.Op_BDC (n, Pdf.Name x)
        | None ->
            Printf.eprintf "Warning: Missing Op_BDC /Properties entry\n";
            Pdfops.Op_BDC (n, Pdf.Name p)
      end
  | Pdfops.InlineImage (dict, bytes) ->
      (* Replace any indirect "/CS" or "/ColorSpace" with a new "/CS" *)
      let dict' =
        match Pdf.lookup_direct_orelse pdf "/CS" "/ColorSpace" dict with
        | Some (Pdf.Name "/DeviceGray")
        | Some (Pdf.Name "/DeviceRGB")
        | Some (Pdf.Name "/DeviceCMYK")
        | Some (Pdf.Name "/G")
        | Some (Pdf.Name "/RGB")
        | Some (Pdf.Name "/CMYK") -> dict
        | Some (Pdf.Name n) ->
            Pdf.add_dict_entry
              (Pdf.remove_dict_entry
                (Pdf.remove_dict_entry dict "/ColorSpace")
                "/CS")
              "/CS"
              (Pdf.Name (lookup "/ColorSpace" seqnum n))
        | _ -> dict
      in
        Pdfops.InlineImage (dict', bytes)
  | x -> x

(* Only for use with twoup now. FIXME: Can blow up shared content streams. Needs
a cunning new method to preserve sharing. *)
let renumber_pages pdf pages =
  match pages with
  | [] -> []
  | pages ->
      let changes = make_changes pdf pages in
        let rec lookup_option dictname page oldkey =
          tryfind changes (dictname, page, oldkey)
        and lookup dictname page oldkey =
          try
            Hashtbl.find changes (dictname, page, oldkey)
          with
            Not_found -> raise (Pdf.PDFError "Pdfdoc.renumber_pages: Bad key")
        in
        let change_content seqnum resources content =
          let operators = Pdfops.parse_operators pdf resources content in
            let operators' =
              map (change_operator pdf lookup lookup_option seqnum) operators
            in
              [Pdfops.stream_of_ops operators']
        in let change_resources seqnum resources =
          let newdict name =
            match Pdf.lookup_direct pdf name resources with
            | Some (Pdf.Dictionary fonts) ->
                Pdf.Dictionary (map (fun (k, v) -> lookup name seqnum k, v) fonts)
            | _ -> Pdf.Dictionary []
          in
            let newdicts = map newdict resource_keys in
              let resources = ref resources in
                iter2
                  (fun k v ->
                    resources := Pdf.add_dict_entry !resources k v)
                  resource_keys
                  newdicts;
                !resources
        in
          let process_page seqnum page =
            {page with
               content = change_content seqnum page.resources page.content;
               resources = change_resources seqnum page.resources}
          in
            map2 process_page (indx pages) pages

(* New code for better page trees *)

(* Each branch contains a list of pages to go at that branch, and pointers to
two more page tree nodes.  Each leaf contains just a page list. Page lists must
be non-null.

Leaves and branches also hold a parent pointer, and the object number of that
leaf or branch. *) 
type ptree =
  | Lf of t list * int * int
  | Br of t list * ptree * ptree * int * int

(* Split a list into three parts, the middle being of fixed, given, length n,
and the left and right roughly equal in size, but at least of length one. *)
let split3 n l =
  let len = length l in
    if n > len - 2 then raise (Invalid_argument "split3") else
      let leftlen = (len - n) / 2 in
        let left, rest = cleave l leftlen in
          let middle, right = cleave rest n in
            left, middle, right

(* Build the pages *)
let rec pagetree objnumsource pages parent =
  if length pages < 10 then Lf (pages, parent, objnumsource ()) else
    let left, this, right = split3 5 pages in
      let this_num = objnumsource () in
        let left_tree = pagetree objnumsource left this_num
        in let right_tree = pagetree objnumsource right this_num in
          Br (this, left_tree, right_tree, parent, this_num)

let pagetree_flat objnumsource pages parent =
  Lf (pages, parent, objnumsource ())

(* Version for pdf_of_pages where we are using the same object numbers *)
type ptree_objnumbers =
  | OLf of int list * int * int (* object numbers, parent, object number of this leaf *)
  | OBr of int list * ptree_objnumbers * ptree_objnumbers * int * int (* object numbers, left, right, parent, object number of this branch *)

let rec print_ptree = function
  | OLf (is, parent, objnumleaf) ->
      Printf.printf "OLf with object numbers ";
      print_ints is;
      Printf.printf " parent %i and this leaf object number is %i\n" parent objnumleaf
  | OBr (is, l, r, p, thisobjnumbranch) ->
      Printf.printf "OBt with object numbers ";
      print_ints is;
      Printf.printf " parent %i, this object number is %i\n" p thisobjnumbranch;
      Printf.printf "***LEFTS\n";
      print_ptree l;
      Printf.printf "***RIGHTS\n";
      print_ptree r

let rec pagetree_with_objnumbers toplevel old_pagetree_root_num objnumsource objnumbers parent =
  if length objnumbers < 10 then
    OLf (objnumbers, parent, if toplevel then old_pagetree_root_num else objnumsource ())
  else
    let left, this, right = split3 5 objnumbers
    and this_num = if toplevel then old_pagetree_root_num else objnumsource () in
      let left_tree = pagetree_with_objnumbers false old_pagetree_root_num objnumsource left this_num
      and right_tree = pagetree_with_objnumbers false old_pagetree_root_num objnumsource right this_num in
        OBr (this, left_tree, right_tree, parent, this_num)

(* Make a page. Returns, objectnumber, page pdfobject, extra objects to be added. *)
let mkpage getobjnum parent page =
  (*Printf.printf "mkpage with parent %i\n" parent;*)
  let content, extras =
    match page.content with
    | [] -> [], []  (*r Null Contents not allowed. *)
    | cs ->
       let indirects, objects =
          split
            (map
              (function
                 | Pdf.Indirect i -> Pdf.Indirect i, None
                 | c -> let i = getobjnum () in Pdf.Indirect i, Some (i, c))
              cs)
        in
          [("/Contents", Pdf.Array indirects)], losenones objects 
  in
    let page =
      Pdf.Dictionary
        ([("/Type", Pdf.Name "/Page");
          ("/Parent", Pdf.Indirect parent);
          ("/Resources", page.resources);
          ("/MediaBox", page.mediabox);
          ("/Rotate", Pdf.Integer (int_of_rotation page.rotate))]
      @
        (match page.rest with
         | Pdf.Dictionary d -> d
         | _ -> raise (Pdf.PDFError "mkpage"))
      @ 
        content)
    in
      getobjnum (), page, extras

(* Build a list of objnum, pdfobject pairs from the ptree. The pages in the
ptree are just missing their parent entries, so we add those. *)
(* FIXME: Now we rewrote this for pdf_of_pages with nicer properties, can we get rid of this one? But consider linearization (see below) *)
let rec objects_of_ptree getobjnum extras = function
  | Lf (pages, parent, this) ->
      let page_objects =
        map
         (fun (o, p, x) -> extras =@ x; (o, p))
         (map (mkpage getobjnum this) pages)
      in
        let page_tree_node =
          let pdfobject =
            let parent_entry =
              if parent = 0 then [] else ["/Parent", Pdf.Indirect parent]
            in
              Pdf.Dictionary
                (["/Type", Pdf.Name "/Pages";
                  "/Kids",
                     Pdf.Array (
                       map (fun x -> Pdf.Indirect x) (fst <| split page_objects));
                  "/Count", Pdf.Integer (length pages)]
                 @ parent_entry)
          in
           this, pdfobject 
        in
          page_tree_node::page_objects
  | Br (pages, left, right, parent, this) ->
      let objs_left = objects_of_ptree getobjnum extras left
      in let objs_right = objects_of_ptree getobjnum extras right in
        let left_num =
          match objs_left with
          | (n, _)::_ -> n
          | [] -> assert false
        in let right_num =
          match objs_right with
          | (n, _)::_ -> n
          | [] -> assert false
        in let count_left =
          match objs_left with
          | (_, Pdf.Dictionary d)::_ ->
              begin match lookup "/Count" d with
              | Some (Pdf.Integer i) -> i 
              | _ -> assert false
              end
          | _ -> assert false
        in let count_right =
          match objs_right with
          | (_, Pdf.Dictionary d)::_ ->
              begin match lookup "/Count" d with
              | Some (Pdf.Integer i) -> i 
              | _ -> assert false
              end
          | _ -> assert false
        in
          let this_objects =
            let page_objects =
              map
               (fun (o, p, x) -> extras =@ x; (o, p))
               (map (mkpage getobjnum this) pages)
            in
              let page_tree_node =
                let pdfobject =
                  let parent_entry =
                    if parent = 0 then [] else ["/Parent", Pdf.Indirect parent]
                  in
                    let kids = fst <| split page_objects in
                      Pdf.Dictionary
                        (["/Type", Pdf.Name "/Pages";
                          "/Kids",
                             Pdf.Array
                               (map
                                  (fun x -> Pdf.Indirect x)
                                  ([left_num] @ kids @ [right_num]));
                          "/Count", Pdf.Integer (count_left + count_right + length kids)]
                         @ parent_entry)
                in
                 this, pdfobject 
              in
                page_tree_node::page_objects
           in
             this_objects @ objs_left @ objs_right
     
let flat_pagetrees = ref false

(* Flat version *)
let add_pagetree_flat pages pdf =
  let extras = ref [] in
    let getobjnum = source pdf.Pdf.objects.Pdf.maxobjnum in
      let ptree = pagetree_flat getobjnum pages 0 in
        let objects = objects_of_ptree getobjnum extras ptree in
          let topnode = match hd objects with (n, _) -> n in
            iter (fun x -> ignore (Pdf.addobj_given_num pdf x)) (objects @ !extras);
            pdf, topnode

(* Take a list of pages and a PDF. Build a page tree in the PDF, returning
the new pdf and the object number assigned to the top page node. All references
to objects not forming part of the tree nodes themselves are left unchanged. *)
let add_pagetree pages pdf =
  if !flat_pagetrees then add_pagetree_flat pages pdf else
    let extras = ref [] in
      let getobjnum = source pdf.Pdf.objects.Pdf.maxobjnum in
        let ptree = pagetree getobjnum pages 0 in
          let objects = objects_of_ptree getobjnum extras ptree in
            let topnode = match hd objects with (n, _) -> n in
              (*Printf.printf "There were %i objects_of_ptree\n" (List.length objects);
              List.iter (fun (i, x) -> Printf.printf "%i: %s\n" i (Pdfwrite.string_of_pdf x)) objects;
              Printf.printf "There were %i extras\n" (List.length !extras);
              List.iter (fun (i, x) -> Printf.printf "%i: %s\n" i
              (Pdfwrite.string_of_pdf x)) !extras;*)
              iter (fun x -> ignore (Pdf.addobj_given_num pdf x)) (objects @ !extras);
              pdf, topnode

(* Add a root entry, replacing the Type and Pages entry, and any entries in
extras. Preserves any entries in any existing root (e.g Metadata pointer). *)
let add_root pageroot extras pdf =
  let existing_entries =
    try
      match Pdf.lookup_obj pdf pdf.Pdf.root with
      | Pdf.Dictionary d -> d
      | _ -> []
    with
    _ -> []
  in
    let root =
      Pdf.Dictionary
        (fold_right (* Right so that /Type, /Pages overwrite *)
           (fun (k, v) d -> add k v d)
              ([("/Type", Pdf.Name "/Catalog"); ("/Pages", Pdf.Indirect pageroot)] @ existing_entries)
              extras)
    in
      let rootnum = Pdf.addobj pdf root in
        let trailerdict' =
          match pdf.Pdf.trailerdict with
          | Pdf.Dictionary d -> Pdf.Dictionary (add "/Root" (Pdf.Indirect rootnum) d)
          | _ -> raise (Pdf.PDFError "add_root: bad trailer dictionary")
        in
          {pdf with
             Pdf.root = rootnum;
             Pdf.trailerdict = trailerdict'}

(* Make sure to supply refnums to speed it up, if you already have them from a
 * previous call to Pdf.page_reference_numbers *)
let pagenumber_of_target ?fastrefnums pdf = function
 | Pdfdest.NullDestination -> 0
 | Pdfdest.NamedDestinationElsewhere _ -> 0
 | Pdfdest.Action _ -> 0
 | Pdfdest.XYZ (t, _, _, _) | Pdfdest.Fit t | Pdfdest.FitH (t, _) | Pdfdest.FitV (t, _)
 | Pdfdest.FitR (t, _, _, _, _) | Pdfdest.FitB t | Pdfdest.FitBH (t, _) | Pdfdest.FitBV (t, _) ->
     match t with
     | Pdfdest.OtherDocPageNumber i -> i + 1 (* If it's really a Pdfdest.OtherDocPageNumber, you must process this yourself before. *)
     | Pdfdest.PageObject i ->
         match fastrefnums with
         | Some table ->
             begin try Hashtbl.find table i with Not_found -> 0 end 
         | None ->
             match position_1 i (Pdf.page_reference_numbers pdf) with
             | Some n -> n
             | None -> 0

(* Return a new PDF containing everything the old one does, but with new pages.

Other objects (e.g destinations in the document outline) may point to the
individual page objects, so we must renumber these. We can only do this if the
number of pages are the same. We do this [if change_references is true]. If the
new and old page lists are of different lengths, change_references must be
false, or you must supply the changes (expressed as (from, to) 1-based serial
number pairs).

The matrices optional argument, only relevant when change_references is true
and the number of pages has not changed, gives a list of (page number, matrix)
pairs which indicate that the page has been transformed. We can then rewrite
bookmark destinations to reflect the transformed destination positions. We also
rewrite annotation destinations after the same fashion. *)
let change_pages_find_matrix dest mattable refnumstable =
  match dest with
  | Pdfdest.XYZ (tp, _, _, _) | Pdfdest.FitH (tp, _) | Pdfdest.FitV (tp, _)
  | Pdfdest.FitR (tp, _, _, _, _) | Pdfdest.FitBH (tp, _) | Pdfdest.FitBV (tp, _) ->
      begin match tp with
        Pdfdest.PageObject i ->
          begin try
            let pagenumber = Hashtbl.find refnumstable i in
              Hashtbl.find mattable pagenumber
          with
            _ ->
              Printf.eprintf "page not found for bookmark or annotation dest:%s\n" (Pdfdest.string_of_destination dest);
              Pdftransform.i_matrix
          end
      | _ -> Pdftransform.i_matrix
      end
  | _ -> Pdftransform.i_matrix

(* For each bookmark, find the page its target is on, look up the appropriate matrix, and transform it. Works only for destinations. /GoTo actions are rewritten globally, separately. *)
let change_pages_process_bookmarks mattable refnumstable pdf =
  (*List.iter (fun (p, m) -> Printf.printf "chppb: %i = %s\n" p (Pdftransform.string_of_matrix m)) matpairs;*)
  let bookmarks =
    map
      (fun m ->
         let tr = change_pages_find_matrix m.Pdfmarks.target mattable refnumstable in
           if tr <> Pdftransform.i_matrix then Pdfmarks.transform_bookmark tr m else m)
      (Pdfmarks.read_bookmarks pdf)
  in
    Pdfmarks.add_bookmarks bookmarks pdf 

let rewrite_dest pdf mattable refnumstable dest =
  let parsed_dest = Pdfdest.read_destination pdf dest in
  let tr = change_pages_find_matrix parsed_dest mattable refnumstable in
    (*Printf.printf "tr is %s\n" (Pdftransform.string_of_matrix tr);*)
    if tr <> Pdftransform.i_matrix then
      let transformed = Pdfdest.transform_destination tr parsed_dest in
      let new_dest = Pdfdest.pdfobject_of_destination transformed in
        Some (Pdf.addobj pdf new_dest)
    else
      None

let rewrite_action pdf mattable refnumstable action =
  begin match Pdf.lookup_direct pdf "/S" action with
  | Some (Pdf.Name "/GoTo") ->
    begin match Pdf.lookup_direct pdf "/D" action with
    | Some dest ->
        begin match rewrite_dest pdf mattable refnumstable dest with
        | Some objnum ->
            Some (Pdf.add_dict_entry action "/D" (Pdf.Indirect objnum))
        | None -> None
        end
    | _ -> None
    end
  | _ -> None
  end

(* For each page, find its annotations. For each, transform its annotations *)
let change_pages_process_annotations mattable refnumstable pdf =
   iter2
     (fun page pnum ->
        (*Printf.eprintf "Page %i...\n" pnum;*)
        match Pdf.lookup_direct pdf "/Annots" page.rest with
        | Some (Pdf.Array annots) ->
            iter
              (fun annotobj ->
                match annotobj with Pdf.Indirect i ->
                  let annot = Pdf.lookup_obj pdf i in
                  (* Find its destination, if it has one. Either in /Dest or /A *)
                  begin match Pdf.lookup_direct pdf "/Subtype" annot with
                  | Some (Pdf.Name "/Link") ->
                      begin match Pdf.lookup_direct pdf "/Dest" annot with
                      | Some dest ->
                          begin match rewrite_dest pdf mattable refnumstable dest with
                          | Some objnum ->
                              let new_annot = Pdf.add_dict_entry annot "/Dest" (Pdf.Indirect objnum) in
                                Pdf.addobj_given_num pdf (i, new_annot)
                          | None -> ()
                          end
                      | _ ->
                          begin match Pdf.lookup_direct pdf "/A" annot with
                          | Some (Pdf.Dictionary _ as action) ->
                              begin match rewrite_action pdf mattable refnumstable action with
                              | Some action ->
                                  let new_annot = Pdf.add_dict_entry annot "/A" action in
                                    Pdf.addobj_given_num pdf (i, new_annot)
                              | _ -> ()
                              end
                          | _ -> () 
                          end
                      end
                  | _ -> ()
                  end
                | _ -> Printf.eprintf "change_pages_process_annotations: annotation direct\n")
                annots
        | None -> ()
        | _ ->
            Printf.eprintf "change_pages_process_annotations: /Annots not an array\n")
     (pages_of_pagetree pdf)
     (indx (pages_of_pagetree pdf))

(* Process the /OpenAction if its destination or action points to a page which has been scaled. *)
(* Trailer --/Root--> Catalog dict --/OpenAction--> (array = dest || dict == action). No name option. *)
let rewrite_openaction pdf action =
  let catalog = Pdf.catalog_of_pdf pdf in
  let catalog = Pdf.add_dict_entry catalog "/OpenAction" action in
    Pdf.addobj_given_num pdf (pdf.Pdf.root, catalog)

let change_pages_process_openaction mattable refnumstable pdf =
  match Pdf.lookup_direct pdf "/OpenAction" (Pdf.catalog_of_pdf pdf) with
  | Some (Pdf.Array dest) ->
      begin match rewrite_dest pdf mattable refnumstable (Pdf.Array dest) with
      | Some new_dest_objnum -> rewrite_openaction pdf (Pdf.Indirect new_dest_objnum)
      | None -> ()
      end
  | Some (Pdf.Dictionary action) ->
      begin match rewrite_action pdf mattable refnumstable (Pdf.Dictionary action) with
      | Some action -> rewrite_openaction pdf action
      | _ -> ()
      end
  | _ -> ()

let change_pages ?matrices ?changes change_references basepdf pages' =
  let pdf = Pdf.empty () in
    Pdf.objiter (fun k v -> ignore (Pdf.addobj_given_num pdf (k, v))) basepdf;
    let old_page_numbers = Pdf.page_reference_numbers basepdf in
    let pdf, pagetree_num = add_pagetree pages' pdf in
      let pdf =
        {pdf with
           Pdf.major = basepdf.Pdf.major;
           Pdf.minor = basepdf.Pdf.minor;
           Pdf.trailerdict = basepdf.Pdf.trailerdict;
           Pdf.saved_encryption = basepdf.Pdf.saved_encryption}
      in
        let existing_root_entries =
          try
            match Pdf.lookup_obj basepdf basepdf.Pdf.root with
            | Pdf.Dictionary d -> d
            | _ -> []
          with
          _ -> []
        in
          let pdf = add_root pagetree_num existing_root_entries pdf in
            let new_page_numbers = Pdf.page_reference_numbers pdf in
              if not change_references then pdf else
                let changes =
                   match changes with
                     None ->
                       if length old_page_numbers = length new_page_numbers then
                         combine old_page_numbers new_page_numbers
                       else
                         begin
                           Printf.eprintf "change_pages: No change supplied, and lengths differ\n";
                           []
                         end
                   | Some cs ->
                       (* Turn the 1-based serial numbers into page reference numbers *)
                       try
                         map
                           (fun (x, y) ->
                            List.nth old_page_numbers (x - 1), List.nth new_page_numbers (y - 1))
                         cs
                       with
                         _ -> raise (Pdf.PDFError "change_pages: bad serial number")
                in
                  Pdf.objselfmap
                    (Pdf.renumber_object_parsed pdf (hashtable_of_dictionary changes))
                    pdf;
                  match matrices with
                    None -> pdf
                  | Some matpairs ->
                      let refnums = Pdf.page_reference_numbers pdf in
                      let mattable = hashtable_of_dictionary matpairs in
                      let refnumstable = hashtable_of_dictionary (combine refnums (indx refnums)) in
                      let pdf =
                        if length old_page_numbers = length new_page_numbers then
                          change_pages_process_bookmarks mattable refnumstable pdf
                        else
                          begin
                            Printf.eprintf "Pdfpage.change_pages: non-null matrices when lengths differ";
                            pdf
                          end
                      in
                        begin try change_pages_process_annotations mattable refnumstable pdf with
                          e -> Printf.eprintf "failure in change_pages_process_annotations: %s" (Printexc.to_string e)
                        end;
                        begin try change_pages_process_openaction mattable refnumstable pdf with
                          e -> Printf.eprintf "failure in change_pages_process_openaction: %s" (Printexc.to_string e)
                        end;
                        pdf

(* Return a pdf with a subset of pages, but nothing else changed - exactly the
same page object numbers, so bookmarks etc still work. Also sorts out bookmarks
so only those in the range are kept. *)


(* Find a page indirect from the page tree of a document, given a page number. *)
(* FIXME speed up by caching *)
let page_object_number pdf destpage =
  try
    Some (select destpage (Pdf.page_reference_numbers pdf))
  with
    (* The page might not exist in the output *)
    Invalid_argument _ (*"select"*) -> None

let target_of_pagenumber pdf i =
  match page_object_number pdf i with
  | None -> Pdfdest.NullDestination
  | Some p -> Pdfdest.Fit (Pdfdest.PageObject p)

(* Build a pagetree using existing object numbers of exisiting pages, adding
any intermediate nodes to the pdf *)
let buildnode kids parent count =
  Pdf.Dictionary
    ([("/Type", Pdf.Name "/Pages");
     ("/Kids", Pdf.Array (map (function i -> Pdf.Indirect i) kids));
     ("/Count", Pdf.Integer count)]
     @
     (if parent = 0 then [] else [("/Parent", Pdf.Indirect parent)]))

let objnumfrom = function
  | OLf (_, _, o) -> o
  | OBr (_, _, _, _, o) -> o

let rec countof = function
  | OLf (os, _, _) -> length os
  | OBr (os, l, r, _, _) -> countof l + countof r + length os

let rec objects_of_ptree_objnumbers pdf = function
  | OLf (objnumbers, parent, objnumofthisleaf) as node ->
      Pdf.addobj_given_num pdf
        (objnumofthisleaf, buildnode objnumbers parent (countof node))
  | OBr (objnumbers, left, right, parent, objnumofthisbranch) as node ->
      Pdf.addobj_given_num pdf
        (objnumofthisbranch, buildnode ([objnumfrom left] @ objnumbers @ [objnumfrom right]) parent (countof node));
      objects_of_ptree_objnumbers pdf left;
      objects_of_ptree_objnumbers pdf right

let pdf_of_pages_build_pagetree thetree objnumbers pdf =
  match thetree with
  | OLf (objnumbers, parent, _) as node ->
      (* Just a leaf. Don't add it, just build the node *)
      buildnode objnumbers parent (countof node)
  | OBr (objnumbers, left, right, parent, _) as node ->
      (* A branch. Return the top level built node, and call main function on left, right *)
      objects_of_ptree_objnumbers pdf left;
      objects_of_ptree_objnumbers pdf right;
      buildnode ([objnumfrom left] @ objnumbers @ [objnumfrom right]) parent (countof node)

(* pdf_of_pages, if it has duplicates in the range, will produce duplicate
items in the page tree, pointing to the same page object. This is bad for
two reasons:

   a) Adobe Reader is broken and crashes in this case

   b) In any event, duplicate references make further document changes
   confusing for most programs.  So, we duplicate the actual page objects, and
   do the minimal renumbering.

*)

(* Given a number n, of a page node, copy it to a new object, and rewrite all
but the first instance in the page tree to that new number. *)
exception RewriteDone

(* Rewrite first instance of an indirect in an array of such. *)
let rec rewrite_first_kid m n = function
    [] -> []
  | Pdf.Indirect x::t when x = m -> Pdf.Indirect n :: t
  | h::t -> h :: rewrite_first_kid m n t

(* Rewrite first instance of m if any, in obj to n at objnum. Raise Rewrite if
we did it. *)
let rewrite_first_indirect pdf objnum obj m n =
  match Pdf.lookup_direct pdf "/Kids" obj with
    Some (Pdf.Array kids) ->
      if mem (Pdf.Indirect m) kids then
        let newobj =
          Pdf.add_dict_entry obj "/Kids" (Pdf.Array (rewrite_first_kid m n kids))
        in
          Pdf.addobj_given_num pdf (objnum, newobj);
          raise RewriteDone
  | _ -> failwith "rewrite_first_indirect"

(* Those page tree nodes which are not pages *)
let page_tree_nodes_not_pages pdf =
  let objs = ref [] in
    Pdf.objiter
      (fun objnum o ->
        match o with
          Pdf.Dictionary d when lookup "/Type" d = Some (Pdf.Name "/Pages") ->
            objs := (objnum, o) :: !objs
        | _ -> ())
      pdf;
    !objs

let rewrite_page_tree_first pdf m =
  let n = Pdf.addobj pdf (Pdf.lookup_obj pdf m)
  and nodes = page_tree_nodes_not_pages pdf in
    try
      iter
        (fun (objnum, obj) -> rewrite_first_indirect pdf objnum obj m n)
        nodes
    with
      RewriteDone -> () 
    | _ -> raise (Pdf.PDFError "rewrite_page_tree_first: malformed page tree")

(* Run this strategy repeatedly, until there are no duplicate page objects *)
let rec fixup_duplicate_pages pdf =
  let pagerefs = Pdf.page_reference_numbers pdf in
    let groups =
      keep
        (fun x -> length x > 1)
        (collate compare (sort compare pagerefs))
    in
      match groups with
        (h::_)::_ ->
          rewrite_page_tree_first pdf h;
          fixup_duplicate_pages pdf
      | _ -> ()

(* When there are duplicate pages, even once de-duplicated by
 * fixup_duplicate_pages, we can end up with incorrect /Parent links. This
 * procedure rewrites them. *)
let rec fixup_parents_inner pdf parent_objnum objnum =
  (*Printf.printf "fixup_parents_inner %i %i\n" parent_objnum objnum;*)
  let obj = Pdf.lookup_obj pdf objnum in
    begin match Pdf.indirect_number pdf "/Parent" obj with
      Some _ ->
        Pdf.addobj_given_num pdf (objnum, (Pdf.add_dict_entry obj "/Parent" (Pdf.Indirect parent_objnum)))
    | _ -> ()
    end;
    begin match Pdf.lookup_direct pdf "/Kids" obj with
      Some (Pdf.Array kids) ->
        iter (function Pdf.Indirect x -> fixup_parents_inner pdf objnum x | _ -> ()) kids
    | _ -> ()
    end

let fixup_parents pdf =
  let root = Pdf.lookup_obj pdf pdf.Pdf.root in
    match Pdf.indirect_number pdf "/Pages" root with
      Some pagetreeroot -> fixup_parents_inner pdf 0 pagetreeroot
    | _ -> raise (Pdf.PDFError "fixup_parents: no page tree root")

let pdf_of_pages ?(retain_numbering = false) basepdf range =
  let page_labels =
    if length (Pdfpagelabels.read basepdf) = 0 then [] else
      if retain_numbering
        then Pdfpagelabels.merge_pagelabels [basepdf] [range]
        else []
  and marks =
    let refnums = Pdf.page_reference_numbers basepdf in
    let fastrefnums = hashtable_of_dictionary (combine refnums (indx refnums)) in
    let table = hashset_of_list range in
      option_map
        (function m -> if Hashtbl.mem table (pagenumber_of_target ~fastrefnums basepdf m.Pdfmarks.target) then Some m else None)
        (Pdfmarks.read_bookmarks basepdf)
  in
    let pdf = Pdf.empty () in
      Pdf.objiter (fun k v -> ignore (Pdf.addobj_given_num pdf (k, v))) basepdf;
      let page_numbers = Pdf.page_reference_numbers basepdf in
        let pdf =
          {pdf with
             Pdf.major = basepdf.Pdf.major;
             Pdf.minor = basepdf.Pdf.minor;
             Pdf.trailerdict = basepdf.Pdf.trailerdict;
             Pdf.saved_encryption = basepdf.Pdf.saved_encryption}
        in
          let existing_root_entries =
            try
              match Pdf.lookup_obj basepdf basepdf.Pdf.root with | Pdf.Dictionary d -> d | _ -> []
            with
              _ -> []
          in
              let objnumbers = map (function i -> select i page_numbers) range in
              let old_pagetree_root_num =
                match Pdf.lookup_direct basepdf "/Root" pdf.Pdf.trailerdict with
                | Some (Pdf.Dictionary d) ->
                    begin match lookup "/Pages" d with
                    | Some (Pdf.Indirect i) -> i
                    | _ -> raise (Pdf.PDFError "pdf_of_pages")
                    end
                | _ -> raise (Pdf.PDFError "pdf_of_pages")
              in
              (* 1. Look through all the page objects to be included, and
              replicate inheritable entries from their parent nodes, since they
              may fail to exist, leaving pages without Media boxes or
              resources! Inheritable entries are /MediaBox /CropBox /Rotate
              /Resources *)
              iter
                (function objnum ->
                   let replace_inherit objnum entry =
                     let obj = Pdf.lookup_obj pdf objnum in
                       (* Find the first parent entry we can which has the correct attribute. *)
                       let rec find_attribute obj =
                         (* Only replace if not there! *)
                         match Pdf.lookup_direct pdf entry obj with
                         | Some _ -> None
                         | _ ->
                           match Pdf.lookup_direct pdf "/Parent" obj with
                           | Some (Pdf.Dictionary parent) ->
                               (* Does this one have the attribute? If yes,
                               return, if no carry on looking... Don't use a
                               direct lookup, because we want to retain the
                               indirect reference to resources, for example. *)
                               begin match lookup entry parent with
                               | Some pdfobj -> Some pdfobj
                               | None -> find_attribute (Pdf.Dictionary parent)
                               end
                           | _ -> None (* Got to top, couldn't find anything *)
                       in
                         match find_attribute obj with
                         | None -> ()
                         | Some replacement_attr ->
                            (* Replace the attribute with replacement_attr, updating the page object in place. *)
                            Pdf.addobj_given_num pdf (objnum, Pdf.add_dict_entry obj entry replacement_attr)
                   in
                     replace_inherit objnum "/MediaBox";
                     replace_inherit objnum "/CropBox";
                     replace_inherit objnum "/Rotate";
                     replace_inherit objnum "/Resources")
                objnumbers;
              let thetree = pagetree_with_objnumbers true old_pagetree_root_num (source pdf.Pdf.objects.Pdf.maxobjnum) objnumbers 0 in
              (* 2. Kill the old page tree, excepting pages which will appear in the new
              PDF. It will link, via /Parent entries etc, to the new page tree. To do
              this, we remove all objects with /Type /Page or /Type /Pages. The other
              places that null can appear, in destinations and so on, are ok, we think. *)
              Pdf.objiter
                (fun i o ->
                  match o with
                  | Pdf.Dictionary d ->
                      begin match lookup "/Type" d with
                      | Some (Pdf.Name ("/Pages")) -> Pdf.removeobj pdf i
                      | Some (Pdf.Name ("/Page")) ->
                          if not (mem i objnumbers) then Pdf.removeobj pdf i
                      | _ -> ()
                      end
                  | _ -> ())
                pdf;
                (* Now, add the new page tree, with root at the same object
                number, and finish *)
                let new_pagetree = pdf_of_pages_build_pagetree thetree objnumbers pdf in
                  Pdf.addobj_given_num pdf (old_pagetree_root_num, new_pagetree);
                    let pdf = add_root old_pagetree_root_num existing_root_entries pdf in
                    Pdfpagelabels.write pdf page_labels;
                    let pdf = Pdfmarks.add_bookmarks marks pdf in
                      fixup_duplicate_pages pdf;
                      fixup_parents pdf;
                      pdf

let prepend_operators pdf ops ?(fast=false) page =
  if fast then
    {page with content =
       Pdfops.stream_of_ops ops :: page.content}
  else
    let old_ops =
      Pdfops.parse_operators pdf page.resources page.content
    in
      {page with content =
        [Pdfops.stream_of_ops (ops @ old_ops)]}

(* Add stack operators to a content stream to ensure it is composeable. *)
let protect pdf resources content =
  let ops = Pdfops.parse_operators pdf resources content in
    let qs = length (keep (eq Pdfops.Op_q) ops)
    and bigqs = length (keep (eq Pdfops.Op_Q) ops) in
    let deficit = if qs > bigqs then qs - bigqs else 0 in
      if deficit <> 0 then Printf.eprintf "Q Deficit was nonzero. Fixing. %i\n" deficit;
      many Pdfops.Op_Q deficit

(* We check for q/Q mismatches in existing section. *)
let postpend_operators pdf ops ?(fast=false) page =
  if fast then
    {page with content =
       page.content @ [Pdfops.stream_of_ops ([Pdfops.Op_q] @ ops @ [Pdfops.Op_Q])]}
  else
    let beforeops =
      [Pdfops.Op_q]
    and afterops =
      protect pdf page.resources page.content @ [Pdfops.Op_Q] @ ops
    in
      {page with content =
         [Pdfops.stream_of_ops (beforeops @ Pdfops.parse_operators pdf page.resources page.content @ afterops)]}

(* Source of possible prefix strings. String is always copied. *)
let next_string s =
  if s = "" then "a" else
    if s.[0] = 'z' then "a" ^ s else
      String.mapi
        (fun i c ->
           if i = 0 then char_of_int (int_of_char c + 1)
           else c)
        s

(* True if one string [p] is a prefix of another [n] *)
let is_prefix p n =
  String.length p <= String.length n &&
  String.sub n 0 (String.length p) = p

(* a) List every name used in a /Resources in a /Type /Page or
 /Type /Pages (without the leading "/"
   b) Find the shortest lower-case alphabetic string which is not a prefix of any of these
   strings. This prefix can be added to the other PDF's names, and will never
   clash with any of these. *)
let names_used pdf =
  let names = ref [] in
  let unslash x =
    if x = "" then "" else String.sub x 1 (String.length x - 1)
  in
    Pdf.objiter
      (fun n obj ->
        match obj with
          Pdf.Dictionary d | Pdf.Stream {contents = (Pdf.Dictionary d, _)} ->
            begin match lookup "/Type" d with
              Some (Pdf.Name ("/Page" | "/Pages")) ->
                begin match Pdf.lookup_direct pdf "/Resources" obj with
                  Some resources ->
                    iter
                      (fun key ->
                         match Pdf.lookup_direct pdf key resources with
                           Some (Pdf.Dictionary d) ->
                             iter
                               (fun (k, _) -> names := unslash k::!names)
                               d
                         | _ -> ())
                      resource_keys
                | _ -> ()
                end
            | _ -> ()
            end
        | _ -> ()
      )
      pdf;
    setify !names

let shortest names =
  let rec loop prefix =
    if List.exists (is_prefix prefix) names
      then loop (next_string prefix)
      else prefix
  in
    loop "a"

let shortest_unused_prefix pdf =
  shortest (names_used pdf)

let addp p n =
  if n = "" then raise (Pdf.PDFError "addp: blank name") else
    "/" ^ p ^ String.sub n 1 (String.length n - 1)

let direct_cs_names =
  ["/DeviceGray"; "/DeviceRGB"; "/DeviceCMYK"; "/Pattern"]

let direct_cs_names_inline =
  ["/DeviceGray"; "/DeviceRGB"; "/DeviceCMYK"; "/G"; "/RGB"; "/CMYK"]

let prefix_operator pdf p = function
  | Pdfops.Op_Tf (f, s) -> Pdfops.Op_Tf (addp p f, s)
  | Pdfops.Op_gs n -> Pdfops.Op_gs (addp p n)
  | Pdfops.Op_CS n -> Pdfops.Op_CS (if mem n direct_cs_names then n else addp p n)
  | Pdfops.Op_cs n -> Pdfops.Op_cs (if mem n direct_cs_names then n else addp p n)
  | Pdfops.Op_SCNName (s, ns) -> Pdfops.Op_SCNName (addp p s, ns)
  | Pdfops.Op_scnName (s, ns) -> Pdfops.Op_scnName (addp p s, ns)
  | Pdfops.Op_sh s -> Pdfops.Op_sh (addp p s)
  | Pdfops.Op_Do x -> Pdfops.Op_Do (addp p x)
  | Pdfops.Op_DP (n, Pdf.Name x) -> Pdfops.Op_DP (n, Pdf.Name (addp p x))
  | Pdfops.Op_BDC (n, Pdf.Name x) -> Pdfops.Op_BDC (n, Pdf.Name (addp p x))
  | Pdfops.InlineImage (dict, bytes) ->
      (* Replace any indirect "/CS" or "/ColorSpace" with a new "/CS" *)
      let dict' =
        match Pdf.lookup_direct_orelse pdf "/CS" "/ColorSpace" dict with
        | Some (Pdf.Name n) when mem n direct_cs_names_inline -> dict
        | Some (Pdf.Name n) ->
            Pdf.add_dict_entry
              (Pdf.remove_dict_entry
                (Pdf.remove_dict_entry dict "/ColorSpace")
                "/CS")
              "/CS"
              (Pdf.Name (addp p n))
        | _ -> dict
      in
        Pdfops.InlineImage (dict', bytes)
  | x -> x

let change_resources pdf prefix resources =
  let newdict name =
    match Pdf.lookup_direct pdf name resources with
    | Some (Pdf.Dictionary dict) ->
        Pdf.Dictionary (map (fun (k, v) -> addp prefix k, v) dict)
    | _ -> Pdf.Dictionary []
  in
    let newdicts = map newdict resource_keys in
      let resources = ref resources in
        iter2
          (fun k v ->
            resources := Pdf.add_dict_entry !resources k v)
          resource_keys
          newdicts;
        !resources

(* For each object in the PDF with /Type /Page or /Type /Pages:
  a) Add the prefix to any name in /Resources
  b) Add the prefix to any name used in any content streams, keeping track of
  the streams we have processed to preserve sharing
  
FIXME: If a non-ISO PDF with content streams which don't end on lexical boundaries
is provided, the parse will fail, and this function will raise an exception.

The long-term solution to this is to explode the PDF with an
-unshare-content-streams option, and then fix squeeze to re-share subcontent
streams *)
let add_prefix pdf prefix =
  let fixed_streams = Hashtbl.create 100 in
  let fix_stream resources i =
    match i with Pdf.Indirect i ->
      (*Printf.eprintf "fixing stream %i\n" i;*)
      if not (Hashtbl.mem fixed_streams i) then
        let operators = Pdfops.parse_operators pdf resources [Pdf.Indirect i] in
          (*Printf.eprintf "calling prefix_operator on stream %i\n" i;*)
          let operators' = map (prefix_operator pdf prefix) operators in
            begin match Pdf.lookup_obj pdf i with
              Pdf.Stream ({contents = (dict, stream)} as s) ->
                begin match Pdfops.stream_of_ops operators' with
                  Pdf.Stream {contents = ncontents} -> s := ncontents
                | _ -> failwith "add_prefix: bad stream"
                end
            | _ -> failwith "add_prefix: bad stream 2"
            end;
            Hashtbl.add fixed_streams i ()
    | _ -> failwith "add_prefix: not indirect"
  in
  Pdf.objselfmap
    (fun obj ->
       match obj with
         Pdf.Dictionary dict as d ->
           begin match Pdf.lookup_direct pdf "/Type" d with
             Some (Pdf.Name ("/Page" | "/Pages")) ->
               let resources, resources' =
                 begin match Pdf.lookup_direct pdf "/Resources" obj with
                   Some resources -> Some resources, Some (change_resources pdf prefix resources)
                 | _ -> None, None
                 end
               in
                 begin match lookup "/Contents" dict with
                   Some (Pdf.Indirect i) ->
                     fix_stream
                       (if resources = None then Pdf.Dictionary [] else unopt resources)
                       (Pdf.Indirect i)
                 | Some (Pdf.Array a) ->
                     iter
                       (fix_stream
                         (if resources = None then Pdf.Dictionary [] else unopt resources))
                       a
                 | _ -> ()
                 end;
                 begin match resources' with
                   Some x -> Pdf.add_dict_entry d "/Resources" x
                 | None -> d
                 end
           | _ -> obj
           end
       | _ -> obj)
    pdf(*;
    Printf.eprintf "***add_prefix has concluded\n";*)
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(** Page-level functionality *)

(** {2 Page rotations} *)

(** The type of the four rotations of pages. This defines how a viewing
application (e.g Acrobat) displays the page. *)
type rotation =
  Rotate0 | Rotate90 | Rotate180 | Rotate270

(** Utility function to convert from rotation to integers. *)
val int_of_rotation : rotation -> int

(** The reverse. raises [Pdf.PDFError] if its input modulo 360 is not 0, 90, 180
or 270. *)
val rotation_of_int : int -> rotation

(** {2 Pages} *)

(** A type representing a page. [content] is the list of objects containing the
graphical content stream (see the [Pdfpages] module), [mediabox] the page size,
[resources] the page's resource dictionary, [rotate] its rotation and [rest] any
other entries to reside in the page dictionary. *)
type t =
  {content : Pdf.pdfobject list;
   mediabox : Pdf.pdfobject;
   resources : Pdf.pdfobject;
   rotate : rotation;
   rest : Pdf.pdfobject}

(** Create a page with empty content, media box from the given paper size, empty
resources, zero rotation and no extra dictionary entries. *)
val blankpage : Pdfpaper.t -> t

(** The same, but given a page size rectangle. *)
val custompage : Pdf.pdfobject -> t

(** Extract the page tree from a PDF document and parse it to a list of page
objects. Owing to the [rest] entry in the [page] type, no information is lost.
*)
val pages_of_pagetree : Pdf.t -> t list

(** Build a page tree from a list of pages and install it in the given PDF
document. The resultant document and the number of the new page root object are
returned. If the document already contains a page root, it is overwritten but is
not garbage collected. *)
val add_pagetree : t list -> Pdf.t -> Pdf.t * int

(** Given the page root number (for instance that returned by [add_pagetree]),
any specific extra dictionary entries and a PDF document, build a document root.
Returns the new document. If a root exists, it is overwritten but is not garbage
collected. *)
val add_root : int -> (string * Pdf.pdfobject) list -> Pdf.t -> Pdf.t

(** Number of pages in a document, faster than reading the pages and counting. *)
val endpage : Pdf.t -> int

(** Find a page indirect from the page tree of a document, given a page number. *)
val page_object_number : Pdf.t -> int -> int option

(** {2 Compound operations} *)

(** Rename the resources within a number of page resource dictionaries and
contents, so as to allow them to be merged without name clashes. *)
val renumber_pages : Pdf.t -> t list -> t list

(** Change the pages in a document for some new ones. If the boolean is true
and the number of pages in the old and new documents are equal, references to
the old pages from outside the page tree (for instance in destinations or
bookmarks) are renumbered. This ensures bookmarks are preserved correctly. A
list of (page number, matrix) pairs may also be supplied if the boolean is true
and the number of old and new pages are equal. This allows transformed pages
(e.g scaled) to have their bookmark destionations pointed at correctly. *)
val change_pages :
  ?matrices:(int * Pdftransform.transform_matrix) list ->
  ?changes:((int * int) list) -> bool -> Pdf.t -> t list -> Pdf.t

(** Return a pdf with a subset of pages, but nothing else changed - exactly the
same page object numbers, so bookmarks etc still work. Also sorts out bookmarks
so only those in the range are kept. *)
val pdf_of_pages : ?retain_numbering:bool -> Pdf.t -> int list -> Pdf.t

(**/**)

val shortest_unused_prefix : Pdf.t -> string

val add_prefix : Pdf.t -> string -> unit

val protect : Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject list -> Pdfops.t list

val prepend_operators : Pdf.t -> Pdfops.t list -> ?fast:bool -> t -> t

val postpend_operators : Pdf.t -> Pdfops.t list -> ?fast:bool -> t -> t

val pagenumber_of_target : ?fastrefnums:(int, int) Hashtbl.t -> Pdf.t -> Pdfdest.t -> int

val target_of_pagenumber : Pdf.t -> int -> Pdfdest.t

val flat_pagetrees : bool ref
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(* Page Labels. 1-based. All functions assume input lists of page labels are
well-formed. *)
open Pdfutil

type labelstyle =
  | DecimalArabic
  | UppercaseRoman
  | LowercaseRoman
  | UppercaseLetters
  | LowercaseLetters
  | NoLabelPrefixOnly

type t =
  {labelstyle : labelstyle;
   labelprefix : string option;
   startpage : int;
   startvalue : int} 

(* For debug only... *)
let string_of_labelstyle = function
  | DecimalArabic -> "DecimalArabic"
  | UppercaseRoman -> "UppercaseRoman"
  | LowercaseRoman -> "LowercaseRoman"
  | UppercaseLetters -> "UppercaseLetters"
  | LowercaseLetters -> "LowercaseLetters"
  | NoLabelPrefixOnly -> "NoLabelPrefixOnly"

let string_of_pagelabel l =
  (Printf.sprintf "labelstyle: %s\n" (string_of_labelstyle l.labelstyle)) ^
  (Printf.sprintf "labelprefix: %s\n"
     (match l.labelprefix with None -> "None" | Some s -> s)) ^
  (Printf.sprintf "startpage: %i\n" l.startpage) ^
  (Printf.sprintf "startvalue: %s\n" (string_of_int l.startvalue))

let label_of_range pdf (startpage, thing) =
  let startpage =
    match startpage with
    | Pdf.Integer i -> i + 1
    | _ -> raise (Pdf.PDFError "Bad Number Tree")
  and labelstyle =
    match Pdf.lookup_direct pdf "/S" thing with
    | Some (Pdf.Name "/D") -> DecimalArabic
    | Some (Pdf.Name "/R") -> UppercaseRoman
    | Some (Pdf.Name "/r") -> LowercaseRoman
    | Some (Pdf.Name "/A") -> UppercaseLetters
    | Some (Pdf.Name "/a") -> LowercaseLetters
    | _ -> NoLabelPrefixOnly
  and labelprefix =
    match Pdf.lookup_direct pdf "/P" thing with
    | Some (Pdf.String s) -> Some s
    | _ -> None
  and startvalue =
    match Pdf.lookup_direct pdf "/St" thing with
    | Some (Pdf.Integer i) -> i
    | _ -> 1
  in
    {labelstyle = labelstyle;
     labelprefix = labelprefix;
     startpage = startpage;
     startvalue = startvalue}

let read pdf =
  match
    Pdf.lookup_direct pdf "/PageLabels" (Pdf.lookup_obj pdf pdf.Pdf.root)
  with
  | None -> []
  | Some labeltree ->
      let labelranges = Pdf.contents_of_nametree pdf labeltree in
        map (label_of_range pdf) labelranges

(** Add a label, rearranging existing labels. *)
let add_label endpage ls l e =
  let beforeorduringorequal, after =
    List.partition (function x -> x.startpage <= e) ls
  in
    let beforeorduring =
      lose (function x -> x.startpage = l.startpage) beforeorduringorequal
    in
      let replica =
        match after with
        | _ when e = endpage -> []
        | x::_ when x.startpage = e + 1 -> []
        | _ ->
            match beforeorduringorequal with [] -> [] | _ ->
              let lst = last beforeorduringorequal in
                [{lst with
                    startpage = e + 1;
                    startvalue = e + 1 + (lst.startvalue - lst.startpage)}]
      and before =
        lose
          (function x -> x.startpage > l.startpage && x.startpage <= e)
          beforeorduring
      in
        before @ [l] @ replica @ after

let basic =
  {labelstyle = DecimalArabic;
   labelprefix = None;
   startpage = 1;
   startvalue = 1}

(** Make a complete set, so that each page has a number *)
let complete = function
  | [] -> [basic]
  | x::xs when x.startpage > 1 -> basic::x::xs
  | ls -> ls

let letter_string n =
  implode (many (char_of_int ((n - 1) mod 26 + 65)) (((n - 1) / 26) + 1))

(* Make a page label string *)
let string_of_pagenumber n = function
  | NoLabelPrefixOnly -> ""
  | DecimalArabic -> string_of_int n
  | UppercaseRoman -> roman_upper n
  | LowercaseRoman -> roman_lower n
  | UppercaseLetters -> letter_string n
  | LowercaseLetters -> String.lowercase (letter_string n)

let pagelabeltext_of_single n l =
  let realnumber =
    n - (l.startpage - l.startvalue)
  in
    begin match l.labelprefix with None -> "" | Some s -> s end ^
    string_of_pagenumber realnumber l.labelstyle

let rec pagelabeltext_of_pagenumber n = function
  | [] -> raise Not_found
  | [x] -> pagelabeltext_of_single n x
  | x::y::_ when n < y.startpage -> pagelabeltext_of_single n x
  | _::r -> pagelabeltext_of_pagenumber n r

(* Just make a page label for a single one *)
let pagelabel_of_single n l =
  let realnumber =
    n - (l.startpage - l.startvalue)
  in
    {l with startpage = realnumber; startvalue = realnumber}

let rec pagelabel_of_pagenumber n = function
  | [] -> raise Not_found
  | [x] -> pagelabel_of_single n x
  | x::y::_ when n < y.startpage -> pagelabel_of_single n x
  | _::r -> pagelabel_of_pagenumber n r

let rec coalesce prev = function
  | [] -> rev prev
  | [x] -> rev (x::prev)
  | x::y::r
      when x.labelstyle = y.labelstyle &&
           x.labelprefix = y.labelprefix &&
           y.startpage - y.startvalue = x.startpage - x.startvalue ->
      coalesce prev (x::r)
  | x::r -> coalesce (x::prev) r

let coalesce ls = coalesce [] ls

(* Merging page labels. Requires that pdfs, ranges non-empty and same length. *)
let merge_pagelabels pdfs ranges =
  let completed = map complete (map read pdfs) in
    let new_labels =
      map2
        (fun labels range ->
           map (fun p -> pagelabel_of_pagenumber p labels) range)
        completed
        ranges
    in
      let change_labels ls =
        map2
          (fun l sp -> {l with startpage = sp})
          ls
          (indx (flatten ranges))
      in
        coalesce (change_labels (flatten new_labels))

(* For now, just a flat number tree. Doesn't check ranges are well-formed (i.e
contiguous / nonoverlapping) *)
let write pdf labels =
  (*if labels <> [] then*) (* <-- removed for v2.4 *)
    let arr =
      flatten
        (map
          (function label ->
             [Pdf.Integer (label.startpage - 1);
              Pdf.Dictionary
                ((match label.labelstyle with
                 | NoLabelPrefixOnly -> []
                 | DecimalArabic -> [("/S", Pdf.Name "/D")]
                 | UppercaseRoman -> [("/S", Pdf.Name "/R")]
                 | LowercaseRoman -> [("/S", Pdf.Name "/r")]
                 | UppercaseLetters -> [("/S", Pdf.Name "/A")]
                 | LowercaseLetters -> [("/S", Pdf.Name "/a")])
                @
                (match label.labelprefix with
                 | None -> []
                 | Some p -> [("/P", Pdf.String p)])
                @
                (match label.startvalue with
                 | 1 -> []
                 | s -> [("/St", Pdf.Integer s)]))])
          labels)
    in
      let root = Pdf.lookup_obj pdf pdf.Pdf.root in
        let rootnum =
          Pdf.addobj pdf
            (Pdf.add_dict_entry
              root "/PageLabels" (Pdf.Dictionary ["/Nums", Pdf.Array arr]))
        in
          pdf.Pdf.root <- rootnum;
          pdf.Pdf.trailerdict <-
            Pdf.add_dict_entry
              pdf.Pdf.trailerdict "/Root" (Pdf.Indirect rootnum)

let remove pdf =
  let root = Pdf.lookup_obj pdf pdf.Pdf.root in
    let rootnum =
      Pdf.addobj pdf (Pdf.remove_dict_entry root "/PageLabels")
    in
      pdf.Pdf.root <- rootnum;
      pdf.Pdf.trailerdict <-
        Pdf.add_dict_entry pdf.Pdf.trailerdict "/Root" (Pdf.Indirect rootnum)
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(** Page Labels *)

(** The type for page labels. The page labels of a document, if well-formed,
are a list of [t]s where the [startpage] values are in increasing numerical
order. In the most basic case, [startvalue] will always be equal to
[startpage]. The default labelstyle is [DecimalArabic]. The default
[labelprefix] is the empty string.

For example, a document might have five pages of introduction with roman
numerals, followed by the rest of the pages in decimal arabic, numbered from
one.

For more details, see ISO 32000 12.4.2, but note that in our implementation,
pages are 1-based. *)
type labelstyle =
  | DecimalArabic
  | UppercaseRoman
  | LowercaseRoman
  | UppercaseLetters
  | LowercaseLetters
  | NoLabelPrefixOnly

type t =
  {labelstyle : labelstyle;
   labelprefix : string option;
   startpage : int;
   startvalue : int}

(** Debug string of page label *)
val string_of_pagelabel : t -> string

(** Read the page labels from a document *)
val read : Pdf.t -> t list

(** Return a list where every page has a label - pages which don't are given
arabic page numbers *)
val complete : t list -> t list 

(** Single label representing a given page. Raises [Not_found] if no label. *)
val pagelabel_of_pagenumber : int -> t list -> t

(** Return the text for a page label. Raises [Not_found] if no label. *)
val pagelabeltext_of_pagenumber : int -> t list -> string

(** Add a range starting at pagelabel.startpage, ending at the integer page
given. The first integer argument is the number of pages in the PDF. *)
val add_label : int -> t list -> t -> int -> t list

(** Optimise page labels, removing any which are not required. *)
val coalesce : t list -> t list

(** Merge some page labels for some PDFs and page ranges. *)
val merge_pagelabels : Pdf.t list -> int list list -> t list

(** Write page labels to a document, replacing any there. The list must contain
at least one element. *)
val write : Pdf.t -> t list -> unit

(** Remove all page labels. *)
val remove : Pdf.t -> unit
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(* Type for paper sizes --- unit, width, height. *)
type t = Paper of (Pdfunits.t * float * float)

let make u w h = Paper (u, w, h)

let unit (Paper (u, _, _)) = u
let width (Paper (_, w, _)) = w
let height (Paper (_, _, h)) = h

(* Make a paper size landscape *)
let landscape (Paper (u, w, h)) = Paper (u, h, w)

(* European `A' sizes. *)
let a0 = Paper (Pdfunits.Millimetre, 841., 1189.)
let a1 = Paper (Pdfunits.Millimetre, 594., 841.)
let a2 = Paper (Pdfunits.Millimetre, 420., 594.)
let a3 = Paper (Pdfunits.Millimetre, 297., 420.)
let a4 = Paper (Pdfunits.Millimetre, 210., 297.)
let a5 = Paper (Pdfunits.Millimetre, 148., 210.)
let a6 = Paper (Pdfunits.Millimetre, 105., 148.)
let a7 = Paper (Pdfunits.Millimetre, 74., 105.)
let a8 = Paper (Pdfunits.Millimetre, 52., 74.)
let a9 = Paper (Pdfunits.Millimetre, 37., 52.)
let a10 = Paper (Pdfunits.Millimetre, 26., 37.)

(* US Imperial sizes. *)
let usletter = Paper (Pdfunits.Inch, 8.5, 11.)
let uslegal = Paper (Pdfunits.Inch, 8.5, 14.)
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(** Media Sizes *)

(** A paper size consists of its unit, width and height. *)
type t

(** Make a paper size given its unit, width and height. *)
val make : Pdfunits.t -> float -> float -> t

(** Project the unit from a paper size *)
val unit : t -> Pdfunits.t

(** Project the width from a paper size. *)
val width : t -> float

(** Project the height from a paper size. *)
val height : t -> float

(** Flip a paper size between landscape and portrait, swapping its dimensions. *)
val landscape : t -> t

val a0 : t
val a1 : t
val a2 : t
val a3 : t
val a4 : t
val a5 : t
val a6 : t
val a7 : t
val a8 : t
val a9 : t
val a10 : t
(** ISO A series paper sizes, portrait. *)

val usletter : t
val uslegal : t
(** United States paper sizes. portrait. *)
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(* This module can read PDF files into the format given by the [Pdf] module *)
open Pdfutil
open Pdfio
open Pdfgenlex

let read_debug = ref false
let error_on_malformed = ref false
let debug_always_treat_malformed = ref false

(* Predicate on newline characters (carriage return and linefeed). *)
let is_newline = function
  | '\010' | '\013' -> true
  | _ -> false

let b = Buffer.create 30

let input_line i =
  Buffer.clear b;
  let goteol = ref false
  and finished = ref false in
    while not !finished do
      match i.input_byte () with
      | x when x = Pdfio.no_more -> set finished
      | x ->
         let c = Char.unsafe_chr x in
           if is_newline c then set goteol
           else if !goteol then (rewind i; set finished)
           else Buffer.add_char b c
    done;
    Buffer.contents b

(* Read back until a predicate is fulfilled. *)
let rec read_back_until p i =
  if
    (notpred p)
    (match read_char_back i with Some x -> x | None -> raise End_of_file)
  then read_back_until p i

(* Go back one line. In other words, find the second EOL character group
seeking back in the file, and seek to the character after it. A blank line
after a line with a single EOL character will be treated as being part of that
EOL. *)
let backline i =
  read_back_until is_newline i;
  read_back_until (notpred is_newline) i;
  read_back_until is_newline i;
  nudge i

(* Read the major and minor version numbers *)
let get8chars i =
  let c1 = i.input_char () in
  let c2 = i.input_char () in
  let c3 = i.input_char () in
  let c4 = i.input_char () in
  let c5 = i.input_char () in
  let c6 = i.input_char () in
  let c7 = i.input_char () in
  let c8 = i.input_char () in
    try map unopt [c1; c2; c3; c4; c5; c6; c7; c8] with _ -> []

let rec read_header_inner pos i =
  try
    if pos > 1024 then raise End_of_file else
      i.Pdfio.seek_in pos;
      match get8chars i with
      | '%'::'P'::'D'::'F'::'-'::major::'.'::minor ->
          let minorchars = takewhile isdigit minor in
            if minorchars = []
              then
                raise
                  (Pdf.PDFError (Pdf.input_pdferror i "Malformed PDF header"))
              else
                begin
                  if !read_debug then Printf.eprintf "setting offset to %i\n" pos;
                  i.set_offset pos;
                  int_of_string (string_of_char major), int_of_string (implode minorchars)
                end
      | _ ->
          read_header_inner (pos + 1) i
  with
    End_of_file | Failure _ (*"int_of_string"*) ->
      raise (Pdf.PDFError (Pdf.input_pdferror i "Could not read PDF header"))

let read_header =
  read_header_inner 0

(* Find the EOF marker, and move position to its first character. We allow 1024
bytes from end-of-file for compatibility with Acrobat. *)
let find_eof i =
  let fail () =
    raise (Pdf.PDFError (Pdf.input_pdferror i "Could not find EOF marker"))
  in
    let pos = ref (i.in_channel_length - 4) in
      try
        let notfound = ref true
        in let tries = ref 1024 in
          while !notfound do
            pos := !pos - 1;
            i.seek_in !pos;
            if !tries < 0 then fail () else decr tries;
            let l = input_line i in
              if String.length l >= 5 && String.sub l 0 5 = "%%EOF" then
                clear notfound
          done;
          i.seek_in !pos;
      with
      _ -> fail ()

(* String of lexeme. *)
let string_of_lexeme = function
  | LexNull -> "null"
  | LexBool b -> Pdfwrite.string_of_pdf (Pdf.Boolean b)
  | LexInt i -> Pdfwrite.string_of_pdf (Pdf.Integer i)
  | LexReal f -> Pdfwrite.string_of_pdf (Pdf.Real f)
  | LexString s -> Pdfwrite.string_of_pdf (Pdf.String s)
  | LexName s -> s
  | LexLeftSquare -> "["
  | LexRightSquare -> "]"
  | LexLeftDict -> "<<"
  | LexRightDict -> ">>"
  | LexStream _ -> "LexStream"
  | LexEndStream -> "EndStream"
  | LexObj -> "obj"
  | LexEndObj -> "endobj"
  | LexR -> "R"
  | LexComment -> "Comment"
  | StopLexing -> "StopLexing"
  | LexNone -> "LexNone"

let print_lexeme l =
  Printf.printf "%s " (string_of_lexeme l)

(* Predicate on whitespace and delimiters. *)
let is_whitespace_or_delimiter c =
  Pdf.is_whitespace c || Pdf.is_delimiter c

(* Return the list of characters between and including the current position and
before the next character satisfying a given predicate, leaving the position at
the character following the last one returned. Can raise [EndOfInput]. If [eoi]
is true, end of input is considered a delimiter, and the characters up to it are
returned if it is reached. *)
let getuntil eoi f i =
  let rec getuntil_inner r eoi f i =
    match i.input_byte () with
    | x when x = Pdfio.no_more ->
        if eoi then rev r else raise End_of_file
    | x ->
        let chr = char_of_int x in
          if f chr
            then (rewind i; rev r)
            else getuntil_inner (chr::r) eoi f i
  in
    getuntil_inner [] eoi f i

let b = Buffer.create 30

let getuntil_string eoi f i =
  let rec getuntil_inner_string b eoi f i =
    match i.input_byte () with
    | x when x = Pdfio.no_more ->
        if eoi then Buffer.contents b else raise End_of_file
    | x ->
       let chr = char_of_int x in
         if f chr
           then (rewind i; Buffer.contents b)
           else getuntil_inner_string (Buffer.add_char b chr; b) eoi f i
  in
    Buffer.clear b;
    getuntil_inner_string b eoi f i

(* The same, but don't return anything. *)
let rec ignoreuntil eoi f i =
  match i.input_byte () with
  | x when x = Pdfio.no_more -> if eoi then () else raise End_of_file
  | x -> if f (Char.unsafe_chr x) then rewind i else ignoreuntil eoi f i

(* Ignore until the next whitespace *)
let ignoreuntilwhite =
  ignoreuntil true Pdf.is_whitespace

(* Position on the next non-whitespace character. *)
let dropwhite i =
  ignoreuntil true Pdf.is_not_whitespace i

(* The same, but stop at array, dictionary endings etc. *)
let getuntil_white_or_delimiter =
  getuntil true is_whitespace_or_delimiter

let getuntil_white_or_delimiter_string =
  getuntil_string true is_whitespace_or_delimiter

(* \section {Lexing} *)

(* Each of the following functions lexes a particular object, leaving the
channel position at the character after the end of the lexeme. Upon entry, the
file position is on the first character of the potential lexeme. *)

(* Lex a bool. *)
let lex_bool i =
  match getuntil_white_or_delimiter i with
  | ['t'; 'r'; 'u'; 'e'] -> LexBool true
  | ['f'; 'a'; 'l'; 's'; 'e'] -> LexBool false
  | _ -> LexNone

(* Lex an int or float. See PDF manual for details of policy. *)
let lex_number i =
  let pos = i.pos_in () in
    try
      match Pdfgenlex.lex_single i with
      | Pdfgenlex.LexInt i -> LexInt i
      | Pdfgenlex.LexReal f -> LexReal f
      | _ -> LexNone
    with
    (* FIXME: Heed warning 52 *)
    | Failure x when x = "hd" -> LexNone
    | Pdf.PDFError _ (* can't cope with floats with leading point. *)
    | Failure _ (*"int_of_string"*) ->
        LexReal
          (float_of_string
             (i.seek_in pos; (getuntil_white_or_delimiter_string i)))
          (* [float_of_string] never fails. *)

(* Lex a name. *)
let b = Buffer.create 30

let lex_name i =
  Buffer.clear b;
  nudge i;
  Buffer.add_char b '/';
  let fini = ref false in
    while not !fini do
      match i.input_byte () with
      | x when x = Pdfio.no_more -> set fini
      | x ->
          let c = Char.unsafe_chr x in
            if is_whitespace_or_delimiter c then
              begin rewind i; set fini end
            else if c = '#' then
              begin
                let a = i.input_byte () in
                  let a2 = i.input_byte () in
                    if a <> Pdfio.no_more && a2 <> Pdfio.no_more then
                      Buffer.add_char b
                        (char_of_int
                          (int_of_string
                            ("0x" ^ string_of_char (char_of_int a) ^
                             string_of_char (char_of_int a2))))
              end
            else Buffer.add_char b c
    done;
    LexName (Buffer.contents b)

(* Lex a comment. We throw away everything from here until a new line. In the
case of a CRLF, only the CR is consumed, but the LF will be consumed before the
next token is read anyway, so this is fine. *)
let lex_comment i =
  ignoreuntil false is_newline i;
  LexComment

(* Lex a string. A string is between parenthesis. Unbalanced parenthesis in the
string must be escaped, but balanced ones need not be. We convert escaped
characters to the characters themselves. A newline sequence following a
backslash represents a newline. The string is returned without its enclosing
parameters. *)

(* PDF strings can contain characters as a backslash followed by up to three
octal characters. If there are fewer than three, the next character in the file
cannot be a digit (The format is ambiguous as to whether this means an octal
digit --- we play safe and allow non-octal digits). This replaces these
sequences of characters by a single character as used by OCaml in its native
strings.

Beware malformed strings. For instance, Reader accepts ((\\(ISA)) *)

(* Build a character from a list of octal digits. *)
let mkchar l =
  try
    char_of_int (int_of_string ("0o" ^ implode l))
  with
    _ -> raise (Pdf.PDFError ("mkchar"))

let str = Buffer.create 16

(* Main function. *)
let lex_string i =
  try
    Buffer.clear str;
    let paren = ref 1
    in let c = char_of_int (i.input_byte ()) in
    assert (c = '(');
    while !paren > 0 do
      let c = char_of_int (i.input_byte ()) in
      match c with
        | '(' ->
            incr paren; Buffer.add_char str c;
        | ')' ->
            decr paren; if !paren > 0 then Buffer.add_char str c;
        | '\\' ->
            let c' = char_of_int (i.input_byte ()) in
            (match c' with
              | 'n' -> Buffer.add_char str '\n'
              | 'r' -> Buffer.add_char str '\r'
              | 't' -> Buffer.add_char str '\t'
              | 'b' -> Buffer.add_char str '\b'
              | 'f' -> Buffer.add_char str '\012'
              | '\r' ->
                  if char_of_int (i.input_byte ()) <> '\n' then
                    rewind i
              | '\n' -> ()
              | x when x >= '0' && x <= '7' ->
                (* Replace octal character sequences with the real character. *)
                  let o2 = char_of_int (i.input_byte ()) in
                  (match o2 with
                    | y when y >= '0' && y <= '7' ->
                        let o3 = char_of_int (i.input_byte ()) in
                        (match o3 with
                          | z when z >= '0' && z <= '7' ->
                              Buffer.add_char str (mkchar [c'; o2; o3])
                          | _ ->
                              rewind i;
                              Buffer.add_char str (mkchar [c'; o2]))
                    | _ ->
                        rewind i;
                        Buffer.add_char str (mkchar [c']))
              | _ -> (* including ['('], [')'], ['\\'], and all the others *)
                  Buffer.add_char str c' )
        | _ ->
            Buffer.add_char str c
    done;
    LexString (Buffer.contents str)
  with
    | Failure _ (*"unopt"*) ->
        raise (Pdf.PDFError (Pdf.input_pdferror i "lex_string failure"))

(* Lex a hexadecimal string. *)
let lex_hexstring i =
  let mkchar a b =
    try
      char_of_int (int_of_string ("0x" ^ implode [a; b]))
    with
      _ -> raise (Pdf.PDFError (Pdf.input_pdferror i "Lexing Hexstring"))
  in
    let str = Buffer.create 16 in
      try
        let _ = i.input_byte () (*r skip start marker *)
        in let finished = ref false in
          let addchar = Buffer.add_char str in
            let rec input_next_char () =
              let x = i.input_byte () in
                if x = -1 then raise End_of_file else
                  let c = char_of_int x in
                    if Pdf.is_whitespace c then input_next_char () else c
            in
              while not !finished do
                let c = input_next_char () in
                let c' = input_next_char () in
                  match c, c' with
                  | '>', _ -> rewind i; set finished
                  | a, '>' -> addchar (mkchar a '0'); set finished
                  | a, b -> addchar (mkchar a b)
              done;
              LexString (Buffer.contents str)
       with
         | End_of_file -> LexString (Buffer.contents str)
         | Failure _ (*"unopt"*) ->
             raise (Pdf.PDFError (Pdf.input_pdferror i "lex_hexstring"))

(* Lex a keyword. *)
let lex_keyword i =
  match Pdfgenlex.lex_single i with
  | Pdfgenlex.LexName "obj" -> LexObj
  | Pdfgenlex.LexName "endobj" -> LexEndObj
  | Pdfgenlex.LexName "R" -> LexR
  | Pdfgenlex.LexName "null" -> LexNull
  | Pdfgenlex.LexName "endstream" -> LexEndStream
  | _ -> LexNone

(* Read some chars from a file. Leaves position as-is, except in the case of
reaching past the end of a file, in which case an exception is raised. *)
let read_chunk n i =
  try
    let orig_pos = i.pos_in () in
      let s = String.init n (fun _ -> unopt (i.input_char ())) in
        i.seek_in orig_pos;
        s
  with
    _ -> raise (Failure "read_chunk")

(* Lex a stream, given its length (previously extracted by parsing the stream
dictionary). If [opt] is [true] the stream is actually read, if [false] a
[ToGet] tuple is created. The channel is positioned on the first character of
the stream keyword. *)
let is_malformed i =
  try
    match read_chunk 9 i with
    | "endstream" -> false
    | _ ->
      match read_chunk 10 i with
      | "\nendstream" | "\rendstream" -> false
      | _ ->
         match read_chunk 11 i with
         | "\r\nendstream" -> false
         | x -> true
  with
    _ -> true (* Beyond end of file - so, read_chunk would have failed... *)

let skip_stream_beginning i =
  ignoreuntilwhite i; (* consume the 'stream' keyword *)
  (* Ignore any white other than CR or LF. For malformed files which don't have
   * CR or LF immediately following stream keyword. *)
  ignoreuntil
    true (function ' ' | '\000' | '\012' | '\009' -> false | _ -> true) i;
  (* Skip either CRLF or LF. (See PDF specification for why). *)
  match char_of_int (i.input_byte ()) with
  | '\013' ->
      begin match char_of_int (i.input_byte ()) with
      | '\010' -> () (* It was CRLF *)
      | _ -> rewind i (* No padding, happens to be CR *)
      end
  | '\010' -> () (* Just LF *)
  | _ -> rewind i (* No padding. *)

(* Return position of first character for endstream sequence, or last character
of file if none exists. *)
let rec find_endstream i =
  let rec match_chunk s n i =
      n = String.length s
    ||
      match i.input_char () with
      | None -> false
      | Some c when c = s.[n] -> match_chunk s (n + 1) i
      | Some _ -> false
  in
    let match_chunk s i =
      let pos = i.pos_in () in
        let r = match_chunk s 0 i in
          i.seek_in pos;
          r
    in
      if
        match_chunk "endstream" i || match_chunk "\nendstream" i ||
        match_chunk "\r\nendstream" i || match_chunk "\rendstream" i
      then
        i.pos_in ()
      else
        (if i.pos_in () = i.in_channel_length
           then i.pos_in ()
           else (nudge i; find_endstream i))

let lex_malformed_stream_data i =
  try
    skip_stream_beginning i;
    let curr = i.pos_in () in
      let pos = find_endstream i in (* returns first char of endstream *)
        i.seek_in curr;
        let arr = mkbytes (pos - curr) in
          for x = 0 to bytes_size arr - 1 do
            bset_unsafe arr x (i.input_byte ())
          done;
          LexStream (Pdf.Got arr)
  with
    e ->
      raise
        (Pdf.PDFError ("Bad read malformed stream  - " ^ Printexc.to_string e))

let lex_stream_data i l opt =
  let original_pos = i.pos_in () in
    try
      skip_stream_beginning i;
      let pos = i.pos_in () in
      if opt then
        let arr = mkbytes l in
          if l > 0 then
            setinit i arr 0 l;
          i.seek_in (pos + l);
          if is_malformed i
            then (i.seek_in original_pos; lex_malformed_stream_data i)
            else (i.seek_in (pos + l); LexStream (Pdf.Got arr))
      else
        begin
          i.seek_in (pos + l);
          if is_malformed i
            then (i.seek_in original_pos; lex_malformed_stream_data i)
            else (i.seek_in (pos + l); LexStream (Pdf.ToGet (Pdf.toget i pos l)))
        end
    with
      _ -> raise (Pdf.PDFError (Pdf.input_pdferror i "lex_stream_data"))

(* Lex a stream. This involves \emph{parsing} the stream dictionary to get the
length. [i] is at the start of the stream data, suitable for input to
[lex_stream_data]. We extract the dictionary by going through
[previous_lexemes], the reverse-order list of the lexemes already read. *)
let lex_stream i p previous_lexemes lexobj opt =
  let fail () =
    raise (Pdf.PDFError (Pdf.input_pdferror i "Failure lexing stream dict"))
  in
    let dictlexemes =
      takewhile_reverse (function LexObj -> false | _ -> true) previous_lexemes
    in
      match p dictlexemes with
      | _, Pdf.Dictionary a ->
        let pos = i.pos_in () in
        let rec findlength = function
          | Pdf.Integer l -> Some l
          | Pdf.Indirect k -> findlength (snd (p (lexobj k)))
          | _ -> None
        in
          begin match lookup "/Length" a with
            | None -> lex_malformed_stream_data i
            | Some v ->
               try
                 match findlength v with
                 | None -> lex_malformed_stream_data i
                 | Some l -> lex_stream_data i l opt
               with
                 _ ->
                   (* When reading malformed files, /Length could be indirect,
                   and therefore not available. Treat as if it were available,
                   but incorrect. *)
                   i.seek_in pos;
                   lex_malformed_stream_data i
          end
      | _ -> fail ()

(* Find the next lexeme in the channel and return it. The latest-first lexeme
list [previous_lexemes] contains all things thus-far lexed. [dictlevel] is a
number representing the dictionary and/or array nesting level. If [endonstream]
is true, lexing ends upon encountering a [LexStream] lexeme. *)
let lex_next dictlevel arraylevel endonstream i previous_lexemes p opt lexobj =
  try
    dropwhite i;
    let raw = i.input_byte () in
      if raw = Pdfio.no_more then StopLexing else
    let chr1 = Char.unsafe_chr raw in
      rewind i;
      match chr1 with
      | '%' -> lex_comment i
      | 't' | 'f' -> lex_bool i
      | '/' -> lex_name i
      | x when (x >= '0' && x <= '9') || x = '+' || x = '-' || x = '.' ->
          lex_number i
      | '[' -> nudge i; incr arraylevel; LexLeftSquare
      | ']' -> nudge i; decr arraylevel; LexRightSquare
      | '(' -> lex_string i
      | '<' ->
        let _ = char_of_int (i.input_byte ()) in
          let chr2 = char_of_int (i.input_byte ()) in
            rewind i; rewind i;
            begin match chr2 with
            | '<' -> nudge i; nudge i; incr dictlevel; LexLeftDict
            | _ -> lex_hexstring i
            end 
      | '>' ->
        let _ = i.input_byte () in
          let chr2 = char_of_int (i.input_byte ()) in
            rewind i; rewind i;
            begin match chr2 with
            | '>' -> nudge i; nudge i; decr dictlevel; LexRightDict
            | c -> LexNone
            end
      | 'R' -> nudge i; LexR
      | 's' ->
          (* Disambiguate "startxref" and "stream" on the third character. *)
          let _ = i.input_byte () in
            let _ = i.input_byte () in
              let chr3 = char_of_int (i.input_byte ()) in
                rewind i; rewind i; rewind i;
                begin match chr3 with
                | 'a' -> StopLexing (* startxref *)
                | _ -> (* stream *)
                   if endonstream
                     then StopLexing
                     else lex_stream i p previous_lexemes lexobj opt
                end
      | x when x >= 'a' && x <= 'z' -> lex_keyword i
      | 'I' -> StopLexing (* We've hit an ID marker in an inline image *)
      | c -> (*Printf.eprintf "lexnone with character %C\n" c;*) LexNone
  with
    e ->
      Printf.eprintf "Recovering from Lex error: %s\n" (Printexc.to_string e);
      StopLexing

(* Lex just a dictionary, consuming only the tokens to the end of it. This is
used in the [PDFPages] module to read dictionaries in graphics streams. *)
let lex_dictionary i =
  let rec lex_dictionary_getlexemes i lexemes dictlevel arraylevel =
    let lex_dictionary_next i dictlevel arraylevel =
      let dummyparse = fun _ -> 0, Pdf.Null
      in let dummylexobj = fun _ -> [] in
        lex_next dictlevel arraylevel false i [] dummyparse false dummylexobj
    in
      match lex_dictionary_next i dictlevel arraylevel with
      | LexRightDict when !dictlevel = 0 && !arraylevel = 0 ->
          rev (LexRightDict::lexemes)
      | StopLexing ->
          rev lexemes
      | LexNone ->
          raise
            (Pdf.PDFError (Pdf.input_pdferror i "Could not read dictionary"))
      | a ->
          lex_dictionary_getlexemes i (a::lexemes) dictlevel arraylevel
  in
    lex_dictionary_getlexemes i [] (ref 0) (ref 0)
 
(* Calculate a list of lexemes from input [i], using parser [p] to lex
streams. Can raise [PDFError]. *)
let lex_object_at oneonly i opt p lexobj =
  let dictlevel = ref 0
  in let arraylevel = ref 0 in
  let rec lex_object_at i lexemes =
    let lexeme = lex_next dictlevel arraylevel false i lexemes p opt lexobj in
      match lexeme with
      | LexEndObj -> rev (lexeme::lexemes) 
      | StopLexing -> rev lexemes
      | LexComment -> lex_object_at i (lexeme::lexemes)
      | LexRightSquare | LexRightDict ->
          if oneonly && !dictlevel = 0 && !arraylevel = 0
            then
              begin
              let pos = i.pos_in () in
                match
                  lex_next
                    dictlevel arraylevel false i (lexeme::lexemes) p opt lexobj
                with
                | LexStream s ->
                  begin match
                    lex_next
                      dictlevel arraylevel false i
                      (LexStream s::lexeme::lexemes) p opt lexobj
                  with
                  | LexEndStream ->
                    begin match
                      lex_next dictlevel arraylevel false i
                      (LexEndStream::LexStream s::lexeme::lexemes)
                      p opt lexobj
                    with
                    | LexEndObj ->
                      rev
                        (LexEndObj::LexEndStream::LexStream s::lexeme::lexemes)
                    | _ ->
                      rev
                        (LexEndObj::LexEndStream::LexStream s::lexeme::lexemes)
                    end
                  | _ -> 
                     rev (LexEndObj::LexEndStream::LexStream s::lexeme::lexemes)
                  end
                | _ -> i.seek_in pos; rev (lexeme::lexemes)
              end
            else lex_object_at i (lexeme::lexemes)
      | LexNone ->
          raise (Pdf.PDFError (Pdf.input_pdferror i "Could not read object"))
      | LexInt i1 ->
          (* Check for the case of "x y obj", which in the case of oneonly
          should be returned as the one object. If i is followed by something
          other than an integer and 'obj', we must rewind and just return the
          integer *)
          if oneonly && !dictlevel = 0 && !arraylevel = 0 then
            let pos = i.pos_in () in
              begin match
                lex_next dictlevel arraylevel false i lexemes p opt lexobj
              with
              | LexInt i2 ->
                 begin match
                   lex_next dictlevel arraylevel false i lexemes p opt lexobj
                 with
                 | LexObj ->
                     lex_object_at i (LexObj::LexInt i2::LexInt i1::lexemes)
                 | _ ->
                   i.seek_in pos;
                   rev (LexInt i1::lexemes)
                 end
              | _ ->
                 i.seek_in pos;
                 rev (LexInt i1::lexemes)
              end
          else
            lex_object_at i (LexInt i1::lexemes)
      | a ->
         (* If oneonly, then can return if not in an array or dictionary and if
         this lexeme was an atom. *)
         let isatom = function
           | LexBool _ | LexReal _ | LexString _ | LexName _ | LexNull -> true
           | _ -> false
         in
           if oneonly && isatom a && !dictlevel = 0 && !arraylevel = 0
             then rev (a::lexemes)
             else lex_object_at i (a::lexemes)
    in
      lex_object_at i []


(* Type of sanitized cross-reference entries. They are either plain offsets, or
an object stream an index into it. *)
type xref =
  | XRefPlain of int * int (* offset, generation. *)
  | XRefStream of int * int (* object number of stream, index. *)

let string_of_xref = function
  | XRefPlain (p, i) -> Printf.sprintf "XRefPlain (%i, %i)" p i
  | XRefStream (o, i) -> Printf.sprintf "XrefStream %i, index %i" o i

let xrefs_table_create () = Hashtbl.create 1001

let xrefs_table_add_if_not_present table k v =
  try ignore (Hashtbl.find table k) with
    Not_found -> Hashtbl.add table k v

let xrefs_table_find table k =
  try Some (Hashtbl.find table k) with
    Not_found -> None

let xrefs_table_iter = Hashtbl.iter

(* [p] is the parser. Since this will be called from within functions it also
calls, we must store and retrieve the current file position on entry and exit.
*)
let rec lex_object i xrefs p opt n =
  let current_pos = i.pos_in () in
     let xref =
       match xrefs_table_find xrefs n with
       | Some x -> x
       | None ->
           raise
             (Pdf.PDFError (Pdf.input_pdferror i "Object not in xref table"))
     in
       match xref with
       | XRefStream (objstm, index) ->
           assert false (*r lex object only used on XRefPlain entries *)
       | XRefPlain (o, _) ->
           i.seek_in o;
           let result =
             lex_object_at false i opt p (lex_object i xrefs p opt)
           in
             i.seek_in current_pos;
             result

(* Parsing proceeds as a series of operations over lists of lexemes or parsed
objects. Parsing ends when the list is a singleton and its element is an
well-formed object. *)
type partial_parse_element =
  | Lexeme of Pdfgenlex.t
  | Parsed of Pdf.pdfobject

let print_parseme = function
  | Parsed p ->
      flprint "PARSED:";
      print_string (Pdfwrite.string_of_pdf p);
      flprint "\n"
  | Lexeme l ->
      flprint "LEXEME:";
      print_lexeme l;
      flprint "\n" 

(* Parse stage one. *)
let parse_R ts =
  let rec parse_R_inner r = function
    | [] -> rev r
    | LexInt o::LexInt _::LexR::rest ->
        parse_R_inner (Parsed (Pdf.Indirect o)::r) rest
    | LexComment::t -> parse_R_inner r t
    | LexNull::t -> parse_R_inner (Parsed Pdf.Null::r) t
    | LexBool b::t -> parse_R_inner (Parsed (Pdf.Boolean b)::r) t
    | LexInt i::t -> parse_R_inner (Parsed (Pdf.Integer i)::r) t
    | LexReal f::t -> parse_R_inner (Parsed (Pdf.Real f)::r) t
    | LexString s::t -> parse_R_inner (Parsed (Pdf.String s)::r) t
    | LexName n::t -> parse_R_inner (Parsed (Pdf.Name n)::r) t
    | h::t -> parse_R_inner (Lexeme h::r) t
  in
    parse_R_inner [] ts

let process_parse_dictionary elts =
  let rec mkpairs pairs = function
  | [] -> pairs
  | Parsed v::Parsed (Pdf.Name k)::t -> mkpairs ((k, v)::pairs) t
  | _ -> raise (Pdf.PDFError "parse_dictionary")
  in
    try
      Parsed (Pdf.Dictionary (mkpairs [] elts))
    with
      Pdf.PDFError "parse_dictionary" ->
        Printf.eprintf
          "Malformed file: odd length dictionary. Carrying on...\n";
        Parsed (Pdf.Dictionary [])

let process_parse_array elts =
  let arry =
    rev_map
      (function
       | Parsed x -> x
       | _ -> raise (Pdf.PDFError "parse_array"))
      elts
  in
    Parsed (Pdf.Array arry)

(* Read everything to the close of the dictionary *)
let rec parse_dictionary sofar = function
  | [] ->
      process_parse_dictionary sofar, [] 
  | Lexeme LexLeftDict::t ->
      let dict, rest = parse_dictionary [] t in
        parse_dictionary (dict::sofar) rest
  | Lexeme LexLeftSquare::t ->
      let arr, rest = parse_array [] t in
        parse_dictionary (arr::sofar) rest
  | Lexeme LexRightDict::t ->
      process_parse_dictionary sofar, t
  | h::t ->
      parse_dictionary (h::sofar) t

(* Read everything to the close of the array *)
and parse_array sofar = function
  | [] ->
      process_parse_array sofar, []
  | Lexeme LexLeftDict::t ->
      let dict, rest = parse_dictionary [] t in
        parse_array (dict::sofar) rest
  | Lexeme LexLeftSquare::t ->
      let arr, rest = parse_array [] t in
        parse_array (arr::sofar) rest
  | Lexeme LexRightSquare::t ->
      process_parse_array sofar, t
  | h::t ->
      parse_array (h::sofar) t

(* Main function *)
let rec parse_to_tree (sofar : partial_parse_element list) = function
  | Lexeme LexLeftDict::t ->
      let dict, rest = parse_dictionary [] t in
        parse_to_tree (dict::sofar) rest
  | Lexeme LexLeftSquare::t ->
      let arr, rest = parse_array [] t in
        parse_to_tree (arr::sofar) rest
  | h::t -> parse_to_tree (h::sofar) t
  | [] -> rev sofar

let parse_finish ?(failure_is_ok = false) q =
  match q with
  | [Parsed (Pdf.Integer o); Parsed (Pdf.Integer _);
    Lexeme LexObj; Parsed obj; Lexeme LexEndObj] ->
      o, obj
  | Parsed (Pdf.Integer o)::
    Parsed (Pdf.Integer _)::
    Lexeme LexObj::
    Parsed (Pdf.Dictionary d as obj)::
    Lexeme (LexStream s)::
    Lexeme LexEndStream::_ ->
      (* Fix up length, if necessary *)
      let l =
        match s with Pdf.Got b -> bytes_size b | Pdf.ToGet t -> Pdf.length_of_toget t
      and lold =
        try
          begin match
            lookup_failnull "/Length" d with Pdf.Integer l -> l | _ -> -1
          end
        with
          Not_found -> -1 
      in
        if lold <> l
          then
            (o,
             Pdf.Stream
               {contents = Pdf.add_dict_entry obj "/Length" (Pdf.Integer l), s})
          else
            (o, Pdf.Stream {contents = obj, s})
  | Parsed (Pdf.Integer o)::Parsed (Pdf.Integer _)::
    Lexeme LexObj::Parsed obj::_ ->
      o, obj
  | [Parsed d] ->
      0, d
  | [Parsed (Pdf.Integer o); Parsed (Pdf.Integer _);
     Lexeme LexObj; Lexeme LexEndObj] ->
      o, Pdf.Null
  | l ->
      Printf.eprintf "list length %i\n" (length l);
        iter
          (function
              Parsed p -> Printf.eprintf "%s\n" (Pdfwrite.string_of_pdf p)
            | Lexeme l -> Printf.eprintf "%s\n" (string_of_lexeme l))
          l;
        raise (Pdf.PDFError "Could not extract object")

(* Parse some lexemes *)
let parse ?(failure_is_ok = false) lexemes =
  try
    parse_finish
      ~failure_is_ok:failure_is_ok (parse_to_tree [] (parse_R lexemes))
  with
    (* 14th November 2016: fixed this up to re-raise. Check *)
    Pdf.PDFError _ as e ->
      if failure_is_ok then (max_int, Pdf.Null) else raise e

let parse_single_object s =
  snd (parse
    (lex_object_at
       true
       (Pdfio.input_of_string s)
       true
       (fun _ -> (0, Pdf.Null))
       (fun _ -> [])))

(* Given an object stream pdfobject and a list of object indexes to extract,
 return an [(int * Pdf.objectdata) list] representing those object number,
 lexeme pairs - assuming they exist! *)
let lex_stream_object
  i xrefs parse opt obj indexes user_pw owner_pw partial_pdf gen
=
  if !read_debug then
    begin
      Printf.eprintf "lexing object stream at %i\n" (i.Pdfio.pos_in ());
      Printf.eprintf "lexing object stream %i\nTo find the indexes:\n" obj;
      iter (Printf.eprintf "%i ") indexes; Printf.eprintf "\n"
    end;
  let _, stmobj = parse (lex_object i xrefs parse opt obj) in
    match stmobj with
    | Pdf.Stream {contents = d, stream} ->
        let n =
          match Pdf.lookup_direct partial_pdf "/N" d with
          | Some (Pdf.Integer n) -> n
          | _ ->
              raise (Pdf.PDFError (Pdf.input_pdferror i "malformed /N"))
        in let first =
          match Pdf.lookup_direct partial_pdf "/First" d with
          | Some (Pdf.Integer n) -> n
          | _ ->
              raise (Pdf.PDFError (Pdf.input_pdferror i "malformed /First"))
        in
          (* Decrypt if necessary *)
          let stmobj =
            Pdfcrypt.decrypt_single_stream
              user_pw owner_pw partial_pdf obj gen stmobj
          in
            Pdfcodec.decode_pdfstream partial_pdf stmobj;
            begin match stmobj with
            | Pdf.Stream {contents = _, Pdf.Got raw} ->
              let i = input_of_bytes raw in
                begin try
                  (* Read index. *)
                  let rawnums = ref [] in
                    for x = 1 to n * 2 do
                      dropwhite i;
                      rawnums =|
                        match lex_number i with
                        | LexInt i -> i
                        | k ->
                            raise
                              (Pdf.PDFError
                                (Pdf.input_pdferror i "objstm offset problem"))
                    done;
                    rawnums := rev !rawnums;
                    (* Read each object *)
                    let pairs = pairs_of_list !rawnums
                    and objects = ref []
                    and index = ref 0
                    and indexes = ref (sort compare_i indexes) in
                      iter
                        (fun (objnum, offset) ->
                           begin match !indexes with
                           | [] -> ()
                           | x::xs when x <> !index -> ()
                           | _::xs ->
                               indexes := xs;
                               i.seek_in (offset + first);
                               let lexemes =
                                 lex_object_at
                                   true i opt parse
                                   (lex_object i xrefs parse opt)
                               in
                                 let obj =
                                   (ref
                                     (Pdf.ParsedAlreadyDecrypted
                                       (snd (parse lexemes))), 0)
                                 in
                                   objects =| (objnum, obj)
                           end;
                           incr index)
                        pairs;
                      (* FIXME: Why does this make it null rather than actually
                       * remove the object? *)
                      Pdf.addobj_given_num partial_pdf (obj, Pdf.Null);
                      !objects
                with
                  End_of_file ->
                    raise
                      (Pdf.PDFError
                        (Pdf.input_pdferror i "unexpected objstream end"))
                end
          | _ ->
              raise
                (Pdf.PDFError
                  (Pdf.input_pdferror i "couldn't decode objstream"))
          end
    | stmobj ->
        raise
          (Pdf.PDFError
            (Pdf.input_pdferror i (Printf.sprintf "lex_stream_object: not a stream, but %s"
                                   (Pdfwrite.string_of_pdf stmobj))))

(* Advance to the first thing after the current pointer which is not a comment.
*)
let rec ignore_comments i =
  let pos = i.pos_in () in
    match i.input_char () with
    | Some '%' -> ignore (input_line i); ignore_comments i
    | Some _ -> i.seek_in pos
    | None -> raise End_of_file

(* Cross-reference tables *)

(* Read the cross-reference table. Supports the multiple sections created when
a PDF file is incrementally modified. *)
type xref_line =
  | Invalid
  | Section of int * int (* Start, length. *)
  | Valid of int * int (* byte offset, gen. *)
  | Free of int * int (* free entry. *)
  | InObjectStream of int * int (* Stream number, index. *)
  | StreamFree of int * int (* free entry in an object stream. *)
  | XRefNull (* is the null object. *)
  | Finished (* end of a table. *)

(* Read and parse a single line of a cross-reference table. We use a
long-winded match pattern on the characters of cross-reference lines because a
byte offset can exceed the range for [Genlex.Int]. *)
let rec read_xref_line i =
  let pos = i.pos_in () in
    dropwhite i; 
    let line = input_line i in
      if line = "xref" || line = "xref " then read_xref_line i else
        let is09 x = x >= '0' && x <= '9' in
          (* Consider the usual case - no need to pull apart *)
          if String.length line >= 18 &&
            is09 line.[0] && is09 line.[1] && is09 line.[2] &&
            is09 line.[3] && is09 line.[4] && is09 line.[5] &&
            is09 line.[6] && is09 line.[7] && is09 line.[8] &&
            is09 line.[9] && is09 line.[11] && is09 line.[12] &&
            is09 line.[13] && is09 line.[14] && is09 line.[15]
          then
             let p, i =
               int_of_string (String.sub line 0 10),
               int_of_string (String.sub line 11 5)
             in
               match line.[17] with
               | 'n' -> Valid (p, i)
               | 'f' -> Free (p, i)
               | _ -> Invalid
          else
            match explode line with
            | 't'::'r'::'a'::'i'::'l'::'e'::'r'::more ->
                (* Bad files may not put newlines after the trailer, so
                [input_line] may have taken too much, preventing us from reading
                the trailer dictionary, so we rewind. *)
                let leading_spaces =
                  length (takewhile (eq ' ') (explode line))
                in
                  i.seek_in (pos + 7 + leading_spaces);
                  Finished
            | '0'::'0'::'0'::'0'::'0'::'0'::'0'::'0'::'0'::'0'::
              ' '::_::_::_::_::_::' '::'n'::_ ->
                 (* Consider 0000000000 _____ n as a free entry
                 (malformed file workaround) *)
                 Free (0, 0)
            | r ->
              (* Artworks produces bad PDF with lines like xref 1 5 *)
              match Pdfgenlex.lex (input_of_string line) with
              | [Pdfgenlex.LexName "xref";
                 Pdfgenlex.LexInt s; Pdfgenlex.LexInt l]
              | [Pdfgenlex.LexInt s; Pdfgenlex.LexInt l] -> Section (s, l)
              | _ -> Invalid 

(* Read the cross-reference table in [i] at the current position. Leaves [i] at
the first character of the trailer dictionary. *)
let read_xref i =
  let fail () =
    raise (Pdf.PDFError (Pdf.input_pdferror i "Could not read x-ref table"))
  in
    let xrefs = ref [] in
      begin try
        let finished = ref false
        in let objnumber = ref 0 in
          while not !finished do
            match read_xref_line i with
            | Invalid -> fail ()
            | Valid (offset, gen) ->
                xrefs =| (!objnumber, XRefPlain (offset, gen));
                incr objnumber
            | Finished -> set finished
            | Section (s, _) -> objnumber := s
            | Free _ -> incr objnumber
            | _ -> () (* Xref stream types won't have been generated. *)
          done
        with
          End_of_file | Sys_error _
          | Failure _ (*"int_of_string"*) -> fail ()
      end;
      !xrefs

(* PDF 1.5 cross-reference stream support. [i] is the input. The tuple describes
the lengths in bytes of each of the three fields. *)
let read_xref_line_stream i w1 w2 w3 =
  assert (w1 >= 0 && w2 >= 0 && w3 >= 0);
  try
    let read_field bytes =
      let rec read_field bytes mul =
        if bytes = 0 then 0 else
          match i.input_byte () with
          | x when x = Pdfio.no_more ->
              raise (Pdf.PDFError (Pdf.input_pdferror i "Bad Xref stream"))
          | b -> b * mul + (read_field (bytes - 1) (mul / 256))
      in
        if bytes = 0 then 0 else (* Empty entry *)
          read_field bytes (pow (bytes - 1) 256)
    in
      let f1 = read_field w1 in
        let f2 = read_field w2 in
          let f3 = read_field w3 in
            (*if !read_debug then Printf.eprintf "%i %i %i\n" f1 f2 f3;*)
            match f1 with
            | 0 -> StreamFree (f2, f3)
            | 1 -> Valid (f2, f3)
            | 2 -> InObjectStream (f2, f3)
            | n -> XRefNull
  with
    _ -> raise (Pdf.PDFError (Pdf.input_pdferror i "read_xref_line_stream"))

(* The function to read a whole cross-reference stream, and return an [xref
list]. Leaves [i] at the first character of the stream dictionary, which
containes the trailer dictionary entries. *)
let read_xref_stream i =
  let original_pos = i.pos_in ()
  in let err = Pdf.PDFError (Pdf.input_pdferror i "Bad xref stream") in
    (* Read the next token, which is the object number *)
    let xrefstream_objectnumber =
      match
        lex_next (ref 0) (ref 0) false i [] (fun _ -> 0, Pdf.Null)
        false (fun _ -> [])
      with
      | LexInt i -> i
      | _ -> Printf.eprintf "couldn't lex object number\n"; raise err
    in
    if !read_debug then
      Printf.eprintf
        "Object number of this xref stream is %i\n" xrefstream_objectnumber;
    (* Go back to the beginning *)
    i.seek_in original_pos;
    (* And proceed as before *)
    let rec lex_untilstream i ls =
      let lexobj = lex_object i (null_hash ()) parse false in
        match lex_next (ref 0) (ref 0) true i [] parse false lexobj with
        | StopLexing | LexNone -> rev ls (* LexNone stops loop on malformed *)
        | l -> lex_untilstream i (l::ls)
    in
      let stream, obj, gen =
        match
          try
          let lexobj = lex_object i (null_hash ()) parse true in
            let dictlex = lex_untilstream i [] in
              let obj =
                match hd dictlex with
                | LexInt i -> i
                | _ -> raise Not_found
              in let gen =
                match (hd (tl dictlex)) with
                | LexInt i -> i
                | _ -> raise Not_found
              in
                begin match lex_stream i parse (rev dictlex) lexobj true with
                | LexNone -> raise err
                | stream ->
                    snd
                      (parse (dictlex @ [stream] @ [LexEndStream; LexEndObj])),
                    obj,
                    gen
                end
          with _ ->
            raise
              (Pdf.PDFError
                (Pdf.input_pdferror
                  i "Failure reading xref stream - malformed"))
        with
        | Pdf.Stream _ as stream, obj, gen -> stream, obj, gen
        | _ -> raise err
      in
        if !read_debug then
          Printf.eprintf "HAVE READ XREF STREAM DICT, NOW ACTUAL XREF STREAM DATA\n";
        Pdfcodec.decode_pdfstream (Pdf.empty ()) stream;
        let w1, w2, w3 =
          match Pdf.lookup_direct (Pdf.empty ()) "/W" stream with
          | Some (Pdf.Array [Pdf.Integer w1; Pdf.Integer w2; Pdf.Integer w3]) ->
              w1, w2, w3
          | _ -> raise err
        in let i' =
          match stream with
          | Pdf.Stream {contents = _, Pdf.Got s} -> input_of_bytes s
          | _ -> raise err
        in let xrefs = ref [] in
          begin try
            if !read_debug then
              Printf.eprintf "About to start read_xref_stream\n%!";
            while true do xrefs =| read_xref_line_stream i' w1 w2 w3 done

          with
            _ ->
              if !read_debug then
                Printf.eprintf "End of read_xref_stream\n%!";
              ()
          end;
          xrefs := rev !xrefs;
          if !read_debug then
            Printf.eprintf
              "****** read %i raw Xref stream entries\n%!" (length !xrefs);
          let starts_and_lens =
            match Pdf.lookup_direct (Pdf.empty ()) "/Index" stream with
            | Some (Pdf.Array elts) ->
                if odd (length elts) then
                  raise (Pdf.PDFError (Pdf.input_pdferror i "Bad /Index"));
                map
                  (function
                    | (Pdf.Integer s, Pdf.Integer l) -> s, l
                    | _ ->
                        raise
                          (Pdf.PDFError
                            (Pdf.input_pdferror i "Bad /Index entry")))
                  (pairs_of_list elts)
            | Some _ ->
                raise (Pdf.PDFError (Pdf.input_pdferror i "Unknown /Index"))
            | None ->
                let size =
                  match Pdf.lookup_direct (Pdf.empty ()) "/Size" stream with
                  | Some (Pdf.Integer s) -> s
                  | _ ->
                      raise
                        (Pdf.PDFError
                          (Pdf.input_pdferror i "Missing /Size in xref dict"))
                in
                  [0, size]
          in
            let xrefs' = ref [] in
          if !read_debug then
            Printf.eprintf
              "****** Begin iteration: %i\n%!" (length starts_and_lens);
            iter
              (fun (start, len) ->
                let these_xrefs =
                  try take !xrefs len with
                    _ ->
                      raise
                        (Pdf.PDFError
                          (Pdf.input_pdferror i "Bad xref stream\n"))
                in
                  xrefs := drop !xrefs len;
                  let objnumber = ref start in
                    iter
                      (fun x ->
                       match x with
                       | Valid (offset, gen) ->
                           xrefs' =| (!objnumber, XRefPlain (offset, gen));
                           incr objnumber
                       | InObjectStream (stream, index) ->
                           xrefs' =| (!objnumber, XRefStream (stream, index));
                           incr objnumber
                       | _ -> incr objnumber)
                      these_xrefs)
                starts_and_lens;
              i.seek_in original_pos;
              if !read_debug then
                Printf.eprintf "***READ_XREF_STREAM final result was %i xrefs\n%!"
                (length !xrefs');
              rev !xrefs', xrefstream_objectnumber

(* A suitable function for the Pdf module to use to lex and parse an object.
Assumes [i] has been set to the correct position. [n] is the object number. *)
let get_object i xrefs n =
  let lexemes = lex_object i xrefs parse false n in
    snd (parse lexemes)

let is_linearized i =
  try
    ignore (read_header i);
    let lexemes = lex_dictionary i in
      let _, parsed = parse ~failure_is_ok:true lexemes in
        match Pdf.lookup_direct (Pdf.empty ()) "/Linearized" parsed with
        | Some (Pdf.Integer _ | Pdf.Real _) -> true
        | _ -> false
  with
    _ -> false

exception Revisions of int

exception BadRevision

let sanitize_trailerdict l trailerdict =
  add "/Size" (Pdf.Integer l)
    (remove "/W"
      (remove "/Type"
        (remove "/Index"
          (remove "/Prev"
            (remove "/XRefStm"
              (remove "/Filter"
                (remove "/DecodeParms" trailerdict)))))))

(* Read a PDF from a channel. If [opt], streams are read immediately into
memory. Revision: 1 = first revision, 2 = second revision etc. max_int = latest
revision (default). If revision = -1, the file is not read, but instead the
exception Revisions x is raised, giving the number of revisions. *)
let read_pdf ?revision user_pw owner_pw opt i =
  if !read_debug then
    Printf.eprintf "read_pdf, revision is %s\n%!"
      (match revision with None -> "None" | Some x -> string_of_int x);
  begin match revision with
     Some x when x < 1 && x <> (-1) -> raise BadRevision
   | _ -> ()
  end;
  let revisions = ref 1 in
  let current_revision = ref 0 in
  let was_linearized = is_linearized i in
  i.seek_in 0;
  if !read_debug then
    begin
      Printf.eprintf "Start of read_pdf\n";
      Printf.eprintf "%s\n" i.Pdfio.source;
      Printf.eprintf "opt is "; Printf.eprintf "%b" opt; Printf.eprintf "\n"
    end;
  let postdeletes = ref [] in
  let object_stream_ids = null_hash () in
  let xrefs = xrefs_table_create () in
  let major, minor = read_header i 
  in let objects_stream, objects_nonstream, root, trailerdict =
    let addref (n, x) = xrefs_table_add_if_not_present xrefs n x
    in let got_all_xref_sections = ref false
    in let trailerdict = ref []
    in let xref = ref 0
    in let first = ref true in
      (* This function builds a partial pdf of the plain objects whose
      references have currently been seen. *)
      let mkpartial nonstream_objects trailerdict =
        let objpairs = ref [] in
          (* 1. Build object number, offset pairs *)
          xrefs_table_iter
            (fun n x ->
               match x with
               | XRefPlain (offset, gen) ->
                   objpairs =| (n, (ref Pdf.ToParse, gen))
               | _ -> ())
            xrefs;
            (* 2. Build the object map *) 
            let objects =
              Pdf.objects_of_list
                (Some (get_object i xrefs)) (!objpairs @ nonstream_objects)
            in
              (* 3. Build the Pdf putting the trailerdict in *)
              {(Pdf.empty ()) with
                 Pdf.objects = objects;
                 Pdf.trailerdict = trailerdict}
      in
      (* Move to the first xref section. *)
      find_eof i;
      backline i;
      (* Drop any initial contents which is not a digit - may occur if there is
      legitimate whitespace of if the PDF is malformed such that it has the
      startxref keyword and the byte offset on the same line. *)
      ignoreuntil false isdigit i;
      begin match takewhile isdigit (getuntil_white_or_delimiter i) with
      | [] ->
          raise
            (Pdf.PDFError (Pdf.input_pdferror i "Could not find xref pointer"))
      | xrefchars -> xref := int_of_string (implode xrefchars);
      end;
      if !read_debug then Printf.eprintf "Reading Cross-reference table\n";
      while not !got_all_xref_sections do
        if !read_debug then Printf.eprintf "Reading xref section at %i\n" !xref;
        i.seek_in !xref;
        incr current_revision;
        (* Distinguish between xref table and xref stream. *)
        dropwhite i;
        (* Read cross-reference table *)
        let read_table skip =
          if !read_debug then
            Printf.eprintf "Reading table for revision %i, skip = %b\n"
            !current_revision skip;
          if peek_char i = Some 'x'
            then
              iter (if skip then (function _ -> ()) else addref) (read_xref i)
            else
              if not skip then
                let refs, objnumbertodelete = read_xref_stream i in
                  (postdeletes := objnumbertodelete::!postdeletes;
                   iter addref refs)
        in
        begin match revision with
          None -> read_table false
        | Some r when r <= !current_revision -> read_table false
        | _ ->
            if !read_debug then Printf.eprintf "Skipping revision %i\n" !current_revision;
            read_table true
        end;
        (* It is now assumed that [i] is at the start of the trailer dictionary.  *)
        let trailerdict_current =
          let lexemes =
            lex_object_at true i opt parse (lex_object i xrefs parse opt)
          in
            match parse lexemes with
            | (_, Pdf.Dictionary d)
            | (_, Pdf.Stream {contents = Pdf.Dictionary d, _}) -> d
            | _ ->
                raise (Pdf.PDFError (Pdf.input_pdferror i "Malformed trailer"))
        in
          begin
            if !first then
              begin
                trailerdict := mergedict trailerdict_current !trailerdict;
                clear first
              end;
            (* Do we have a /XRefStm to follow? *)
            begin match lookup "/XRefStm" trailerdict_current with
            | Some (Pdf.Integer n) ->
                i.seek_in n;
                let read_table () =
                  if !read_debug then
                    Printf.eprintf "Reading table for revision stm %i\n" !current_revision;
                  let refs, objnumbertodelete = read_xref_stream i in
                    postdeletes := objnumbertodelete::!postdeletes;
                    iter addref refs
                in
                  begin match revision with
                    None -> read_table ()
                  | Some r when r <= !current_revision -> read_table ()
                  | _ ->
                      if !read_debug then
                        Printf.eprintf "Skipping /XRefStm in revision %i\n" !current_revision
                  end;
            | _ -> ()
            end;
            (* Is there another to do? *)
            match lookup "/Prev" trailerdict_current with
            | None -> set got_all_xref_sections
            | Some (Pdf.Integer n) ->
                revisions := !revisions + 1;
                xref := n
            | _ ->
                raise (Pdf.PDFError (Pdf.input_pdferror i "Malformed trailer"))
          end;
      done;
      if revision = Some (-1) then
        (* If there are exactly two "revisions", and the file is linearized,
        then we return 1, since there is only one real revision. If there are
        more than 2, we assume it has been incrementally updated, is not really
        "linearized" at all, and so we return !revisions - 1, (the original
        linearized part counting for two). Thus, one can never accidently read
        half the original linearized file. *)
        let real_revisions =
          if was_linearized then !revisions - 1 else !revisions
        in
          raise (Revisions real_revisions)
      else
      if !read_debug then
        Printf.eprintf "*** READ %i XREF entries\n" (Hashtbl.length xrefs);
      let root =
        match lookup "/Root" !trailerdict with
        | Some (Pdf.Indirect i) ->
            i
        | None ->
            raise (Pdf.PDFError (Pdf.input_pdferror i "No /Root entry"))
        | _ ->
            raise (Pdf.PDFError (Pdf.input_pdferror i "Malformed /Root entry"))
      in
        let getgen n =
          match xrefs_table_find xrefs n with
          | Some (XRefPlain (_, g)) -> g
          | Some (XRefStream _) -> 0
          | None -> raise Not_found
        in
        if !read_debug then Printf.eprintf "Reading non-stream objects\n";
        let objects_nonstream =
          let objnumbers = ref [] in
            xrefs_table_iter
              (fun n x ->
                 match x with
                 | XRefPlain (offset, gen) -> objnumbers =| n
                 | _ -> ())
              xrefs;
              map
                (if opt then
                   fun o ->
                     let num, parsed =
                       parse (lex_object i xrefs parse opt o)
                     in
                       num, (ref (Pdf.Parsed parsed), getgen o)
                   else
                     fun o -> o, (ref Pdf.ToParse, getgen o))
                !objnumbers
          in
          if !read_debug then Printf.eprintf "Reading stream objects\n";
          let objects_stream =
           let streamones =
             map
               (function
                  | (n, XRefStream (s, i)) -> (n, s, i)
                  | _ -> assert false)
               (keep
                 (function (n, XRefStream _) -> true | _ -> false)
                 (list_of_hashtbl xrefs))
           in
             (*Printf.printf
                "*** %i objects are in streams\n" (length streamones);
               iter
                 (function (n, s, i) ->
                    Printf.printf "STREAMONES: Obj %i, Stream %i, Index %i\n"
                    n s i)
                 streamones;*)
             iter
               (function (n, s, _) -> Hashtbl.add object_stream_ids n s)
               streamones;
             if opt then
               begin
                 let cmp_objs (_, s, _) (_, s', _) = compare_i s s' in
                   let sorted = sort cmp_objs streamones in
                     let collated = collate cmp_objs sorted in
                       let inputs_to_lex_stream_object =
                         map
                           (fun l ->
                             match hd l with (_, s, _) ->
                               s, map (fun (_, _, i) -> i) l)
                           collated
                       in
                         (* Read objects from object streams now *)
                         let outputs_from_lex_stream_object =
                           let partial =
                             mkpartial
                               objects_nonstream (Pdf.Dictionary !trailerdict)
                           in
                             map
                               (function (s, is) ->
                                  let r =
                                    lex_stream_object
                                      i xrefs parse opt s is user_pw owner_pw
                                      partial (getgen s)
                                  in
                                    postdeletes := s::!postdeletes;
                                    r)
                               inputs_to_lex_stream_object
                         in
                           flatten outputs_from_lex_stream_object
               end
             else
               let partial =
                 mkpartial objects_nonstream (Pdf.Dictionary !trailerdict)
               in
                 let readstream streamobjnumber indexes =
                   lex_stream_object
                    i xrefs parse opt streamobjnumber indexes user_pw owner_pw
                    partial (getgen streamobjnumber)
                 in
                   let themap =
                     let t = Hashtbl.create 200 in
                       let groups =
                         let sf = fun (_, s, _) (_, s', _) -> compare_i s s' in
                           collate sf (sort sf streamones)
                       in
                         iter
                           (fun group ->
                              let pairs =
                                map (fun (n, _, i) -> (n, i)) group
                              in
                                let all_indexes = map snd pairs in
                                  iter (fun (n, _) ->
                                    Hashtbl.add t n all_indexes) pairs)
                             groups;
                             t
                   in
                     map
                       (function (n, s, i) ->
                         (n,
                           (ref
                             (Pdf.ToParseFromObjectStream
                               (themap, s, i, readstream)), 0)))
                       streamones
         in
          if !read_debug then
            begin
              Printf.eprintf
                "There were %i nonstream objects\n" (length objects_nonstream);
              Printf.eprintf
                "There were %i stream objects\n" (length objects_stream);
              Printf.eprintf "\n"
            end;
          objects_stream, objects_nonstream, root, trailerdict
    in
      if !read_debug then Printf.eprintf "Finishing up...\n";
      let objects = objects_stream @ objects_nonstream in
        (* Fix Size entry and remove Prev, XRefStm, Filter, Index, W, Type,
        and DecodeParms *)
        let trailerdict' = sanitize_trailerdict (length objects) !trailerdict in
          let pdf = 
            {Pdf.major = major;
             Pdf.minor = minor;
             Pdf.objects =
               Pdf.objects_of_list (Some (get_object i xrefs)) objects;
             Pdf.root = root;
             Pdf.trailerdict = Pdf.Dictionary trailerdict';
             Pdf.was_linearized = was_linearized;
             Pdf.saved_encryption = None}
          in
          (* Check for a /Version in the document catalog *)
          begin match Pdf.lookup_direct pdf "/Version" (Pdf.lookup_obj pdf root) with
            Some (Pdf.Name s) ->
              let major, minor =
                try
                  read_header
                    (Pdfio.input_of_string
                       ("%PDF-" ^ String.sub s 1 (String.length s - 1)))
                with
                  e ->
                    flprint (Printexc.to_string e);
                    (pdf.Pdf.major, pdf.Pdf.minor)
              in
                pdf.Pdf.major <- major;
                pdf.Pdf.minor <- minor
          | _ -> ()
          end;
            (* Delete items in !postdeletes - these are any xref streams, and
            object streams (if finished with).  This allows decryption to be
            performed without accidently trying to decrypt these streams -
            which would fail due to them not being of set lengths. Also saves
            memory *)
            iter (Pdf.removeobj pdf) !postdeletes;
            (* Add stream_object_ids *)
            pdf.Pdf.objects.Pdf.object_stream_ids <- object_stream_ids;
            (*if !read_debug then
              begin
                Printf.eprintf "Object stream IDs:\n";
                Hashtbl.iter
                  (fun o s ->
                     Printf.eprintf "Object %i was in stream %i\n" o s)
                  object_stream_ids
              end;*)
            if !read_debug then
              begin
                Printf.eprintf "Done.\n";
                match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
                | Some _ -> Printf.eprintf "***File is encrypted\n" | _ -> ()
              end;
            pdf

(* Read the number of revisions of the document, by performing a dummy read. For
example, if this function returns 3, then appropriate values to pass to
?revision in a subsequent call to read_pdf are 1, 2, and 3. The position of
input after this runs is unspecified. On a malformed PDF, will raise whatever
error [read_pdf] does. *)
let revisions i =
  try
    ignore (read_pdf ~revision:(-1) None None false i);
    assert false
  with
    Revisions n -> n

(* Malformed file reading. *)

(* We read all trailerdicts in the file, preferring entries in later
 * dictionaries. *)
let read_malformed_trailerdict i =
  try
    (* Move to just after the keyword trailer, if one still exists. Otherwise,
    file position ends up at the end of the file. *)
    while
      let currpos = i.pos_in () in
        try
          let l = input_line i in
            let r = 
              not (l.[0] = 't' && l.[1] = 'r' && l.[2] = 'a' && l.[3] = 'i' && l.[4] = 'l' && l.[5] = 'e' && l.[6] = 'r')
            in
              (* In case of "trailer_<<..." i.e a missing newline, we backtrack until
               * just after the trailer keyword itself *)
              if String.length l > 7 && (l.[7] = '<' || l.[7] = ' ') then i.seek_in (currpos + 7);
              r
        with
          _ -> (* out of bounds from l.[n], End_of_file *) 
            not (i.pos_in () = currpos || i.pos_in () >= i.in_channel_length)
    do () done;
    let lexemes =
      lex_object_at true i true parse (lex_object i (null_hash ()) parse true)
    in
      match parse lexemes with
      | (_, Pdf.Dictionary d)
      | (_, Pdf.Stream {contents = Pdf.Dictionary d, _}) -> remove "/Prev" d
      | _ ->
          raise
            (Pdf.PDFError (Pdf.input_pdferror i "Malformed or missing trailer"))
  with
    e ->
      raise
        (Pdf.PDFError
           (Printf.sprintf
              "File reconstructor: could not read trailer dictionary - %s"
              (Printexc.to_string e)))

let read_malformed_trailerdicts i =
  i.seek_in 0;
  let trailerdict = ref [] in
    while
      try
        let currpos = i.pos_in () in
          iter
            (function (k, v) -> trailerdict := add k v !trailerdict)
            (read_malformed_trailerdict i);
          i.pos_in () > currpos
      with
        _ -> false
    do () done;
    !trailerdict

(* This function is used to skip non-whitespace junk between objects when
reading malformed files. It looks for the first integer, not actually for the x
y obj pattern itself. *)
let rec advance_to_integer i =
  dropwhite i;
  let p = i.pos_in () in
    match lex_next (ref 0) (ref 0) false i [] parse true (fun _ -> []) with
    | StopLexing -> ()
    | LexInt x -> i.seek_in p
    | l ->
       (* If no progress at all, bail out. *)
       if i.pos_in () > p then advance_to_integer i

(* Read the actual objects, in order. *)
let read_malformed_pdf_objects i =
  if !read_debug then flprint "read_debug is true\n";
  let objs = ref [] in
    (* Can't just test i.pos_in () < i.in_channel_length because of set_offset! *)
    while let x = i.input_char () in rewind i; x <> None do
      let c = i.pos_in () in
        try
          if !read_debug then Printf.eprintf
             "read_malformed_pdf_object is reading an object at %i\n%!" c;
          let objnum, obj =
            parse
              ~failure_is_ok:true
              (lex_object_at
                true i true parse (lex_object i (null_hash ()) parse true))
          in
            if !read_debug then Printf.eprintf "Got object %i ok\n%!" objnum;
            (*if !read_debug then Printf.printf "Got object %i, which is %s ok%!\n"
                objnum (Pdfwrite.string_of_pdf obj);*)
            if objnum > 0 && objnum < max_int then objs := add objnum obj !objs;
            advance_to_integer i; (* find next possible object *)
            if i.pos_in () = c then ignore (input_line i) (* no progress. *)
        with
          e ->
            if !read_debug then Printf.eprintf "Couldn't get object, moving on\n%!";
            ignore (input_line i) (* Move on *)
    done;
    !objs

let read_malformed_pdf upw opw i =
  Printf.eprintf
    "Attempting to reconstruct the malformed pdf %s...\n" i.Pdfio.source;
  flush stderr;
  if !read_debug then flprint "Beginning of malformed PDF reconstruction\n";
  let trailerdict = read_malformed_trailerdicts i in
    if !read_debug then flprint "Finished reading malformed trailer dictionaries\n";
  let major, minor = read_header i in
    if !read_debug then flprint "Finished reading malformed header\n";
    i.Pdfio.seek_in 0;
    let objects =
      map
        (function (objnum, obj) -> (objnum, (ref (Pdf.Parsed obj), 0)))
        (read_malformed_pdf_objects i)
    in
      Printf.eprintf "Read %i objects\n" (length objects);
      let root =
        if !read_debug then Printf.eprintf "trailerdict is %s\n" (Pdfwrite.string_of_pdf (Pdf.Dictionary trailerdict));
        match lookup "/Root" trailerdict with
        | Some (Pdf.Indirect i) -> i
        | None ->
            if !read_debug then Printf.eprintf "No /Root entry in malformed file read\n";
            raise (Pdf.PDFError (Pdf.input_pdferror i "No /Root entry"))
        | _ ->
            if !read_debug then Printf.eprintf "Malformed /Root entry in malformed file read\n";
            raise (Pdf.PDFError (Pdf.input_pdferror i "Malformed /Root entry"))
      in
        i.Pdfio.seek_in 0;
        (* Fix Size entry and remove Prev, XRefStm, Filter, Index, W, Type,
        and DecodeParms *)
        let trailerdict' = sanitize_trailerdict (length objects) trailerdict in
        let was_linearized = is_linearized i in
          Printf.eprintf "Malformed PDF reconstruction succeeded!\n";
          flush stderr;
          {Pdf.major = major;
           Pdf.minor = minor;
           Pdf.root = root;
           Pdf.objects = Pdf.objects_of_list None objects;
           Pdf.trailerdict = Pdf.Dictionary trailerdict';
           Pdf.was_linearized = was_linearized;
           Pdf.saved_encryption = None}

let report_read_error i e e' =
  raise
    (Pdf.PDFError
       (Pdf.input_pdferror
          i
          (Printf.sprintf
             "Failed to read PDF - initial error was\n%s\n\n\
             final error was \n%s\n\n"
             (Printexc.to_string e)
             (Printexc.to_string e'))))

let read_pdf revision upw opw opt i =
  if !debug_always_treat_malformed then
    try read_malformed_pdf upw opw i with
      e -> report_read_error i e e
  else
    try read_pdf ?revision upw opw opt i with
    | Pdf.PDFError s as e
        when String.length s >= 10 && String.sub s 0 10 = "Encryption" ->
        (* If it failed due to encryption not supported or user password not
        right, the error should be passed up - it's not a malformed file. *)
        raise e
    | BadRevision ->
        raise (Pdf.PDFError "Revision number too low when reading PDF")
    | e ->
        if !error_on_malformed then raise e else
          begin
            Printf.eprintf "Because of error %s, will read as malformed.\n" (Printexc.to_string e);
            try read_malformed_pdf upw opw i with e' ->
              report_read_error i e e'
           end

(* Read a PDF into memory, including its streams. *)
let pdf_of_channel ?revision ?(source = "channel") upw opw ch =
  read_pdf revision upw opw true (input_of_channel ~source ch) 

(* Same, but delay reading of streams. *)
let pdf_of_channel_lazy ?revision ?(source = "channel") upw opw ch =
  read_pdf revision upw opw false (input_of_channel ~source ch)

(* Similarly for inputs. *)
let pdf_of_input ?revision upw opw i =
  read_pdf revision upw opw true i

(* And lazy on inputs. *)
let pdf_of_input_lazy ?revision upw opw i =
  read_pdf revision upw opw false i

(* Read a whole PDF file into memory. Closes file. *)
let pdf_of_file ?revision upw opw f =
  try 
    let fh = open_in_bin f in
      let pdf = pdf_of_channel ?revision ~source:f upw opw fh in
        close_in fh;
        pdf
  with
    | (Pdf.PDFError _) as e -> raise e
    | Sys_error str -> raise (Pdf.PDFError str)

let what_encryption pdf =
  if Pdfcrypt.is_encrypted pdf then
    let crypt, _, _, _, _, _, _ = Pdfcrypt.get_encryption_values pdf in
      match crypt with
      | Pdfcryptprimitives.ARC4 (40, _) -> Some (Pdfwrite.PDF40bit)
      | Pdfcryptprimitives.ARC4 (128, _) -> Some (Pdfwrite.PDF128bit)
      | Pdfcryptprimitives.AESV2 | Pdfcryptprimitives.AESV3 _ ->
          let metadata =
            match Pdf.lookup_direct pdf "/Encrypt" pdf.Pdf.trailerdict with
            | Some encrypt_dict ->
                begin match
                  Pdf.lookup_direct pdf "/EncryptMetadata" encrypt_dict
                with
                | Some (Pdf.Boolean false) -> false
                | _ -> true
                end
            | _ -> assert false
          in
            begin match crypt with
            | Pdfcryptprimitives.AESV2 -> Some (Pdfwrite.AES128bit metadata)
            | Pdfcryptprimitives.AESV3 false -> Some (Pdfwrite.AES256bit metadata)
            | Pdfcryptprimitives.AESV3 true -> Some (Pdfwrite.AES256bitISO metadata)
            | _ -> assert false
            end
      | _ -> None
  else
    None

let permissions pdf =
  if Pdfcrypt.is_encrypted pdf then
    let _, _, _, p, _, _, _ = Pdfcrypt.get_encryption_values pdf in
      Pdfcrypt.banlist_of_p p
  else
    []
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(** Reading PDF Files *)

(** Read a PDF from a [Pdfio.input], with an optional user password which, if
absent, is assumed to be the empty string, and optional owner password. *)
val pdf_of_input : ?revision:int -> string option -> string option -> Pdfio.input -> Pdf.t

(** Same as [pdf_of_input], but delay loading of streams and parsing of objects
(they will be loaded and parsed when needed). Useful if we only intend to do
something simple, like read metadata.  *)
val pdf_of_input_lazy : ?revision:int -> string option -> string option -> Pdfio.input -> Pdf.t

(** Same as [pdf_of_input], but from an OCaml channel. *)
val pdf_of_channel : ?revision:int -> ?source:string -> string option -> string option -> in_channel -> Pdf.t

(** As [pdf_of_channel], but delay loading of streams and parsing of objects like [pdf_of_input_lazy]. *)
val pdf_of_channel_lazy : ?revision:int -> ?source:string -> string option -> string option -> in_channel -> Pdf.t

(** Read a PDF from the given filename with optional user and owner passwords. *)
val pdf_of_file : ?revision:int -> string option -> string option -> string -> Pdf.t

(** Read the number of revisions of the document, by performing a dummy read. For
example, if this function returns 3, then appropriate values to pass to
[?revision] in a subsequent call to pdf_of_input are 1, 2, and 3. *)
val revisions : Pdfio.input -> int

(**/**)

(* For internal use by other parts of the library *)

val read_debug : bool ref
val error_on_malformed : bool ref
val debug_always_treat_malformed : bool ref

val read_header : (Pdfio.input -> int * int)

val lex_stream_data : Pdfio.input -> int -> bool -> Pdfgenlex.t

val getuntil_white_or_delimiter : (Pdfio.input -> char list)

val getuntil_white_or_delimiter_string : (Pdfio.input -> string)

val lex_name : Pdfio.input -> Pdfgenlex.t

val lex_number : Pdfio.input -> Pdfgenlex.t

val lex_string : Pdfio.input -> Pdfgenlex.t

val lex_hexstring : Pdfio.input -> Pdfgenlex.t

val lex_comment : Pdfio.input -> Pdfgenlex.t

val lex_dictionary : Pdfio.input -> Pdfgenlex.t list

val parse : ?failure_is_ok:bool -> Pdfgenlex.t list -> int * Pdf.pdfobject

val dropwhite : Pdfio.input -> unit

val ignoreuntil : bool -> (char -> bool) -> Pdfio.input -> unit

val print_lexeme : Pdfgenlex.t -> unit

val string_of_lexeme : Pdfgenlex.t -> string

val parse_single_object : string -> Pdf.pdfobject

(** Return encryption method in use *)
val what_encryption : Pdf.t -> Pdfwrite.encryption_method option

(** Return list of permissions *)
val permissions : Pdf.t -> Pdfcrypt.permission list

(** Given a filename, see if the file is linearized. *)
val is_linearized : Pdfio.input -> bool
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(* \chaptertitle{Shapes}{Stroking lines and making shapes} *)

(* This module provides for the stroking of lines, and production of shape
primitives (circles, regular polygons etc). *)
open Pdfutil

(* \section{Common geometric functions} *)

(* The factor by which we multiply the radius to find the length of the bezier
control lines when approximating quarter arcs to make semicircles and circles.
*)
let kappa = ((sqrt 2. -. 1.) /. 3.) *. 4.

(* Calculate rotation from [p] to [p'] about [c] with the shorter arc-length.
When arc-lengths are equal, the result may be either. *)
let rotation (cx, cy) (px, py) (px', py') =
  let px = px -. cx and py = py -. cy
  and px' = px' -. cx and py' = py' -. cy in
    let a = px *. py' -. py *. px'
    and b = px *. px' +. py *. py' in
      atan2 a b

(* The absolute angle to a point [p] from a centre [c]. The angle is the
rotation clockwise (i.e the first quadrant encountered has positive [x] and [y]
values) from East. When the point is [(0, 0)], the result is [0].*)
let angle_to (cx, cy) (px, py) =
  let r = atan2 (py -. cy) (px -. cx) in
    if r < 0. then r +. 2. *. pi else r

(* Restrict an angle [a] to one of those at $s, 2s, 3s\ldots$. We find the two
candidate angles, and see which [a] is numerically closer to. The candidate
points are taken modulo $2\pi$ for this to work. *)
let restrict_angle s a =
  let p = mod_float (floor (a /. s) *. s) (2. *. pi) in
    let p' = mod_float (p +. s) (2. *. pi) in
      if abs_float (p -. a) < abs_float (p' -. a) then p else p'

(* \section{Some Useful Shapes} *)

(* Make a quarter-circle from a single bezier curve from [s] to $(s + \pi / 2)
\bmod 2\pi$ with centre [c] and radius [r]. We cheat by making the standard
quarter from [(1, 0)] to [(0, 1)] and rotating using the [Transform] module.
*)
let quarter s (cx, cy) r =
  let standard_quarter_points =
    [(1., 0.); (1., kappa); (kappa, 1.); (0., 1.)]
  and transform =
    [Pdftransform.Translate(cx, cy);
     Pdftransform.Scale((0., 0.), r, r);
     Pdftransform.Rotate((0., 0.), s)]
  in
    match
      map (Pdftransform.transform transform) standard_quarter_points
    with
    | [p; q; r; s] -> Pdfgraphics.Bezier(p, q, r, s)
    | _ -> raise (Pdf.PDFError ("Shapes.quarter: inconsistency"))

(* The anticlockwise variant. *)
let quarter_anticlockwise s c r =
  match quarter s c r with
  | Pdfgraphics.Bezier(p, q, r, s) -> Pdfgraphics.Bezier(s, r, q, p)
  | _ -> raise (Pdf.PDFError "Shapes.quarter_anticlockwise: inconsistency")

(* Some of the following functions generate what is supposed to be a connected
list of segments. However, since they operate by calculating each segment
seperately, floating point inaccuracies can arise, making the end of one
segment misalign with the start of the next. This function corrects the defect
by copying the end of one segment to the beginning of the next. We only need to
deal with bezier segments for now. *)
let rec joinsegs segments =
  match segments with
  | [] -> []
  | [x] -> [x]
  | Pdfgraphics.Bezier(_, _, _, d) as s::Pdfgraphics.Bezier(_, b', c', d')::rest ->
      s::joinsegs (Pdfgraphics.Bezier(d, b', c', d')::rest)
  | _ -> raise (Pdf.PDFError "PDFShapes.joinsegs: Segment not supported")

(* This version sets the start and end points to p1 and p2 respectively. Used
for ensuring round joins join correctly to the rails they connect *)
let joinsegs_ends p1 p2 segments =
  match joinsegs segments with
  | [] -> []
  | [Pdfgraphics.Bezier(a, b, c, d)] -> [Pdfgraphics.Bezier(p1, b, c, p2)]
  | segs ->
    match extremes_and_middle segs with
    | Pdfgraphics.Bezier(_, b, c, d), m, Pdfgraphics.Bezier(a', b', c', _) ->
        Pdfgraphics.Bezier(p1, b, c, d)::m @ [Pdfgraphics.Bezier(a', b', c', p2)]
    | _ -> raise (Pdf.PDFError "PDFShapes.joinsegs_ends: Segment not supported")

(* The shorter arc made from bezier curves from [p1] to [p2] with centre [c].
The arc is formed from zero or more quarter arcs rotated accordingly, and at
most one partial arc produced by truncating a quarter arc, again rotated. If
[p1=p2], no segments are produced. If the two curves defined by the arguments
are of equal length, the one chosen is undefined. *)
(*i let arc p1 p2 c =
  let ninety = pi /. 2.
  and angletogo = rotation c p1 p2 (*r signed angle to turn through *)
  and abs_angle = angle_to c p1 (*r absolute angle to the first point *)
  and r = distance_between p1 c in (*r radius of the resultant arc *)
    let quarter, ninety_abs =
      if angletogo > 0.
        then quarter, ninety
        else quarter_anticlockwise, ~-.ninety
    in
      let segments = ref []
      and angletogo = ref (abs_float angletogo) (*r Have dealt with sign. *)
      and abs_angle = ref abs_angle in
        while !angletogo > 0. do
          if !angletogo >= ninety then
            begin
              angletogo := !angletogo -. ninety;
              segments := (quarter !abs_angle c r)::!segments;
              abs_angle := mod_float (!abs_angle +. ninety_abs) (2. *. pi)
            end
          else
            (* Calculate a partial arc to finish, if required. *)
            if !angletogo > 0. then
              begin
                let q = quarter !abs_angle c r in
                  let portion_needed = !angletogo /. ninety in
                    let portion, _ = Polygon.bezier_split portion_needed q in
                      segments := portion::!segments;
                angletogo := 0.
              end;
        done;
        joinsegs_ends p1 p2 (rev !segments) i*)

(* Approximate a circle using four bezier curves.*)
let circle x y r =
  Pdfgraphics.NonZero,
    [(Pdfgraphics.Not_hole,
      Pdfgraphics.Closed,
     joinsegs
       [quarter 0. (x, y) r;
       quarter (pi /. 2.) (x, y) r;
       quarter pi (x, y) r;
       quarter (3. *. pi /. 2.) (x, y) r ])]

let rectangle x y w h =
  (Pdfgraphics.EvenOdd,
    ([(Pdfgraphics.Not_hole,
       Pdfgraphics.Closed,
      [Pdfgraphics.Straight ((x, y), (x +. w, y));
       Pdfgraphics.Straight ((x +. w, y), (x +. w, y +. h));
       Pdfgraphics.Straight ((x +. w, y +. h), (x, y +. h));
       Pdfgraphics.Straight ((x, y +. h), (x, y))])]))
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(** Basic Shapes *)

(** The factor by which the radius of a circle is multiplied to find the length
of the bezier control lines when approximating quarter arcs to make circles. *)
val kappa : float

(** Calling [restrict_angle s a] restricts an angle [a] to one of those at [s,
2s, 3s...] returning the chosen one. *)
val restrict_angle : float -> float -> float

(** Calling [circle x y r] builds a path representing a circle at [(x, y)] with
radius [r]. *)
val circle : float -> float -> float -> Pdfgraphics.path

(** Calling [rectangle x y w h] builds a path representing a rectangle with top
left [(x, y)], width [w] and height [h]. *)
val rectangle : float -> float -> float -> float -> Pdfgraphics.path
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(* PDF Colour space parsing *)
open Pdfutil
open Pdfio

type point = float * float * float

type iccbased =
 {icc_n : int;
  icc_alternate : t;
  icc_range : float array;
  icc_metadata : Pdf.pdfobject option;
  icc_stream : Pdf.pdfobject}

(* Add CalCMYK - read as deviceCMYK *)
and t =
  | DeviceGray
  | DeviceRGB
  | DeviceCMYK
  | CalGray of point * point * float (* White, Black, Gamma *)
  | CalRGB of point * point * float array * float array (* White, Black, Gamma, Matrix *)
  | Lab of point * point * float array (* White, Black, Range *)
  | ICCBased of iccbased
  | Indexed of t * (int, int list) Hashtbl.t (* Base colourspace, values *)
  | Pattern
  | PatternWithBaseColourspace of t
  | Separation of string * t * Pdffun.t
  | DeviceN of string array * t * Pdffun.t * Pdf.pdfobject

let rec string_of_colourspace = function
  | DeviceGray -> "/DeviceGray"
  | DeviceRGB -> "/DeviceRGB"
  | DeviceCMYK -> "/DeviceCMYK"
  | CalGray (_, _, _) -> "/CalGray"
  | CalRGB (_, _, _, _) -> "/CalRGB"
  | Lab (_, _, _) -> "/Lab"
  | ICCBased {icc_alternate = a} ->
      "ICC Based - alternate is " ^ string_of_colourspace a
  | Indexed (a, _) ->
      "Indexed - base is " ^ string_of_colourspace a
  | Pattern -> "/Pattern"
  | PatternWithBaseColourspace a ->
      "PatternWithBaseColourspace - base is " ^ string_of_colourspace a
  | Separation (_, a, _) ->
      "Separation - base is " ^ string_of_colourspace a
  | DeviceN (_, a, _, _) ->
      "DeviceN - base is " ^ string_of_colourspace a

let name_of_colourspace = function
  | Separation (x, _, _) -> Some x
  | _ -> None

(* Read a tristimulus point. *)
let read_point pdf d n =
  match Pdf.lookup_direct pdf n d with
  | Some (Pdf.Array [a; b; c]) ->
      Pdf.getnum a, Pdf.getnum b, Pdf.getnum c
  | _ ->
      0., 0., 0.

let rec get_basic_table_colourspace c =
  match c with
  | Indexed (alt, _)
  (* FIXME Not actually checked the following two are correct *)
  | DeviceN (_, alt, _, _)
  | Separation (_, alt, _)
  | ICCBased {icc_alternate = alt} -> get_basic_table_colourspace alt
  | x -> x

(* Read a colour space. Raises [Not_found] on error. *)
let rec read_colourspace_inner pdf resources = function
  | Pdf.Indirect i ->
      read_colourspace_inner pdf resources (Pdf.direct pdf (Pdf.Indirect i))
  | Pdf.Name ("/DeviceGray" | "/G") -> DeviceGray
  | Pdf.Name ("/DeviceRGB" | "/RGB") -> DeviceRGB
  | Pdf.Name ("/DeviceCMYK" | "/CMYK") -> DeviceCMYK
  | Pdf.Name "/Pattern" -> Pattern
  | Pdf.Array [Pdf.Name "/Pattern"; base_colspace] ->
      PatternWithBaseColourspace (read_colourspace_inner pdf resources base_colspace)
  | Pdf.Array [onething] -> read_colourspace_inner pdf resources onething (* [PDFTests/illus_effects.pdf] [[/Pattern]] *)
  | Pdf.Name space ->
      begin match Pdf.lookup_direct pdf "/ColorSpace" resources with
      | Some csdict ->
          begin match Pdf.lookup_direct pdf space csdict with
          | Some space' ->
              read_colourspace_inner pdf resources space'
          | None -> raise Not_found
          end
      | None -> raise Not_found
      end
  | Pdf.Array [Pdf.Name "/CalGray"; dict] ->
      let whitepoint = read_point pdf dict "/WhitePoint"
      in let blackpoint = read_point pdf dict "/BlackPoint"
      in let gamma =
        match Pdf.lookup_direct pdf "/Gamma" dict with
        | Some n -> Pdf.getnum n
        | None -> 1.
      in
        CalGray (whitepoint, blackpoint, gamma)
  | Pdf.Array [Pdf.Name "/CalRGB"; dict] ->
      let whitepoint = read_point pdf dict "/WhitePoint"
      in let blackpoint = read_point pdf dict "/BlackPoint"
      in let gamma =
        match Pdf.lookup_direct pdf "/Gamma" dict with
        | Some (Pdf.Array [a; b; c]) ->
            [|Pdf.getnum a; Pdf.getnum b; Pdf.getnum c|]
        | _ ->
            [|1.; 1.; 1.|]
      in let matrix =
        match Pdf.lookup_direct pdf "/Matrix" dict with
        | Some (Pdf.Array [a; b; c; d; e; f; g; h; i]) ->
            [|Pdf.getnum a; Pdf.getnum b; Pdf.getnum c;
              Pdf.getnum d; Pdf.getnum e; Pdf.getnum f;
              Pdf.getnum g; Pdf.getnum h; Pdf.getnum i|]
        | _ ->
            [|1.; 0.; 0.; 0.; 1.; 0.; 0.; 0.; 1.|]
      in
        CalRGB (whitepoint, blackpoint, gamma, matrix)
  | Pdf.Array [Pdf.Name "/Lab"; dict] ->
      let whitepoint = read_point pdf dict "/WhitePoint"
      in let blackpoint = read_point pdf dict "/BlackPoint"
      in let range =
        match Pdf.lookup_direct pdf "/Range" dict with
        | Some (Pdf.Array [a; b; c; d]) ->
            [|Pdf.getnum a; Pdf.getnum b; Pdf.getnum c; Pdf.getnum d|]
        | _ ->
            [|-.100.; 100.; -.100.; 100.|]
      in
        Lab (whitepoint, blackpoint, range)
  | Pdf.Array [Pdf.Name "/ICCBased"; stream] ->
      begin match Pdf.direct pdf stream with
      | Pdf.Stream {contents = (dict, _)} ->
          let n =
            match Pdf.lookup_direct pdf "/N" dict with
            | Some (Pdf.Integer n) ->
                if n = 1 || n = 3 || n = 4 then n else raise Not_found
            | _ -> raise Not_found
          in
            let alternate =
              match Pdf.lookup_direct pdf "/Alternate" dict with
              | Some cs -> read_colourspace_inner pdf resources cs
              | _ ->
                 match n with
                 | 1 -> DeviceGray
                 | 3 -> DeviceRGB
                 | 4 -> DeviceCMYK
                 | _ -> assert false
            in let range =
              match Pdf.lookup_direct pdf "/Range" dict with
              | Some (Pdf.Array elts) when length elts = 2 * n ->
                 Array.of_list (map Pdf.getnum elts)
              | _ ->
                 Array.of_list (flatten (many [0.; 1.] n))
            in let metadata =
              Pdf.lookup_direct pdf "/Metadata" dict
            in
              ICCBased
                {icc_n = n;
                 icc_alternate = alternate;
                 icc_range = range;
                 icc_metadata = metadata;
                 icc_stream = stream}
      | _ -> raise Not_found
      end
  | Pdf.Array [Pdf.Name ("/Indexed" | "/I"); bse; hival; lookup_data] ->
      let hival =
        match hival with
        | Pdf.Integer h -> h
        | _ -> raise (Pdf.PDFError "Bad /Hival")
      in let bse =
        read_colourspace_inner pdf resources bse
      in
        let mktable_rgb data =
          try
            let table = Hashtbl.create (hival + 1)
            in let i = Pdfio.input_of_bytes data in
              for x = 0 to hival do
                let r = i.input_byte () in
                let g = i.input_byte () in
                let b = i.input_byte () in
                  Hashtbl.add table x [r; g; b]
              done;
              table
          with _ -> raise (Pdf.PDFError "Pdfspace: bad table")
        in let mktable_cmyk data =
          try
            let table = Hashtbl.create (hival + 1)
            in let i = Pdfio.input_of_bytes data in
              for x = 0 to hival do
                let c = i.input_byte () in
                let m = i.input_byte () in
                let y = i.input_byte () in
                let k = i.input_byte () in
                  Hashtbl.add table x [c; m; y; k]
              done;
              table
          with _ -> raise (Pdf.PDFError "Pdfspace: bad table")
        in
          let table =
            begin match Pdf.direct pdf lookup_data with
            | (Pdf.Stream _) as stream ->
                Pdfcodec.decode_pdfstream pdf stream;
                begin match stream with
                | (Pdf.Stream {contents = (_, Pdf.Got data)}) ->
                    begin match get_basic_table_colourspace bse with
                    | DeviceCMYK -> mktable_cmyk data
                    | DeviceRGB | CalRGB _ | Lab _ -> mktable_rgb data
                    (* FIXME: We need to read all colourspaces here, except
                    Pattern and Index, which aren't allowed. I think this just
                    means grey - everything else is found through
                    get_basic_table_colourspace. *)
                    | Pattern | PatternWithBaseColourspace _ | Indexed (_, _) ->
                        raise (Pdf.PDFError "Disallowed base colourspace in index colourspace")
                    | _ -> raise (Pdf.PDFError "Unsupported base colourspace in index colourspace")
                    end
                | _ -> raise (Pdf.PDFError "Indexed/Inconsistent")
                end
            | Pdf.String s ->
                let data = mkbytes (String.length s) in
                  for x = 0 to bytes_size data - 1 do
                    bset data x (int_of_char s.[x])
                  done;
                  begin match get_basic_table_colourspace bse with
                  | DeviceRGB | CalRGB _ | Lab _ -> mktable_rgb data
                    (* FIXME: Same comment as above *)
                  | DeviceCMYK -> mktable_cmyk data
                  | Pattern | PatternWithBaseColourspace _ | Indexed (_, _) ->
                      raise (Pdf.PDFError "Disallowed base colourspace in index colourspace")
                  | _ -> raise (Pdf.PDFError "Unsupported base colourspace in index colourspace")
                  end
            | _ -> raise (Pdf.PDFError ("PDFSpace: unknown indexed colourspace"))
            end
          in
            Indexed (bse, table)
  | Pdf.Array [Pdf.Name "/Separation"; Pdf.Name name; alternate; tint] ->
      let alt_space =
        read_colourspace_inner pdf resources alternate
      in let tint_transform =
        Pdffun.parse_function pdf tint
      in
        Separation (name, alt_space, tint_transform)
  | Pdf.Array [Pdf.Name "/DeviceN"; Pdf.Array names; alternate; tint] ->
      let names =
        Array.of_list (map (function Pdf.Name s -> s | _ -> raise Not_found) names)
      in let alternate =
        read_colourspace_inner pdf resources alternate
      in let tint =
        Pdffun.parse_function pdf tint
      in
        DeviceN (names, alternate, tint, Pdf.Dictionary [])
  | Pdf.Array [Pdf.Name "/DeviceN"; Pdf.Array names; alternate; tint; attributes] ->
      let names =
        Array.of_list (map (function Pdf.Name s -> s | _ -> raise Not_found) names)
      in let alternate =
        read_colourspace_inner pdf resources alternate
      in let tint =
        Pdffun.parse_function pdf tint
      in
        DeviceN (names, alternate, tint, attributes)
  | _ -> raise Not_found
       
let read_colourspace pdf resources space =
  try
    read_colourspace_inner pdf resources space
  with
    e ->
      (*i Printf.printf "SPACE:\n";
      Printf.printf "%s\n" (Pdfwrite.string_of_pdf space);
      Printf.printf "RESOURCES:\n";
      Printf.printf "%s\n" (Pdfwrite.string_of_pdf resources);
      flprint "\n"; i*)
      raise e

(* Flatten a colourspace to pdf objects. Unfinished. *)
let write_colourspace (pdf : Pdf.t) = function
  | DeviceGray -> Pdf.Name "/DeviceGray"
  | DeviceRGB -> Pdf.Name "/DeviceRGB"
  | DeviceCMYK -> Pdf.Name "/DeviceCMYK"
  | _ -> Printf.eprintf "write_colourspace space not suppported\n"; Pdf.Null
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(** Colour Spaces *)

(** A Tristimulus Point *)
type point = float * float * float

(** ICC Based Colour Spaces *)
type iccbased =
 {icc_n : int;
  icc_alternate : t;
  icc_range : float array;
  icc_metadata : Pdf.pdfobject option;
  icc_stream : Pdf.pdfobject}

(** Colour spaces *)
and t =
  | DeviceGray
  | DeviceRGB
  | DeviceCMYK
  | CalGray of point * point * float (* White, Black, Gamma *)
  | CalRGB of point * point * float array * float array (* White, Black, Gamma, Matrix *)
  | Lab of point * point * float array (* White, Black, Range *)
  | ICCBased of iccbased
  | Indexed of t * (int, int list) Hashtbl.t (* Base colourspace, lookup table *)
  | Pattern
  | PatternWithBaseColourspace of t
  | Separation of string * t * Pdffun.t
  | DeviceN of string array * t * Pdffun.t * Pdf.pdfobject

(** Produce a debug string *)
val string_of_colourspace : t -> string

(** Read the name of a colour, if it has one. *)
val name_of_colourspace : t -> string option

(** Read a colourspace from a PDF given a document, page resources dictionary and the colourspace object *)
val read_colourspace : Pdf.t -> Pdf.pdfobject -> Pdf.pdfobject -> t

(** Write a colourspace to a PDF, returning it. *)
val write_colourspace : Pdf.t -> t -> Pdf.pdfobject
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(* The 14 Standard PDF Fonts (Widths and Kerns). *)
open Pdfutil

(* FIXME: We need to reintroduce kerning, and test in the prescense of different
 * encodings for textwidth here *)

let read_afm afm =
  let headers, ws, ks, ws' = Pdfafm.read (Pdfio.input_of_string afm) in
    hashtable_of_dictionary headers,
    hashtable_of_dictionary ws,
    hashtable_of_dictionary (map (fun (c, c', k) -> (c, c'), k) ks),
    hashtable_of_dictionary ws'

(* Main functions *)
let tables =
  [Pdftext.TimesRoman, memoize (fun () -> read_afm Pdfafmdata.times_roman_afm);
   Pdftext.TimesBold, memoize (fun () -> read_afm Pdfafmdata.times_bold_afm);
   Pdftext.TimesItalic, memoize (fun () -> read_afm Pdfafmdata.times_italic_afm);
   Pdftext.TimesBoldItalic, memoize (fun () -> read_afm Pdfafmdata.times_bold_italic_afm);
   Pdftext.Helvetica, memoize (fun () -> read_afm Pdfafmdata.helvetica_afm);
   Pdftext.HelveticaBold, memoize (fun () -> read_afm Pdfafmdata.helvetica_bold_afm);
   Pdftext.HelveticaOblique, memoize (fun () -> read_afm Pdfafmdata.helvetica_oblique_afm);
   Pdftext.HelveticaBoldOblique, memoize (fun () -> read_afm Pdfafmdata.helvetica_bold_oblique_afm);
   Pdftext.Courier, memoize (fun () -> read_afm Pdfafmdata.courier_afm);
   Pdftext.CourierBold, memoize (fun () -> read_afm Pdfafmdata.courier_bold_afm);
   Pdftext.CourierOblique, memoize (fun () -> read_afm Pdfafmdata.courier_oblique_afm);
   Pdftext.CourierBoldOblique, memoize (fun () -> read_afm Pdfafmdata.courier_bold_oblique_afm);
   Pdftext.Symbol, memoize (fun () -> read_afm Pdfafmdata.symbol_afm);
   Pdftext.ZapfDingbats, memoize (fun () -> read_afm Pdfafmdata.zapf_dingbats_afm)]

(* The height of a capital H divided by 2. Allows the text to be placed
vertically aligned with its middle rather than baseline *)
let baseline_adjustment = function
  | Pdftext.TimesRoman -> 662 / 2
  | Pdftext.TimesBold -> 676 / 2
  | Pdftext.TimesItalic -> 653 / 2
  | Pdftext.TimesBoldItalic -> 669 / 2
  | Pdftext.Helvetica -> 718 / 2
  | Pdftext.HelveticaBold -> 718 / 2
  | Pdftext.HelveticaOblique -> 718 / 2
  | Pdftext.HelveticaBoldOblique -> 718 / 2
  | Pdftext.Courier -> 562 / 2
  | Pdftext.CourierBold -> 562 / 2
  | Pdftext.CourierOblique -> 562 / 2
  | Pdftext.CourierBoldOblique -> 562 / 2
  | Pdftext.Symbol -> 673 / 2 (* Based on left paren, not H, since no CapHeight in afm file. *)
  | Pdftext.ZapfDingbats -> 705 / 2 (* Based on majority of characters, not H, since no CapHeight in afm file, *)

(* Calculate the width of a list of characters, taking account of kerning. *)
let find_kern kerns key =
  match tryfind kerns key with Some x -> x | None -> 0

(* Take character code --> character name --> width *)
let find_width widths charname_to_width encoding h =
  match encoding with
  | Pdftext.ImplicitInFontFile ->
      begin match tryfind widths h with Some x -> x | None -> 0 end
  | encoding ->
      let charname =
        match tryfind (Pdftext.table_of_encoding encoding) h with
          Some x -> x
        | None -> "/space" (* Really, a failure *)
      in
      match tryfind charname_to_width (implode (List.tl (explode charname))) with
        Some x -> x
      | None -> 0 (* Really, a failure *)

let rec width dokern widths charname_to_width encoding kerns = function
  | [] -> 0
  | [h] -> find_width widths charname_to_width encoding h
  | h::h'::t ->
      find_width widths charname_to_width encoding h +
      (if dokern then find_kern kerns (h, h') else 0) +
      width dokern widths charname_to_width encoding kerns (h'::t)

(* The main function. Give a font and the text string. *)
let textwidth dokern encoding f s =
  let _, widths, kerns, charname_to_width = lookup_failnull f tables () in
  width dokern widths charname_to_width encoding kerns (map int_of_char (explode s))

(* Return the AFM table data itself *)
let afm_data f =
  lookup_failnull f tables ()

(* StemV *)
let stemv_of_standard_font = function
    Pdftext.TimesRoman -> 116
  | Pdftext.TimesBold -> 122
  | Pdftext.TimesItalic -> 105
  | Pdftext.TimesBoldItalic -> 108
  | Pdftext.Helvetica -> 114
  | Pdftext.HelveticaBold -> 123
  | Pdftext.HelveticaOblique -> 127
  | Pdftext.HelveticaBoldOblique -> 136
  | Pdftext.Courier -> 88
  | Pdftext.CourierBold -> 93
  | Pdftext.CourierOblique -> 100
  | Pdftext.CourierBoldOblique -> 104
  | Pdftext.Symbol -> 0
  | Pdftext.ZapfDingbats -> 125

(* Flags *)
let flags_of_standard_font = function
    Pdftext.Symbol -> 65541
  | Pdftext.ZapfDingbats -> 4
  | Pdftext.Courier
  | Pdftext.CourierBold
  | Pdftext.CourierOblique
  | Pdftext.CourierBoldOblique -> 33
  | _ -> 32
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(** Standard PDF Fonts *)

(** Calculate the width, in millipoints, of a string in the given font, taking
into account kerning if the first argument is true. *)
val textwidth : bool -> Pdftext.encoding -> Pdftext.standard_font -> string -> int

(** The appropriate amount to subtract from the y-coordinate of a 1pt text line
to place it vertically centered around the y coordinate, rather than with the
baseline at that y coordinate. *)
val baseline_adjustment : Pdftext.standard_font -> int

(** The data extracted from the font AFM. This is a 4-tuple, consisting of a
table of header pairs, a table of (character number, width) pairs, a table
of (first, second, kern) triples representing the kerning table and a table
of (character name, width) pairs.  The last table is useful for character which
are identified with a custom encoding and which might not be assigned a number
in the standard encoding. *)
val afm_data :
  Pdftext.standard_font ->
    (string, string) Hashtbl.t * (int, int) Hashtbl.t * (int * int, int) Hashtbl.t * (string, int) Hashtbl.t

(** Return a suitable StemV value for a standard font *)
val stemv_of_standard_font : Pdftext.standard_font -> int

(** Return a suitable flags value for a standard font *)
val flags_of_standard_font : Pdftext.standard_font -> int
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(* \chaptertitle{PDFText}{Reading and writing text} *)
open Pdfutil
open Pdfio

(* \section{Data type for fonts} *)

(* Type 3 Specific Glyph Data *)
type type3_glpyhs =
  {fontbbox : float * float * float * float;
   fontmatrix : Pdftransform.transform_matrix;
   charprocs : (string * Pdf.pdfobject) list;
   type3_resources : Pdf.pdfobject}

(* A font is either one of the standard 14 fonts, a simple font, or.. *)
type simple_fonttype =
  | Type1
  | MMType1
  | Type3 of type3_glpyhs
  | Truetype

type fontmetrics = float array (*r widths of glyphs 0..255 *)

(* The fontfile is an indirect reference into the document, rather than a
PDFobject itself. This preserves polymorphic equality (a pdfobject can contain
functional values *)
type fontfile =
  | FontFile of int
  | FontFile2 of int
  | FontFile3 of int

type fontdescriptor =
  {ascent : float;
   descent : float;
   leading : float;
   avgwidth : float;
   maxwidth : float;
   fontfile : fontfile option}

type differences = (string * int) list

type encoding =
  | ImplicitInFontFile
  | StandardEncoding
  | MacRomanEncoding
  | WinAnsiEncoding
  | MacExpertEncoding
  | CustomEncoding of encoding * differences
  | FillUndefinedWithStandard of encoding

type simple_font =
  {fonttype : simple_fonttype;
   basefont : string;
   fontmetrics : fontmetrics option;
   fontdescriptor : fontdescriptor option;
   encoding : encoding}

type standard_font =
  | TimesRoman
  | TimesBold
  | TimesItalic
  | TimesBoldItalic
  | Helvetica
  | HelveticaBold
  | HelveticaOblique
  | HelveticaBoldOblique
  | Courier
  | CourierBold
  | CourierOblique
  | CourierBoldOblique
  | Symbol
  | ZapfDingbats

let string_of_standard_font = function
  | TimesRoman -> "Times-Roman"
  | TimesBold -> "Times-Bold"
  | TimesItalic -> "Times-Italic"
  | TimesBoldItalic -> "Times-BoldItalic"
  | Helvetica -> "Helvetica"
  | HelveticaBold -> "Helvetica-Bold"
  | HelveticaOblique -> "Helvetica-Oblique"
  | HelveticaBoldOblique -> "Helvetica-BoldOblique"
  | Courier -> "Courier"
  | CourierBold -> "Courier-Bold"
  | CourierOblique -> "Courier-Oblique"
  | CourierBoldOblique -> "Courier-BoldOblique"
  | Symbol -> "Symbol"
  | ZapfDingbats -> "ZapfDingbats"
  
type cid_system_info =
  {registry : string;
   ordering : string;
   supplement : int}

type composite_CIDfont =
  {cid_system_info : cid_system_info;
   cid_basefont : string;
   cid_fontdescriptor : fontdescriptor;
   cid_widths : (int * float) list;
   cid_default_width : int}

type cmap_encoding =
  | Predefined of string
  | CMap of int (* indirect reference to CMap stream *)

type font =
  | StandardFont of standard_font * encoding
  | SimpleFont of simple_font
  | CIDKeyedFont of string * composite_CIDfont * cmap_encoding (* string is top-level basefont *)

(* For Debug *)
let string_of_fonttype = function
  | Type1 -> "Type 1"
  | MMType1 -> "MM Type 1"
  | Type3 {charprocs = charprocs} ->
      "Type 3: charprocs for" ^
      fold_left ( ^ ) "" (map (function (s, _) -> s) charprocs)
  | Truetype -> "Truetype" 

let rec string_of_encoding = function
  | ImplicitInFontFile -> "ImplicitInFontFile"
  | StandardEncoding -> "StandardEncoding"
  | MacRomanEncoding -> "MacRomanEncoding"
  | WinAnsiEncoding -> "WinAnsiEncoding"
  | MacExpertEncoding -> "MacExpertEncoding"
  | CustomEncoding (enc, diff) ->
      Printf.sprintf
        "CustomEncoding with base %s and differences %s"
        (string_of_encoding enc)
        (fold_left ( ^ ) "" (map (function (name, code) -> Printf.sprintf "%i -> %s, " code name) diff))
  | FillUndefinedWithStandard enc ->
      Printf.sprintf "FillUndefinedWithStandard %s" (string_of_encoding enc)

let string_of_simple_font font =
  "fonttype = " ^ string_of_fonttype font.fonttype ^ "\n" ^
  "basefont " ^ font.basefont ^ "\n" ^
  "encoding is " ^ string_of_encoding font.encoding ^ "\n"

let string_of_font = function
  | StandardFont (s, _) -> "StandardFont " ^ string_of_standard_font s
  | SimpleFont s -> "SimpleFont " ^ string_of_simple_font s
  | CIDKeyedFont (s, _, _) -> "CIDKeyedFont " ^ s

let read_type3_data pdf font =
  {fontbbox =
     (let obj = Pdf.lookup_fail "No fontbbox" pdf "/FontBBox" font in
       Pdf.parse_rectangle obj);
   fontmatrix =
     Pdf.parse_matrix pdf "/FontMatrix" font;
   charprocs = 
     (match Pdf.lookup_fail "Bad Charprocs" pdf "/CharProcs" font with
      | Pdf.Dictionary l -> l
      | _ -> raise (Pdf.PDFError "Bad charprocs")); 
   type3_resources =
     (match Pdf.lookup_direct pdf "/Resources" font with
      | None -> Pdf.Dictionary []
      | Some d -> d)}

let simple_fonttype_of_string pdf font = function
  | "/Type1" -> Some Type1
  | "/MMType1" -> Some MMType1
  | "/Type3" ->
      Some (Type3 (read_type3_data pdf font))
  | "/TrueType" -> Some Truetype
  | _ -> None

let read_basefont pdf font =
  match Pdf.lookup_direct pdf "/BaseFont" font with
  | Some (Pdf.Name n) -> n
  | _ -> ""

let read_fontdescriptor pdf font =
  match Pdf.lookup_direct pdf "/FontDescriptor" font with
  | None -> None
  | Some fontdescriptor ->
      let ascent =
        match Pdf.lookup_direct pdf "/Ascent" fontdescriptor with
        | Some x -> Pdf.getnum x
        | None -> 0.
      in let descent =
        match Pdf.lookup_direct pdf "/Descent" fontdescriptor with
        | Some x -> Pdf.getnum x
        | None -> 0.
      in let leading =
        match Pdf.lookup_direct pdf "/Leading" fontdescriptor with
        | Some x -> Pdf.getnum x
        | None -> 0.
      in let avgwidth =
        match Pdf.lookup_direct pdf "/AvgWidth" fontdescriptor with
        | Some x -> Pdf.getnum x
        | None -> 0.
      in let maxwidth =
        match Pdf.lookup_direct pdf "/MaxWidth" fontdescriptor with
        | Some x -> Pdf.getnum x
        | None -> 0.
      in let fontfile =
        match Pdf.find_indirect "/FontFile" fontdescriptor with
        | Some i -> Some (FontFile i)
        | None ->
            match Pdf.find_indirect "/FontFile2" fontdescriptor with
            | Some i -> Some (FontFile2 i)
            | None ->
                match Pdf.find_indirect "/FontFile3" fontdescriptor with
                | Some i -> Some (FontFile3 i)
                | None -> None
      in
        Some
          {ascent = ascent;
           descent = descent;
           leading = leading;
           avgwidth = avgwidth;
           maxwidth = maxwidth;
           fontfile = fontfile}

(* Read the widths from a font. Normally in the font descriptor, but in Type3
fonts at the top level. *)
let read_metrics pdf font =
  let fontdescriptor =
    match Pdf.lookup_direct pdf "/Subtype" font with
    | Some (Pdf.Name "/Type3") -> Some font
    | _ -> Pdf.lookup_direct pdf "/FontDescriptor" font
  in
    match fontdescriptor with
    | None -> None
    | Some fontdescriptor ->
        let firstchar =
          match Pdf.lookup_direct pdf "/FirstChar" font with
          | Some (Pdf.Integer i) ->
              if i <= 255 && i >= 0 then i else
                raise (Pdf.PDFError "Bad /Firstchar")
          | _ -> raise (Pdf.PDFError "No /FirstChar")
        in let lastchar =
          match Pdf.lookup_direct pdf "/LastChar" font with
          | Some (Pdf.Integer i) ->
              if i <= 255 && i >= 0 then i else
                raise (Pdf.PDFError "Bad /Lastchar")
          | _ -> raise (Pdf.PDFError "No /LastChar")
        in let missingwidth =
          match Pdf.lookup_direct pdf "/MissingWidth" fontdescriptor with
          | Some (Pdf.Integer w) -> float w
          | Some (Pdf.Real w) -> w
          | _ -> 0.
        in
          let elts =
            match Pdf.lookup_direct pdf "/Widths" font with
            | Some (Pdf.Array elts) -> elts
            | _ -> raise (Pdf.PDFError "No /Widths")
          in
            if length elts <> lastchar - firstchar + 1
              then raise (Pdf.PDFError "Bad /Widths")
              else
                let before =
                  many missingwidth firstchar
                in let given =
                  map
                    (fun elt ->
                       match Pdf.direct pdf elt with
                       | Pdf.Integer i -> float i
                       | Pdf.Real f -> f
                       | _ -> raise (Pdf.PDFError "Bad /Width entry"))
                    elts
                in let after =
                  many missingwidth (255 - lastchar)
                in
                  Some (Array.of_list (before @ given @ after))

(* Parse a /Differences entry to get a list of (name, number) pairs *)
let pairs_of_differences pdf differences =
  let rec groups_of_differences prev elts =
    match elts with
    | [] -> prev
    | Pdf.Integer n::rest ->
        let stripname = function Pdf.Name n -> n | _ -> assert false in
          let names, more =
            cleavewhile (function Pdf.Name _ -> true | _ -> false) rest
          in
            groups_of_differences ((n, map stripname names)::prev) more
    | _ -> raise (Pdf.PDFError "Malformed /Differences")
  and mappings_of_group (x, es) =
    let additions = ilist 0 (length es - 1) in
      map2 (fun e a -> (x + a, e)) es additions
  in
    match differences with
    | Pdf.Array elts ->
        let direct_elements = map (Pdf.direct pdf) elts in
          let groups = groups_of_differences [] direct_elements in
            map
             (fun (k, v) -> (v, k))
             (flatten (map mappings_of_group groups))
    | _ -> raise (Pdf.PDFError "Bad /Differences")

let standard_font_of_name = function
  | "/Times-Roman" | "/TimesNewRoman" -> Some TimesRoman
  | "/Times-Bold" | "/TimesNewRoman,Bold" -> Some TimesBold
  | "/Times-Italic" | "/TimesNewRoman,Italic" -> Some TimesItalic
  | "/Times-BoldItalic" | "/TimesNewRoman,BoldItalic" -> Some TimesBoldItalic
  | "/Helvetica" | "/Arial" -> Some Helvetica
  | "/Helvetica-Bold" | "/Arial,Bold" -> Some HelveticaBold
  | "/Helvetica-Oblique" | "/Arial,Italic" -> Some HelveticaOblique
  | "/Helvetica-BoldOblique" | "/Arial,BoldItalic" -> Some HelveticaBoldOblique
  | "/Courier" | "/CourierNew" -> Some Courier
  | "/Courier-Bold" | "/CourierNew,Bold" -> Some CourierBold
  | "/Courier-Oblique" | "/CourierNew,Italic" -> Some CourierOblique
  | "/Courier-BoldOblique" | "/CourierNew,BoldItalic" -> Some CourierBoldOblique
  | "/Symbol" -> Some Symbol
  | "/ZapfDingbats" -> Some ZapfDingbats
  | _ -> None

(* Predicate: is it a standard 14 font? If it's been overriden (contains widths
etc, we treat it as a simple font. *)
let is_standard14font pdf font =
  match Pdf.lookup_direct pdf "/Subtype" font with
  | Some (Pdf.Name "/Type1") ->
      begin match Pdf.lookup_direct pdf "/BaseFont" font with
      | Some (Pdf.Name name) ->
          begin match standard_font_of_name name with
          | None -> false
          | Some _ ->
              (* Check to see if it's been overriden *)
              match Pdf.lookup_direct pdf "/Widths" font with
              | None -> true
              | _ -> false
          end
      | _ -> false
      end
  | _ -> false

(* Is a font embedded in the document? *)
let is_embedded pdf font =
  match Pdf.lookup_direct pdf "/FontDescriptor" font with
  | None -> false
  | Some fontdescriptor ->
      match
        Pdf.lookup_direct_orelse pdf "/FontFile" "/FontFile2" fontdescriptor
      with
      | Some _ -> true
      | None ->
          match Pdf.lookup_direct pdf "/FontFile3" fontdescriptor with
          | Some _ -> true
          | None -> false

(* Is a font symbolic? (Doesn't deal with standard 14 Zapf and Symbol) *)
let is_symbolic pdf font =
  match Pdf.lookup_direct pdf "/FontDescriptor" font with
  | None -> false
  | Some fontdescriptor ->
      match Pdf.lookup_direct pdf "/Flags" fontdescriptor with
      | Some (Pdf.Integer flags) -> flags land (1 lsl 3) > 0
      | _ -> raise (Pdf.PDFError "No /Flags in font descriptor")

(* For now, not for truetype fonts: add pg 399-401 later. Need to clarify what
happens if a standard-14 font is overriden. *)
let read_encoding pdf font =
  match Pdf.lookup_direct pdf "/Encoding" font with
  | Some (Pdf.Name "/MacRomanEncoding") -> MacRomanEncoding
  | Some (Pdf.Name "/MacExpertEncoding") -> MacExpertEncoding
  | Some (Pdf.Name "/WinAnsiEncoding") -> WinAnsiEncoding
  | Some (Pdf.Dictionary _ as encdict) ->
      begin match Pdf.lookup_direct pdf "/Subtype" font with
      | Some
          (Pdf.Name (("/Type1" | "/MMType1" | "/Type3" | "/TrueType") as fonttype))
        ->
          let encoding =
            let base_encoding =
              match Pdf.lookup_direct pdf "/BaseEncoding" encdict with
              | Some (Pdf.Name "/MacRomanEncoding") -> MacRomanEncoding
              | Some (Pdf.Name "/MacExpertEncoding") -> MacExpertEncoding
              | Some (Pdf.Name "/WinAnsiEncoding") -> WinAnsiEncoding
              | None ->
                  if is_embedded pdf font
                  then ImplicitInFontFile
                    else if is_symbolic pdf font
                      then ImplicitInFontFile
                      else StandardEncoding
              | _ -> raise (Pdf.PDFError "unknown /BaseEncoding")
            in
              begin match Pdf.lookup_direct pdf "/Differences" encdict with
              | Some differences ->
                  CustomEncoding
                    (base_encoding, pairs_of_differences pdf differences)
              | _ -> base_encoding
              end
          in
            if fonttype = "/Truetype"
              then FillUndefinedWithStandard encoding
              else encoding
      | _ -> raise (Pdf.PDFError "Bad font /Subtype")
      end
  | _ -> ImplicitInFontFile

let read_simple_font pdf font =
  match Pdf.lookup_direct pdf "/Subtype" font with
  | Some (Pdf.Name n) ->
      begin match simple_fonttype_of_string pdf font n with
      | Some fonttype ->
          let fontdescriptor = read_fontdescriptor pdf font in
            SimpleFont
              {fonttype = fonttype;
               basefont = read_basefont pdf font;
               fontmetrics = read_metrics pdf font;
               fontdescriptor = fontdescriptor;
               encoding = read_encoding pdf font}
      | None -> raise (Pdf.PDFError "Not a simple font")
      end
  | _ -> raise (Pdf.PDFError "No font /Subtype")

(* Read a base 14 font *)
let read_standard14font pdf font =
  match Pdf.lookup_direct pdf "/BaseFont" font with
  | Some (Pdf.Name name) ->
      begin match standard_font_of_name name with
      | None -> raise (Pdf.PDFError "Not a base 14 font")
      | Some f -> StandardFont (f, read_encoding pdf font)
      end
  | _ -> raise (Pdf.PDFError "Bad base 14 font")

(* Predicate: is it a simple font, assuming it's not a standard 14 font. *)
let is_simple_font pdf font =
  match Pdf.lookup_direct pdf "/Subtype" font with
  | Some (Pdf.Name ("/Type1" | "/MMType1" | "/Type3" | "/TrueType")) -> true
  | _ -> false

(* Predicate: is it a CIDKeyed font? *)
let is_cidkeyed_font pdf font =
  match Pdf.lookup_direct pdf "/Subtype" font with
  | Some (Pdf.Name "/Type0") -> true
  | _ -> false

(* Read a CID system info dictionary *)
let read_cid_system_info pdf dict =
  {registry =
     begin match Pdf.lookup_direct pdf "/Registry" dict with
     | Some (Pdf.String s) -> s
     | _ -> raise (Pdf.PDFError "No /Registry")
     end;
   ordering =
     begin match Pdf.lookup_direct pdf "/Ordering" dict with
     | Some (Pdf.String s) -> s
     | _ -> raise (Pdf.PDFError "No /Ordering")
     end;
   supplement =
     begin match Pdf.lookup_direct pdf "/Supplement" dict with
     | Some (Pdf.Integer i) -> i
     | _ -> raise (Pdf.PDFError "No /Supplement")
     end}

(* This returns the explicit pairs, which need to be combined
with the default value to look a width up. *)
let rec read_cid_widths = function
  | Pdf.Integer c::Pdf.Array ws::more ->
      let nums =
        map
          (function
           | Pdf.Integer i -> float i
           | Pdf.Real r -> r
           | _ -> raise (Pdf.PDFError "Bad /W array"))
        ws
      in
        combine (indxn c nums) nums @ read_cid_widths more
  | Pdf.Integer c_first::Pdf.Integer c_last::w::more ->
      let w =
        match w with
        | Pdf.Integer i -> float i
        | Pdf.Real r -> r
        | _ -> raise (Pdf.PDFError "Bad /W array")
      in
        if c_last < c_first
          then raise (Pdf.PDFError "Bad /W array")
          else
            let pairs =
              combine
                (ilist c_first c_last)
                (many w (c_last - c_first + 1))
            in
              pairs @ read_cid_widths more
  | [] -> []
  | _ -> raise (Pdf.PDFError "Malformed /W in CIDfont")

(* Read a composite CID font *)
(* FIXME: Doesn't support vertical modes (DW2 / W2) *)
let read_descendant pdf dict =
  let cid_system_info =
    match Pdf.lookup_direct pdf "/CIDSystemInfo" dict with
    | Some cid_dict -> read_cid_system_info pdf cid_dict
    | None -> raise (Pdf.PDFError "No CIDSystemInfo")
  in let cid_basefont =
    match Pdf.lookup_direct pdf "/BaseFont" dict with
    | Some (Pdf.Name n) -> n
    | _ -> raise (Pdf.PDFError "No /BaseFont")
  in let cid_fontdescriptor =
    match read_fontdescriptor pdf dict with
    | Some f -> f
    | None -> raise (Pdf.PDFError "No FontDescriptor in CIDkeyed font")
  in let cid_widths =
    match Pdf.lookup_direct pdf "/W" dict with
    | Some (Pdf.Array ws) -> read_cid_widths ws
    | _ -> []
  in let default_width =
    match Pdf.lookup_direct pdf "/DW" dict with
    | Some (Pdf.Integer d) -> d
    | _ -> 1000
  in
    {cid_system_info = cid_system_info;
     cid_basefont = cid_basefont;
     cid_fontdescriptor = cid_fontdescriptor;
     cid_widths = cid_widths;
     cid_default_width = default_width}

(* Read a CIDKeyed (Type 0) font *)
let read_cidkeyed_font pdf font =
  let basefont =
    match Pdf.lookup_direct pdf "/BaseFont" font with
    | Some (Pdf.Name b) -> b
    | _ -> raise (Pdf.PDFError "Bad /BaseFont")
  in let composite_CIDfont =
    match Pdf.lookup_direct pdf "/DescendantFonts" font with
    | Some (Pdf.Array [e]) ->
        read_descendant pdf (Pdf.direct pdf e)
    | _ -> raise (Pdf.PDFError "Bad descendant font")
  in let encoding =
    match Pdf.lookup_direct pdf "/Encoding" font with
    | Some (Pdf.Name e) -> Predefined e
    | Some (Pdf.Stream _) ->
        begin match Pdf.find_indirect "/Encoding" font with
        | Some n -> CMap n
        | None -> raise (Pdf.PDFError "malformed /Encoding")
        end
    | _ -> raise (Pdf.PDFError "malformed or missing /Encoding")
  in
    CIDKeyedFont (basefont, composite_CIDfont, encoding)

(* Reads a font *)
let read_font pdf fontdict =
  if is_standard14font pdf fontdict
    then read_standard14font pdf fontdict
    else if is_simple_font pdf fontdict
      then read_simple_font pdf fontdict
      else if is_cidkeyed_font pdf fontdict
        then read_cidkeyed_font pdf fontdict
        else raise (Pdf.PDFError "Unknown font type")

(* Write a font. Currently only works for our own special Type 3 fonts
generated by the Pdfcff module, but eventually, when we support font embedding,
it'll work for lots of kinds. *)
let write_encoding pdf = function
  | CustomEncoding (ImplicitInFontFile, diffs) ->
      let diffarray =
        Pdf.Array
          (flatten (map (function (name, number) -> [Pdf.Integer number; Pdf.Name name]) diffs))
      in
        let encodingdict =
          Pdf.Dictionary
            [("/Type", Pdf.Name "/Encoding");
             ("/Differences", diffarray)]
        in
          Pdf.addobj pdf encodingdict
  | _ -> raise (Pdf.PDFError "write_encoding: not supported")
 
let write_font pdf = function
  | SimpleFont
      {fonttype = Type3
         {fontbbox = fontbbox;
          fontmatrix = fontmatrix;
          charprocs = charprocs};
       encoding = encoding;
       fontdescriptor = Some fontdescriptor} ->
        let encoding_entry =
          match encoding with
          | ImplicitInFontFile -> []
          | _ -> [("/Encoding", Pdf.Indirect (write_encoding pdf encoding))]
        in
          let dict =
            Pdf.Dictionary
              ([("/Type", Pdf.Name "/Font");
               ("/Subtype", Pdf.Name "/Type3");
               ("/FontBBox", Pdf.Array [Pdf.Real 0.; Pdf.Real 0.; Pdf.Real 0.; Pdf.Real 0.]);
               ("/FontMatrix", Pdf.Array [Pdf.Real 0.; Pdf.Real 0.; Pdf.Real 0.; Pdf.Real 0.; Pdf.Real 0.; Pdf.Real 0.]);
               ("/CharProcs", Pdf.Dictionary (map (fun (s, _) -> (s, Pdf.Null)) charprocs));
               ("/FirstChar", Pdf.Integer 0);
               ("/LastChar", Pdf.Integer 0);
               ("/Widths", Pdf.Array [Pdf.Real 0.])] @ encoding_entry)
          in
            Pdf.addobj pdf dict
  | _ -> raise (Pdf.PDFError "write_font only supports type 3 fonts")

(* \section{Font encodings} *)

(* Parse a /ToUnicode CMap to extract font mapping. *)
type section =
  | BfChar of char list
  | BfRange of char list

let rec getuntilend prev = function
  | [] -> rev prev, []
  | 'e'::'n'::'d'::'b'::'f'::'c'::'h'::'a'::'r'::more -> rev prev, more
  | h::t -> getuntilend (h::prev) t

let rec getuntilend_range prev = function
  | [] -> rev prev, []
  | 'e'::'n'::'d'::'b'::'f'::'r'::'a'::'n'::'g'::'e'::more -> rev prev, more
  | h::t -> getuntilend_range (h::prev) t

let rec get_section = function
  | [] -> None
  | 'b'::'e'::'g'::'i'::'n'::'b'::'f'::'c'::'h'::'a'::'r'::more ->
      let numbers, rest = getuntilend [] more in
        Some (BfChar numbers, rest)
  | 'b'::'e'::'g'::'i'::'n'::'b'::'f'::'r'::'a'::'n'::'g'::'e'::more ->
      let numbers, rest = getuntilend_range [] more in
        Some (BfRange numbers, rest)
  | _::t -> get_section t

(* Read a character code. *)
let rec read_number = function
  | x::more when Pdf.is_whitespace x -> read_number more
  | '<'::a::'>'::more ->
      int_of_string (implode ['0'; 'x'; a]), more
  | '<'::a::b::'>'::more ->
      int_of_string (implode ['0'; 'x'; a; b]), more
  | '<'::a::b::c::'>'::more ->
      int_of_string (implode ['0'; 'x'; a; b; c]), more
  | '<'::a::b::c::d::'>'::more ->
      int_of_string (implode ['0'; 'x'; a; b; c; d]), more
  | [] -> raise Not_found
  | _ -> raise (Pdf.PDFError "Unknown number in /ToUnicode")

(* Read the bytes of the UTF-16BE unicode sequence as a string. *)
let fail () =
  raise (Pdf.PDFError "Bad unicode value")

let rec read_unicode = function
  | x::rest when Pdf.is_whitespace x -> read_unicode rest
  | '<'::rest ->
      let chars, rest  = cleavewhile (neq '>') rest in
        let is_hex_digit = function
          | x when (x >= '0' && x <= '9') || (x >= 'a' && x <= 'f') || (x >= 'A' && x <= 'F') -> true
          | _ -> false
        in
          iter
            (fun x -> if not (is_hex_digit x) then fail ())
            chars;
          if length chars > 0 && even (length chars) then
            let bytes =
              map
                (function
                  | [x; y] -> char_of_int (int_of_string (implode ['0'; 'x'; x; y]))
                  | _ -> assert false)
                (splitinto 2 chars)
            in
              let rest' =
                match rest with
                | [] -> []
                | _ -> tl rest
              in
                implode bytes, rest'
          else
            fail ()
  | _ -> fail ()

let rec get_sections chars =
  match get_section chars with
  | None -> []
  | Some (sec, restchars) ->
      sec::get_sections restchars

let pairs_of_section = function
  | BfChar numbers ->
      let results = ref []
      in let numbers = ref numbers in
        begin try
          while true do
            let number, rest = read_number !numbers in
              let str, rest = read_unicode rest in
                numbers := rest;
                results =| (number, str)
          done;
          []
        with
          Not_found -> rev !results
        end
  | BfRange numbers ->
      let results = ref []
      in let numbers = ref numbers in
        begin try
          while true do
            let src1, rest  = read_number !numbers in
              let src2, rest  = read_number rest in
                if src1 > src2 then raise (Pdf.PDFError "Bad /ToUnicode") else
                  match rest with
                  | '<'::_ ->
                      (* It's a single unicode string *)
                      let increment_final code d =
                        match code with
                        | "" -> ""
                        | s ->
                            let chars = rev (explode s) in
                              implode ((rev (tl chars)) @
                              [char_of_int (int_of_char (hd chars) + d)])
                      in
                        let code, rest = read_unicode rest in
                          results =@
                            rev
                              (combine
                                (ilist src1 src2)
                                (map (increment_final code) (ilist 0 (src2 - src1))));
                          numbers := rest
                  | '['::rest ->
                      (* It's several. *)
                      let rest = ref rest in
                        results =@
                          combine
                            (ilist src1 src2)
                            (map
                              (fun _ ->
                                 let num, rest' = read_unicode !rest in
                                   rest := rest';
                                   num)
                              (ilist 0 (src2 - src1)));
                      rest := (match !rest with [] -> [] | x -> tl x);
                      numbers := !rest
                  | _ -> raise (Pdf.PDFError "Bad BfRange")
          done;
          []
        with
          Not_found -> rev !results
        end

let rec parse_tounicode pdf tounicode =
  match tounicode with
  | Pdf.Stream {contents = (dict, Pdf.Got data)} ->
      Pdfcodec.decode_pdfstream pdf tounicode;
      begin match tounicode with
      | Pdf.Stream {contents = (dict, Pdf.Got data)} ->
          begin try
            flatten
              (map pairs_of_section
                (get_sections
                   (lose Pdf.is_whitespace (charlist_of_bytes data))))
          with
            e -> Printf.eprintf "/ToUnicode Parse Error : %s\n" (Printexc.to_string e); []
          end
      | _ -> assert false
      end
  | Pdf.Stream {contents = (_, Pdf.ToGet _)} ->
      Pdf.getstream tounicode;
      parse_tounicode pdf tounicode
  | e -> raise (Pdf.PDFError (Printf.sprintf "Bad /ToUnicode %s" (Pdfwrite.string_of_pdf e)))

(* Extracting of Text *)

(* A text extractor takes a character and returns a decoded PDF codepoint, a
glyphname, and a list of unicode codepoints. This may have to be extended
when we deal with composite fonts. *)
type text_extractor =
  {convert: int -> string * int list; (* Glyph name, List of unicode codepoints *)
   font: font}

(* Encode utf16be *)
let utf16be_of_codepoint u =
  if u < 0 || u > 0x10FFFF then
    raise (Invalid_argument "utf16be_of_codepoints")
  else
    (* Two bytes, bottom one first *)
    let bytes_of_double x = [x lsr 8; x land 255] in
      if u < 0x10000 then bytes_of_double u else
        let u' = u - 0x10000
        in let w1 = 0xD800
        in let w2 = 0xDC00 in
          let w1 = w1 lor (u' lsr 10)
          in let w2 = w2 lor (u' land 0b1111111111) in
            bytes_of_double w1 @ bytes_of_double w2

let utf16be_of_codepoints l =
  implode (['\254'; '\255'] @ map char_of_int (flatten (map utf16be_of_codepoint l)))

(* Return a list of codepoints from a UTF-16BE string. See RFC2871 *)
let fail2 () =
  raise (Invalid_argument "codepoints_of_utf16be")

let rec codepoints_of_utf16be_inner prev = function
  | [] -> rev prev
  | [w1] -> fail2 ()
  | [w1a; w1b] ->
      let w1 = (w1a lsl 8) lor w1b in
        if w1 < 0xD800 || w1 > 0xDFFF then
          codepoints_of_utf16be_inner (w1::prev) []
        else
          fail2 ()
  | [_; _; _] -> fail2 ()
  | w1a::w1b::w2a::w2b::more ->
      let w1 = (w1a lsl 8) lor w1b in
        if w1 < 0xD800 || w1 > 0xDFFF then
          codepoints_of_utf16be_inner (w1::prev) (w2a::w2b::more)
        else
          if w1 >= 0xD800 && w1 <= 0xDBFF then
            let w2 = (w2a lsl 8) lor w2b in
              if w2 >= 0xDC00 && w2 <= 0xDFFF then
                let ho = w1 land 0b1111111111
                in let lo = w2 lsr 6 in
                  codepoints_of_utf16be_inner
                    ((((ho lsl 10) lor lo) + 0x10000)::prev) more
              else
                fail2 ()
          else
            fail2 ()

let codepoints_of_utf16be str =
  codepoints_of_utf16be_inner [] (map int_of_char (explode str))

(* Build a hashtable for lookups based on an encoding *)
let rec add_encoding addvals = function
  | ImplicitInFontFile -> ()
  | StandardEncoding -> addvals Pdfglyphlist.name_to_standard
  | MacRomanEncoding -> addvals Pdfglyphlist.name_to_macroman
  | WinAnsiEncoding -> addvals Pdfglyphlist.name_to_win
  | MacExpertEncoding -> addvals Pdfglyphlist.name_to_macexpert
  | CustomEncoding (e, ds) ->
      add_encoding addvals e;
      addvals ds
  | FillUndefinedWithStandard e ->
      addvals Pdfglyphlist.name_to_standard;
      add_encoding addvals e

let table_of_encoding encoding =
  (*flprint "\nTABLE_OF_ENCODING: encoding is:\n";
  flprint (string_of_encoding encoding);
  flprint "\nEND OF ENCODING\n";*)
  let table = Hashtbl.create 203 in
    let addvals = iter (fun (k, v) -> Hashtbl.add table v k) in
      add_encoding addvals encoding;
      (*Printf.printf "table_of_encoding: built %i-sized table\n" (Hashtbl.length table);
      Hashtbl.iter (fun k v -> Printf.printf "%i -> %s, " k v) table;
      flprint "\n";*)
      table

let reverse_table_of_encoding encoding =
  let table = Hashtbl.create 203 in
    let addvals = iter (fun (k, v) -> Hashtbl.add table k v) in
      add_encoding addvals encoding;
      table

(* Method:
    1. If there's a /ToUnicode CMap, use it.
    2. If it is a standard 14 or simple font, use the encoding to get a glyph
    name, then look up the character in the glyph list.
    3. If it's a CID font, which we don't understand, just return.
The font here is the PDF font structure, not our font data type. If we need to
parse it, we do.

FIXME: InlineImages2.pdf - Acrobat can extract text, why can't we?
*)
let text_extractor_of_font pdf font =
  {convert =
     (let encoding =
        match read_font pdf font with
        | StandardFont (_, e) -> e
        | SimpleFont {encoding = e} -> e
        | _ -> ImplicitInFontFile (* No support *)
      in
        let table = table_of_encoding encoding in
          let tounicode_table, use_tounicode =
            match Pdf.lookup_direct pdf "/ToUnicode" font with
            | Some tounicode ->
                begin try
                  hashtable_of_dictionary <| parse_tounicode pdf tounicode, true
                with
                  e -> Printf.eprintf "bad tounicode (%s)\n" (Printexc.to_string e); (null_hash (), false)
                end
            | None -> null_hash (), false
          in
            if use_tounicode then
              function i ->
                try
                  begin try Hashtbl.find tounicode_table i with Not_found -> "/.notdef" end,
                  codepoints_of_utf16be (Hashtbl.find tounicode_table i)
                with
                  _ -> (* Failed *) ("/.notdef", [i])
            else
              function i ->
                try
                  let decoded = Hashtbl.find table i in
                    try
                      let codepoints = Hashtbl.find (Pdfglyphlist.glyph_hashes ()) decoded in
                        decoded, codepoints
                    with
                      _ -> (decoded, [i])
                with
                _ -> (* Failed *) ("/.notdef", [i]));
    font = read_font pdf font}

(* For now, the only composite font encoding scheme we understand is /Identity-H *)
let is_identity_h = function
  | CIDKeyedFont (_, _, Predefined "/Identity-H") -> true
  | _ -> false

let glyphnames_and_codepoints_of_text extractor text =
  if is_identity_h extractor.font then
    let chars = map int_of_char (explode text) in
      if odd (length chars) then raise (Pdf.PDFError "Bad Text") else
        map (fun (h, l) -> extractor.convert ((h lsl 8) lor l)) (pairs_of_list chars)
  else
    map (fun c -> extractor.convert (int_of_char c)) (explode text)

let codepoints_of_text extractor text =
  flatten (map snd (glyphnames_and_codepoints_of_text extractor text))

let glyphnames_of_text extractor text =
  map fst (glyphnames_and_codepoints_of_text extractor text)

(* Is a PDF string unicode (does it have a byte order marker at the beginning). *)
let is_unicode s =
  (String.length s >= 2) && s.[0] = '\254' && s.[1] = '\255'

(* Unicode codepoint from pdfdocencoding character number *)
let codepoint_of_pdfdocencoding_character i =
  if i < 0 || i > 255 then failwith "codepoint_of_pdfdocencoding_character out of range" else
    try
      match
        Hashtbl.find (Pdfglyphlist.glyph_hashes ())
          (Hashtbl.find Pdfglyphlist.reverse_name_to_pdf_hashes i)
      with
      | [codepoint] -> Some codepoint
      | _ -> Printf.eprintf "codepoint_of_pdfdocencoding: bad text string (char %i)\n" i; None
    with
      _ -> Printf.eprintf "codepoint_of_pdfdocencoding: bad text string (char %i)\n" i; None

(* Build a UTF-8 string from a list of unicode codepoints. *)
let get_utf8_chars c =
  if c <= 0x00_00_00_7F then [c]
  else if c <= 0x00_00_07_FF then
    [(c lsr 6) lor 0b11_00_00_00;
     c land 0b11_11_11 lor 0b10_00_00_00]
  else if c <= 0x00_00_FF_FF then
    [(c lsr 12) lor 0b11_10_00_00;
     (c lsr 6) land 0b00_11_11_11 lor 0b10_00_00_00;
     c land 0b00_11_11_11 lor 0b10_00_00_00]
  else if c <= 0x00_10_FF_FF then
    [(c lsr 18) lor 0b11_11_00_00;
     (c lsr 12) land 0b00_11_11_11 lor 0b10_00_00_00;
     (c lsr 6) land 0b00_11_11_11 lor 0b10_00_00_00;
     c land 0b00_11_11_11 lor 0b10_00_00_00]
  else raise (Pdf.PDFError "bad unicode codepoint")

let utf8_of_codepoints codepoints = 
  implode (map char_of_int (flatten (map get_utf8_chars codepoints)))

let codepoints_of_pdfdocstring s =
  if is_unicode s then
    codepoints_of_utf16be (String.sub s 2 (String.length s - 2))
  else
    option_map codepoint_of_pdfdocencoding_character (map int_of_char (explode s))

let utf8_of_pdfdocstring s =
  try utf8_of_codepoints (codepoints_of_pdfdocstring s) with
    e -> Printf.eprintf "utf8_of_pdfdocstring : %s\n" (Printexc.to_string e); ""

(* Build a PDFDocEncoding or UTF16BE string from a UTF8 encoded string *)
let rec codepoints_of_utf8 = function
  | [] -> []
  | c::cs
      when c lsr 7 = 0 ->
        c::codepoints_of_utf8 cs
  | c::c2::cs
      when c lsr 5 = 0b110 && c2 lsr 6 = 0b10 ->
            ((c land 0b000_11111) lsl 6)
        lor (c2 land 0b00_11_11_11)::codepoints_of_utf8 cs
  | c::c2::c3::cs
      when c lsr 4 = 0b1110 && c2 lsr 6 = 0b10 && c3 lsr 6 = 0b10 ->
            ((c land 0b0000_1111) lsl 12)
        lor ((c2 land 0b00_11_11_11) lsl 6)
        lor (c3 land 0b00_11_11_11)::codepoints_of_utf8 cs
  | c::c2::c3::c4::cs
      when c lsr 3 = 0b11110 && c2 lsr 6 = 0b10 && c3 lsr 6 = 0b10 && c4 lsr 6 = 0b10 ->
            ((c land 0b00000_111) lsl 18)
        lor ((c2 land 0b00_11_11_11) lsl 12)
        lor ((c3 land 0b00_11_11_11) lsl 6)
        lor (c4 land 0b00_11_11_11)::codepoints_of_utf8 cs
  | _ ->
      Printf.eprintf "Bad UTF8 in codepoints_of_utf8\n"; []

let codepoints_of_utf8 s = codepoints_of_utf8 (map int_of_char (explode s))

exception RequiresUnicode

(* Looks up each codepoint in the adobe glyphmap, and look up that name in
name_to_pdf above, raising the exception only if we find something that can't
be handled. *)
let rec pdfdocencoding_of_codepoints sofar = function
  | [] -> rev sofar
  | c::cs ->
       try
         pdfdocencoding_of_codepoints
           ((Hashtbl.find Pdfglyphlist.name_to_pdf_hashes (Hashtbl.find (Pdfglyphlist.reverse_glyph_hashes ()) [c]))::sofar)
           cs
       with
         Not_found -> raise RequiresUnicode

let pdfdocstring_of_codepoints codepoints =
  try implode (map char_of_int (pdfdocencoding_of_codepoints [] codepoints)) with
    RequiresUnicode -> utf16be_of_codepoints codepoints

let pdfdocstring_of_utf8 s =
  pdfdocstring_of_codepoints (codepoints_of_utf8 s)

(** Return the character code for a given unicode codepoint, if it exists in
this encoding. This is only really suitable for simple stuff like standard 14
fonts, or editing text in existing fonts. *)
let charcode_extractor_of_encoding encoding =
  let table = reverse_table_of_encoding encoding in
    function codepoint ->
      try
        let glyphname =
          Hashtbl.find (Pdfglyphlist.reverse_glyph_hashes ()) [codepoint]
        in
          Some (Hashtbl.find table glyphname)
      with
        Not_found -> None
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(** Parsing fonts and extracting text from content streams and PDF strings *)

(** {2 Data Types } *)

type type3_glpyhs =
  {fontbbox : float * float * float * float;
   fontmatrix : Pdftransform.transform_matrix;
   charprocs : (string * Pdf.pdfobject) list;
   type3_resources : Pdf.pdfobject}

type simple_fonttype =
  | Type1
  | MMType1
  | Type3 of type3_glpyhs
  | Truetype

type fontmetrics = float array

type fontfile =
  | FontFile of int
  | FontFile2 of int
  | FontFile3 of int

type fontdescriptor =
  {ascent : float;
   descent : float;
   leading : float;
   avgwidth : float;
   maxwidth : float;
   fontfile : fontfile option}

type differences = (string * int) list

type encoding =
  | ImplicitInFontFile
  | StandardEncoding
  | MacRomanEncoding
  | WinAnsiEncoding
  | MacExpertEncoding
  | CustomEncoding of encoding * differences
  | FillUndefinedWithStandard of encoding

type simple_font =
  {fonttype : simple_fonttype;
   basefont : string;
   fontmetrics : fontmetrics option;
   fontdescriptor : fontdescriptor option;
   encoding : encoding}

type standard_font =
  | TimesRoman
  | TimesBold
  | TimesItalic
  | TimesBoldItalic
  | Helvetica
  | HelveticaBold
  | HelveticaOblique
  | HelveticaBoldOblique
  | Courier
  | CourierBold
  | CourierOblique
  | CourierBoldOblique
  | Symbol
  | ZapfDingbats

type cid_system_info =
  {registry : string;
   ordering : string;
   supplement : int}

type composite_CIDfont =
  {cid_system_info : cid_system_info;
   cid_basefont : string;
   cid_fontdescriptor : fontdescriptor;
   cid_widths : (int * float) list;
   cid_default_width : int}
  
type cmap_encoding =
  | Predefined of string
  | CMap of int (* indirect reference to CMap stream *)

type font =
  | StandardFont of standard_font * encoding
  | SimpleFont of simple_font
  | CIDKeyedFont of string * composite_CIDfont * cmap_encoding

(** {2 String representations of fonts } *)

(** Returns a string such as "Times-Bold" for Pdftext.TimesBold etc. *)
val string_of_standard_font : standard_font -> string

(** Parses a string such as "/Times-Bold" or "/TimesNewRoman,Bold" to Pdftext.TimesRomanBold etc. *)
val standard_font_of_name : string -> standard_font option

(** A debug string for the whole font datatype. *)
val string_of_font : font -> string

(** {2 Reading a Font} *)

(** Read a font from a given document and object *)
val read_font : Pdf.t -> Pdf.pdfobject -> font

(** {2 Writing a Font} *)

(** Write a font to a given document, returning the object number for the main
font dictionary *)
val write_font : Pdf.t -> font -> int

(** {2 Utility functions} *)

(** A list of unicode codepoints for a UTF8 string *)
val codepoints_of_utf8 : string -> int list

(** A UTF8 string for a list of unicode codepoints *)
val utf8_of_codepoints : int list -> string

(** {2 Text from strings outside page content} *)

(** Take a pdf string (which will be either pdfdocencoding or UTF16BE) and
return a string representing the same unicode codepoints in UTF8 *)
val utf8_of_pdfdocstring : string -> string

(** Take a UTF8 string and convert to pdfdocencoding (if no unicode-only
characters are used) or UTF16BE (if they are)) *)
val pdfdocstring_of_utf8 : string -> string

(** Build a pdf string in pdfdocencoding (if no unicode-only characters are
used) or UTF16BE (if they are) *)
val pdfdocstring_of_codepoints : int list -> string

(** Produce a list of unicode codepoints from a pdfdocencoding or UTF16BE pdf
document string *)
val codepoints_of_pdfdocstring : string -> int list

(** {2 Text from strings inside page content} *)

(** The type of text extractors. *)
type text_extractor

(** Build a text extractor from a document and font object *)
val text_extractor_of_font : Pdf.t -> Pdf.pdfobject -> text_extractor

(** Return a list of unicode points from a given extractor and string (for
example from a [Pdfpages.Op_Tj] or [Op_TJ] operator). *)
val codepoints_of_text : text_extractor -> string -> int list

(** Return a list of glyph names from a given extractor and string *)
val glyphnames_of_text : text_extractor -> string -> string list

(** {2 Building text for strings inside page content} *)

(** Return the character code for a given unicode codepoint, if it exists in
this encoding. This is only really suitable for simple stuff like standard 14
fonts, or editing text in existing fonts. *)
val charcode_extractor_of_encoding : encoding -> (int -> int option)

(** Table of all the entries in an encoding. *)
val table_of_encoding : encoding -> (int, string) Hashtbl.t

(** Reverse table of all the entries in an encoding. *)
val reverse_table_of_encoding : encoding -> (string, int) Hashtbl.t
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(* Affine transforms in 2D *)

(* This module provides affine transformation on cartesian coordinates, using
the standard methods given in Foley96. Two patterns of use are supported:
building a single matrix from the composition of the desired transformation
operations and then using it repeatedly (preferable when one wishes to
transform many points); and transforming a point directly from the
transformation operations (requires no state at the caller, so simpler). *)
open Pdfutil

(* Individual transformation operations. *)
type transform_op =
  | Scale of (float * float) * float * float  (*r centre, x scale, y scale. *)
  | Rotate of (float * float) * float         (*r centre, angle in radians. *)
  | Translate of float * float                (*r change in x, change in y. *)
  | ShearX of (float * float) * float         (*r centre, x shear. *)
  | ShearY of (float * float) * float         (*r centre, y shear. *)

(* A transform is a list of operations t_n::t_{n-1}::...::t_2::t_1. which
means t_1 followed by t_2 etc. *)
type transform = transform_op list

(* The matrix a c e b d f 0 0 1 for affine transforms in 2D homogeneous coordinates.*)
type transform_matrix =
  {a : float; b : float; c : float; d : float; e : float; f : float}

(* Debug printers for transformation operations. *)
let string_of_trop = function
  | Scale ((x, y), sx, sy) ->
      Printf.sprintf "Scale about (%f, %f) by %f in x and %f in y\n" x y sx sy
  | Rotate ((x, y), a) ->
      Printf.sprintf "Rotate by %f about (%f, %f)\n" a x y
  | Translate (dx, dy) ->
      Printf.sprintf "Translate by %f, %f\n" dx dy
  | ShearX ((x, y), sx) ->
      Printf.sprintf "Shear in X about (%f, %f), proportionality constant %f\n" x y sx
  | ShearY ((x, y), sy) ->
      Printf.sprintf "Shear in Y about (%f, %f), proportionality constant %f\n" x y sy

(* Same for transforms. *)
let string_of_transform tr =
  fold_left ( ^ ) "" (rev_map string_of_trop tr)

(* Building and manipulating transforms *)

(* The identity transform. *)
let i = ([] : transform)

(* Compose a transformation operation t onto an existing transform ts. We
perform a simple optimisation --- combining like with like at the head. *)
let compose t = function
  | [] -> [t]
  | h::r ->
      match h, t with
      | Translate (dx, dy), Translate (dx', dy') ->
          Translate (dx +. dx', dy +. dy')::r
      | Scale (p, sx, sy), Scale (p', sx', sy') when p = p' ->
          Scale (p, sx *. sx', sy *. sy')::r
      | Rotate (p, a), Rotate (p', a') when p = p' ->
          Rotate (p, a +. a')::r
      | ShearX (p, a), ShearX (p', a') when p = p' ->
          ShearX (p, a +. a')::r
      | ShearY (p, a), ShearY (p', a') when p = p' ->
          ShearY (p, a +. a')::r
      | _ -> t::h::r

(* Append two transforms. The result is all operations in the second argument
followed by all operations in the first. *)
let append = (( @ ) : transform -> transform -> transform)

(* The identity transformation matrix 1 0 0 0 1 0 0 0 1. *)
let i_matrix =
  {a = 1.; c = 0.; e = 0.; b = 0.; d = 1.; f = 0.}

(* Compose two matrices. Applying the result is equivalent to applying m
then m'. *)
let matrix_compose m' m =
  {a = m'.a *. m.a +. m'.c *. m.b;
   c = m'.a *. m.c +. m'.c *. m.d;
   e = m'.a *. m.e +. m'.c *. m.f +. m'.e;
   b = m'.b *. m.a +. m'.d *. m.b;
   d = m'.b *. m.c +. m'.d *. m.d;
   f = m'.b *. m.e +. m'.d *. m.f +. m'.f}

(* String of matrix *)
let string_of_matrix m =
  Printf.sprintf "%f, %f, %f, %f, %f, %f" m.a m.b m.c m.d m.e m.f

(* Invert a matrix. The exeption: *)
exception NonInvertable

(* And the function. *)
let matrix_invert m =
  let det =
    let divisor = m.a *. m.d -. m.b *. m.c in
      if divisor = 0. then raise NonInvertable else
        match 1. /. divisor with
        | 0. -> raise NonInvertable
        | d -> ( *. ) d
  in
    {a = det m.d;
     b = det (-.(m.b));
     c = det (-.(m.c));
     d = det m.a;
     e = det (m.c *. m.f -. m.d *. m.e);
     f = det (m.b *. m.e -. m.a *. m.f)}

(* These functions build matrices for the transformation operations defined
above. *)

(* Translate by (tx, ty) *)
let mktranslate tx ty =
  {i_matrix with e = tx; f = ty}

(* Scale about an origin (ox, oy) by x factor sx and y factor sy. *)
let mkscale (ox, oy) sx sy =
  let translate = mktranslate (-.ox) (-.oy)
  in let translateback = mktranslate ox oy in
    matrix_compose
      translateback
      (matrix_compose {i_matrix with a = sx; d = sy} translate)

(* Rotate about an origin (ox, oy) by angle (in radians) angle. *)
let mkrotate (ox, oy) angle =
  let translate = mktranslate (-.ox) (-.oy)
  in let translateback = mktranslate ox oy in
    matrix_compose
      translateback
      (matrix_compose
         {i_matrix with a = cos angle; c = -. sin angle;
         b = sin angle; d = cos angle}
         translate)

(* Skew in x about an origin (ox, oy) by factor. *)
let mkshearx (ox, oy) factor =
  let translate = mktranslate (-.ox) (-.oy)
  in let translateback = mktranslate ox oy in
    matrix_compose
      translateback
      (matrix_compose {i_matrix with c = factor} translate)
    
(* Skew in y about an origin (ox, oy) by factor. *)
let mksheary (ox, oy) factor =
  let translate = mktranslate (-.ox) (-.oy)
  in let translateback = mktranslate ox oy in
    matrix_compose
      translateback
      (matrix_compose {i_matrix with b = factor} translate)

(* Use the preceeding functions to make a matrix from a transformation
operation. *)
let matrix_of_op = function
  | Scale (c, sx, sy) -> mkscale c sx sy
  | Rotate (c, a) -> mkrotate c a
  | Translate (dx, dy) -> mktranslate dx dy
  | ShearX (c, a) -> mkshearx c a
  | ShearY (c, a) -> mksheary c a

(* Transform a point (x, y) with a matrix m. *)
let transform_matrix m (x, y) =
  x *. m.a +. y *. m.c +. m.e,
  x *. m.b +. y *. m.d +. m.f

(* Method 1. When transforming many points, it makes sense to calculate the
composition of the transformation matrices and then apply this to each of the
points. *)
let matrix_of_transform tr =
  let matrices = map matrix_of_op tr in
    fold_left matrix_compose i_matrix matrices

(* Method 2. Transform a point [p] by a transformation [ts]. This is faster
when we wish to transform a few points. It requires no state at the caller. *)
let transform ts (x, y) =
  let x = ref x in let y = ref y in
    iter
      (function
       | Scale ((cx, cy), sx, sy) ->
             let x' = !x -. cx in let y' = !y -. cy in
               let x'' = x' *. sx in let y'' = y' *. sy in
                 x := x'' +. cx;
                 y := y'' +. cy
       | Rotate ((cx, cy), a) ->
           let cosine = cos a in let sine = sin a in
             let invsine = -.sine in
               let x' = !x -. cx in let y' = !y -. cy in
                 let x'' = x' *. cosine +. y' *. invsine
                 in let y'' = x' *. sine +. y' *. cosine in
                   x := x'' +. cx;
                   y :=  y'' +. cy
       | Translate (dx, dy) ->
           x := !x +. dx; y := !y +. dy
       | ShearX ((cx, cy), a) ->
           let x' = !x -. cx in let y' = !y -. cy in
             let x'' = x' +. y' *. a in let y'' = y' in
               x := x'' +. cx;
               y := y'' +. cy
       | ShearY ((cx, cy), a) ->
           let x' = !x -. cx in let y' = !y -. cy in
             let x'' = x' in let y'' = x' *. a +. y' in
               x := x'' +. cx;
               y :=  y'' +. cy)
      (rev ts);
    !x, !y

(* Decomposition and Recomposition *)
    
(* Decompose a matrix to a scale, aspect, rotation, shear and translation. *)
let decompose m =
  let axb = m.a *. m.d -. m.c *. m.b
  in let moda = sqrt (m.a *. m.a +. m.b *. m.b)
  in let modb = sqrt (m.c *. m.c +. m.d *. m.d)
  in let adotb = m.a *. m.c +. m.b *. m.d in
    let scale = axb /. moda in
      let aspect =
        if fabs scale = 0. then 1. else moda /. fabs scale
      in let rotation =
        atan2 m.b m.a
      in let shear =
        if moda *. modb = 0. then 0. else
          pi /. 2. -. acos (adotb /. (moda *. modb))
      in
        safe_float scale,
        safe_float aspect,
        safe_float rotation,
        safe_float shear,
        safe_float m.e,
        safe_float m.f

(* Rebuild a matrix from those components. *)
let recompose scale aspect rotation shear tx ty =
  let scale_aspect_shear =
    {i_matrix with
      a = fabs scale *. aspect;
      c = scale *. tan shear;
      d = scale}
  in
    let rotated =
      matrix_compose (mkrotate (0., 0.) rotation) scale_aspect_shear
    in
      matrix_compose (mktranslate tx ty) rotated
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(** Affine Transformations in Two Dimensions *)

(** {2 Types} *)

(** A single transformation operation. *)
type transform_op =
  | Scale of (float * float) * float * float
  | Rotate of (float * float) * float
  | Translate of float * float
  | ShearX of (float * float) * float
  | ShearY of (float * float) * float

(** A list of transformations, the first at the end of the list (thus, to append
 another transformation, just cons to the beginning.) *)
type transform = transform_op list

(** A transformation matrix (first row [a c e], second row [b d f], third row [0 0 1]) *)
type transform_matrix =
  {a : float; b : float; c : float; d : float; e : float; f : float}

(** The identity transform *) 
val i : transform

(** Make a string of a transform for debug purposes. *)
val string_of_transform : transform -> string

(** {2 Making transformation matrices} *)

(** The identity matrix *)
val i_matrix : transform_matrix

(** String of a transformation matrix. *)
val string_of_matrix : transform_matrix -> string

(** Make a transformation matrix from x and y translation. *)
val mktranslate : float -> float -> transform_matrix

(** Make a transformation matrix from an x and y scale and a point to scale about. *)
val mkscale : (float * float) -> float -> float -> transform_matrix

(** Make a rotation matrix to rotate by a number of radians around a point. *)
val mkrotate : (float * float) -> float -> transform_matrix

(** Matrix to shear in x by a given factor about a point. *)
val mkshearx : (float * float) -> float -> transform_matrix

(** Matrix to shear in y by a given factor about a point. *)
val mksheary : (float * float) -> float -> transform_matrix

(** {2 Composing and manipulating transforms} *)

(** [compose t ts] adds operation [t] to the transform [ts]. *)
val compose : transform_op -> transform -> transform

(** [append a b] is a transform with the same effect as performing b then a *)
val append : (transform -> transform -> transform)

(** [compose a b] produces a matrix equivalent to performing [b] then [a]. *)
val matrix_compose : transform_matrix -> transform_matrix -> transform_matrix

(** Make a matrix from a single transformation operation *)
val matrix_of_op : transform_op -> transform_matrix

(** Make a matrix from a transform *)
val matrix_of_transform : transform -> transform_matrix

(** {2 Inverting transforms} *)

(** Exception raised if a matrix is non-invertable *)
exception NonInvertable

(** Matrix inversion. May raise [NonInvertable] *)
val matrix_invert : transform_matrix -> transform_matrix

(** Transform a coordinate by a given transform. *) 
val transform : transform -> float * float -> float * float

(** Transform a coordinate by a given transformation matrix. *)
val transform_matrix : transform_matrix -> float * float -> float * float

(** {2 Decomposing and recomposing matrices} *)

(** Decompose a transformation matrix to scale, aspect, rotation, shear,
translation in x, translation in y. Always succeeds, but results are not
guaranteed to mean anything. *)
val decompose :
  transform_matrix -> float * float * float * float * float * float

(** Recompose from the above information. It is not guaranteed that recompose
(decompose t) = t *)
val recompose :
  float -> float -> float -> float -> float -> float -> transform_matrix







camlpdf-2.4/pdftruetype.ml

(* Convert a TrueType Font to a Type 3 font. *)
open Pdfutil
open Pdfio

let dbg = ref false (* text-based debug *)
let dbgg = ref false (* graphical debug *)

(* 32-bit signed fixed-point number (16.16) returned as two ints *)
let read_fixed b =
  let a = getval_31 b 16 in
    let b = getval_31 b 16 in
      a, b

(* 16-bit unsigned integer *)
let read_ushort b = getval_31 b 16

(* 32-bit unsigned integer *)
let read_ulong b = getval_32 b 32

(* Signed byte *)
let read_byte b = getval_31 b 8

(* Signed short *)
let read_short b = sign_extend 16 (getval_31 b 16)

(* fword *)
let read_fword = read_short

(* f2dot14 - 2 bit signed integer part, 14 bit unsigned fraction *)
let read_f2dot14 b =
  let v = read_ushort b in
    float_of_int (sign_extend 2 (v lsr 14)) +. (float_of_int (v land 0x3FFF) /. 16384.)

(* discard n bytes *)
let discard_bytes b n =
  for x = 1 to n do ignore (getval_31 b 8) done

(* longDateTime (stub) *)
let read_longdatetime b = discard_bytes b 8; 0

(* The empty glyph. *)
let notdef =
  {Pdfgraphics.elements = [];
   Pdfgraphics.fonts = [];
   Pdfgraphics.resources = Pdf.Dictionary []}

let string_of_tag t =
  let a = i32toi (Int32.shift_right t 24)
  and b = i32toi (Int32.logand 0x000000FFl (Int32.shift_right t 16))
  and c = i32toi (Int32.logand 0x000000FFl (Int32.shift_right t 8))
  and d = i32toi (Int32.logand 0x000000FFl t) in
    Printf.sprintf "%C%C%C%C" (char_of_int a) (char_of_int b) (char_of_int c) (char_of_int d)

let tag_cmap = 1668112752l
and tag_glyf = 1735162214l
and tag_maxp = 1835104368l
and tag_loca = 1819239265l
and tag_head = 1751474532l

let read_format_6_encoding_table b =
  let firstCode = read_ushort b in
  let entryCount = read_ushort b in
  let arr = Array.make (max 256 (firstCode + entryCount)) 0 in
    (* FIXME: This format can address glyphs > 255, but we don't support that
    elsewhere yet --- but we read the whole format table nonethless *)
    try
      for x = firstCode to firstCode + entryCount - 1 do
        arr.(x) <- read_ushort b
      done;
      arr
    with
    e -> failwith ("bad format 6 table: " ^ Printexc.to_string e ^ "\n")

let read_encoding_table fmt length version b =
  match fmt with
  | 0 -> Array.init 256 (function _ -> read_byte b)
  | 6 -> read_format_6_encoding_table b
  | n -> if !dbg then Printf.eprintf "read_encoding_table: format %i not known\n" n; [||]

let read_loca_table indexToLocFormat numGlyphs b =
  let fix_empties arr =
    for x = 1 to Array.length arr - 1 do
      if arr.(x) = arr.(x - 1) then arr.(x - 1) <- -1l
    done;
    if arr <> [||] then arr.(Array.length arr - 1) <- -1l
  in
    match indexToLocFormat with
    | 0 ->
        let arr = Array.init (numGlyphs + 1) (function _ -> i32ofi (read_ushort b * 2)) in
          fix_empties arr; arr
    | 1 ->
        let arr = Array.init (numGlyphs + 1) (function _ -> read_ulong b) in
          fix_empties arr; arr
    | _ -> raise (Pdf.PDFError "Unknown indexToLocFormat in read_loca_table")

(* NB. Global *)
let lastval = ref (false, false, false, false, false)
let repeats = ref 0

(* Read the flags for pts points *)
let rec read_flags flags b pts =
  if pts <= 0 then rev flags else
    let getsingle () =
      if !repeats > 0 then
        begin
          repeats := !repeats - 1;
          !lastval
        end
      else
        let flag = read_byte b in
          let oncurve, xshort, yshort, rp, xsame, ysame =
            flag land 0b00_00_00_01 = 0b1,
            flag land 0b00_00_00_10 = 0b10,
            flag land 0b00_00_01_00 = 0b1_00,
            flag land 0b00_00_10_00 = 0b10_00,
            flag land 0b00_01_00_00 = 0b1_00_00,
            flag land 0b00_10_00_00 = 0b10_00_00
        in
        if !dbg then
          Printf.eprintf
            "flag has on curve %b, xshort %b, yshort %b, repeat %b, xsame %b, ysame %b\n"
            oncurve xshort yshort rp xsame ysame;
        if rp then
          begin
            let rs = read_byte b in
            if !dbg then Printf.eprintf "There are %i repeats of this flag...\n" rs;
              repeats := rs;
              lastval := (oncurve, xshort, yshort, xsame, ysame);
              !lastval
          end
        else
          (oncurve, xshort, yshort, xsame, ysame)
    in
      read_flags (getsingle ()::flags) b (pts - 1)

let read_flags = read_flags []

(* NB. Global. *)
let prev = ref 0

(* NB. Set up prev before calling for each glyph *)
let read_coordinates b flags = 
  map
    (function (*short, same *)
      | true, false -> prev := !prev - read_byte b; !prev
      | true, true -> prev := !prev + read_byte b; !prev
      | false, false -> prev := !prev + read_short b; !prev
      | false, true -> !prev)
    flags

(* Returns a list of lines and quadratic beziers for the input contour. Returns floats. *)
type point = float * float

type part =
  | Line of point * point
  | QuadBezier of point * point * point

let rec break_coordinates_inner prev = function
  | (true, (x, y))::((true, (x', y')) as l)::r ->
       break_coordinates_inner (Line ((x, y), (x', y'))::prev) (l::r)
  | (true, (x, y))::(false, (x', y'))::((true, (x'', y'')) as l)::r ->
       break_coordinates_inner (QuadBezier ((x, y), (x', y'), (x'', y''))::prev) (l::r)
  | (true, (x, y))::(false, (x', y'))::((false, (x'', y'')) as l)::r ->
       let midpoint = ((x' +. x'') /. 2., (y' +. y'') /. 2.)  in
         break_coordinates_inner ((QuadBezier ((x, y), (x', y'), midpoint))::prev) ((true, midpoint)::l::r)
  | [_] -> rev prev
  | _ -> (*if !dbg then*) flprint "break_coordinated_inner: unrecognized sequence\n"; rev prev

(* FIXME: The truetype spec says that any combination of on and off points is
ok, but our conversion relies on the pattern (true + zero or more false) being
repeated. 

Strategy: We can special case when all are false (ignore it), and
otherwise cycle the list until a true is first. Then we have just reduced the
problem to not being able to do anything when all points are off the curve. *)
let rec all_points_off = function
    [] -> true
  | (false, _)::t -> all_points_off t
  | (true, _)::_ -> false 

let rec cycle_true_first = function
    [] -> assert false
  | (true, _) as h::t -> h::t
  | (false, _) as h::t -> cycle_true_first (t @ [h])

let break_coordinates = function
  | [] -> []
  | [_] -> []
  | l ->
     let tofloat (t, (x, y)) = (t, (float x, float y)) in
       if all_points_off l then [] else
         let closed =
           match cycle_true_first l with
           | [] -> assert false
           | h::t -> [h] @ t @ [h]
         in
           break_coordinates_inner [] (map tofloat closed)

let print_unbroken_coordinates (t, (x, y)) =
   Printf.eprintf "%b, %i, %i\n" t x y

let break_coordinates cs =
  if !dbg then begin flprint "This contour:\n"; iter print_unbroken_coordinates cs end;
  break_coordinates cs

let sofp (x, y) = Printf.sprintf "(%f, %f)" x y

let string_of_coordinate = function
  | Line (p, p') -> Printf.sprintf "Line %s --> %s\n" (sofp p) (sofp p')
  | QuadBezier (p, p', p'') -> Printf.sprintf "QuadBezier %s --> %s --> %s\n" (sofp p) (sofp p') (sofp p'')

let print_coordinates =
  iter (function x -> flprint (string_of_coordinate x))

(* Cubic bezier from quadratic bezier *)
let mkcubicbezier (p0x, p0y) (p1x, p1y) (p2x, p2y) =
  let cp1x = p0x +. ((2. /. 3.) *. (p1x -. p0x))
  and cp1y = p0y +. ((2. /. 3.) *. (p1y -. p0y))
  and cp2x = p2x +. ((2. /. 3.) *. (p1x -. p2x))
  and cp2y = p2y +. ((2. /. 3.) *. (p1y -. p2y)) in
    Pdfgraphics.Bezier ((p0x, p0y), (cp1x, cp1y), (cp2x, cp2y), (p2x, p2y))

let graphic_of_contours contours =
  {Pdfgraphics.elements = 
     [Pdfgraphics.Path
        ((Pdfgraphics.NonZero,
            map
              (function bits -> Pdfgraphics.Not_hole, Pdfgraphics.Closed, bits)
              (map_lol
                 (function
                  | Line (p, p') -> Pdfgraphics.Straight (p, p') 
                  | QuadBezier (p, p', p'') -> mkcubicbezier p p' p'')
                 contours)),
            {Pdfgraphics.path_transform = Pdftransform.i_matrix;
             Pdfgraphics.path_fill = Some (Pdfspace.DeviceGray, Pdfgraphics.Floats [1.]);
             Pdfgraphics.path_line = None;
             Pdfgraphics.path_linewidth = 0.;
             Pdfgraphics.path_joinstyle = 0;
             Pdfgraphics.path_capstyle = 0;
             Pdfgraphics.path_dash = ([0.], 0.);
             Pdfgraphics.path_mitrelimit = 0.;
             Pdfgraphics.path_transparency = {Pdfgraphics.fill_transparency = 1.; Pdfgraphics.line_transparency = 1.};
             Pdfgraphics.path_intent = "/RelativeColorimetric"})];
   Pdfgraphics.fonts = [];
   Pdfgraphics.resources = Pdf.Dictionary []}

let merge_components graphics =
  {Pdfgraphics.elements = flatten (map (fun g -> g.Pdfgraphics.elements) graphics);
   Pdfgraphics.fonts = [];
   Pdfgraphics.resources = Pdf.Dictionary []}

let arg_1_and_2_are_words = 0b1
and args_are_xy_values = 0b10
and round_xy_to_grid = 0b100
and we_have_a_scale = 0b1000
and more_components = 0b100000
and we_have_an_x_and_y_scale = 0b1000000
and we_have_a_two_by_two = 0b10000000
and we_have_instructions = 0b100000000
and use_my_metrics = 0b1000000000

(* FIXME: Missing things: WE_HAVE_A_2_BY_2 and WE_HAVE_AND_XY_SCALE missing.
Also, args_are_xy_values false ==> points not values - need examples of all
these three *)
let rec read_composite_glyph rg b =
  let graphics = ref [] in
  if !dbg then flprint "reading composite glyph...\n";
  let xmin = read_fword b in
  let ymin = read_fword b in
  let xmax = read_fword b in
  let ymax = read_fword b in
  if !dbg then Printf.printf "xmin, ymin, xmax, ymax = %i, %i, %i, %i\n" xmin ymin xmax ymax;
  let finished = ref false in
    while not !finished do
      let flags = read_ushort b in
      let glyphIndex = read_ushort b in
      if !dbg then Printf.printf "flags = %i, glyph_index = %i\n" flags glyphIndex;
        let argument1, argument2 =
          if (flags land arg_1_and_2_are_words) > 0 then
            let one = read_short b in
            let two = read_short b in
              one, two
          else
              let v = read_ushort b in
                v lsr 8, v land 255
        in
        if !dbg then Printf.printf "arg1 = %i, arg2 = %i\n" argument1 argument2;
          begin if (flags land we_have_a_scale) > 0 then
            let scale = read_f2dot14 b in
            if !dbg then Printf.printf "have read scale %f\n" scale;
              let currpos = Pdfio.bitstream_pos b in
                let graphic = rg glyphIndex in
                Pdfio.bitstream_seek b currpos;
                let transformed =
                  Pdfgraphics.transform_graphic
                    (Pdftransform.matrix_of_transform
                      [Pdftransform.Translate (float_of_int argument1, float_of_int argument2);
                       Pdftransform.Scale ((0., 0.), scale, scale)])
                    graphic
                in
                  graphics := transformed::!graphics
          else if (flags land we_have_an_x_and_y_scale) > 0 then
            let xscale = read_f2dot14 b in
            let yscale = read_f2dot14 b in
            if !dbg then Printf.printf "read scales %f, %f\n" xscale yscale;
          else if (flags land we_have_a_two_by_two) > 0 then
            let xscale = read_f2dot14 b in
            let scale01 = read_f2dot14 b in
            let scale10 = read_f2dot14 b in
            let yscale = read_f2dot14 b in
            if !dbg then Printf.printf "read scalesss %f, %f, %f, %f\n" xscale scale01 scale10 yscale
          else
            if !dbg then flprint "no scale\n";
            let currpos = Pdfio.bitstream_pos b in
              let graphic = rg glyphIndex in
                Pdfio.bitstream_seek b currpos;
                let moved_graphic =
                  Pdfgraphics.transform_graphic
                    (Pdftransform.mktranslate (float_of_int argument1) (float_of_int argument2))
                    graphic
                in
                  graphics := moved_graphic::!graphics
          end;
          if (flags land more_components) = 0 then set finished
    done;
    if !dbg then Printf.printf "We have read %i composite glyph components\n" (length !graphics);
    merge_components !graphics

and read_glyph rg b =
  let numberOfContours = read_short b in
    match numberOfContours with
    | 0 -> notdef
    | -1 -> read_composite_glyph rg b
    | x when x < -1 -> raise (Pdf.PDFError "Unknown numberOfContours")
    | _ ->
        let xMin = read_fword b in
        let yMin = read_fword b in
        let xMax = read_fword b in
        let yMax = read_fword b in
          if !dbg then
            Printf.printf "numberOfContours = %i, xmin = %i, ymin = %i, xmax = %i, ymax = %i\n" numberOfContours xMin yMin xMax yMax;
          let endPtsOfContours = Array.init numberOfContours (function _ -> read_ushort b) in
            if !dbg then
              (Printf.printf "endPtsOfContours:"; Array.iter (Printf.printf "%i ") endPtsOfContours; flprint "\n");
          let pointstoread =
            (endPtsOfContours.(0) + 1)::couple (fun x y -> y - x) (Array.to_list endPtsOfContours)
          in
          let instructionLength = read_ushort b in
          if !dbg then Printf.printf "instructionLength is %i\n" instructionLength;
          let _ = Array.init instructionLength (function _ -> read_byte b) in
            (* Read a list of lists of (on/off, x is short/long, y is short/long, xsame, ysame) triples *)
            if !dbg then Printf.printf "Reading flags...\n";
            let flags = 
              map
                (fun pts -> if !dbg then Printf.printf "to read: flags for %i pts on a contour:\n" pts; read_flags b pts)
                pointstoread
            in
              prev := 0;
              repeats := 0;
              if !dbg then Printf.printf "Reading x coordinates\n";
              let xcoords = map (fun flags -> read_coordinates b (map (fun (_, xs, _, xsame, _) -> (xs, xsame)) flags)) flags in
                prev := 0;
                repeats := 0;
                if !dbg then Printf.printf "Reading y coordinates\n";
                let ycoords = map (fun flags -> read_coordinates b (map (fun (_, _, ys, _, ysame) -> (ys, ysame)) flags)) flags in
                  let contours = List.map2 combine xcoords ycoords in
                    let pairs =
                      if length flags <> length contours
                        then raise (Pdf.PDFError "bad flags / contours in truetype font")
                        else combine (map_lol (fun (on, _, _, _, _) -> on) flags) contours
                    in
                      graphic_of_contours (map break_coordinates (map (function (a, b) -> combine a b) pairs))

let read_glyph rg b =
  try read_glyph rg b with
   e ->
     if !dbg then Printf.printf "Failed to read glyph with %s\n" (Printexc.to_string e);
     graphic_of_contours []

let parse_truetype_font data =
  (*if !dbgg then ignore (Graphics.open_graph " 1024x1024");*)
  let mk_b byte_offset = bitbytes_of_input (let i = input_of_bytes data in i.seek_in byte_offset; i) in
  let b = mk_b 0 in
  let major, minor = read_fixed b in
    if !dbg then Printf.printf "Truetype font version %i.%i\n" major minor;
    let numTables = read_ushort b in
    let searchRange = read_ushort b in
    let entrySelector = read_ushort b in
    let rangeShift = read_ushort b in
      if !dbg then Printf.printf "numTables = %i, searchRange = %i, entrySelector = %i, rangeShift = %i\n"
        numTables searchRange entrySelector rangeShift;
      let tables = ref [] in
        for x = 1 to numTables do
          let tag = read_ulong b in
          let checkSum = read_ulong b in
          let offset = read_ulong b in
          let ttlength = read_ulong b in
            if !dbg then Printf.printf "tag = %li = %s, checkSum = %li, offset = %li, ttlength = %li\n"
            tag (string_of_tag tag) checkSum offset ttlength;
            tables =| (tag, checkSum, offset, ttlength);
        done;
        let cmap =
          match keep (function (t, _, _, _) -> t = tag_cmap) !tables with
          | (_, _, o, l)::_ -> Some (o, l)
          | [] -> None
        in
        let glyphcodes = ref [] in
          begin match cmap with
          | None ->
              glyphcodes := ilist 0 255
          | Some (cmapoffset, cmaplength) -> 
              let b = mk_b (i32toi cmapoffset) in
                let cmap_version = read_ushort b in
                let num_encoding_tables = read_ushort b in
                  if !dbg then Printf.printf "cmap version %i. There are %i encoding tables\n"
                    cmap_version num_encoding_tables;
                  for x = 1 to num_encoding_tables do
                    let platform_id = read_ushort b in
                    let encoding_id = read_ushort b in
                    let subtable_offset = read_ulong b in
                      if !dbg then Printf.printf "subtable %i. platform_id = %i, encoding_id = %i, subtable_offset = %li\n"
                        x platform_id encoding_id subtable_offset;
                      let b = mk_b (i32toi cmapoffset + i32toi subtable_offset) in
                        let fmt = read_ushort b in
                        let lngth = read_ushort b in
                        let version = read_ushort b in
                          if !dbg then Printf.printf "subtable has format %i, length %i, version %i\n" fmt lngth version;
                          let got_glyphcodes = read_encoding_table fmt length version b in
                            if !glyphcodes = [] && got_glyphcodes <> [||] then
                              (if !dbg then flprint "USING THIS TABLE\n"; glyphcodes := Array.to_list got_glyphcodes);
                                 if !dbg && got_glyphcodes <> [||] then
                                   array_iter2 (Printf.printf "charcode %i --> glyphcode %i\n") (Array.of_list (ilist 0 255)) got_glyphcodes
                  done;
          end;
          let maxpoffset, maxplength =
            match keep (function (t, _, _, _) -> t = tag_maxp) !tables with
            | (_, _, o, l)::_ -> o, l
            | [] -> raise (Pdf.PDFError "No maxp table found in TrueType font")
          in
          let b = mk_b (i32toi maxpoffset) in
            let major, minor = read_fixed b in
            let numGlyphs = read_ushort b in
              if !dbg then Printf.printf "maxp table version %i.%i: This font has %i glyphs\n" major minor numGlyphs;
          let headoffset, headlength =
            match keep (function (t, _, _, _) -> t = tag_head) !tables with
            | (_, _, o, l)::_ -> o, l
            | [] -> raise (Pdf.PDFError "No maxp table found in TrueType font")
          in
            let b = mk_b (i32toi headoffset) in
              let _ (*major, minor*) = read_fixed b in
              let _ (*revmajor, revminor*) = read_fixed b in
              let _ (*checkSumAdjustment*) = read_ulong b in
              let _ (*magicNumber*) = read_ulong b in
              let _ (*flags*) = read_ushort b in
              let unitsPerEm = read_ushort b in
              let _ (*created*) = read_longdatetime b in
              let _ (*modified*) = read_longdatetime b in
              let _ (*xMin*) = read_fword b in
              let _ (*yMin*) = read_fword b in
              let _ (*xMax*) = read_fword b in
              let _ (*yMax*) = read_fword b in
              let _ (*macStyle*) = read_ushort b in
              let _ (*lowestRecPPEM*) = read_ushort b in
              let _ (*fontDirectionHint*) = read_short b in
              let indexToLocFormat = read_short b in
              let _ (*glyphDataFormat*) = read_short b in
                if !dbg then Printf.printf "head table: indexToLocFormat is %i\n" indexToLocFormat;
          let locaoffset, localength =
            match keep (function (t, _, _, _) -> t = tag_loca) !tables with
            | (_, _, o, l)::_ -> o, l
            | [] -> raise (Pdf.PDFError "No maxp table found in TrueType font")
          in
            let b = mk_b (i32toi locaoffset) in
              let offsets = read_loca_table indexToLocFormat numGlyphs b in
                if !dbg then
                  begin
                    Printf.printf "Have read loca table:\n";
                      array_iter2 (Printf.printf "Glyph %i is at offset %li\n") (Array.of_list (ilist 0 numGlyphs)) offsets;
                      flush stdout
                  end;
          let glyfoffset, glyflength =
            match keep (function (t, _, _, _) -> t = tag_glyf) !tables with
            | (_, _, o, l)::_ -> o, l
            | [] -> raise (Pdf.PDFError "No glyf table found in TrueType font")
          in
            let glyphcache = Hashtbl.create 300 in
            let glyphs =
              Array.to_list
                (Array.map
                  (function offset ->
                     if offset = -1l then notdef else
                       try Hashtbl.find glyphcache offset with
                         Not_found ->
                           let r = 
                             let b = mk_b (i32toi glyfoffset + i32toi offset) in
                               read_glyph
                                 (* Build the function reads a glyph from an offset. Gross. *)
                                 (fun glyphnum ->
                                         if !dbg then Printf.printf "READING GLYPH NUMBER %i\n" glyphnum;
                                      try
                                        let offset = offsets.(glyphnum) in
                                          if offset = -1l then notdef else
                                            try Hashtbl.find glyphcache offset with
                                              Not_found ->
                                                let b = mk_b (i32toi glyfoffset + i32toi offset) in
                                                  let r =
                                                    read_glyph (fun _ -> flprint "too much font recursion"; notdef (* FIXME *)) b
                                                  in
                                                    Hashtbl.add glyphcache offset r;
                                                    r
                                      with
                                        _ -> flprint "Failed component read\n"; notdef)
                                 b
                           in
                             Hashtbl.add glyphcache offset r;
                             r)
                  offsets)
            in
              if !dbg then Printf.printf "Read %i glyphs\n" (length glyphs);
              (map
                (function incode ->
                   (*Printf.printf "So, incode %i " incode;*)
                   let glyphcode = List.nth !glyphcodes incode in
                     (*Printf.printf "is glyphcode %i \n" glyphcode;*)
                     try List.nth glyphs glyphcode
                       with _ ->
                         if !dbg then
                           Printf.printf
                             "ERROR: no glyph for incode %i which is glyphcode %i - substituting notdef\n" incode glyphcode;
                         notdef)
                (ilist 0 255)),
              (let scale = 1.0 /. (float_of_int unitsPerEm) in
                 Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), scale, scale)))

(* Make a CharProc stream from a graphic. We need to filter out ops we don't
want. *)
let charprocbytes_of_graphic g matrix =
  Pdfops.stream_of_ops
    (Pdfops.Op_d1 (0., 0., 0., 0., 0., 0.)::
      lose
        (function
         | Pdfops.Op_q | Pdfops.Op_Q | Pdfops.Op_cm _ | Pdfops.Op_w _
         | Pdfops.Op_J _ | Pdfops.Op_j _ | Pdfops.Op_M _ | Pdfops.Op_ri _
         | Pdfops.Op_CS _ | Pdfops.Op_SCN _ | Pdfops.Op_cs _
         | Pdfops.Op_scn _ -> true
         | _ -> false)
        (Pdfgraphics.ops_of_simple_graphic (Pdfgraphics.transform_graphic matrix g)))

let to_type3 pdf font =
  match font with
  | Pdftext.SimpleFont
      ({Pdftext.fonttype = Pdftext.Truetype;
        Pdftext.encoding = original_encoding;
        Pdftext.fontdescriptor =
          Some ({Pdftext.fontfile = Some Pdftext.FontFile2 fontfileobj} as fontdescriptor)} as fontrec) ->
            let glyphs, fontmatrix =
              let str = Pdf.direct pdf (Pdf.Indirect fontfileobj) in
                Pdfcodec.decode_pdfstream pdf str;
                match str with
                | Pdf.Stream {contents = (_, Pdf.Got data)} ->
                    begin try parse_truetype_font data with
                      e -> Printf.printf "Error %s" (Printexc.to_string e); raise (Pdf.PDFError "TrueType failure")
                    end
                | _ -> raise (Pdf.PDFError "Truetype data not a stream")
            in
              let charprocs =
                let scalematrix =
                  Pdftransform.matrix_compose
                    fontmatrix
                    (Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), 1000., 1000.)))
                in
                  map2
                    (fun n g ->
                       "/" ^ string_of_int n, Pdf.Indirect (Pdf.addobj pdf (charprocbytes_of_graphic g scalematrix)))
                    (ilist 0 (length glyphs - 1))
                    glyphs
              and fontmatrix =
                Pdftransform.matrix_of_op (Pdftransform.Scale ((0., 0.), 0.001, 0.001))
              and fontbbox =
                (0., 0., 0., 0.)
              and encoding =
                Pdftext.CustomEncoding (Pdftext.ImplicitInFontFile, [])
              in
                Pdftext.SimpleFont
                  {fontrec with
                     Pdftext.fonttype = Pdftext.Type3
                       {Pdftext.fontbbox = fontbbox;
                        Pdftext.fontmatrix = fontmatrix;
                        Pdftext.charprocs = charprocs;
                        Pdftext.type3_resources = Pdf.Dictionary []};
                     Pdftext.encoding = encoding;
                     Pdftext.fontdescriptor = Some fontdescriptor}
  | _ ->
     raise (Pdf.PDFError "Pdftruetype.to_type3: This is not a TrueType font")

                      (*  let iround f = int_of_float (floor f) / 3 + 100 in
                      flprint "This glyph:\n";
                        iter
                          (fun (flags, coords) ->
                            flprint "This contour:\n";
                            iter2
                              (fun on (x, y) ->
                                 Printf.printf "on = %b, point = (%i, %i)\n" on x y;
                                 Graphics.set_color (if on then Graphics.blue else Graphics.red);
                              Graphics.draw_circle (iround (float x) + 200) ((iround (float y)) + 200) 10)
                              flags
                              coords;
                              let broken = break_coordinates (combine flags coords) in
                            print_coordinates broken;
                            if !dbgg then
                              begin
                                Graphics.set_color Graphics.black;
                                iter
                                   (function
                                   | Line ((x, y), (x', y')) ->
                                       Graphics.moveto (iround x + 200) (iround y + 200); 
                                       Graphics.lineto (iround x' + 200) (iround y' + 200)
                                   | QuadBezier ((x, y), (x', y'), (x'', y'')) ->
                                       let Pdfgraphics.Bezier ((ax, ay), (bx, by), (cx, cy), (dx, dy)) = mkcubicbezier (x, y) (x', y') (x'', y'') in
                                         Graphics.moveto (iround ax + 200) (iround ay + 200);
                                         Graphics.curveto
                                           (iround bx + 200, iround by + 200) (iround cx + 200, iround cy + 200) (iround dx + 200, iround dy + 200))
                                    broken
                              end;

                              
                              
                              )
                          pairs;
                                                          (*graphic_of_contours broken*)

                          if !dbgg then
                            begin
                              ignore (Graphics.wait_next_event [Graphics.Key_pressed]);
                              Graphics.clear_graph ();
                            end;*)
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(** Convert a TrueType font to a Type 3 Font. *)

(** The type 3 font will not necessarily be valid for inclusion in a PDF file,
this is used for rendering. *)

val to_type3 : Pdf.t -> Pdftext.font -> Pdftext.font
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(* Convert an Type 0 composite font containing CFF / Type 1 / Truetype
descendant font into a Type 3 font. The resultant font is for internal use only
and is not a valid PDF font. Only deals with Identity-H at the moment. A full
treatment of composite fonts will require more work. *)
open Pdfutil

let widths_of_cidwidths l default =
  let arr = Array.make 256 (float_of_int default) in
    iter (fun (x, f) -> if x >= 0 && x <= 255 then arr.(x) <- f) l;
    arr

let to_type3 pdf = function
    Pdftext.CIDKeyedFont (basefont, cidfont, Pdftext.Predefined "/Identity-H") ->
      let font =
        Pdftext.SimpleFont
          {Pdftext.fonttype = Pdftext.Type1;
           Pdftext.basefont = basefont;
           Pdftext.fontmetrics =
             Some (widths_of_cidwidths cidfont.Pdftext.cid_widths cidfont.Pdftext.cid_default_width);
           Pdftext.fontdescriptor = Some cidfont.Pdftext.cid_fontdescriptor;
           Pdftext.encoding = Pdftext.ImplicitInFontFile}
      in
        Pdfcff.to_type3 pdf font
  | _ -> raise (Pdf.PDFError "Pdftype0.to_type3 : not supported")
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(** Type 0 font support *)

(** Convert an Type 0 composite font containing CFF / Type 1 / Truetype
descendant font into a Type 3 font. Only deals with /Identity-H at the moment.
Used for rendering, not a valid type3 font for inclusion in a PDF. *)
val to_type3 : Pdf.t -> Pdftext.font -> Pdftext.font
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(* Convert a PostScript Type 1 Font to a Type 3 font. *)
open Pdfutil
open Pdfio

let to_type3 pdf font = font
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(** Convert an PostScript Type 1 Font to a Type 3 Font. *)

(** Not yet implemented. *)

val to_type3 : Pdf.t -> Pdftext.font -> Pdftext.font
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open Pdfutil

(* Units. To add a new unit, extend here and in the graph following. *)
type t = PdfPoint | Inch | Centimetre | Millimetre | Pixel

(* Building convertors *)

(* Conversions. Must form a connected graph. Each unit is listed at most once as
the first of each pair, and at mose once in each associated list. *)
  
(* Create the symmetric closure of the conversions graph, allowing any
conversion to be achieved by the following of the appropriate arcs. *)
let conversions dpi =
  let conversions =
    [Millimetre, [Centimetre, 10.]; (* 10mm = 1cm. *)
     PdfPoint, [Inch, 72.]; (* 72pt = 1in. *)
     Centimetre, [Inch, 2.54]; (* 2.54cm = 1in. *)
     Pixel, [Inch, dpi]] (* dpi pixels = 1in. *)
  in
    let conversions' = ref conversions in
      let insert unit (unit', k) =
        conversions' := 
          match lookup unit !conversions' with
          | None -> add unit [unit', k] !conversions'
          | Some cs -> replace unit ((unit', k)::cs) !conversions'
      in
        (* For each item, insert reverse arcs for all in its conversion list. *)
        iter
          (fun (u, cs) ->
             iter (fun (u', k) -> insert u' (u, 1. /. k)) cs)
          conversions;
      !conversions'
  
(* To convert, we use a breadth-first search to find the shortest path in the
graph, thus minimising the number of conversions. This is not optimal from a
floating-point perspective (where certain conversions are worse than others) *)

(* Create an index relating types unit to index numbers beginning at 0. *)
let index conversions =
  combine (map fst conversions) (ilist 0 (length conversions - 1))

(* Make an array of lists representing the conversions graph, using the index
numbers. *)
let conv_array index conversions =
  let adjacency_lists =
    map
      (fun (u, l) ->
         lookup_failnull u index,
         map (fun (u, k) -> lookup_failnull u index, k) l)
      conversions
  in
    Array.of_list (map snd adjacency_lists)

(* Colours for breadth-first search *)
type colour = White | Grey | Black

(* Perform a breadth-first search starting at u, thus creating a predecessor
subgraph pred, which is returned. *)
let breadth_first index conv_array u =
  let size = Array.length conv_array in
    let pred = Array.make size (-1) (*r $-1$ = null in predecessor array *)
    in let colours = Array.make size White (*r Colour array. *)
    in let s = lookup_failnull u index in (*r Source. *)
      let q = Queue.create () in
        Queue.add s q; (*r Queue for set of grey vertices. *)
        while not (Queue.is_empty q) do
          let u = Queue.peek q in
            iter
              (fun (i, _) ->
                 if colours.(i) = White then
                   begin
                     colours.(i) <- Grey;
                     pred.(i) <- u;
                     Queue.add i q
                   end)
              conv_array.(u);
            ignore (Queue.take q);
            colours.(u) <- Black;
        done;
        pred

(* Converting *)
          
(* Given source and destination units, we return a conversion function. This
 follows the appropriate arcs, accumulating the total multiplier. Obviously, the
 user can provide a third argument to do the computation immediately. *)
let convert dpi u u' =
  let conversions = conversions dpi in
    let index = index conversions in
      let conv_array = conv_array index conversions in
        let pred = breadth_first index conv_array u' in
          let i = ref (lookup_failnull u index)
          in let m = ref 1. in
            while not (pred.(!i) = -1) do
              let i' = pred.(!i) in
                m *.= lookup_failnull !i conv_array.(i');
                i := i'
            done;
            fun x -> x *. !m
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(** Units and Unit Conversion *)

(** The type of units *)
type t = PdfPoint | Inch | Centimetre | Millimetre | Pixel

(** [convert d u u'] produces a convertor converting from unit [u] to [u'] with
dpi [d] *)
val convert : float -> t -> t -> (float -> float)
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(* This module contains general-purpose functions used in many modules.
Typically a module will use the [open] keyword to bring these definitions up to
top level, so their names are considered reserved words in other modules.

All functions in this module are tail-recursive, unless otherwise noted. *)

let rec position_gen n e = function
  [] -> None
| e'::t when e = e' -> Some n
| _::t -> position_gen (n + 1) e t

let position e l = position_gen 0 e l

let position_1 e l = position_gen 1 e l

(* Replace all instances of x with x' in s *)
let string_replace_all x x' s =
  if x = "" then s else
    let p = ref 0
    and slen = String.length s
    and xlen = String.length x in
      let output = Buffer.create (slen * 2) in
        while !p < slen do
          try
            if String.sub s !p xlen = x
              then (Buffer.add_string output x'; p := !p + xlen)
              else (Buffer.add_char output s.[!p]; incr p)
          with
            _ -> Buffer.add_char output s.[!p]; incr p
        done;
        Buffer.contents output

let string_replace_all_lazy x x' s =
  if x = "" then s else
    let p = ref 0
    and slen = String.length s
    and xlen = String.length x in
      let output = Buffer.create (slen * 2) in
        while !p < slen do
          try
            if String.sub s !p xlen = x
              then (Buffer.add_string output (x' ()); p := !p + xlen)
              else (Buffer.add_char output s.[!p]; incr p)
          with
            _ -> Buffer.add_char output s.[!p]; incr p
        done;
        Buffer.contents output

(* Print something and then flush standard output. *)
let flprint s =
  print_string s; flush stdout

(* Debug printing *)
let dp_print = ref false

let dpr s = if !dp_print then flprint s

(* [xxx] is a tail-recursive version of [List.xxx]. See [List] module for
details. *)
let sort = List.sort

let hd = List.hd

let tl = List.tl

let rev = List.rev

let iter = List.iter

let iter2 = List.iter2

let rec iter3 f a b c =
  match a, b, c with
  | [], [], [] -> ()
  | ah::a', bh::b', ch::c' ->
      f ah bh ch;
      iter3 f a' b' c'
  | _ -> raise (Invalid_argument "Pdfutil.iter3")

let append a b =
  List.rev_append (rev a) b

let ( @ ) = append

let flatten lists =
  let rec flatten out = function
    | [] -> out
    | l::ls -> flatten (append l out) ls
  in
    flatten [] (rev lists)

let rev_map = List.rev_map

let map f l =
  rev (List.rev_map f l)

let map2 f a b =
  rev (List.rev_map2 f a b)

let split l =
  let rec split_inner (l1, l2) = function
    | [] -> rev l1, rev l2
    | (a, b)::t -> split_inner (a::l1, b::l2) t
  in
    split_inner ([], []) l

let split3 l =
  let rec split3_inner (l1, l2, l3) = function
    | [] -> rev l1, rev l2, rev l3
    | (a, b, c)::t -> split3_inner (a::l1, b::l2, c::l3) t
  in
    split3_inner ([], [], []) l

let split5 l =
  let rec split5_inner (l1, l2, l3, l4, l5) = function
    | [] -> rev l1, rev l2, rev l3, rev l4, rev l5
    | (a, b, c, d, e)::t -> split5_inner (a::l1, b::l2, c::l3, d::l4, e::l5) t
  in
    split5_inner ([], [], [], [], []) l

let split6 l =
  let rec split6_inner (l1, l2, l3, l4, l5, l6) = function
    | [] -> rev l1, rev l2, rev l3, rev l4, rev l5, rev l6
    | (a, b, c, d, e, f)::t ->
        split6_inner (a::l1, b::l2, c::l3, d::l4, e::l5, f::l6) t
  in
    split6_inner ([], [], [], [], [], []) l

let split8 l =
  let rec split8_inner (l1, l2, l3, l4, l5, l6, l7, l8) = function
    | [] -> rev l1, rev l2, rev l3, rev l4, rev l5, rev l6, rev l7, rev l8
    | (a, b, c, d, e, f, g, h)::t ->
        split8_inner (a::l1, b::l2, c::l3, d::l4, e::l5, f::l6, g::l7, h::l8) t
  in
    split8_inner ([], [], [], [], [], [], [], []) l

let combine a b =
  let pairs = ref [] in
    try
      List.iter2 (fun x y -> pairs := (x, y)::!pairs) a b;
      rev !pairs
    with
      Invalid_argument _ -> raise (Invalid_argument "Pdfutil.combine")

let combine3 a b c =
  let pairs = ref [] in
    try
      iter3 (fun x y z -> pairs := (x, y, z)::!pairs) a b c;
      rev !pairs
    with
      Invalid_argument _ -> raise (Invalid_argument "Pdfutil.combine3")
 
let fold_left f b l = List.fold_left f b l

let fold_right f l e =
  List.fold_left (fun x y -> f y x) e (rev l)

let length = List.length

let rec rev_map3_inner f a b c outputs =
  match a, b, c with
  | [], [], [] -> outputs
  | ha::ta, hb::tb, hc::tc ->
      rev_map3_inner f ta tb tc (f ha hb hc::outputs)
  | _ -> raise (Invalid_argument "Pdfutil.map3")

let rev_map3 f a b c =
  rev_map3_inner f a b c []

let map3 f a b c =
  rev (rev_map3 f a b c)

let rec rev_map4_inner f a b c d outputs =
  match a, b, c, d with
  | [], [], [], [] -> outputs
  | ha::ta, hb::tb, hc::tc, hd::td ->
      rev_map4_inner f ta tb tc td (f ha hb hc hd::outputs)
  | _ -> raise (Invalid_argument "Pdfutil.map4")

let rev_map4 f a b c d =
  rev_map4_inner f a b c d []

let map4 f a b c d =
  rev (rev_map4 f a b c d)

let rec rev_map5_inner f a b c d e outputs =
  match a, b, c, d, e with
  | [], [], [], [], [] -> outputs
  | ha::ta, hb::tb, hc::tc, hd::td, he::te ->
      rev_map5_inner f ta tb tc td te (f ha hb hc hd he::outputs)
  | _ -> raise (Invalid_argument "Pdfutil.map5")

let rev_map5 f a b c d e =
  rev_map5_inner f a b c d e []

let map5 f a b c d e =
  rev (rev_map5 f a b c d e)

(* Calculate the cumulative sum of a list given a base e.g [cumulative_sum 5
[1;2;3] = [6; 8; 11]] *)
let cumulative_sum b l = 
  let rec cumulative_sum prev bse = function
    | [] -> rev prev
    | h::t -> cumulative_sum ((bse + h)::prev) (bse + h) t
  in
    cumulative_sum [] b l

(* Split a list into a list of lists at every point where [p] is true *)
let rec split_around_inner p prev curr = function
  | [] -> if curr = [] then (rev prev) else (rev (rev curr::prev))
  | h::t ->
      if p h
        then split_around_inner p (rev curr::prev) [] t
        else split_around_inner p prev (h::curr) t

let split_around p l =
  split_around_inner p [] [] l

(* Count the number of elements matching a predicate. *)
let rec lcount_inner p c = function
  | [] -> c
  | h::t ->
      if p h
        then lcount_inner p (c + 1) t
        else lcount_inner p c t

let lcount p l =
  lcount_inner p 0 l

(* Find the position of the first element matching a predicate. The first
element is number one. *)
let rec index_inner n p = function
  | [] -> dpr "b"; raise Not_found
  | h::_ when p h -> n
  | _::t -> index_inner (n + 1) p t

let index n p = index_inner 1 n p

(* Functions on Strings *)

let firstchar s =
  try Some s.[0] with Invalid_argument _ -> dpr "3R"; None

let lastchar s =
  try Some s.[String.length s - 1] with Invalid_argument _ -> dpr "3S"; None

(* Make a list of characters from a string, preserving order. *)
let explode s =
  let l = ref [] in
    for p = String.length s downto 1 do
      l := String.unsafe_get s (p - 1)::!l
    done;
    !l

(* Make a string from a list of characters, preserving order. *)
let implode l =
  let s = Bytes.create (length l) in
    let rec list_loop x = function
       [] -> ()
     | i::t -> Bytes.unsafe_set s x i; list_loop (x + 1) t
    in
      list_loop 0 l;
      Bytes.to_string s

(* String of character. *)
let string_of_char c =
  String.make 1 c

(* Long-integer function abbreviations *)
let i32ofi = Int32.of_int

let i32toi = Int32.to_int

let i32tof = Int32.to_float

let i32add = Int32.add

let i32sub = Int32.sub

let i32mul = Int32.mul

let i32div = Int32.div

let lsr32 = Int32.shift_right_logical

let lsl32 = Int32.shift_left

let lor32 = Int32.logor

let land32 = Int32.logand

let lnot32 = Int32.lognot

let lxor32 = Int32.logxor

let i32succ = Int32.succ

let i32pred = Int32.pred

let i32max = Pervasives.max

let i32min = Pervasives.min

let i64ofi = Int64.of_int

let i64toi = Int64.to_int

let i64tof = Int64.to_float

let i64add = Int64.add

let i64sub = Int64.sub

let i64mul = Int64.mul

let i64div = Int64.div

let lsr64 = Int64.shift_right_logical

let lsl64 = Int64.shift_left

let land64 = Int64.logand

let lor64 = Int64.logor

let lnot64 = Int64.lognot

let lxor64 = Int64.logxor

let i64succ = Int64.succ

let i64pred = Int64.pred

let i64max = Pervasives.max

let i64min = Pervasives.min

let i32ofi64 = Int64.to_int32

let i64ofi32 = Int64.of_int32 

(* Sign extension for integer of number of bits l. *)
let sign_extend l n =
  let shift = Nativeint.size - 1 - l in
    (n lsl shift) asr shift

(* Set each element of array [a] to value [v]. *)
let set_array a v =
  Array.fill a 0 (Array.length a) v

(* Evaluate [v ()], evaluate and ignore [f ()], return [v ()], in that order. *)
let do_return v f =
  let r = v () in ignore (f ()); r

(* Call [f ()] some number of times. *)
let rec do_many f = function
  | n when n < 0 -> raise (Invalid_argument "Pdfutil.do_many")
  | 0 -> ()
  | n -> f (); do_many f (n - 1) 

(* Interleave an element among a list, so that [interleave 0 [1; 2; 3]]
yields [[1; 0; 2; 0; 3]]. An empty or singleton list is unchanged. *)
let interleave e l =
  let rec interleave_inner result elt = function
    | [] -> rev result
    | [e] -> interleave_inner (e::result) elt []
    | h::t -> interleave_inner (elt::h::result) elt t
  in
    interleave_inner [] e l

(* Interleave two same-length lists together, taking from the first list first.
*)
let interleave_lists a b =
  let rec interleave_lists_inner r a b =
    match a, b with
    | [], [] -> rev r
    | h::t, h'::t' -> interleave_lists_inner (h'::h::r) t t'
    | _ -> raise (Invalid_argument "Pdfutil.interleave_lists")
  in
    interleave_lists_inner [] a b

(* Cons on list references *)
let ( =| ) r e =
  r := e::!r

(* Append on list references *)
let ( =@ ) r l =
  r := l @ !r

(* Functions on characters. *)
let isdigit = function
  | x when x >= '0' && x <= '9' -> true
  | _ -> false

(* Abbreviation. *)
let toint x = int_of_float x

(* Invert a predicate. *)
let notpred f =
  function e -> not (f e)

(* Prefix equality *)
let eq = ( = )

let neq = ( <> )

(* Map on the individual (inner) elements of a list of lists *)
let map_lol f =
  map (map f)

(* Raise [x] to the power [i]. *)
let rec pow i x =
  match i with
  | 0 -> 1
  | 1 -> x
  | i -> pow (i / 2) (x * x) * (if i mod 2 = 0 then 1 else x)

(* Dictionaries implemented as association lists *)

(* Look something up in a dictionary. *)
let rec lookup k' = function
  | [] -> None
  | (k, v)::t -> if k = k' then Some v else lookup k' t

(* Same, but no [option] type. *)
let rec lookup_failnull k' = function
  | [] -> dpr "e"; raise Not_found
  | (k, v)::t -> if k = k' then v else lookup_failnull k' t

(* Add something to a dictionary, replacing it if it's already there. *)
let add k' v d =
  let rec add_inner r k' v = function
    | [] -> (k', v)::r
    | (k, _)::t when k = k' -> r @ ((k', v)::t)
    | h::t -> add_inner (h::r) k' v t
  in
    add_inner [] k' v d

(* Replace something in a dictionary, failing if it doesn't exist. *)
let replace k' v l =
  let rec replace_inner r k' v = function
    | [] -> dpr "f"; raise Not_found
    | (k, _)::t when k = k' -> List.rev_append r ((k', v)::t)
    | h::t -> replace_inner (h::r) k' v t
  in
    replace_inner [] k' v l

(* Remove something from a dictionary. *)
let remove k' l =
  let rec remove_inner r k' = function
    | [] -> r
    | (k, _)::t when k = k' -> List.rev_append r t
    | h::t -> remove_inner (h::r) k' t
  in
    remove_inner [] k' l

(* Merge two dictionaries, prefering elements in the second in the case of
clashes. *)
let rec mergedict d = function
  | [] -> d
  | (k, v)::es -> mergedict (add k v d) es

(* An infix operator for the composition of functions. *)
let ( <| ) a b = a b

(* Opposite version of [@], the reverse append. *)
let ( @@ ) a b = b @ a

(* In order to return pairs of list from recursive functions without recourse
to accumulating arguments. *)
let conspair ((x, y), (xs, ys)) = x::xs, y::ys

(* The same with options determining whether or not each element is included in
the output list. *)
let conspairopt ((xo, yo), (xs, ys)) =
  (match xo with None -> xs | Some x -> x::xs),
  (match yo with None -> ys | Some y -> y::ys)

(* Make consecutive elements of an even-length list into a list of pairs. *)
let pairs_of_list l =
  let rec pairs_of_list_inner r = function
    | [] -> rev r
    | [_] -> raise (Invalid_argument "Pdfutil.pairs_of_list")
    | h::h'::t -> pairs_of_list_inner ((h, h')::r) t
  in
    pairs_of_list_inner [] l

(* Return a list identical to the input but with any item true under predicate
[p] replaced with [o]. *)
let replaceinlist p o l =
  let rec replaceinlist_inner r p o = function
    | [] -> rev r
    | h::t ->
        if p h
          then replaceinlist_inner (o::r) p o t
          else replaceinlist_inner (h::r) p o t
  in
    replaceinlist_inner [] p o l 

(* Produce a list of overlapping pairs of elements in a list in order, producing
the empty list if on singleton input. *)
let pairs l =
  let rec pairs_inner r = function
    | [] | [_] -> rev r
    | a::b::rest -> pairs_inner ((a, b)::r) (b::rest)
  in
    pairs_inner [] l

(* Predicate to test if [x] is a member of a list. *)
let mem = List.mem

(* The same, with reversed arguments. *)
let mem' l x = mem x l

(* Return the set of distinct  elements in a list. Does not preserve order. *)
let setify_simple l =
  let rec setify_inner r = function
    | [] -> r
    | h::t ->
        if mem h t
          then setify_inner r t
          else setify_inner (h::r) t
  in
    setify_inner [] l

(* The same, preserving the order of the first occurance of each distinct
element in the input list. FIXME: This is still n^2, of course. How to improve?
*)
let setify_preserving_order l =
  setify_simple (rev l)

let rec sorted_setify prev = function
   [] -> rev prev
 | [x] -> rev (x::prev)
 | a::b::t when a = b -> sorted_setify prev (b::t)
 | h::t -> sorted_setify (h::prev) t

let setify l =
  sorted_setify [] (List.sort compare l)

(* Remove all elts of l' from l if l, l' sets. *)
let setminus l l' =
  let rec setminus_inner r l l' =
    match l with
    | [] -> r
    | h::t ->
        if mem h l'
          then setminus_inner r t l'
          else setminus_inner (h::r) t l'
  in
    setminus_inner [] l l' 

let setminus_preserving_order l l' =
  rev (setminus l l')

(* Return a list of the heads of a list of lists. *)
let heads l =
  let rec heads_inner r = function
    | [] -> rev r
    | h::t -> heads_inner (hd h::r) t
  in
    heads_inner [] l

(* Return a list of the tails of a list of lists, failing if any of them are
the empty list. *)
let tails l =
  let rec tails_inner r = function
    | [] -> rev r
    | h::t -> tails_inner (tl h::r) t
  in
    tails_inner [] l
 
(* Take a list of lists of equal length, and turn into a list of lists, the
first containing all the first elements of the original lists, the second the
second, and so on. *)
let zipn l =
  let rec zipn_inner r = function
    | [] | []::_ -> rev r
    | l -> zipn_inner (heads l::r) (tails l)
  in
    zipn_inner [] l

(* Remove the second, fourth etc elements from a list, saving the last element
(if of even length) e.g [drop_evens [1;2;3;4;5;6] is [1;3;5;6]]. *) 
let drop_evens l =
  let rec drop_evens_inner r = function
    | h::_::h''::t -> drop_evens_inner (h::r) (h''::t)
    | h::h'::[] -> rev (h'::h::r)
    | [x] -> rev (x::r)
    | _ -> rev r
  in
    drop_evens_inner [] l

(* Same, but don't save the last even one. *)
let really_drop_evens l =
  let rec really_drop_evens_inner r = function
    | [] -> rev r
    | [h] -> really_drop_evens_inner (h::r) []
    | h::_::more -> really_drop_evens_inner (h::r) more
  in
    really_drop_evens_inner [] l

(* Remove the first, third etc. The last odd element is not saved. e.g
[drop_odds [1;2;3;4;5;6;7] is [2;4;6]]. *)
let drop_odds l =
  let rec drop_odds_inner r = function
    | _::h'::t -> drop_odds_inner (h'::r) t
    | _ -> rev r
  in
    drop_odds_inner [] l

(* tl but silent failure. *)
let tail_no_fail = function
  | [] -> []
  | _::t -> t

(* Couple the elements of a list [l] using function [f]. For instance,
[couple ( + ) [[1; 3; 5]]] $\Longrightarrow$ [[4; 8]]. The two elements
are applied to [f] in the order in which they appear in the input list. *)
let couple f l =
  let rec couple_inner r f = function
    | x::x'::xs -> couple_inner (f x x'::r) f (x'::xs)
    | _ -> rev r
  in
    couple_inner [] f l
 
(* As above, but an extra function [g] is applied to any last (odd) element. *)
let couple_ext f g l =
  let rec couple_ext_inner r f g = function
    | x::x'::xs -> couple_ext_inner (f x x'::r) f g (x'::xs)
    | x::[] -> couple_ext_inner (g x::r) f g []
    | [] -> rev r
  in
    couple_ext_inner [] f g l

(* Apply [couple] repeatedly until only one element remains. Return that
element. *)
let rec couple_reduce f = function
  | [] -> raise (Invalid_argument "Pdfutil.couple_reduce")
  | [a] -> a
  | l -> couple_reduce f (couple f l)

(* A similar function to [couple], but the coupling is non-overlapping. *)
let pair f l =
  let rec pair_inner r f = function
    | [] -> rev r
    | [a] -> pair_inner (a::r) f []
    | a::b::t -> pair_inner (f a b::r) f t
  in
    pair_inner [] f l

(* A version of [pair] which adds a unary function for the singleton, much
like [couple_ext]. *)
let pair_ext f g l =
  let rec pair_ext_inner r f g = function
    | [] -> rev r
    | [a] -> pair_ext_inner (g a::r) f g []
    | a::b::t -> pair_ext_inner (f a b::r) f g t
  in
    pair_ext_inner [] f g l

(* As [couple_reduce] is to [couple], so this is to [pair]. *)
let rec pair_reduce f = function
  | [] -> raise (Invalid_argument "Pdfutil.pair_reduce")
  | [a] -> a
  | l -> pair_reduce f (pair f l)

(* [List.filter] has a confusing name, so we define [keep] and [lose] to avoid
error. *)
let keep = List.filter

let rec lose_inner prev p = function
  | [] -> rev prev
  | h::t ->
    if p h
      then lose_inner prev p t
      else lose_inner (h::prev) p t

let lose p = lose_inner [] p

(* Make a list of length [n] with each element equal to [x]. *)
let many x n =
  Array.to_list (Array.make n x)

(* A version where we need to apply unit each time, for instance when producing
a list of random numbers. Result is ordered. *)
let manyunique f n =
  let rec manyunique_inner r f n =
    if n = 0
      then rev r
      else manyunique_inner (f ()::r) f (n - 1)
  in
    manyunique_inner [] f n

(* Take [n] elements from the front of a list [l], returning them in order. *)
let take l n =
  if n < 0 then raise (Invalid_argument "Pdfutil.take") else
  let rec take_inner r l n =
    if n = 0 then rev r else
      match l with
      | [] -> raise (Invalid_argument "Pdfutil.take")
      | h::t -> take_inner (h::r) t (n - 1)
  in
    take_inner [] l n

let take' n l = take l n

(* Same, but order is reversed *)
let takewhile_reverse p l =
  let rec takewhile_reverse_inner r p = function
    | [] -> r
    | h::t -> if p h then takewhile_reverse_inner (h::r) p t else r
  in
    takewhile_reverse_inner [] p l

(* Take from the list [l] while the predicate [p] is true. *)
let takewhile p l =
  let rec takewhile_inner r p l =
    match l with
    | [] -> rev r
    | h::t -> if p h then takewhile_inner (h::r) p t else rev r
  in
    takewhile_inner [] p l

(* Drop [n] elements from the front of a list, returning the remainder in
order. *)
let rec drop_inner n = function
  | [] -> raise (Invalid_argument "Pdfutil.drop")
  | _::t -> if n = 1 then t else drop_inner (n - 1) t

let drop l n =
  if n < 0 then raise (Invalid_argument "Pdfutil.drop") else
  if n = 0 then l else
    drop_inner n l

let drop' n l = drop l n

let rec dropwhile p = function
  | [] -> []
  | h::t -> if p h then dropwhile p t else (h::t)

(* Split a list [l] into two parts, the first part containing [n] elements. *)
let cleave l n =
  let rec cleave_inner l left n =
    if n = 0 then rev left, l else
      match l with
      | [] -> raise (Invalid_argument "Pdfutil.cleave: not enough elements")
      | _  -> cleave_inner (tl l) (hd l::left) (n - 1)
  in
    if n < 0
      then raise (Invalid_argument "Pdfutil.cleave: negative argument")
      else cleave_inner l [] n

(* Returns elements for which p is true, until one is not, paired with the
remaining list. The same as [takewhile p l], [dropwhile p l], but requiring
only one pass over the list. *)
let cleavewhile p l =
  let rec cleavewhile_inner p l elts =
    match l with
    | [] -> rev elts, []
    | e::es ->
        if p e
          then cleavewhile_inner p es (e::elts)
          else rev elts, l
  in
    cleavewhile_inner p l []

(* The same, faster, but output lists are unordered. *)
let cleavewhile_unordered p l =
  let rec cleavewhile_unordered_inner p l elts =
    match l with
    | [] -> elts, []
    | e::es ->
        if p e
          then cleavewhile_unordered_inner p es (e::elts)
          else elts, l
  in
    cleavewhile_unordered_inner p l []

(* Isolate a central section of a list, from the first element after the element
for which predicate [p] is true, to the element before [p'] is first true. *)
let isolate p p' l =
  let _, during_and_after = cleavewhile (notpred p) l in
    match during_and_after with
    | [] -> []
    | _::t -> fst (cleavewhile (notpred p') t)

(* Collate a list into a list of lists based upon a comparison function by which
it has already been sorted. e.g [collate [1; 2; 2; 3; 3]] calculates
[[[1]; [2;2]; [3;3]]]. *)
let collate cmp l =
  let rec collate_inner prev = function
    | [] -> rev prev
    | h::t ->
        let x, y = cleavewhile (fun a -> cmp h a = 0) (h::t) in
          collate_inner (x::prev) y
  in
    collate_inner [] l

(* Split a list into some lists of length [n] (and possibly a final one of
length < [n]). *)
let splitinto n l =
  let rec splitinto_inner a n l len =
    match l with [] -> rev a | _ ->
      if len < n then rev (l::a) else
        let h, t = cleave l n in
          splitinto_inner (h::a) n t (len - n)
  in
    splitinto_inner [] n l (length l)

(* Non-tail recursive version, for use when [n] is small and fixed. *)
let rec takeatmost n l =
  match l with
  | h::t when n > 0 -> h :: takeatmost (n - 1) t
  | _ -> []

let rec dropatmost n l =
  match l with
  | _::t when n > 0 -> dropatmost (n - 1) t
  | l -> l

let rec splitinto_small n l =
  match l with
  | [] -> []
  | _ ->
      let first = takeatmost n l in
        first :: splitinto_small n (dropatmost n l)

(* Split a list [l] at the given points. Point 1 means after the first element.
*)
let rec splitat_inner prev l = function
  | [] -> begin match l with [] -> rev prev | _ -> rev (l::prev) end
  | h::t ->
      let this, rest = cleave l h in
        splitat_inner (this::prev) rest t

let splitat points l =
  splitat_inner [] l (couple (fun a b -> b - a) (0::points)) 

(* Select the nth element in a list (first is element 1) *)
let select n l =
  try hd (drop l (n - 1)) with
    Invalid_argument _ (*"drop"*)
  | Failure _ (*"hd"*) -> raise (Invalid_argument "Pdfutil.select")

(* Replace the nth element of a list (first is element 1) *)
let rec replace_number_inner prev n e = function
  | [] -> rev prev
  | l::ls ->
      if n = 1
        then replace_number_inner (e::prev) (n - 1) e ls
        else replace_number_inner (l::prev) (n - 1) e ls

let replace_number n e l =
  replace_number_inner [] n e l

(* Simple list utilities. *)
let isnull = function [] -> true | _ -> false

let notnull = function [] -> false | _ -> true

(* Find the last element of a list. *)
let rec last = function
  | [] -> raise (Invalid_argument "Pdfutil.last")
  | x::[] -> x
  | _::xs -> last xs

(* Produce a list containing all but the last element of a list *)
let all_but_last = function
  | [] | [_] -> []
  | l -> rev (tl (rev l))

(* Find the first and last element of a list. If the list has one element, that
is returned twice. *)
let extremes = function
  | [] -> raise (Invalid_argument "Pdfutil.extremes")
  | x::[] -> x, x
  | x::xs -> x, last xs

(* Return the first, middle and last elements of a list which has length at
least two. *)
let extremes_and_middle = function
  | [] | [_] ->
      raise (Invalid_argument "Pdfutil.extremes_and_middle")
  | h::t ->
      let m, l = cleave t (length t - 1) in
         h, m, hd l
 
(* Set a boolean reference. *)
let set r =
  r := true

(* Clear a boolean reference. *)
let clear r =
  r := false

(* Change the value of a boolean reference. *)
let flip r =
  r := not !r

(* Increment and decrement integer references [r] by an integer [n]. *)
let ( += ) r n =
  r := !r + n

let ( -= ) r n =
  r := !r - n 

let ( /= ) r n = 
  r := !r / n

let ( *= ) r n =
  r := !r * n

(* Similar functions on floating-point references. *)
let ( +.= ) r n =
  r := !r +. n

let ( -.= ) r n =
  r := !r -. n

let ( /.= ) r n =
  r := !r /. n

let ( *.= ) r n =
  r := !r *. n

(* Vectors in two dimensions. *)
type vector = float * float

(* Make a vector from a point [(x0, y0)] to a point [(x1, y1)]. *)
let mkvector (x0, y0) (x1, y1) = x1 -. x0, y1 -. y0

(* Invert a vector. *)
let invert (a, b) = -.a, -.b

(* Offset a point [(px, py)] by a vector [(x, y)]. *)
let offset_point (x, y) (px, py) = px +. x, py +. y

(* Find the vector pi / 2 anticlockwise from the given one. *)
let perpendicular (a, b) = -.b, a

(* Square a number *)
let sqr x = x *. x

(* Find the length of a vector. *)
let veclength (x, y) =
  sqrt (sqr x +. sqr y)

(* Scale a vector to a length [l]. *)
let scalevectolength l (a, b) =
  let currentlength = veclength (a, b) in
    if currentlength = 0. then (a, b) else
      let factor = l /. currentlength in
        a *. factor, b *. factor

(* Make a unit vector from [s] to [e] *)
let mkunitvector s e =
  scalevectolength 1. (mkvector s e)

(* Find the point equidistant between two others. *)
let between (x, y) (x', y') =
  (x +. x') /. 2., (y +. y') /. 2.

(* The cartesian distance between two points. *)
let distance_between (px, py) (px', py') =
  sqrt (sqr (px -. px') +. sqr (py' -. py))

(* The largest power of two by which [n] is exactly divisible. *)
let largest_pow2_divisible n =
  let rec s test n =
    if n mod test = 0 then s (test * 2) n
    else test / 2
  in
    s 1 n

(* Find the largest power of two smaller or equal to an integer [t]. *)
let pow2lt t =
  let rec pow2lt_i target current =
    if current * 2 > target
      then current
      else pow2lt_i target (current * 2)
  in
    pow2lt_i t 1

(* Find the largest power of two greater or equal to an integer [t]. *)
let pow2gt t =
  let lt = pow2lt t in
    if lt = t then t else lt * 2

(* Find the integer base two logarithm of a number. *)
let log2of t =
  let rec log2of_i target num =
    if num * 2 > target
      then 0
      else let n = log2of_i target (num * 2) in n + 1
  in
    log2of_i t 1

(* Integer compare function --- saves the cost of polymorphic comparisons. *)
let compare_i (a : int) b =
  if a < b then -1 else if a > b then 1 else 0

(* Reverse comparison *)
let rev_compare a b =
  -compare a b
 
(* The integer range between $[s..e]$ inclusive. *)
let ilist s e =
  if e < s then raise (Invalid_argument "Pdfutil.ilist") else
    let nums = ref [] in
      let rec ilist s e =
        if s = e
          then nums =| e
          else (nums =| s; ilist (s + 1) e)
      in
        ilist s e;
        rev !nums

(* Same, but return null list for ilist x x rather than [x] *)
let ilist_null s e =
  if s = e then [] else ilist s e

(* Same, but upon failure just return null. *)
let ilist_fail_null s e =
  if s > e then [] else ilist_null s e

(* A common case: Make indexes for a list *)
let indx l =
  if l = [] then [] else ilist 1 (length l)

(* Same zero-indexed. *)
let indx0 l =
  if l = [] then [] else ilist 0 (length l - 1)

(* Same, n-indexed. *)
let indxn n l =
  if l = [] then [] else ilist n (n + length l - 1)
 
(* Even/odd predicates. Zero is considered even, -1 odd, -2 even etc. *)
let even x = x mod 2 = 0

let odd = notpred even

(* Exclusive Or of [a] and [b]. *)
let ( |&| ) a b =
  (a || b) && not (a && b)

(* The identity function. *)
let ident x = x

(* An array analog of [List.iter2].*)
let array_iter2 f a b =
  if Array.length a = Array.length b then
    if Array.length a = 0 then () else
      for x = 0 to (Array.length a) - 1 do
        f (Array.get a x) (Array.get b x)
      done
  else
    raise (Invalid_argument "Pdfutil.array_iter2")
   
let array_map2 f a b =
  if Array.length a = Array.length b then
    Array.init (Array.length a) (function i -> f a.(i) b.(i))
  else
    raise (Invalid_argument "Pdfutil.array_map2")
 
(* Some simple functions for working with the [option] type. *)
let some = function None -> false | _ -> true

let none = function None -> true | _ -> false

let unopt = function
  | Some x -> x
  | None -> failwith "unopt"

let rec losenones prev = function
  | [] -> rev prev
  | None::t -> losenones prev t
  | Some h::t -> losenones (h::prev) t 

let losenones l = losenones [] l

let option_map f l =
  losenones (map f l)

let option_map2 f a b =
  losenones (map2 f a b)

(* Integer-specialised minimum and maximum functions for speed, overriding
\emph{Pervasives.min} and \emph{Pervasives.max}. *)
let min (a : int) b = if a < b then a else b
let max (a : int) b = if a > b then a else b

(* Floating point ones. *)
let fmin (a : float) b = if a < b then a else b
let fmax (a : float) b = if a > b then a else b

let fabs x = abs_float x

(* The union of two rectangles, each defined by its minimum and maximum
coordinates *)
let box_union (xmin0, xmax0, ymin0, ymax0) (xmin1, xmax1, ymin1, ymax1) =
  min xmin0 xmin1, max xmax0 xmax1, min ymin0 ymin1, max ymax0 ymax1

(* The union of two rectangles, each defined by its minimum and maximum
coordinates *)
let box_union_float (xmin0, xmax0, ymin0, ymax0) (xmin1, xmax1, ymin1, ymax1) =
  fmin xmin0 xmin1, fmax xmax0 xmax1, fmin ymin0 ymin1, fmax ymax0 ymax1

(* The intersection rectangle of two rectangles defined by integers. [x0, y0]
etc refer to the top left, [x1, y1] etc. to the bottom right. *)
let box_overlap ax0 ay0 ax1 ay1 bx0 by0 bx1 by1 =
  if ax0 > bx1 || ay0 > by1 || ax1 < bx0 || ay1 < by0
    then None
    else Some (max ax0 bx0, max ay0 by0, min ax1 bx1, min ay1 by1)

(* The same for floating point coordinates. *)
let box_overlap_float ax0 ay0 ax1 ay1 bx0 by0 bx1 by1 =
  if ax0 > bx1 || ay0 > by1 || ax1 < bx0 || ay1 < by0
    then None
    else Some (fmax ax0 bx0, fmax ay0 by0, fmin ax1 bx1, fmin ay1 by1)
    
(* Apply a function [f] [n] times to initial argument [arg]. *)
let rec applyn f n arg =
  if n = 0 then arg else applyn f (n - 1) (f arg)

(* The type of binary trees. *)
type 'a tree = Lf | Br of 'a * 'a tree * 'a tree

(* Define pi. *)
let pi = 4. *. atan 1.

(* Define sqrt 2. *)
let root2 = sqrt 2.

(* Radians of degrees. *)
let rad_of_deg a = a *. pi /. 180.

(* Degrees of radians. *)
let deg_of_rad a = a *. 180. /. pi

(* Constant boolean predicates *)
let always _ = true
let never _ = false

(* A null hash table. *)
let null_hash () =
  Hashtbl.create 0

let tryfind table k =
  try
    Some (Hashtbl.find table k)
  with
    Not_found -> None

(* Extract all (key, value) pairs from a hash table. *)
let list_of_hashtbl t =
  let contents = ref [] in
    Hashtbl.iter
      (fun k v -> contents =| (k, v))
      t;
  !contents

(* Build a hashtable from a dictionary *)
let hashtable_of_dictionary pairs =
  let table = Hashtbl.create (length pairs * 2) in
    iter (fun (k, v) -> Hashtbl.add table k v) pairs;
    table

let hashset_of_list l =
  let table = Hashtbl.create (length l * 2) in
    iter (fun k -> Hashtbl.add table k ()) l;
    table

(* Round a number. *)
let round x =
  let c = ceil x in let f = floor x in
    if c -. x <= x -. f then c else f

let iround x =
  int_of_float (round x)

(* Render a float normal by replacing anything abnormal by 0. *)
let safe_float f =
  match classify_float f with
  | FP_nan | FP_infinite | FP_zero | FP_subnormal -> 0.
  | _ -> f

(* Build a tuple *)
let tuple x y = x, y

(* Make a unit function. *)
let mkunit f x = fun () -> f x

(* Swap two elements of an array. *)
let swap a i j =
  let t = a.(i) in
    a.(i) <- a.(j);
    a.(j) <- t

(* Print floats, integers or int32 values with spaces between them. *)
let print_floats fs =
  iter (fun x -> print_float x; print_string " ") fs;
  print_newline ()

let print_ints is =
  iter (fun x -> print_int x; print_string " ") is;
  print_newline ()

let print_int32s is =
  iter (fun x -> Printf.printf "%li " x) is;
  print_newline ()

let leafnames_of_dir d =
  Array.to_list (Sys.readdir d)

(* Roman numerals. *)
let roman_vals =
  [(900, "CM"); (500, "D"); (400, "CD"); (100, "C"); (100, "C"); (100, "C");
  (90, "XC"); (50, "L"); (40, "XL"); (10, "X"); (10, "X"); (10, "X");
  (9, "IX"); (5, "V"); (4, "IV"); (1, "I"); (1, "I"); (1, "I")]

let rec roman n =
  if n < 1 then ""
  else if n >= 1000 then implode (many 'M' (n / 1000)) ^ roman (n mod 1000)
  else 
    let rec roman_recurse n = function
    | [] -> ""
    | (n', s)::t ->
        if n >= n'
          then s ^ roman_recurse (n - n') t
          else roman_recurse n t
    in
      assert (n > 0 && n < 1000);
      roman_recurse n roman_vals

let roman_upper = roman

let roman_lower n = String.lowercase (roman n)

let memoize f =
  let result = ref None in
    fun () ->
      match !result with
      | Some thing -> thing
      | None -> result := Some (f ()); unopt !result
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(** General Functions. Typically one will [open Pdfutil] and not use [open] elsewhere. *)


(** {2 Debug Printing} *)

(** Print a string and flush standard output. *)
val flprint : string -> unit

(** Print a list of floating point numbers separated by spaces. *)
val print_floats : float list -> unit

(** Print a list of integers separated by spaces *)
val print_ints : int list -> unit

(** Print a list of [int32]s separated by spaces *)
val print_int32s : int32 list -> unit

(** {2 Strings} *)

(** Return the first character of a string, should it have one. Otherwise return
[None]. *)
val firstchar : string -> char option

(** Return the first character of a string, should it have one. Otherwise return
[None]. *)
val lastchar : string -> char option

(** List of characters representing a string. *)
val explode : string -> char list

(** String representing a list of characters. Fails if list is longer than
[Sys.max_string_length]. *)
val implode : char list -> string

(** Make a string from a character. *)
val string_of_char : char -> string

(** Calling [string_replace_all x x' s] replaces all instances of [x] with [x']
in [s], returning a new string. *)
val string_replace_all : string -> string -> string -> string

(** The same, but provide a function for the replacement string *)
val string_replace_all_lazy : string -> (unit -> string) -> string -> string

(** {2 Lists} *)

val hd : ('a list -> 'a)
val tl : ('a list -> 'a list)
val rev : ('a list -> 'a list)
val iter : (('a -> unit) -> 'a list -> unit)
val iter2 : (('a -> 'b -> unit) -> 'a list -> 'b list -> unit)
val iter3 : ('a -> 'b -> 'c -> unit) -> 'a list -> 'b list -> 'c list -> unit
val append : 'a list -> 'a list -> 'a list
val ( @ ) : ('a list -> 'a list -> 'a list)
val flatten : 'a list list -> 'a list
val rev_map : (('a -> 'b) -> 'a list -> 'b list)
val map : ('a -> 'b) -> 'a list -> 'b list
val map2 : ('a -> 'b -> 'c) -> 'a list -> 'b list -> 'c list
val split : ('a * 'b) list -> 'a list * 'b list
val split3 : ('a * 'b * 'c) list -> 'a list * 'b list * 'c list
val split5 : ('a * 'b * 'c * 'd * 'e) list -> 'a list * 'b list * 'c list * 'd list * 'e list
val split6 : ('a * 'b * 'c * 'd * 'e * 'f) list -> 'a list * 'b list * 'c list *
'd list * 'e list * 'f list
val split8 : ('a * 'b * 'c * 'd * 'e * 'f * 'g * 'h) list ->
  'a list * 'b list * 'c list * 'd list * 'e list * 'f list * 'g list * 'h list
val combine : 'a list -> 'b list -> ('a * 'b) list
val combine3 : 'a list -> 'b list -> 'c list -> ('a * 'b * 'c) list
val fold_left : ('a -> 'b -> 'a) -> 'a -> 'b list -> 'a
val fold_right : ('a -> 'b -> 'b) -> 'a list -> 'b -> 'b
val length : ('a list -> int)
val sort : (('a -> 'a -> int) -> 'a list -> 'a list)
(** Tail-recursive versions of list functions (and some simple variations). See
[Pervasives] for documentation. *)

(** Cumulative sum of a list given an initial value. For example, [cumulative_sum 1 [2; 3; 4]] is [[3; 6; 10]] *)
val cumulative_sum : int -> int list -> int list

(** Count the number of elements in a list for which predicate is true. *)
val lcount : ('a -> bool) -> 'a list -> int

(** Return just the non-[None] elements of an ['a option list] *)
val losenones : 'a option list -> 'a list

(** Map with a function returning an [option], dropping all [None] results and
extracting all [Some] ones. *)
val option_map : ('a -> 'b option) -> 'a list -> 'b list

(** Like [option_map] but with a two-argument function and two (equal-length)
input lists. Uses [List.rev_map2] internally and may raise the same exception.
*)
val option_map2 : ('a -> 'b -> 'c option) -> 'a list -> 'b list -> 'c list

(** Synonym for [List.mem]. *)
val mem : ('a -> 'a list -> bool)

(** Position of an element in a list, or [None] if not found *)
val position : 'a -> 'a list -> int option

(** Position (1-based) in a list, or [None] if not found *)
val position_1 : 'a -> 'a list -> int option

(** Similar to [rev_map], but 3 arguments. *)
val rev_map3 :
  ('a -> 'b -> 'c -> 'd) -> 'a list -> 'b list -> 'c list -> 'd list

(** Similar to [map2], but 3 arguments. *)
val map3 : ('a -> 'b -> 'c -> 'd) -> 'a list -> 'b list -> 'c list -> 'd list

(** Similar to [rev_map], but 4 arguments. *)
val rev_map4 :
  ('a -> 'b -> 'c -> 'd -> 'e) -> 'a list -> 'b list -> 'c list -> 'd list -> 'e list

(** Similar to [map2], but 4 arguments. *)
val map4 : ('a -> 'b -> 'c -> 'd -> 'e) -> 'a list -> 'b list -> 'c list -> 'd list -> 'e list 

(** Similar to [rev_map], but 5 arguments. *)
val rev_map5 :
  ('a -> 'b -> 'c -> 'd -> 'e -> 'f) ->
  'a list -> 'b list -> 'c list -> 'd list -> 'e list -> 'f list

(** Similar to [map2], but 5 arguments. *)
val map5 :
  ('a -> 'b -> 'c -> 'd -> 'e -> 'f) ->
  'a list -> 'b list -> 'c list -> 'd list -> 'e list -> 'f list

(** [take l n] takes [n] elements from the list raising [Invalid_argument] if
there are not enough elements to take or if n < 0. *)
val take : 'a list -> int -> 'a list

(** The same as [take],  but with the arguments reversed. *)
val take' : int -> 'a list -> 'a list

(** [drop l n] drops [n] elements from the list raising [Invalid_argument] if [n]
 < 0 or there are not enough elements. *)
val drop : 'a list -> int -> 'a list

(** Same as [drop], but with the arguments reversed. *)
val drop' : int -> 'a list -> 'a list

(** Take elements from a list while a given predicate is true, returning them in order. *)
val takewhile : ('a -> bool) -> 'a list -> 'a list

(** The same as [takewhile], but the list is returned in reverse order. *) 
val takewhile_reverse : ('a -> bool) -> 'a list -> 'a list

(** Drop elements from a list while a given predicate is true. *)
val dropwhile : ('a -> bool) -> 'a list -> 'a list

(** [cleave l n] splits [l] into two parts, returned as a tuple. The first
 contains the first [n] elements, the second the remainder.
 Order is preserved. [Invalid_argument] is raised on negative argument or not
 enough elements in list. *)
val cleave : 'a list -> int -> 'a list * 'a list

(** Same, but split point controlled by a predicate, which is true for elements
in the first returned list. e.g [cleavewhile even [2;4;5;6]] produces [([2;4], [5;6])] *)
val cleavewhile : ('a -> bool) -> 'a list -> 'a list * 'a list

(** The same as [cleavewhile], but the output lists are each unordered. *)
val cleavewhile_unordered : ('a -> bool) -> 'a list -> 'a list * 'a list

(** [isolate p p' l] isolate a central section of a list [l], from the first
element after the elements for which predicate [p] is true, to the element
before [p'] is first true. *)
val isolate : ('a -> bool) -> ('a -> bool) -> 'a list -> 'a list

(** Interleave an element among a list, so that [interleave 0 [1; 2; 3]]
yields [[1; 0; 2; 0; 3]]. An empty or singleton list is unchanged. *)
val interleave : 'a -> 'a list -> 'a list

(** Interleave two equal-length lists, taking from the first list first. *)
val interleave_lists : 'a list -> 'a list -> 'a list

(** Collate a list into a list of lists based upon a comparison function by which
it has already been sorted. e.g [collate compare [1; 2; 2; 3; 3]] calculates
[[[1]; [2;2]; [3;3]]]. *)
val collate : ('a -> 'a -> int) -> 'a list -> 'a list list

(** Map on lists of lists. So [map_lol f] is [map (map f)]. *)
val map_lol : ('a -> 'b) -> ('a list list -> 'b list list)

(** Produce a list of overlapping pairs of elements in a list in order, producing
the empty list if on singleton input. e.g [pairs [1; 2; 3]] is [[(1, 2); (2,
3)]]. *)
val pairs : 'a list -> ('a * 'a) list

(** [List.mem] with arguments reversed. *)
val mem' : 'a list -> 'a -> bool

(** Remove duplicates from a list. *)
val setify : 'a list -> 'a list

(** Same as [setify], but preserve order. *)
val setify_preserving_order : 'a list -> 'a list

(** The set [setminus a b] contains all those elements which are in [a] but are
do not appear in [b]. *)
val setminus : 'a list -> 'a list -> 'a list

(** The same, but preserving order *)
val setminus_preserving_order : 'a list -> 'a list -> 'a list

(** Return a list of the heads of a list of lists, each of which has at least
one element, preserving order. *)
val heads : 'a list list -> 'a list

(** Ditto, tails. *)
val tails : 'a list list -> 'a list list

(** Take a list of lists of equal length, and turn into a list of lists, the
first containing all the first elements of the original lists, the second the
second, and so on. *)
val zipn : 'a list list -> 'a list list

(** Couple the elements of a list [l] using given function. For instance,
[couple ( + ) [[1; 3; 5]]] is [[4; 8]]. The two elements are applied to [f] in
the order in which they appear in the input list. *)
val couple : ('a -> 'a -> 'b) -> 'a list -> 'b list

(** As [couple], but an extra unary function is applied to any last (odd) element. *)
val couple_ext : ('a -> 'a -> 'b) -> ('a -> 'b) -> 'a list -> 'b list

(** Apply [couple] repeatedly until only one element remains. Return that
element. *)
val couple_reduce : ('a -> 'a -> 'a) -> 'a list -> 'a

(** A similar function to [couple], but the coupling is non-overlapping. So
[pair ( + ) [1; 2; 3; 4]] is [3; 7]. *)
val pair : ('a -> 'a -> 'a) -> 'a list -> 'a list

(** A version of [pair] which adds a unary function for the singleton, much
like [couple_ext]. *)
val pair_ext : ('a -> 'a -> 'b) -> ('a -> 'b) -> 'a list -> 'b list

(** As [couple_reduce] is to [couple], so [pair_reduce] is to [pair]. *)
val pair_reduce : ('a -> 'a -> 'a) -> 'a list -> 'a

val keep : (('a -> bool) -> 'a list -> 'a list)

(** [List.filter] has a confusing name, so we define [keep] and [lose] to avoid
error. [keep] keeps all those matching the predicate, [lose] loses all thos
matching a predicate. *)
val lose : ('a -> bool) -> ('a list -> 'a list)

(** [many x n] makes a list of length [n] with each element equal to [x]. *)
val many : 'a -> int -> 'a list

(** A version where we need to apply unit each time, for instance when producing
a list of random numbers. Result is ordered. *)
val manyunique : (unit -> 'a) -> int -> 'a list

(** Split a list into some lists of length [n] (and possibly a final one of
length [< n]), preserving order. *)
val splitinto : int -> 'a list -> 'a list list

(** Non-tail recursive version of splitinto, for use only when [n] is small and fixed. *)
val splitinto_small : int -> 'a list -> 'a list list

(** Split a list at the given positions. Point 1 means after the first element *)
val splitat : int list -> 'a list -> 'a list list

(** Select the nth element in a list (first is element 1). Raises
[Invalid_argument] if the number is out-of-range. *)
val select : int -> 'a list -> 'a

(** [replace n x xs] replaces the [n]th element of the list [xs] with [x] (the first is element 1) *)
val replace_number : int -> 'a -> 'a list -> 'a list

val isnull : 'a list -> bool
val notnull : 'a list -> bool
(** Predicates on the nullness of a list. *)

(** Find the last element of a list. Raises [Invalid_argument] on empty list. *)
val last : 'a list -> 'a

(** Produce a list containing all but the last element of a list. For the empty
list, returns the empty list. *)
val all_but_last : 'a list -> 'a list

(** Find the first and last element of a list. If the list has one element, that
is returned twice. If it has no elements, raise [Invalid_argument]. *)
val extremes : 'a list -> 'a * 'a

(** Return the first, middle and last elements of a list which has length at
least two. Otherwise, raise [Invalid_argument]. *)
val extremes_and_middle : 'a list -> 'a * 'a list * 'a

(** [ilist 2 5] returns [[2; 3; 4; 5]]. However, [ilist 5 2] raises [Invalid_argument]. *)  
val ilist : int -> int -> int list

(** Same as [ilist], but return the empty list for [ilist x x] rather than [[x]] *)
val ilist_null : int -> int -> int list

(** Same as [ilist_null], but return empty list if start [>] end, instead of failing *)
val ilist_fail_null : int -> int -> int list

(** [indx l] returns [[1; 2; 3]] if [l] has length 3, for example. *)
val indx : 'a list -> int list

(** Same as [indx], but 0-based. *)
val indx0 : 'a list -> int list

(** Same as [indx], but n-based. *)
val indxn : int -> 'a list -> int list

(** Remove the second, fourth etc. elements from a list, saving the last element
(if of even length) e.g [drop_evens [1; 2; 3; 4; 5; 6]] is [[1; 3; 5; 6]]. *) 
val drop_evens : 'a list -> 'a list

(** Same as [drop_evens], but don't save the last element. *)
val really_drop_evens : 'a list -> 'a list

(** Remove the first, third etc. The last odd element is not saved. e.g [drop_odds
[1;2;3;4;5;6;7]] is [[2;4;6]]. *)
val drop_odds : 'a list -> 'a list

(** Like [List.tl] but [[]] yields [[]]. *)
val tail_no_fail : 'a list -> 'a list

(** Append with reversed arguments. *)
val ( @@ ) : 'a list -> 'a list -> 'a list

(** [replaceinlist f x l] replaces any element of [l] for which [f l] is true
with [x]. *)
val replaceinlist : ('a -> bool) -> 'a -> 'a list -> 'a list

(** Find the position of the first element matching a predicate. The first
element is number one. Fails with [Not_found] if no element matches the
predicate. *)
val index : ('a -> bool) -> 'a list -> int

(** Split a list into a list of lists at every point where a predicate is true *)
val split_around : ('a -> bool) -> 'a list -> 'a list list

(** {2 32 and 64 bit integers} *)

val i32ofi : (int -> int32)
val i32toi : (int32 -> int)
val i32tof : (int32 -> float)
val i32add : (int32 -> int32 -> int32)
val i32sub : (int32 -> int32 -> int32)
val i32div : (int32 -> int32 -> int32)
val i32mul : (int32 -> int32 -> int32)
val lsr32 : (int32 -> int -> int32)
val lsl32 : (int32 -> int -> int32)
val lor32 : (int32 -> int32 -> int32)
val land32 : (int32 -> int32 -> int32)
val lnot32 : (int32 -> int32)
val lxor32 : (int32 -> int32 -> int32)
val i32succ : (int32 -> int32)
val i32pred : (int32 -> int32)
val i32max : (int32 -> int32 -> int32)
val i32min : (int32 -> int32 -> int32)

val i64ofi : (int -> int64)
val i64toi : (int64 -> int)
val i64tof : (int64 -> float)
val i64add : (int64 -> int64 -> int64)
val i64sub : (int64 -> int64 -> int64)
val i64div : (int64 -> int64 -> int64)
val i64mul : (int64 -> int64 -> int64)
val lsr64 : (int64 -> int -> int64)
val lsl64 : (int64 -> int -> int64)
val lor64 : (int64 -> int64 -> int64)
val land64 : (int64 -> int64 -> int64)
val lnot64 : (int64 -> int64)
val lxor64 : (int64 -> int64 -> int64)
val i64succ : (int64 -> int64)
val i64pred : (int64 -> int64)
val i64max : (int64 -> int64 -> int64)
val i64min : (int64 -> int64 -> int64)
val i32ofi64 : (int64 -> int32)
val i64ofi32 : (int32 -> int64)
(** Shortened names for functions from [Int32] and [Int64]. *)


(** {2 Association lists} *)

(** [lookup x l] looks up something, returning [None] if not found. *)
val lookup : 'a -> ('a * 'b) list -> 'b option

(** Same as [lookup], but no option type. Raises [Not_found] if the key is not there. *) 
val lookup_failnull : 'a -> ('a * 'b) list -> 'b

(** [add k v l] Adds [(k, v)] to a dictionary, replacing any existing binding of
[k]. *)
val add : 'a -> 'b -> ('a * 'b) list -> ('a * 'b) list

(** [replace k v l] replaces the existing binding of [k] in [l] with one with binds [k]
to [v]. Raises [Not_found] if there is nothing to replace. *)
val replace : 'a -> 'b -> ('a * 'b) list -> ('a * 'b) list

(** Remove something from a list, if it's there. If not, don't complain. *)
val remove : 'a -> ('a * 'b) list -> ('a * 'b) list

(** Merge two lists, preferring elements in the second in the case of clashes. *)
val mergedict : ('a * 'b) list -> ('a * 'b) list -> ('a * 'b) list

(** {2 References} *)

(** Set a boolean reference to [true] *)
val set : bool ref -> unit

(** Set a boolean reference to [false] *)
val clear : bool ref -> unit

(** Flip a boolean reference *)
val flip : bool ref -> unit

val ( += ) : int ref -> int -> unit
val ( -= ) : int ref -> int -> unit
val ( /= ) : int ref -> int -> unit
val ( *= ) : int ref -> int -> unit
(** Operations on integer references *)

val ( +.= ) : float ref -> float -> unit
val ( -.= ) : float ref -> float -> unit
val ( /.= ) : float ref -> float -> unit
val ( *.= ) : float ref -> float -> unit
(** Operations on floating point references *)

(** Cons something onto the contents of a list reference. *)
val ( =| ) : 'a list ref -> 'a -> unit

(** Append something to the front of the contents of a list reference. *)
val ( =@ ) : 'a list ref -> 'a list -> unit

(** {2 Geometry} *)

(** The type of vectors. *)
type vector = float * float

(** [mkvector (a, b) (c, d)] makes a vector from point [(a, b)] to point [(c, d)]. *)
val mkvector : float * float -> float * float -> vector

(** Invert a vector. *)
val invert : vector -> vector

(** Offset a point by a vector. *)
val offset_point : vector -> float * float -> vector

(** Find the vector [pi / 2] anticlockwise from the given one. *)
val perpendicular : 'a * float -> float * 'a

(** Square a number *)
val sqr : float -> float

(** The length of a vector. *)
val veclength : vector -> float

(** Scale a vector to a given length. *)
val scalevectolength : float -> vector -> vector

(** Make a unit vector in the direction from one point to a second. *)
val mkunitvector : float * float -> float * float -> vector

(** Find the point equidistant between two others. *)
val between : float * float -> float * float -> float * float

(** Cartesian distance between two points. *)
val distance_between : float * float -> float * float -> float

(** {2 Numbers} *)

(** Round a real. *)
val round : float -> float

(** The same, returning an integer. *)
val iround : float -> int

(** The largest power of two by which a number is exactly divisible. *)
val largest_pow2_divisible : int -> int

(** Largest power of two smaller or equal to an integer. *)
val pow2lt : int -> int

(** Largest power of two greater or equal to an integer. *)
val pow2gt : int -> int

(** Base two logarithm *)
val log2of : int -> int

(** [pow x y] is y to the power x *)
val pow : int -> int -> int

(** Monomorphic integer version of [Pervasives.compare] *)
val compare_i : int -> int -> int

val min : int -> int -> int
val max : int -> int -> int
(** Monomorphic integer versions of [Pervasives] functions. *)

val fmin : float -> float -> float
val fmax : float -> float -> float
val fabs : float -> float
(** Monomorphic floating-point versions of [Pervasives] functions *)

val even : int -> bool
val odd : (int -> bool)
(** Even and odd predicates on integers. Work for negative numbers. *)

(** Pi. *)
val pi : float

(** Square root of two. *)
val root2 : float

val rad_of_deg : float -> float
val deg_of_rad : float -> float
(** Convert between radians and degrees. *)

(** The call [sign_extend l n] extends [n] of length [l] bits to fit a native integer *)
val sign_extend : int -> int -> int

(** A character is a decimal digit. *)
val isdigit : char -> bool

(** Same as [Pervasives.int_of_float] *)
val toint : float -> int

(** Make sure a floating point number is no degenarate, by making it zero if it is. *)
val safe_float : float -> float

(** {2 Options} *)

val some : 'a option -> bool
val none : 'a option -> bool
(** Predicates on the someness or noneness of an ['a option]. *)

(** Strip the [Some] from an option. Fail if it's [None]. *)
val unopt : 'a option -> 'a

(** {2 Hash tables} *)

(** The empty zero-sized hash table. *) 
val null_hash : unit -> ('a, 'b) Hashtbl.t

(** Option lookup on hashtables *)
val tryfind : (('a, 'b) Hashtbl.t -> 'a -> 'b option)

(** Make a list of key-value pairs reflecting the contents of a hash table. *)
val list_of_hashtbl : ('a, 'b) Hashtbl.t -> ('a * 'b) list

(** Build a hashtable from a dictionary (list of key-value pairs). Items are
added from left to right, with no checking for duplicate keys being performed. *)
val hashtable_of_dictionary : ('a * 'b) list -> ('a, 'b) Hashtbl.t

(* Build a hashtable from a list of keys. *)
val hashset_of_list : 'a list -> ('a, unit) Hashtbl.t

(** {2 Trees} *)

(** The type for binary trees. *)
type 'a tree = Lf | Br of 'a * 'a tree * 'a tree

(** {2 Arrays} *)

(** [iter2] on arrays. *)
val array_iter2 : ('a -> 'b -> unit) -> 'a array -> 'b array -> unit

(** [map2] on arrays. *)
val array_map2 : ('a -> 'b -> 'c) -> 'a array -> 'b array -> 'c array

(** Swaps the data at the given indexes in an array. *)
val swap : 'a array -> int -> int -> unit

(** Set all the values of an array. *)
val set_array : 'a array -> 'a -> unit

(** {2 Control flow} *)

(** [memoize f] builds a memoized version of the function [f]. *)
val memoize : (unit -> 'a) -> unit -> 'a

(** The identity function. *)
val ident : 'a -> 'a

(** Apply a function [f] [n] times to initial argument [arg]. *)
val applyn : ('a -> 'a) -> int -> 'a -> 'a

(** This is equivalent to [let ( <| ) a b = a b] *)
val ( <| ) : ('a -> 'b) -> 'a -> 'b

(** [mkunit f x] gives [fun () -> f x] *)
val mkunit : ('a -> 'b) -> 'a -> unit -> 'b

(** {2 Tuples} *)

(** Make a tuple. *)
val tuple : 'a -> 'b -> 'a * 'b

(** Consing to each of a pair of lists at the same time. *)
val conspair : ('a * 'b) * ('a list * 'b list) -> 'a list * 'b list

(** Version of [conspair] where there may or may not be somthing to cons in each case. *)
val conspairopt :
  ('a option * 'b option) * ('a list * 'b list) -> 'a list * 'b list

(** Make consecutive elements of an even-length list into a list of pairs. *)
val pairs_of_list : 'a list -> ('a * 'a) list

(** [do_return f g] Evaluate [f ()], evaluate and ignore [g ()], return [f ()], in that order. *)
val do_return : (unit -> 'a) -> (unit -> 'b) -> 'a

(** [do_many f n] calls [f ()] n times. *)
val do_many : (unit -> unit) -> int -> unit

(** {2 Equality} *)

(** Equality. *)
val eq : ('a -> 'a -> bool)

(** Inequality. *)
val neq : ('a -> 'a -> bool)

(** Like [Pervasives.compare], but the other way around. *)
val rev_compare : 'a -> 'a -> int

(** {2 Logic} *)
(** The always-true predicate. *)
val always : 'a -> bool

(** The always-false predicate. *)
val never : 'a -> bool

(** Exclusive OR *)
val ( |&| ) : bool -> bool -> bool

(** Invert a predicate. *)
val notpred : ('a -> bool) -> 'a -> bool

(** {2 Boxes} *)

(** The smallest box enclosing both given integer boxes. Each box is [(xmin, xmax, ymin, ymax)]. *)
val box_union :
  int * int * int * int -> int * int * int * int -> int * int * int * int

(** The smallest box enclosing both given floating-point boxes. Each box is [(xmin, xmax, ymin, ymax)]. *)
val box_union_float :
  float * float * float * float -> float * float * float * float -> float * float * float * float

(** The intersection box (if any) of two integer boxes, each defined as [xmin ymin xmax ymax]. *) 
val box_overlap :
  int -> int -> int -> int -> int -> int -> int -> int ->
    (int * int * int * int) option

(** The intersection box (if any) of two floating-point boxes, each defined as [xmin ymin xmax ymax]. *)
val box_overlap_float :
  float -> float -> float -> float -> float -> float -> float -> float ->
  (float * float * float * float) option

(** {2 Filenames} *)

(** Return a list of leafnames for the given folder in the current folder *)
val leafnames_of_dir : string -> string list

(** {2 Roman numerals} *)

(** Uppercase roman representation of a number *)
val roman_upper : int -> string

(** Lowercase roman representation of a number *)
val roman_lower : int -> string
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open Pdfutil
open Pdfio

(* If set, extra debug information will be printed to screen *)
let write_debug = ref false

(* The file header. *)
let header pdf =
  Printf.sprintf
    "%%PDF-%i.%i\n%%\128\129\130\131\n"
    pdf.Pdf.major
    pdf.Pdf.minor

(* Write the cross-reference table to a channel. *)
let output_string_of_xref i n =
  let s = string_of_int n in
    let l = String.length s in
      for x = 0 to 10 - l - 1 do i.output_char '0' done;
      i.output_string s;
      i.output_string " 00000 n \n" 

let write_xrefs xrefs i =
  i.output_string "xref\n";
  i.output_string "0 ";
  i.output_string (string_of_int (length xrefs + 1));
  i.output_string " \n";
  i.output_string "0000000000 65535 f \n";
  iter (output_string_of_xref i) xrefs

(* Convert a string to one suitable for output. *)
let b = Buffer.create 30

let make_pdf_string s =
  Buffer.clear b;
  Buffer.add_char b '(';
  String.iter
    (function
       | ('(' | ')' | '\\') as c -> Buffer.add_char b '\\'; Buffer.add_char b c
       | '\n' -> Buffer.add_char b '\\'; Buffer.add_char b 'n'
       | '\r' -> Buffer.add_char b '\\'; Buffer.add_char b 'r'
       | '\t' -> Buffer.add_char b '\\'; Buffer.add_char b 't'
       | '\b' -> Buffer.add_char b '\\'; Buffer.add_char b 'b'
       | '\012' -> Buffer.add_char b '\\'; Buffer.add_char b 'f'
       | c -> Buffer.add_char b c)
    s;
  Buffer.add_char b ')';
  Buffer.contents b

(* We have two kinds of flat data to write: Strings and streams (we cannot
represent streams as strings, since there is a langauge limit on the length of
strings. *)
type writeout =
  | WString of string
  | WStream of Pdf.stream

(* Format a real number.

We want real numbers with no exponents (format compliance), and no trailing
zeroes (compactness). (Jan 2012 - have added special case for whole numbers.
Can still get trailing zeroes on small values e.g 0.00001 => 0.000010, but no
printf way to prevent this).

Feb 2018: In addition, on 32 bit systems, we now read in numbers > 2^30 or < -2^30
as floating point values so that we can preserve them. We should write such
numbers out as integers too. But int_of_float gives the wrong answer here. So
we must pre-check and produce an integer instead. *)
let max_int_float = float_of_int max_int

let min_int_float = float_of_int min_int

let format_real x =
  let fl = floor x in
    if fl = x then
     begin 
      if x > max_int_float || x < min_int_float then
        implode (all_but_last (explode (string_of_float x)))
      else
        string_of_int (int_of_float fl)
     end
    else
      if x < 0.0001 && x > -. 0.0001
        then Printf.sprintf "%f" x
        else string_of_float x

(* Character codes in a name < 33 or > 126 are replaced with hashed combinations
(e.g #20 for space). If the name contains the null character, a warning is printed. *)
let hexchar = function
  | 0 -> '0' | 1 -> '1' | 2 -> '2' | 3 -> '3' | 4 -> '4' | 5 -> '5' | 6 -> '6'
  | 7 -> '7' | 8 -> '8' | 9 -> '9' | 10 -> 'A' | 11 -> 'B' | 12 -> 'C'
  | 13 -> 'D' | 14 -> 'E' | 15 -> 'F'
  | _ -> raise (Failure "hexchar")

let make_pdf_name_inner b s =
  for x = 1 to String.length s - 1 do (* skip / *)
    match String.get s x with
    | '\000' ->
      Printf.eprintf "Warning: name %S contains the null character\n" s;
      Buffer.add_string b "#00"
    | h when h < '\033' || h > '\126' || Pdf.is_delimiter h || h = '#' ->
      Buffer.add_char b '#';
      Buffer.add_char b (hexchar ((int_of_char h) / 16));
      Buffer.add_char b (hexchar ((int_of_char h) mod 16));
    | h ->
      Buffer.add_char b h
  done

(* See if a name needs altering by [make_pdf_name_inner]. We ignore the first
character, since a '/' is a delimter, and this is fine... *)
let rec needs_processing_inner s p l =
  (p <= l - 1) &&
    (match String.unsafe_get s p with
    | x when x < '\033' || x > '\126' || Pdf.is_delimiter x || x = '#' -> true
    | _ -> needs_processing_inner s (p + 1) l)

let needs_processing s =
  let l = String.length s in
    if l < 2 then false else
      needs_processing_inner s 1 l

let b = Buffer.create 30

let make_pdf_name n =
  if needs_processing n then
    if n = "" || String.unsafe_get n 0 <> '/' then raise (Pdf.PDFError "bad name") else
      begin
        Buffer.clear b;
        Buffer.add_char b '/';
        make_pdf_name_inner b n;
        Buffer.contents b
      end
  else
    n

(* Calculate a strings and streams representing the given pdf datatype instance,
assuming it has no unresolved indirect references. *)
let rec strings_of_array f changetable = function
  | [] -> ()
  | [x] -> strings_of_pdf f changetable x
  | h::(h'::_ as tail) ->
      strings_of_pdf f changetable h;
      begin match h' with
        Pdf.Name _ | Pdf.String _ | Pdf.Array _ | Pdf.Dictionary _ -> ()
      | _ ->
          match h with
            Pdf.String _ | Pdf.Array _ | Pdf.Dictionary _ -> ()
          | _ -> f (WString " ")
      end;
      strings_of_array f changetable tail

and strings_of_dictionary f changetable = function
  | [] -> ()
  | [(k, v)] ->
      f (WString (make_pdf_name k));
      begin match v with
        Pdf.Name _ | Pdf.String _ | Pdf.Array _ | Pdf.Dictionary _ -> ()
      | _ -> f (WString " ")
      end;
      strings_of_pdf f changetable v
  | (k, v)::t ->
      f (WString (make_pdf_name k));
      begin match v with
        Pdf.Name _ | Pdf.String _ | Pdf.Array _ | Pdf.Dictionary _ -> ()
      | _ -> f (WString " ")
      end;
      strings_of_pdf f changetable v;
      strings_of_dictionary f changetable t

and strings_of_pdf f changetable = function
  | Pdf.Null ->  f (WString "null")
  | Pdf.Boolean b -> f (WString (string_of_bool b))
  | Pdf.Integer n ->  f (WString (string_of_int n))
  | Pdf.Real r -> f (WString (format_real r))
  | Pdf.String s -> f (WString (make_pdf_string s))
  | Pdf.Name n -> f (WString (make_pdf_name n))
  | Pdf.Array elts ->
      f (WString "[");
      strings_of_array f changetable elts;
      f (WString "]");
  | Pdf.Dictionary entries ->
      f (WString "<<");
      strings_of_dictionary f changetable entries;
      f (WString ">>");
  | Pdf.Stream {contents = (dict, data)} ->
      strings_of_pdf f changetable dict;
      f (WString "\010stream\010");
      f (WStream data);
      f (WString "\010endstream");
  | Pdf.Indirect n ->
      let n' =
        try Hashtbl.find changetable n with Not_found -> n
      in
        f (WString (string_of_int n'));
        f (WString " 0 R")

let strings_of_pdf_return obj =
  let strings = ref [] in
    strings_of_pdf
      (function x -> strings := x::!strings)
      (Hashtbl.create 0)
      obj;
    rev !strings

(* Produce a single string from a PDF object. Only use for things which will
always fall under the string size limit. *)
let b = Buffer.create 100

let string_of_pdf s =
  Buffer.clear b;
  strings_of_pdf
    (function (WString x) -> Buffer.add_string b x |  _ -> ())
    (Hashtbl.create 0)
    s;
  Buffer.contents b

(* Inter-module recursion, for debug *)
let _ = Pdfcrypt.string_of_pdf := string_of_pdf
let _ = Pdfcodec.string_of_pdf := string_of_pdf
let _ = Pdf.string_of_pdf := string_of_pdf

let debug_whole_pdf pdf =
  Printf.printf "trailerdict = %s\n" (string_of_pdf pdf.Pdf.trailerdict);
  Pdf.objiter (fun i o -> Printf.printf "%i = %s\n" i (string_of_pdf o)) pdf

(* Calculate strings, one for each indirect object in the body. *)
let strings_of_object (n, pdfobject) =
  let strings = ref [] in
  strings := [WString (string_of_int n); WString " 0 obj\n"];
  strings_of_pdf
    (function x -> strings := x::!strings)
    (Hashtbl.create 0)
    pdfobject;
  strings := WString "\nendobj\n"::!strings;
  rev !strings

let strings_of_pdf_object f (_, pdfobject) n' changetable =
  f (WString (string_of_int n'));
  f (WString " 0 obj\n");
  strings_of_pdf f changetable pdfobject;
  f (WString "\nendobj\n")

(* Output a stream. *)
let output_stream o s =
  Pdf.getstream s;
  match s with
  | Pdf.Stream {contents = _, Pdf.Got arr} ->
      if bytes_size arr > 0 then
        getinit o arr 0 (bytes_size arr)
  | _ -> raise (Pdf.PDFError "output_stream")

(* Encrypting a PDF while writing *)
type encryption_method =
  | PDF40bit
  | PDF128bit
  | AES128bit of bool (* true = encrypt metadata, false = don't. *)
  | AES256bit of bool (* as above *)
  | AES256bitISO of bool (* as above *)
  | AlreadyEncrypted (* Used as a flag to prevent garbage collection *)

type encryption = 
  {encryption_method : encryption_method;
   owner_password : string;
   user_password : string;
   permissions : Pdfcrypt.permission list}

let crypt_if_necessary pdf = function
  | None -> pdf
  | Some enc ->
      let f =
        match enc.encryption_method with
        | PDF40bit -> Pdfcrypt.encrypt_pdf_40bit
        | PDF128bit -> Pdfcrypt.encrypt_pdf_128bit
        | AES128bit em -> Pdfcrypt.encrypt_pdf_AES em
        | AES256bit em -> Pdfcrypt.encrypt_pdf_AES256 em
        | AES256bitISO em -> Pdfcrypt.encrypt_pdf_AES256ISO em
        | AlreadyEncrypted -> fun _ _ _ pdf -> pdf
      in
        f enc.user_password enc.owner_password enc.permissions pdf

let flatten_W o = function
 | WString s -> o.output_string s
 | WStream data -> output_stream o (Pdf.Stream {contents = Pdf.Null, data})

(* Functions for object streams. NB no attempt is made to catch objects which
shouldn't be in a stream - this is the responsibility of the caller. *)
let bake_object_streams compress pdf numbers =
  iter
    (fun (tostream, objects) ->
       let data, first =
         let output, d = Pdfio.input_output_of_bytes 32000 in
           let strings =
             map (fun x -> string_of_pdf (Pdf.lookup_obj pdf x) ^ " ") objects
           in
             iter (Pdf.removeobj pdf) objects;
             let lengths = map String.length strings in
               let byte_offsets =
                 0 :: all_but_last (cumulative_sum 0 lengths)
               in
                 iter2
                   (fun o boff ->
                      output.Pdfio.output_string (string_of_int o);
                      output.Pdfio.output_string " ";
                      output.Pdfio.output_string (string_of_int boff);
                      output.Pdfio.output_string " ")
                   objects
                   byte_offsets;
                 let first = output.Pdfio.pos_out () in
                   iter output.Pdfio.output_string strings;
                   (extract_bytes_from_input_output output d, first)
       in
         let dict =
           Pdf.Dictionary
             [("/Type", Pdf.Name "/ObjStm");
              ("/Length", Pdf.Integer (bytes_size data));
              ("/N", Pdf.Integer (length objects));
              ("/First", Pdf.Integer first)]
         in
           let obj = Pdf.Stream {contents = (dict, Pdf.Got data)} in
             if compress then Pdfcodec.encode_pdfstream pdf Pdfcodec.Flate obj;
             Pdf.addobj_given_num pdf (tostream, obj))
    numbers

let print_data instream nonstream =
  if !write_debug then
    begin
      Printf.printf "Reserved for object streams: 1 to %i\n" (length instream);
      Printf.printf "Streams: ";
      print_ints (map fst instream);
      Printf.printf "\n";
      Printf.printf "Objects in streams: ";
      print_ints (flatten (map snd instream));
      flprint "\n";
      Printf.printf "Nonstream objects: ";
      print_ints nonstream;
      flprint "\n"
    end

(* Modify PDF to reinstate object streams from the saved hints. Then returns
the xref stream. Hints are now invalid, of course. Numbering scheme:
1...n   object streams
n+1...m objects in object streams
m+1...p objects not in object streams
p+1 xref stream *)
let reinstate_object_streams compress we_will_be_encrypting pdf =
  if !write_debug then
    flprint "pdf_to_output, reinstate streams, trying stream preservation\n";
  (* Adobe Reader can't cope with the document catalog being in a stream in an
  encrypted file, despite the ISO standard clearly allowing it. Make sure that,
  if we're encrypting, we remove any existing hint *)
  if we_will_be_encrypting then
    Hashtbl.remove pdf.Pdf.objects.Pdf.object_stream_ids pdf.Pdf.root;
  (* Build stream_objnum (streamnum, objects_for_this_stream) pairs. Take
  account of missing objects! *)
  let objects_for_streams =
    let table = null_hash ()
    and keys = null_hash () in
      Hashtbl.iter
        (fun objnum instream ->
           if not (Hashtbl.mem keys instream) then
             Hashtbl.add keys instream ();
           Hashtbl.add table instream objnum)
        pdf.Pdf.objects.Pdf.object_stream_ids;
      let lists = ref [] in
        Hashtbl.iter
          (fun instream _ ->
            lists =| (instream, Hashtbl.find_all table instream))
          keys;
      !lists
  in
  (* The nonstream objects are any not included in the objects_for_streams *)
  let nonstream_objects =
    let all_in_stream = null_hash () in
      iter
        (fun x -> Hashtbl.add all_in_stream x ())
        (flatten (map snd objects_for_streams));
      option_map
        (fun x -> if not (Hashtbl.mem all_in_stream x) then Some x else None)
        (Pdf.objnumbers pdf)
  in
  print_data objects_for_streams nonstream_objects;
  (* Now renumber the PDF such that we have (1...n, [n + 1....m]) used for the
  and renumber the nonstream objects to (m + 1).... Also renumber
  objects_for_streams and nonstream_objects *)
  let n = length objects_for_streams in
  if !write_debug then Printf.printf "n = %i\n" n;
  let m = n + fold_left ( + ) 0 (map length (map snd objects_for_streams)) in
  if !write_debug then Printf.printf "m = %i\n" m;
  let changetable = null_hash () in
  (* Add all the objects_for_streams *)
  iter2
    (Hashtbl.add changetable)
    (map fst objects_for_streams)
    (indx objects_for_streams);
  (* Add all the changes for the objects within streams *)
  let x = flatten (map snd objects_for_streams) in
    iter2 (Hashtbl.add changetable) x (indxn (n + 1) x);
  (* Add all the changes for the nonstream objects *)
  iter2
    (Hashtbl.add changetable)
    nonstream_objects
    (indxn (m + 1) nonstream_objects);
  let pdf' = Pdf.renumber changetable pdf in
    pdf.Pdf.root <- pdf'.Pdf.root;
    pdf.Pdf.objects <- pdf'.Pdf.objects;
    pdf.Pdf.trailerdict <- pdf'.Pdf.trailerdict;
  (* Apply the changes to objects_for_streams and nonstream_objects *)
  let renumbered_nonstream_objects =
    map (Hashtbl.find changetable) nonstream_objects
  in
  let renumbered_objects_for_streams =
    combine
      (indx (map (Hashtbl.find changetable) (map fst objects_for_streams)))
      (map_lol (Hashtbl.find changetable) (map snd objects_for_streams))
  in
  print_data renumbered_objects_for_streams renumbered_nonstream_objects;
  (* Now build the object streams and bake them into the PDF *)
  bake_object_streams compress pdf renumbered_objects_for_streams;
  renumbered_objects_for_streams

(* Build the xref stream from collected data. The input xref positions 1..n and
m+1...p. We build xreferences to

a) The 1...n ones from xrefs
b) The n+1...m ones from renumbered_objects_for_streams
c) The m+1...p ones from xrefs

This stream is then returned - it will be written as object p + 1.  *)

(* Maximum bytes required to represent the numbers in a list *)
let max_bytes_required l =
  if l = [] then raise (Failure "max_bytes_required") else
    let r = ref (fold_left max min_int l)
    and b = ref 0 in
      while let v = !r > 0 in r := !r lsr 8; v do b += 1 done;
      max 1 !b

(* Output nbyyes bytes from x, highest byte first to the list reference given *)
let output_bytes nbytes x o =
  for pos = nbytes - 1 downto 0 do
    o.output_byte ((x land (255 lsl (pos * 8))) lsr (pos * 8))
  done

let make_xref_stream pdf xrefs renumbered_objects_for_streams =
  let entries = ref [(0, 65535, 0)] in
    (* 1...n ones from xrefs *)
    let type1s, type1s_tranche2 =
      cleave xrefs (length renumbered_objects_for_streams)
    in
      entries =@ rev (map (fun x -> (1, x, 0)) type1s);
      (* n+1...m ones from renumbered_objects_for_streams *)
      iter
        (fun (snum, objnums) ->
           entries =@ rev (map (fun i -> (2, snum, i)) (indx0 objnums)))
        renumbered_objects_for_streams;
      (* m+1...p ones from xrefs *)
      entries =@ rev (map (fun x -> (1, x, 0)) type1s_tranche2);
      let w1 = max_bytes_required (map (fun (x, _, _) -> x) !entries)
      and w2 = max_bytes_required (map (fun (_, x, _) -> x) !entries)
      and w3 = max_bytes_required (map (fun (_, _, x) -> x) !entries) in
        let data =
          let o, bytes = Pdfio.input_output_of_bytes 4096 in
            iter
              (function (typ, a, b) ->
                 output_bytes w1 typ o;
                 output_bytes w2 a o;
                 output_bytes w3 b o)
              (rev !entries);
            Pdfio.extract_bytes_from_input_output o bytes
        in
          let dict =
            Pdf.Dictionary
              (fold_right
                 (fun (k, v) d -> add k v d)
                 [("/Type", Pdf.Name "/XRef");
                  ("/Root", Pdf.Indirect pdf.Pdf.root);
                  ("/Size", Pdf.Integer (length !entries));
                  ("/W",
                    Pdf.Array [Pdf.Integer w1; Pdf.Integer w2; Pdf.Integer w3]);
                  ("/Length", Pdf.Integer (bytes_size data))]
                 (match pdf.Pdf.trailerdict with
                    Pdf.Dictionary d -> d
                  | _ -> []))
          in
            let xrefstream = Pdf.Stream {contents = (dict, Pdf.Got data)} in
              Pdfcodec.encode_pdfstream
                pdf
                Pdfcodec.Flate
                ~predictor:Pdfcodec.PNGUp
                ~predictor_columns:(w1 + w2 + w3)
                xrefstream;
              xrefstream

(* Build hints for object streams from nothing, optionally preserving existing
streams. *)
let generate_object_stream_hints we_will_be_encrypting pdf preserve_existing =
  if !write_debug then
    Printf.printf
      "generate_object_stream_hints: %i existing hints, preserve_existing = %b"
    (Hashtbl.length pdf.Pdf.objects.Pdf.object_stream_ids) preserve_existing;
  if not preserve_existing then
    Hashtbl.clear pdf.Pdf.objects.Pdf.object_stream_ids;
  (* Adobe Reader can't cope with the document catalog being in a stream in an
  encrypted file, despite the ISO standard clearly allowing it. Make sure that,
  if we're encrypting, we remove any existing hint *)
  if !write_debug then
    Printf.printf "***** root (catalog) is object %i\n" pdf.Pdf.root;
  if we_will_be_encrypting then
    Hashtbl.remove pdf.Pdf.objects.Pdf.object_stream_ids pdf.Pdf.root;
  let biggest_hint =
    max
      (fold_left
         max
         min_int
         (map snd (list_of_hashtbl pdf.Pdf.objects.Pdf.object_stream_ids)))
      0
  in
    if !write_debug then
      Printf.printf "Biggest existing hint is %i\n" biggest_hint;
    let possibles =
      option_map
        (fun x ->
           if not (Hashtbl.mem pdf.Pdf.objects.Pdf.object_stream_ids x)
             then Some x
             else None)
        (Pdf.objnumbers pdf)
    in
      if !write_debug then
        Printf.printf
          "Found %i possible new objects to put into streams\n"
          (length possibles);
      let for_streams, indirect_lengths =
        let indirect_lengths = null_hash () in
          (option_map
            (fun x ->
               match Pdf.lookup_obj pdf x with
               | Pdf.Stream {contents = (Pdf.Dictionary d, _)} ->
                   begin
                     begin match lookup "/Length" d with
                     | Some (Pdf.Indirect i) ->
                         Hashtbl.add indirect_lengths i ()
                     | _ -> ()
                     end;
                     None
                   end
               | _ -> Some x)
            possibles,
            indirect_lengths)
      in
        if !write_debug then Printf.printf
          "Got %i for_streams and %i indirect lengths\n"
          (length for_streams) (Hashtbl.length indirect_lengths);
        (* Remove indirect lengths and catalog. *)
        let final =
          option_map
            (fun x ->
              if
                Hashtbl.mem indirect_lengths x ||
                (x = pdf.Pdf.root && we_will_be_encrypting)
              then
                None
              else
                Some x)
            for_streams
        in
          if !write_debug then
            Printf.printf
              "%i final objects for new object streams\n" (length final);
          let groups = splitinto 250 (sort compare final) in
            iter2
              (fun items groupnum ->
                 iter
                   (fun i ->
                      if !write_debug then
                        Printf.printf
                          "Hinting object %i as being in group %i\n" i groupnum;
                      Hashtbl.add
                        pdf.Pdf.objects.Pdf.object_stream_ids i groupnum)
                   items)
              groups
              (indxn (biggest_hint + 1) groups)

(* Used when recrypting *)
let dummy_encryption =
  {encryption_method = AlreadyEncrypted;
   owner_password = "";
   user_password = "";
   permissions = []}

(* Flatten a PDF document to an Pdfio.output. *)
let pdf_to_output
  ?(preserve_objstm = false) ?(generate_objstm = false)
  ?(compress_objstm = true) ?(recrypt = None) linearize encrypt pdf o
=
  if !write_debug then
  begin flprint "****pdf_to_output\n"; debug_whole_pdf pdf end;
  if !write_debug then
    Printf.printf "pdf_to_output: preserve %b, generate %b, linearize %b\n"
    preserve_objstm generate_objstm linearize;
  if linearize then
    raise
      (Pdf.PDFError
        "Linearization not supported since v1.8. Use an external linearizer.");
  let renumbered_objects_for_streams, preserve_objstm =
    if generate_objstm then
      generate_object_stream_hints
      (match encrypt with Some _ -> true | _ -> false) pdf preserve_objstm;
    if
      (preserve_objstm || generate_objstm) &&
      Hashtbl.length pdf.Pdf.objects.Pdf.object_stream_ids > 0
    then
      (reinstate_object_streams
        compress_objstm
        (match encrypt with Some _ -> true | _ ->
          match recrypt with Some _ -> true | _ -> false)
        pdf,
        true)
    else
      ([], false) (* Weren't asked to preserve, or nothing to put in streams *)
  in
  if !write_debug then
  begin flprint "****after object streams built\n"; debug_whole_pdf pdf end;
    let encrypt =
      match recrypt with
        None -> encrypt
      | Some _ -> Some dummy_encryption
    in
    let pdf =
      if preserve_objstm || generate_objstm then pdf else
        begin match encrypt with
        | Some e when e.encryption_method = AlreadyEncrypted ->
            pdf (* Already been renumbered *)
        | Some _  ->
            (* Need to renumber before encrypting.
            Will remove once encryption-on-demand-on-writing is done...*)
            Pdf.renumber (Pdf.changes pdf) pdf
        | _ -> pdf
        end
    in
      if !write_debug then flprint "Finished renumber\n";
  if !write_debug then
    begin flprint "****after renumbering\n"; debug_whole_pdf pdf end;
      let pdf =
        match recrypt with
          None -> pdf
        | Some pw ->
            Pdfcrypt.recrypt_pdf
              ~renumber:(not (preserve_objstm || generate_objstm)) pdf pw
      in
  if !write_debug then
    begin flprint "****just before crypt_if_necessary\n"; debug_whole_pdf pdf end;
      let pdf = crypt_if_necessary pdf encrypt in
        if !write_debug then
          begin
            flprint "crypt_if_necessary done...\n";
            if Pdfcrypt.is_encrypted pdf then flprint "FILE IS ENCRYPTED\n"
          end;
  if !write_debug then
    begin flprint "****crypted, ready to write\n"; debug_whole_pdf pdf end;
        o.output_string (header pdf);
        let xrefs = ref []
        and objiter =
          if Pdfcrypt.is_encrypted pdf || preserve_objstm || generate_objstm
            then Pdf.objiter_inorder
            else Pdf.objiter
        and changetable =
          if Pdfcrypt.is_encrypted pdf || preserve_objstm || generate_objstm
            then Hashtbl.create 0
            else Pdf.changes pdf
        and currobjnum = ref 1
        in
          if !write_debug then flprint "About to write objects\n";
          objiter
            (fun ob p ->
               xrefs =| o.pos_out ();
               strings_of_pdf_object
                 (flatten_W o) (ob, p)
                 (if preserve_objstm then ob else !currobjnum) changetable;
               incr currobjnum)
            pdf;
          if !write_debug then flprint "finished writing objects\n";
          let xrefstart = o.pos_out () in
          if preserve_objstm || generate_objstm then
            begin
              let xrefstream =
                make_xref_stream pdf (rev !xrefs) renumbered_objects_for_streams
              in
                if !write_debug then
                  begin
                    flprint "Result of making xref stream\n";
                    flprint (string_of_pdf xrefstream);
                    flprint "OBJSTREAM trailer section...\n"
                  end;
                let thisnum =
                  match Pdf.lookup_direct pdf "/Size" xrefstream with
                  | Some (Pdf.Integer i) -> i
                  | _ -> failwith "bad xref stream generated\n"
                in
                  o.output_string (string_of_int thisnum);
                  o.output_string " 0 obj\n";
                  strings_of_pdf (flatten_W o) changetable xrefstream;
                  o.output_string "\nendobj\n";
                  o.output_string "startxref\n";
                  o.output_string (string_of_int xrefstart);
                  o.output_string "\n%%EOF\n"
            end
          else
            begin
              if !write_debug then
                flprint "NORMAL NON-OBJSTREAM trailer section\n";
              write_xrefs (rev !xrefs) o;
              o.output_string "trailer\n";
              let trailerdict' =
                match pdf.Pdf.trailerdict with
                | Pdf.Dictionary trailerdict ->
                    Pdf.Dictionary
                      (add "/Size" (Pdf.Integer (length !xrefs + 1))
                        (add "/Root" (Pdf.Indirect pdf.Pdf.root) trailerdict))
                | _ ->
                    raise
                      (Pdf.PDFError
                         "Pdf.pdf_to_output: Bad trailer dictionary")
              in
                strings_of_pdf (flatten_W o) changetable trailerdict';
                if !write_debug then flprint "all done...\n";
                o.output_string "\nstartxref\n";
                o.output_string (string_of_int xrefstart);
                o.output_string "\n%%EOF\n"
            end

(* Write a PDF to a channel. Don't use mk_id when the file is encrypted.*)
let pdf_to_channel
  ?(preserve_objstm = false) ?(generate_objstm = false)
  ?(compress_objstm = true) ?(recrypt = None)
  linearize encrypt mk_id pdf ch
=
  if mk_id then Pdf.change_id pdf "";
  pdf_to_output
    ~preserve_objstm ~generate_objstm ~compress_objstm ~recrypt
    linearize encrypt pdf (output_of_channel ch)

(* Similarly to a named file. If mk_id is set, the /ID entry in the document's
trailer dictionary is updated using the current date and time and the filename.
Don't use mk_id when the file is encrypted. If [preserve_objstm] is set,
existing object streams will be preserved. If [generate_objstm] is set, new
ones will be generated in addition. To get totally fresh object streams, set
[preserve_objstm=false, generate_objstm=true]. *)
let pdf_to_file_options
  ?(preserve_objstm = false) ?(generate_objstm = false)
  ?(compress_objstm = true) ?(recrypt = None)
  linearize encrypt mk_id pdf f
=
  if mk_id then Pdf.change_id pdf f;
  let ch = open_out_bin f in
    try
      pdf_to_channel
        ~preserve_objstm ~generate_objstm ~compress_objstm ~recrypt
        linearize encrypt false pdf ch;
      close_out ch
    with
      e -> close_out ch; raise e

let pdf_to_file pdf f =
  pdf_to_file_options
    ~preserve_objstm:true ~generate_objstm:false ~compress_objstm:true
    false None true pdf f
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(** Writing PDF Files *)

(** When set to [true], various pieces of information are printed to standard
output when a PDF is written. On library startup, is [false]. *)
val write_debug : bool ref

(** {2 Encryption methods} *)

(** Encryption methods. The boolean for [AES128bit], [AES256bit] and
[AES256BitISO] indicates encryption of metadata or lack thereof.
AlreadyEncrypted is used as a flag to prevent garbage collection internally by
[pdf_to_file_recrypting]. *)
type encryption_method =
  | PDF40bit
  | PDF128bit
  | AES128bit of bool
  | AES256bit of bool
  | AES256bitISO of bool
  | AlreadyEncrypted

(** The type of an encryption with certain user permissions. *)
type encryption = 
  {encryption_method : encryption_method;
   owner_password : string;
   user_password : string;
   permissions : Pdfcrypt.permission list}

(** {2 Writing to outputs, channels and files.} *)

(** Write a PDF document to an [Pdfio.output], optionally encrypting and/or
linearizing. For now, linearization will not preserve object streams. If
[?preserve_objstm] is set (default is false), object streams which were in the
original file will be preserved. If [?create_objstm] is set (default is false),
additional new object streams will be created. To re-encrypt the file using its
existing encryption, provide the user or owner password in the [?recrypt]
argument. The unlabelled boolean argument is true if linearization is required.
*)
val pdf_to_output :
  ?preserve_objstm:bool ->
  ?generate_objstm:bool ->
  ?compress_objstm:bool ->
  ?recrypt:string option ->
  bool -> encryption option -> Pdf.t -> Pdfio.output -> unit

(** As [pdf_to_output] but to an OCaml channel. If the second boolean is set, build a new
/ID (don't set this for encrypted documents). *)
val pdf_to_channel :
  ?preserve_objstm:bool ->
  ?generate_objstm:bool ->
  ?compress_objstm:bool ->
  ?recrypt:string option -> 
  bool -> encryption option -> bool -> Pdf.t -> out_channel -> unit

(** As [pdf_to_channel] but to a named file. *)
val pdf_to_file_options :
  ?preserve_objstm:bool ->
  ?generate_objstm:bool ->
  ?compress_objstm:bool ->
  ?recrypt:string option ->
  bool -> encryption option -> bool -> Pdf.t -> string -> unit

(** Simple write to given file name. Equivalent to [pdf_to_file_options false None true] *)
val pdf_to_file : Pdf.t -> string -> unit

(** {2 String of a PDF object} *)

(** Calculate a string of a pdf object. Due to OCaml's modest limit
on string length, this should be used only when the length of the output is
known to be limited (for example for debug purposes). *)
val string_of_pdf : Pdf.pdfobject -> string

(**/**)

(* For debug, print out the PDFs objects to standard output *)
val debug_whole_pdf : Pdf.t -> unit
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/**
 * rijndael-alg-fst.c
 *
 * @version 3.0 (December 2000)
 *
 * Optimised ANSI C code for the Rijndael cipher (now AES)
 *
 * @author Vincent Rijmen <vincent.rijmen@esat.kuleuven.ac.be>
 * @author Antoon Bosselaers <antoon.bosselaers@esat.kuleuven.ac.be>
 * @author Paulo Barreto <paulo.barreto@terra.com.br>
 *
 * This code is hereby placed in the public domain.
 *
 * THIS SOFTWARE IS PROVIDED BY THE AUTHORS ''AS IS'' AND ANY EXPRESS
 * OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
 * WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE AUTHORS OR CONTRIBUTORS BE
 * LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
 * CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
 * SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
 * BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
 * WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
 * OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
 * EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
 */
#include <assert.h>
#include <stdlib.h>

#include "rijndael-alg-fst.h"

/*
Te0[x] = S [x].[02, 01, 01, 03];
Te1[x] = S [x].[03, 02, 01, 01];
Te2[x] = S [x].[01, 03, 02, 01];
Te3[x] = S [x].[01, 01, 03, 02];
Te4[x] = S [x].[01, 01, 01, 01];

Td0[x] = Si[x].[0e, 09, 0d, 0b];
Td1[x] = Si[x].[0b, 0e, 09, 0d];
Td2[x] = Si[x].[0d, 0b, 0e, 09];
Td3[x] = Si[x].[09, 0d, 0b, 0e];
Td4[x] = Si[x].[01, 01, 01, 01];
*/

static const u32 Te0[256] = {
    0xc66363a5U, 0xf87c7c84U, 0xee777799U, 0xf67b7b8dU,
    0xfff2f20dU, 0xd66b6bbdU, 0xde6f6fb1U, 0x91c5c554U,
    0x60303050U, 0x02010103U, 0xce6767a9U, 0x562b2b7dU,
    0xe7fefe19U, 0xb5d7d762U, 0x4dababe6U, 0xec76769aU,
    0x8fcaca45U, 0x1f82829dU, 0x89c9c940U, 0xfa7d7d87U,
    0xeffafa15U, 0xb25959ebU, 0x8e4747c9U, 0xfbf0f00bU,
    0x41adadecU, 0xb3d4d467U, 0x5fa2a2fdU, 0x45afafeaU,
    0x239c9cbfU, 0x53a4a4f7U, 0xe4727296U, 0x9bc0c05bU,
    0x75b7b7c2U, 0xe1fdfd1cU, 0x3d9393aeU, 0x4c26266aU,
    0x6c36365aU, 0x7e3f3f41U, 0xf5f7f702U, 0x83cccc4fU,
    0x6834345cU, 0x51a5a5f4U, 0xd1e5e534U, 0xf9f1f108U,
    0xe2717193U, 0xabd8d873U, 0x62313153U, 0x2a15153fU,
    0x0804040cU, 0x95c7c752U, 0x46232365U, 0x9dc3c35eU,
    0x30181828U, 0x379696a1U, 0x0a05050fU, 0x2f9a9ab5U,
    0x0e070709U, 0x24121236U, 0x1b80809bU, 0xdfe2e23dU,
    0xcdebeb26U, 0x4e272769U, 0x7fb2b2cdU, 0xea75759fU,
    0x1209091bU, 0x1d83839eU, 0x582c2c74U, 0x341a1a2eU,
    0x361b1b2dU, 0xdc6e6eb2U, 0xb45a5aeeU, 0x5ba0a0fbU,
    0xa45252f6U, 0x763b3b4dU, 0xb7d6d661U, 0x7db3b3ceU,
    0x5229297bU, 0xdde3e33eU, 0x5e2f2f71U, 0x13848497U,
    0xa65353f5U, 0xb9d1d168U, 0x00000000U, 0xc1eded2cU,
    0x40202060U, 0xe3fcfc1fU, 0x79b1b1c8U, 0xb65b5bedU,
    0xd46a6abeU, 0x8dcbcb46U, 0x67bebed9U, 0x7239394bU,
    0x944a4adeU, 0x984c4cd4U, 0xb05858e8U, 0x85cfcf4aU,
    0xbbd0d06bU, 0xc5efef2aU, 0x4faaaae5U, 0xedfbfb16U,
    0x864343c5U, 0x9a4d4dd7U, 0x66333355U, 0x11858594U,
    0x8a4545cfU, 0xe9f9f910U, 0x04020206U, 0xfe7f7f81U,
    0xa05050f0U, 0x783c3c44U, 0x259f9fbaU, 0x4ba8a8e3U,
    0xa25151f3U, 0x5da3a3feU, 0x804040c0U, 0x058f8f8aU,
    0x3f9292adU, 0x219d9dbcU, 0x70383848U, 0xf1f5f504U,
    0x63bcbcdfU, 0x77b6b6c1U, 0xafdada75U, 0x42212163U,
    0x20101030U, 0xe5ffff1aU, 0xfdf3f30eU, 0xbfd2d26dU,
    0x81cdcd4cU, 0x180c0c14U, 0x26131335U, 0xc3ecec2fU,
    0xbe5f5fe1U, 0x359797a2U, 0x884444ccU, 0x2e171739U,
    0x93c4c457U, 0x55a7a7f2U, 0xfc7e7e82U, 0x7a3d3d47U,
    0xc86464acU, 0xba5d5de7U, 0x3219192bU, 0xe6737395U,
    0xc06060a0U, 0x19818198U, 0x9e4f4fd1U, 0xa3dcdc7fU,
    0x44222266U, 0x542a2a7eU, 0x3b9090abU, 0x0b888883U,
    0x8c4646caU, 0xc7eeee29U, 0x6bb8b8d3U, 0x2814143cU,
    0xa7dede79U, 0xbc5e5ee2U, 0x160b0b1dU, 0xaddbdb76U,
    0xdbe0e03bU, 0x64323256U, 0x743a3a4eU, 0x140a0a1eU,
    0x924949dbU, 0x0c06060aU, 0x4824246cU, 0xb85c5ce4U,
    0x9fc2c25dU, 0xbdd3d36eU, 0x43acacefU, 0xc46262a6U,
    0x399191a8U, 0x319595a4U, 0xd3e4e437U, 0xf279798bU,
    0xd5e7e732U, 0x8bc8c843U, 0x6e373759U, 0xda6d6db7U,
    0x018d8d8cU, 0xb1d5d564U, 0x9c4e4ed2U, 0x49a9a9e0U,
    0xd86c6cb4U, 0xac5656faU, 0xf3f4f407U, 0xcfeaea25U,
    0xca6565afU, 0xf47a7a8eU, 0x47aeaee9U, 0x10080818U,
    0x6fbabad5U, 0xf0787888U, 0x4a25256fU, 0x5c2e2e72U,
    0x381c1c24U, 0x57a6a6f1U, 0x73b4b4c7U, 0x97c6c651U,
    0xcbe8e823U, 0xa1dddd7cU, 0xe874749cU, 0x3e1f1f21U,
    0x964b4bddU, 0x61bdbddcU, 0x0d8b8b86U, 0x0f8a8a85U,
    0xe0707090U, 0x7c3e3e42U, 0x71b5b5c4U, 0xcc6666aaU,
    0x904848d8U, 0x06030305U, 0xf7f6f601U, 0x1c0e0e12U,
    0xc26161a3U, 0x6a35355fU, 0xae5757f9U, 0x69b9b9d0U,
    0x17868691U, 0x99c1c158U, 0x3a1d1d27U, 0x279e9eb9U,
    0xd9e1e138U, 0xebf8f813U, 0x2b9898b3U, 0x22111133U,
    0xd26969bbU, 0xa9d9d970U, 0x078e8e89U, 0x339494a7U,
    0x2d9b9bb6U, 0x3c1e1e22U, 0x15878792U, 0xc9e9e920U,
    0x87cece49U, 0xaa5555ffU, 0x50282878U, 0xa5dfdf7aU,
    0x038c8c8fU, 0x59a1a1f8U, 0x09898980U, 0x1a0d0d17U,
    0x65bfbfdaU, 0xd7e6e631U, 0x844242c6U, 0xd06868b8U,
    0x824141c3U, 0x299999b0U, 0x5a2d2d77U, 0x1e0f0f11U,
    0x7bb0b0cbU, 0xa85454fcU, 0x6dbbbbd6U, 0x2c16163aU,
};
static const u32 Te1[256] = {
    0xa5c66363U, 0x84f87c7cU, 0x99ee7777U, 0x8df67b7bU,
    0x0dfff2f2U, 0xbdd66b6bU, 0xb1de6f6fU, 0x5491c5c5U,
    0x50603030U, 0x03020101U, 0xa9ce6767U, 0x7d562b2bU,
    0x19e7fefeU, 0x62b5d7d7U, 0xe64dababU, 0x9aec7676U,
    0x458fcacaU, 0x9d1f8282U, 0x4089c9c9U, 0x87fa7d7dU,
    0x15effafaU, 0xebb25959U, 0xc98e4747U, 0x0bfbf0f0U,
    0xec41adadU, 0x67b3d4d4U, 0xfd5fa2a2U, 0xea45afafU,
    0xbf239c9cU, 0xf753a4a4U, 0x96e47272U, 0x5b9bc0c0U,
    0xc275b7b7U, 0x1ce1fdfdU, 0xae3d9393U, 0x6a4c2626U,
    0x5a6c3636U, 0x417e3f3fU, 0x02f5f7f7U, 0x4f83ccccU,
    0x5c683434U, 0xf451a5a5U, 0x34d1e5e5U, 0x08f9f1f1U,
    0x93e27171U, 0x73abd8d8U, 0x53623131U, 0x3f2a1515U,
    0x0c080404U, 0x5295c7c7U, 0x65462323U, 0x5e9dc3c3U,
    0x28301818U, 0xa1379696U, 0x0f0a0505U, 0xb52f9a9aU,
    0x090e0707U, 0x36241212U, 0x9b1b8080U, 0x3ddfe2e2U,
    0x26cdebebU, 0x694e2727U, 0xcd7fb2b2U, 0x9fea7575U,
    0x1b120909U, 0x9e1d8383U, 0x74582c2cU, 0x2e341a1aU,
    0x2d361b1bU, 0xb2dc6e6eU, 0xeeb45a5aU, 0xfb5ba0a0U,
    0xf6a45252U, 0x4d763b3bU, 0x61b7d6d6U, 0xce7db3b3U,
    0x7b522929U, 0x3edde3e3U, 0x715e2f2fU, 0x97138484U,
    0xf5a65353U, 0x68b9d1d1U, 0x00000000U, 0x2cc1ededU,
    0x60402020U, 0x1fe3fcfcU, 0xc879b1b1U, 0xedb65b5bU,
    0xbed46a6aU, 0x468dcbcbU, 0xd967bebeU, 0x4b723939U,
    0xde944a4aU, 0xd4984c4cU, 0xe8b05858U, 0x4a85cfcfU,
    0x6bbbd0d0U, 0x2ac5efefU, 0xe54faaaaU, 0x16edfbfbU,
    0xc5864343U, 0xd79a4d4dU, 0x55663333U, 0x94118585U,
    0xcf8a4545U, 0x10e9f9f9U, 0x06040202U, 0x81fe7f7fU,
    0xf0a05050U, 0x44783c3cU, 0xba259f9fU, 0xe34ba8a8U,
    0xf3a25151U, 0xfe5da3a3U, 0xc0804040U, 0x8a058f8fU,
    0xad3f9292U, 0xbc219d9dU, 0x48703838U, 0x04f1f5f5U,
    0xdf63bcbcU, 0xc177b6b6U, 0x75afdadaU, 0x63422121U,
    0x30201010U, 0x1ae5ffffU, 0x0efdf3f3U, 0x6dbfd2d2U,
    0x4c81cdcdU, 0x14180c0cU, 0x35261313U, 0x2fc3ececU,
    0xe1be5f5fU, 0xa2359797U, 0xcc884444U, 0x392e1717U,
    0x5793c4c4U, 0xf255a7a7U, 0x82fc7e7eU, 0x477a3d3dU,
    0xacc86464U, 0xe7ba5d5dU, 0x2b321919U, 0x95e67373U,
    0xa0c06060U, 0x98198181U, 0xd19e4f4fU, 0x7fa3dcdcU,
    0x66442222U, 0x7e542a2aU, 0xab3b9090U, 0x830b8888U,
    0xca8c4646U, 0x29c7eeeeU, 0xd36bb8b8U, 0x3c281414U,
    0x79a7dedeU, 0xe2bc5e5eU, 0x1d160b0bU, 0x76addbdbU,
    0x3bdbe0e0U, 0x56643232U, 0x4e743a3aU, 0x1e140a0aU,
    0xdb924949U, 0x0a0c0606U, 0x6c482424U, 0xe4b85c5cU,
    0x5d9fc2c2U, 0x6ebdd3d3U, 0xef43acacU, 0xa6c46262U,
    0xa8399191U, 0xa4319595U, 0x37d3e4e4U, 0x8bf27979U,
    0x32d5e7e7U, 0x438bc8c8U, 0x596e3737U, 0xb7da6d6dU,
    0x8c018d8dU, 0x64b1d5d5U, 0xd29c4e4eU, 0xe049a9a9U,
    0xb4d86c6cU, 0xfaac5656U, 0x07f3f4f4U, 0x25cfeaeaU,
    0xafca6565U, 0x8ef47a7aU, 0xe947aeaeU, 0x18100808U,
    0xd56fbabaU, 0x88f07878U, 0x6f4a2525U, 0x725c2e2eU,
    0x24381c1cU, 0xf157a6a6U, 0xc773b4b4U, 0x5197c6c6U,
    0x23cbe8e8U, 0x7ca1ddddU, 0x9ce87474U, 0x213e1f1fU,
    0xdd964b4bU, 0xdc61bdbdU, 0x860d8b8bU, 0x850f8a8aU,
    0x90e07070U, 0x427c3e3eU, 0xc471b5b5U, 0xaacc6666U,
    0xd8904848U, 0x05060303U, 0x01f7f6f6U, 0x121c0e0eU,
    0xa3c26161U, 0x5f6a3535U, 0xf9ae5757U, 0xd069b9b9U,
    0x91178686U, 0x5899c1c1U, 0x273a1d1dU, 0xb9279e9eU,
    0x38d9e1e1U, 0x13ebf8f8U, 0xb32b9898U, 0x33221111U,
    0xbbd26969U, 0x70a9d9d9U, 0x89078e8eU, 0xa7339494U,
    0xb62d9b9bU, 0x223c1e1eU, 0x92158787U, 0x20c9e9e9U,
    0x4987ceceU, 0xffaa5555U, 0x78502828U, 0x7aa5dfdfU,
    0x8f038c8cU, 0xf859a1a1U, 0x80098989U, 0x171a0d0dU,
    0xda65bfbfU, 0x31d7e6e6U, 0xc6844242U, 0xb8d06868U,
    0xc3824141U, 0xb0299999U, 0x775a2d2dU, 0x111e0f0fU,
    0xcb7bb0b0U, 0xfca85454U, 0xd66dbbbbU, 0x3a2c1616U,
};
static const u32 Te2[256] = {
    0x63a5c663U, 0x7c84f87cU, 0x7799ee77U, 0x7b8df67bU,
    0xf20dfff2U, 0x6bbdd66bU, 0x6fb1de6fU, 0xc55491c5U,
    0x30506030U, 0x01030201U, 0x67a9ce67U, 0x2b7d562bU,
    0xfe19e7feU, 0xd762b5d7U, 0xabe64dabU, 0x769aec76U,
    0xca458fcaU, 0x829d1f82U, 0xc94089c9U, 0x7d87fa7dU,
    0xfa15effaU, 0x59ebb259U, 0x47c98e47U, 0xf00bfbf0U,
    0xadec41adU, 0xd467b3d4U, 0xa2fd5fa2U, 0xafea45afU,
    0x9cbf239cU, 0xa4f753a4U, 0x7296e472U, 0xc05b9bc0U,
    0xb7c275b7U, 0xfd1ce1fdU, 0x93ae3d93U, 0x266a4c26U,
    0x365a6c36U, 0x3f417e3fU, 0xf702f5f7U, 0xcc4f83ccU,
    0x345c6834U, 0xa5f451a5U, 0xe534d1e5U, 0xf108f9f1U,
    0x7193e271U, 0xd873abd8U, 0x31536231U, 0x153f2a15U,
    0x040c0804U, 0xc75295c7U, 0x23654623U, 0xc35e9dc3U,
    0x18283018U, 0x96a13796U, 0x050f0a05U, 0x9ab52f9aU,
    0x07090e07U, 0x12362412U, 0x809b1b80U, 0xe23ddfe2U,
    0xeb26cdebU, 0x27694e27U, 0xb2cd7fb2U, 0x759fea75U,
    0x091b1209U, 0x839e1d83U, 0x2c74582cU, 0x1a2e341aU,
    0x1b2d361bU, 0x6eb2dc6eU, 0x5aeeb45aU, 0xa0fb5ba0U,
    0x52f6a452U, 0x3b4d763bU, 0xd661b7d6U, 0xb3ce7db3U,
    0x297b5229U, 0xe33edde3U, 0x2f715e2fU, 0x84971384U,
    0x53f5a653U, 0xd168b9d1U, 0x00000000U, 0xed2cc1edU,
    0x20604020U, 0xfc1fe3fcU, 0xb1c879b1U, 0x5bedb65bU,
    0x6abed46aU, 0xcb468dcbU, 0xbed967beU, 0x394b7239U,
    0x4ade944aU, 0x4cd4984cU, 0x58e8b058U, 0xcf4a85cfU,
    0xd06bbbd0U, 0xef2ac5efU, 0xaae54faaU, 0xfb16edfbU,
    0x43c58643U, 0x4dd79a4dU, 0x33556633U, 0x85941185U,
    0x45cf8a45U, 0xf910e9f9U, 0x02060402U, 0x7f81fe7fU,
    0x50f0a050U, 0x3c44783cU, 0x9fba259fU, 0xa8e34ba8U,
    0x51f3a251U, 0xa3fe5da3U, 0x40c08040U, 0x8f8a058fU,
    0x92ad3f92U, 0x9dbc219dU, 0x38487038U, 0xf504f1f5U,
    0xbcdf63bcU, 0xb6c177b6U, 0xda75afdaU, 0x21634221U,
    0x10302010U, 0xff1ae5ffU, 0xf30efdf3U, 0xd26dbfd2U,
    0xcd4c81cdU, 0x0c14180cU, 0x13352613U, 0xec2fc3ecU,
    0x5fe1be5fU, 0x97a23597U, 0x44cc8844U, 0x17392e17U,
    0xc45793c4U, 0xa7f255a7U, 0x7e82fc7eU, 0x3d477a3dU,
    0x64acc864U, 0x5de7ba5dU, 0x192b3219U, 0x7395e673U,
    0x60a0c060U, 0x81981981U, 0x4fd19e4fU, 0xdc7fa3dcU,
    0x22664422U, 0x2a7e542aU, 0x90ab3b90U, 0x88830b88U,
    0x46ca8c46U, 0xee29c7eeU, 0xb8d36bb8U, 0x143c2814U,
    0xde79a7deU, 0x5ee2bc5eU, 0x0b1d160bU, 0xdb76addbU,
    0xe03bdbe0U, 0x32566432U, 0x3a4e743aU, 0x0a1e140aU,
    0x49db9249U, 0x060a0c06U, 0x246c4824U, 0x5ce4b85cU,
    0xc25d9fc2U, 0xd36ebdd3U, 0xacef43acU, 0x62a6c462U,
    0x91a83991U, 0x95a43195U, 0xe437d3e4U, 0x798bf279U,
    0xe732d5e7U, 0xc8438bc8U, 0x37596e37U, 0x6db7da6dU,
    0x8d8c018dU, 0xd564b1d5U, 0x4ed29c4eU, 0xa9e049a9U,
    0x6cb4d86cU, 0x56faac56U, 0xf407f3f4U, 0xea25cfeaU,
    0x65afca65U, 0x7a8ef47aU, 0xaee947aeU, 0x08181008U,
    0xbad56fbaU, 0x7888f078U, 0x256f4a25U, 0x2e725c2eU,
    0x1c24381cU, 0xa6f157a6U, 0xb4c773b4U, 0xc65197c6U,
    0xe823cbe8U, 0xdd7ca1ddU, 0x749ce874U, 0x1f213e1fU,
    0x4bdd964bU, 0xbddc61bdU, 0x8b860d8bU, 0x8a850f8aU,
    0x7090e070U, 0x3e427c3eU, 0xb5c471b5U, 0x66aacc66U,
    0x48d89048U, 0x03050603U, 0xf601f7f6U, 0x0e121c0eU,
    0x61a3c261U, 0x355f6a35U, 0x57f9ae57U, 0xb9d069b9U,
    0x86911786U, 0xc15899c1U, 0x1d273a1dU, 0x9eb9279eU,
    0xe138d9e1U, 0xf813ebf8U, 0x98b32b98U, 0x11332211U,
    0x69bbd269U, 0xd970a9d9U, 0x8e89078eU, 0x94a73394U,
    0x9bb62d9bU, 0x1e223c1eU, 0x87921587U, 0xe920c9e9U,
    0xce4987ceU, 0x55ffaa55U, 0x28785028U, 0xdf7aa5dfU,
    0x8c8f038cU, 0xa1f859a1U, 0x89800989U, 0x0d171a0dU,
    0xbfda65bfU, 0xe631d7e6U, 0x42c68442U, 0x68b8d068U,
    0x41c38241U, 0x99b02999U, 0x2d775a2dU, 0x0f111e0fU,
    0xb0cb7bb0U, 0x54fca854U, 0xbbd66dbbU, 0x163a2c16U,
};
static const u32 Te3[256] = {

    0x6363a5c6U, 0x7c7c84f8U, 0x777799eeU, 0x7b7b8df6U,
    0xf2f20dffU, 0x6b6bbdd6U, 0x6f6fb1deU, 0xc5c55491U,
    0x30305060U, 0x01010302U, 0x6767a9ceU, 0x2b2b7d56U,
    0xfefe19e7U, 0xd7d762b5U, 0xababe64dU, 0x76769aecU,
    0xcaca458fU, 0x82829d1fU, 0xc9c94089U, 0x7d7d87faU,
    0xfafa15efU, 0x5959ebb2U, 0x4747c98eU, 0xf0f00bfbU,
    0xadadec41U, 0xd4d467b3U, 0xa2a2fd5fU, 0xafafea45U,
    0x9c9cbf23U, 0xa4a4f753U, 0x727296e4U, 0xc0c05b9bU,
    0xb7b7c275U, 0xfdfd1ce1U, 0x9393ae3dU, 0x26266a4cU,
    0x36365a6cU, 0x3f3f417eU, 0xf7f702f5U, 0xcccc4f83U,
    0x34345c68U, 0xa5a5f451U, 0xe5e534d1U, 0xf1f108f9U,
    0x717193e2U, 0xd8d873abU, 0x31315362U, 0x15153f2aU,
    0x04040c08U, 0xc7c75295U, 0x23236546U, 0xc3c35e9dU,
    0x18182830U, 0x9696a137U, 0x05050f0aU, 0x9a9ab52fU,
    0x0707090eU, 0x12123624U, 0x80809b1bU, 0xe2e23ddfU,
    0xebeb26cdU, 0x2727694eU, 0xb2b2cd7fU, 0x75759feaU,
    0x09091b12U, 0x83839e1dU, 0x2c2c7458U, 0x1a1a2e34U,
    0x1b1b2d36U, 0x6e6eb2dcU, 0x5a5aeeb4U, 0xa0a0fb5bU,
    0x5252f6a4U, 0x3b3b4d76U, 0xd6d661b7U, 0xb3b3ce7dU,
    0x29297b52U, 0xe3e33eddU, 0x2f2f715eU, 0x84849713U,
    0x5353f5a6U, 0xd1d168b9U, 0x00000000U, 0xeded2cc1U,
    0x20206040U, 0xfcfc1fe3U, 0xb1b1c879U, 0x5b5bedb6U,
    0x6a6abed4U, 0xcbcb468dU, 0xbebed967U, 0x39394b72U,
    0x4a4ade94U, 0x4c4cd498U, 0x5858e8b0U, 0xcfcf4a85U,
    0xd0d06bbbU, 0xefef2ac5U, 0xaaaae54fU, 0xfbfb16edU,
    0x4343c586U, 0x4d4dd79aU, 0x33335566U, 0x85859411U,
    0x4545cf8aU, 0xf9f910e9U, 0x02020604U, 0x7f7f81feU,
    0x5050f0a0U, 0x3c3c4478U, 0x9f9fba25U, 0xa8a8e34bU,
    0x5151f3a2U, 0xa3a3fe5dU, 0x4040c080U, 0x8f8f8a05U,
    0x9292ad3fU, 0x9d9dbc21U, 0x38384870U, 0xf5f504f1U,
    0xbcbcdf63U, 0xb6b6c177U, 0xdada75afU, 0x21216342U,
    0x10103020U, 0xffff1ae5U, 0xf3f30efdU, 0xd2d26dbfU,
    0xcdcd4c81U, 0x0c0c1418U, 0x13133526U, 0xecec2fc3U,
    0x5f5fe1beU, 0x9797a235U, 0x4444cc88U, 0x1717392eU,
    0xc4c45793U, 0xa7a7f255U, 0x7e7e82fcU, 0x3d3d477aU,
    0x6464acc8U, 0x5d5de7baU, 0x19192b32U, 0x737395e6U,
    0x6060a0c0U, 0x81819819U, 0x4f4fd19eU, 0xdcdc7fa3U,
    0x22226644U, 0x2a2a7e54U, 0x9090ab3bU, 0x8888830bU,
    0x4646ca8cU, 0xeeee29c7U, 0xb8b8d36bU, 0x14143c28U,
    0xdede79a7U, 0x5e5ee2bcU, 0x0b0b1d16U, 0xdbdb76adU,
    0xe0e03bdbU, 0x32325664U, 0x3a3a4e74U, 0x0a0a1e14U,
    0x4949db92U, 0x06060a0cU, 0x24246c48U, 0x5c5ce4b8U,
    0xc2c25d9fU, 0xd3d36ebdU, 0xacacef43U, 0x6262a6c4U,
    0x9191a839U, 0x9595a431U, 0xe4e437d3U, 0x79798bf2U,
    0xe7e732d5U, 0xc8c8438bU, 0x3737596eU, 0x6d6db7daU,
    0x8d8d8c01U, 0xd5d564b1U, 0x4e4ed29cU, 0xa9a9e049U,
    0x6c6cb4d8U, 0x5656faacU, 0xf4f407f3U, 0xeaea25cfU,
    0x6565afcaU, 0x7a7a8ef4U, 0xaeaee947U, 0x08081810U,
    0xbabad56fU, 0x787888f0U, 0x25256f4aU, 0x2e2e725cU,
    0x1c1c2438U, 0xa6a6f157U, 0xb4b4c773U, 0xc6c65197U,
    0xe8e823cbU, 0xdddd7ca1U, 0x74749ce8U, 0x1f1f213eU,
    0x4b4bdd96U, 0xbdbddc61U, 0x8b8b860dU, 0x8a8a850fU,
    0x707090e0U, 0x3e3e427cU, 0xb5b5c471U, 0x6666aaccU,
    0x4848d890U, 0x03030506U, 0xf6f601f7U, 0x0e0e121cU,
    0x6161a3c2U, 0x35355f6aU, 0x5757f9aeU, 0xb9b9d069U,
    0x86869117U, 0xc1c15899U, 0x1d1d273aU, 0x9e9eb927U,
    0xe1e138d9U, 0xf8f813ebU, 0x9898b32bU, 0x11113322U,
    0x6969bbd2U, 0xd9d970a9U, 0x8e8e8907U, 0x9494a733U,
    0x9b9bb62dU, 0x1e1e223cU, 0x87879215U, 0xe9e920c9U,
    0xcece4987U, 0x5555ffaaU, 0x28287850U, 0xdfdf7aa5U,
    0x8c8c8f03U, 0xa1a1f859U, 0x89898009U, 0x0d0d171aU,
    0xbfbfda65U, 0xe6e631d7U, 0x4242c684U, 0x6868b8d0U,
    0x4141c382U, 0x9999b029U, 0x2d2d775aU, 0x0f0f111eU,
    0xb0b0cb7bU, 0x5454fca8U, 0xbbbbd66dU, 0x16163a2cU,
};
static const u32 Te4[256] = {
    0x63636363U, 0x7c7c7c7cU, 0x77777777U, 0x7b7b7b7bU,
    0xf2f2f2f2U, 0x6b6b6b6bU, 0x6f6f6f6fU, 0xc5c5c5c5U,
    0x30303030U, 0x01010101U, 0x67676767U, 0x2b2b2b2bU,
    0xfefefefeU, 0xd7d7d7d7U, 0xababababU, 0x76767676U,
    0xcacacacaU, 0x82828282U, 0xc9c9c9c9U, 0x7d7d7d7dU,
    0xfafafafaU, 0x59595959U, 0x47474747U, 0xf0f0f0f0U,
    0xadadadadU, 0xd4d4d4d4U, 0xa2a2a2a2U, 0xafafafafU,
    0x9c9c9c9cU, 0xa4a4a4a4U, 0x72727272U, 0xc0c0c0c0U,
    0xb7b7b7b7U, 0xfdfdfdfdU, 0x93939393U, 0x26262626U,
    0x36363636U, 0x3f3f3f3fU, 0xf7f7f7f7U, 0xccccccccU,
    0x34343434U, 0xa5a5a5a5U, 0xe5e5e5e5U, 0xf1f1f1f1U,
    0x71717171U, 0xd8d8d8d8U, 0x31313131U, 0x15151515U,
    0x04040404U, 0xc7c7c7c7U, 0x23232323U, 0xc3c3c3c3U,
    0x18181818U, 0x96969696U, 0x05050505U, 0x9a9a9a9aU,
    0x07070707U, 0x12121212U, 0x80808080U, 0xe2e2e2e2U,
    0xebebebebU, 0x27272727U, 0xb2b2b2b2U, 0x75757575U,
    0x09090909U, 0x83838383U, 0x2c2c2c2cU, 0x1a1a1a1aU,
    0x1b1b1b1bU, 0x6e6e6e6eU, 0x5a5a5a5aU, 0xa0a0a0a0U,
    0x52525252U, 0x3b3b3b3bU, 0xd6d6d6d6U, 0xb3b3b3b3U,
    0x29292929U, 0xe3e3e3e3U, 0x2f2f2f2fU, 0x84848484U,
    0x53535353U, 0xd1d1d1d1U, 0x00000000U, 0xededededU,
    0x20202020U, 0xfcfcfcfcU, 0xb1b1b1b1U, 0x5b5b5b5bU,
    0x6a6a6a6aU, 0xcbcbcbcbU, 0xbebebebeU, 0x39393939U,
    0x4a4a4a4aU, 0x4c4c4c4cU, 0x58585858U, 0xcfcfcfcfU,
    0xd0d0d0d0U, 0xefefefefU, 0xaaaaaaaaU, 0xfbfbfbfbU,
    0x43434343U, 0x4d4d4d4dU, 0x33333333U, 0x85858585U,
    0x45454545U, 0xf9f9f9f9U, 0x02020202U, 0x7f7f7f7fU,
    0x50505050U, 0x3c3c3c3cU, 0x9f9f9f9fU, 0xa8a8a8a8U,
    0x51515151U, 0xa3a3a3a3U, 0x40404040U, 0x8f8f8f8fU,
    0x92929292U, 0x9d9d9d9dU, 0x38383838U, 0xf5f5f5f5U,
    0xbcbcbcbcU, 0xb6b6b6b6U, 0xdadadadaU, 0x21212121U,
    0x10101010U, 0xffffffffU, 0xf3f3f3f3U, 0xd2d2d2d2U,
    0xcdcdcdcdU, 0x0c0c0c0cU, 0x13131313U, 0xececececU,
    0x5f5f5f5fU, 0x97979797U, 0x44444444U, 0x17171717U,
    0xc4c4c4c4U, 0xa7a7a7a7U, 0x7e7e7e7eU, 0x3d3d3d3dU,
    0x64646464U, 0x5d5d5d5dU, 0x19191919U, 0x73737373U,
    0x60606060U, 0x81818181U, 0x4f4f4f4fU, 0xdcdcdcdcU,
    0x22222222U, 0x2a2a2a2aU, 0x90909090U, 0x88888888U,
    0x46464646U, 0xeeeeeeeeU, 0xb8b8b8b8U, 0x14141414U,
    0xdedededeU, 0x5e5e5e5eU, 0x0b0b0b0bU, 0xdbdbdbdbU,
    0xe0e0e0e0U, 0x32323232U, 0x3a3a3a3aU, 0x0a0a0a0aU,
    0x49494949U, 0x06060606U, 0x24242424U, 0x5c5c5c5cU,
    0xc2c2c2c2U, 0xd3d3d3d3U, 0xacacacacU, 0x62626262U,
    0x91919191U, 0x95959595U, 0xe4e4e4e4U, 0x79797979U,
    0xe7e7e7e7U, 0xc8c8c8c8U, 0x37373737U, 0x6d6d6d6dU,
    0x8d8d8d8dU, 0xd5d5d5d5U, 0x4e4e4e4eU, 0xa9a9a9a9U,
    0x6c6c6c6cU, 0x56565656U, 0xf4f4f4f4U, 0xeaeaeaeaU,
    0x65656565U, 0x7a7a7a7aU, 0xaeaeaeaeU, 0x08080808U,
    0xbabababaU, 0x78787878U, 0x25252525U, 0x2e2e2e2eU,
    0x1c1c1c1cU, 0xa6a6a6a6U, 0xb4b4b4b4U, 0xc6c6c6c6U,
    0xe8e8e8e8U, 0xddddddddU, 0x74747474U, 0x1f1f1f1fU,
    0x4b4b4b4bU, 0xbdbdbdbdU, 0x8b8b8b8bU, 0x8a8a8a8aU,
    0x70707070U, 0x3e3e3e3eU, 0xb5b5b5b5U, 0x66666666U,
    0x48484848U, 0x03030303U, 0xf6f6f6f6U, 0x0e0e0e0eU,
    0x61616161U, 0x35353535U, 0x57575757U, 0xb9b9b9b9U,
    0x86868686U, 0xc1c1c1c1U, 0x1d1d1d1dU, 0x9e9e9e9eU,
    0xe1e1e1e1U, 0xf8f8f8f8U, 0x98989898U, 0x11111111U,
    0x69696969U, 0xd9d9d9d9U, 0x8e8e8e8eU, 0x94949494U,
    0x9b9b9b9bU, 0x1e1e1e1eU, 0x87878787U, 0xe9e9e9e9U,
    0xcecececeU, 0x55555555U, 0x28282828U, 0xdfdfdfdfU,
    0x8c8c8c8cU, 0xa1a1a1a1U, 0x89898989U, 0x0d0d0d0dU,
    0xbfbfbfbfU, 0xe6e6e6e6U, 0x42424242U, 0x68686868U,
    0x41414141U, 0x99999999U, 0x2d2d2d2dU, 0x0f0f0f0fU,
    0xb0b0b0b0U, 0x54545454U, 0xbbbbbbbbU, 0x16161616U,
};
static const u32 Td0[256] = {
    0x51f4a750U, 0x7e416553U, 0x1a17a4c3U, 0x3a275e96U,
    0x3bab6bcbU, 0x1f9d45f1U, 0xacfa58abU, 0x4be30393U,
    0x2030fa55U, 0xad766df6U, 0x88cc7691U, 0xf5024c25U,
    0x4fe5d7fcU, 0xc52acbd7U, 0x26354480U, 0xb562a38fU,
    0xdeb15a49U, 0x25ba1b67U, 0x45ea0e98U, 0x5dfec0e1U,
    0xc32f7502U, 0x814cf012U, 0x8d4697a3U, 0x6bd3f9c6U,
    0x038f5fe7U, 0x15929c95U, 0xbf6d7aebU, 0x955259daU,
    0xd4be832dU, 0x587421d3U, 0x49e06929U, 0x8ec9c844U,
    0x75c2896aU, 0xf48e7978U, 0x99583e6bU, 0x27b971ddU,
    0xbee14fb6U, 0xf088ad17U, 0xc920ac66U, 0x7dce3ab4U,
    0x63df4a18U, 0xe51a3182U, 0x97513360U, 0x62537f45U,
    0xb16477e0U, 0xbb6bae84U, 0xfe81a01cU, 0xf9082b94U,
    0x70486858U, 0x8f45fd19U, 0x94de6c87U, 0x527bf8b7U,
    0xab73d323U, 0x724b02e2U, 0xe31f8f57U, 0x6655ab2aU,
    0xb2eb2807U, 0x2fb5c203U, 0x86c57b9aU, 0xd33708a5U,
    0x302887f2U, 0x23bfa5b2U, 0x02036abaU, 0xed16825cU,
    0x8acf1c2bU, 0xa779b492U, 0xf307f2f0U, 0x4e69e2a1U,
    0x65daf4cdU, 0x0605bed5U, 0xd134621fU, 0xc4a6fe8aU,
    0x342e539dU, 0xa2f355a0U, 0x058ae132U, 0xa4f6eb75U,
    0x0b83ec39U, 0x4060efaaU, 0x5e719f06U, 0xbd6e1051U,
    0x3e218af9U, 0x96dd063dU, 0xdd3e05aeU, 0x4de6bd46U,
    0x91548db5U, 0x71c45d05U, 0x0406d46fU, 0x605015ffU,
    0x1998fb24U, 0xd6bde997U, 0x894043ccU, 0x67d99e77U,
    0xb0e842bdU, 0x07898b88U, 0xe7195b38U, 0x79c8eedbU,
    0xa17c0a47U, 0x7c420fe9U, 0xf8841ec9U, 0x00000000U,
    0x09808683U, 0x322bed48U, 0x1e1170acU, 0x6c5a724eU,
    0xfd0efffbU, 0x0f853856U, 0x3daed51eU, 0x362d3927U,
    0x0a0fd964U, 0x685ca621U, 0x9b5b54d1U, 0x24362e3aU,
    0x0c0a67b1U, 0x9357e70fU, 0xb4ee96d2U, 0x1b9b919eU,
    0x80c0c54fU, 0x61dc20a2U, 0x5a774b69U, 0x1c121a16U,
    0xe293ba0aU, 0xc0a02ae5U, 0x3c22e043U, 0x121b171dU,
    0x0e090d0bU, 0xf28bc7adU, 0x2db6a8b9U, 0x141ea9c8U,
    0x57f11985U, 0xaf75074cU, 0xee99ddbbU, 0xa37f60fdU,
    0xf701269fU, 0x5c72f5bcU, 0x44663bc5U, 0x5bfb7e34U,
    0x8b432976U, 0xcb23c6dcU, 0xb6edfc68U, 0xb8e4f163U,
    0xd731dccaU, 0x42638510U, 0x13972240U, 0x84c61120U,
    0x854a247dU, 0xd2bb3df8U, 0xaef93211U, 0xc729a16dU,
    0x1d9e2f4bU, 0xdcb230f3U, 0x0d8652ecU, 0x77c1e3d0U,
    0x2bb3166cU, 0xa970b999U, 0x119448faU, 0x47e96422U,
    0xa8fc8cc4U, 0xa0f03f1aU, 0x567d2cd8U, 0x223390efU,
    0x87494ec7U, 0xd938d1c1U, 0x8ccaa2feU, 0x98d40b36U,
    0xa6f581cfU, 0xa57ade28U, 0xdab78e26U, 0x3fadbfa4U,
    0x2c3a9de4U, 0x5078920dU, 0x6a5fcc9bU, 0x547e4662U,
    0xf68d13c2U, 0x90d8b8e8U, 0x2e39f75eU, 0x82c3aff5U,
    0x9f5d80beU, 0x69d0937cU, 0x6fd52da9U, 0xcf2512b3U,
    0xc8ac993bU, 0x10187da7U, 0xe89c636eU, 0xdb3bbb7bU,
    0xcd267809U, 0x6e5918f4U, 0xec9ab701U, 0x834f9aa8U,
    0xe6956e65U, 0xaaffe67eU, 0x21bccf08U, 0xef15e8e6U,
    0xbae79bd9U, 0x4a6f36ceU, 0xea9f09d4U, 0x29b07cd6U,
    0x31a4b2afU, 0x2a3f2331U, 0xc6a59430U, 0x35a266c0U,
    0x744ebc37U, 0xfc82caa6U, 0xe090d0b0U, 0x33a7d815U,
    0xf104984aU, 0x41ecdaf7U, 0x7fcd500eU, 0x1791f62fU,
    0x764dd68dU, 0x43efb04dU, 0xccaa4d54U, 0xe49604dfU,
    0x9ed1b5e3U, 0x4c6a881bU, 0xc12c1fb8U, 0x4665517fU,
    0x9d5eea04U, 0x018c355dU, 0xfa877473U, 0xfb0b412eU,
    0xb3671d5aU, 0x92dbd252U, 0xe9105633U, 0x6dd64713U,
    0x9ad7618cU, 0x37a10c7aU, 0x59f8148eU, 0xeb133c89U,
    0xcea927eeU, 0xb761c935U, 0xe11ce5edU, 0x7a47b13cU,
    0x9cd2df59U, 0x55f2733fU, 0x1814ce79U, 0x73c737bfU,
    0x53f7cdeaU, 0x5ffdaa5bU, 0xdf3d6f14U, 0x7844db86U,
    0xcaaff381U, 0xb968c43eU, 0x3824342cU, 0xc2a3405fU,
    0x161dc372U, 0xbce2250cU, 0x283c498bU, 0xff0d9541U,
    0x39a80171U, 0x080cb3deU, 0xd8b4e49cU, 0x6456c190U,
    0x7bcb8461U, 0xd532b670U, 0x486c5c74U, 0xd0b85742U,
};
static const u32 Td1[256] = {
    0x5051f4a7U, 0x537e4165U, 0xc31a17a4U, 0x963a275eU,
    0xcb3bab6bU, 0xf11f9d45U, 0xabacfa58U, 0x934be303U,
    0x552030faU, 0xf6ad766dU, 0x9188cc76U, 0x25f5024cU,
    0xfc4fe5d7U, 0xd7c52acbU, 0x80263544U, 0x8fb562a3U,
    0x49deb15aU, 0x6725ba1bU, 0x9845ea0eU, 0xe15dfec0U,
    0x02c32f75U, 0x12814cf0U, 0xa38d4697U, 0xc66bd3f9U,
    0xe7038f5fU, 0x9515929cU, 0xebbf6d7aU, 0xda955259U,
    0x2dd4be83U, 0xd3587421U, 0x2949e069U, 0x448ec9c8U,
    0x6a75c289U, 0x78f48e79U, 0x6b99583eU, 0xdd27b971U,
    0xb6bee14fU, 0x17f088adU, 0x66c920acU, 0xb47dce3aU,
    0x1863df4aU, 0x82e51a31U, 0x60975133U, 0x4562537fU,
    0xe0b16477U, 0x84bb6baeU, 0x1cfe81a0U, 0x94f9082bU,
    0x58704868U, 0x198f45fdU, 0x8794de6cU, 0xb7527bf8U,
    0x23ab73d3U, 0xe2724b02U, 0x57e31f8fU, 0x2a6655abU,
    0x07b2eb28U, 0x032fb5c2U, 0x9a86c57bU, 0xa5d33708U,
    0xf2302887U, 0xb223bfa5U, 0xba02036aU, 0x5ced1682U,
    0x2b8acf1cU, 0x92a779b4U, 0xf0f307f2U, 0xa14e69e2U,
    0xcd65daf4U, 0xd50605beU, 0x1fd13462U, 0x8ac4a6feU,
    0x9d342e53U, 0xa0a2f355U, 0x32058ae1U, 0x75a4f6ebU,
    0x390b83ecU, 0xaa4060efU, 0x065e719fU, 0x51bd6e10U,
    0xf93e218aU, 0x3d96dd06U, 0xaedd3e05U, 0x464de6bdU,
    0xb591548dU, 0x0571c45dU, 0x6f0406d4U, 0xff605015U,
    0x241998fbU, 0x97d6bde9U, 0xcc894043U, 0x7767d99eU,
    0xbdb0e842U, 0x8807898bU, 0x38e7195bU, 0xdb79c8eeU,
    0x47a17c0aU, 0xe97c420fU, 0xc9f8841eU, 0x00000000U,
    0x83098086U, 0x48322bedU, 0xac1e1170U, 0x4e6c5a72U,
    0xfbfd0effU, 0x560f8538U, 0x1e3daed5U, 0x27362d39U,
    0x640a0fd9U, 0x21685ca6U, 0xd19b5b54U, 0x3a24362eU,
    0xb10c0a67U, 0x0f9357e7U, 0xd2b4ee96U, 0x9e1b9b91U,
    0x4f80c0c5U, 0xa261dc20U, 0x695a774bU, 0x161c121aU,
    0x0ae293baU, 0xe5c0a02aU, 0x433c22e0U, 0x1d121b17U,
    0x0b0e090dU, 0xadf28bc7U, 0xb92db6a8U, 0xc8141ea9U,
    0x8557f119U, 0x4caf7507U, 0xbbee99ddU, 0xfda37f60U,
    0x9ff70126U, 0xbc5c72f5U, 0xc544663bU, 0x345bfb7eU,
    0x768b4329U, 0xdccb23c6U, 0x68b6edfcU, 0x63b8e4f1U,
    0xcad731dcU, 0x10426385U, 0x40139722U, 0x2084c611U,
    0x7d854a24U, 0xf8d2bb3dU, 0x11aef932U, 0x6dc729a1U,
    0x4b1d9e2fU, 0xf3dcb230U, 0xec0d8652U, 0xd077c1e3U,
    0x6c2bb316U, 0x99a970b9U, 0xfa119448U, 0x2247e964U,
    0xc4a8fc8cU, 0x1aa0f03fU, 0xd8567d2cU, 0xef223390U,
    0xc787494eU, 0xc1d938d1U, 0xfe8ccaa2U, 0x3698d40bU,
    0xcfa6f581U, 0x28a57adeU, 0x26dab78eU, 0xa43fadbfU,
    0xe42c3a9dU, 0x0d507892U, 0x9b6a5fccU, 0x62547e46U,
    0xc2f68d13U, 0xe890d8b8U, 0x5e2e39f7U, 0xf582c3afU,
    0xbe9f5d80U, 0x7c69d093U, 0xa96fd52dU, 0xb3cf2512U,
    0x3bc8ac99U, 0xa710187dU, 0x6ee89c63U, 0x7bdb3bbbU,
    0x09cd2678U, 0xf46e5918U, 0x01ec9ab7U, 0xa8834f9aU,
    0x65e6956eU, 0x7eaaffe6U, 0x0821bccfU, 0xe6ef15e8U,
    0xd9bae79bU, 0xce4a6f36U, 0xd4ea9f09U, 0xd629b07cU,
    0xaf31a4b2U, 0x312a3f23U, 0x30c6a594U, 0xc035a266U,
    0x37744ebcU, 0xa6fc82caU, 0xb0e090d0U, 0x1533a7d8U,
    0x4af10498U, 0xf741ecdaU, 0x0e7fcd50U, 0x2f1791f6U,
    0x8d764dd6U, 0x4d43efb0U, 0x54ccaa4dU, 0xdfe49604U,
    0xe39ed1b5U, 0x1b4c6a88U, 0xb8c12c1fU, 0x7f466551U,
    0x049d5eeaU, 0x5d018c35U, 0x73fa8774U, 0x2efb0b41U,
    0x5ab3671dU, 0x5292dbd2U, 0x33e91056U, 0x136dd647U,
    0x8c9ad761U, 0x7a37a10cU, 0x8e59f814U, 0x89eb133cU,
    0xeecea927U, 0x35b761c9U, 0xede11ce5U, 0x3c7a47b1U,
    0x599cd2dfU, 0x3f55f273U, 0x791814ceU, 0xbf73c737U,
    0xea53f7cdU, 0x5b5ffdaaU, 0x14df3d6fU, 0x867844dbU,
    0x81caaff3U, 0x3eb968c4U, 0x2c382434U, 0x5fc2a340U,
    0x72161dc3U, 0x0cbce225U, 0x8b283c49U, 0x41ff0d95U,
    0x7139a801U, 0xde080cb3U, 0x9cd8b4e4U, 0x906456c1U,
    0x617bcb84U, 0x70d532b6U, 0x74486c5cU, 0x42d0b857U,
};
static const u32 Td2[256] = {
    0xa75051f4U, 0x65537e41U, 0xa4c31a17U, 0x5e963a27U,
    0x6bcb3babU, 0x45f11f9dU, 0x58abacfaU, 0x03934be3U,
    0xfa552030U, 0x6df6ad76U, 0x769188ccU, 0x4c25f502U,
    0xd7fc4fe5U, 0xcbd7c52aU, 0x44802635U, 0xa38fb562U,
    0x5a49deb1U, 0x1b6725baU, 0x0e9845eaU, 0xc0e15dfeU,
    0x7502c32fU, 0xf012814cU, 0x97a38d46U, 0xf9c66bd3U,
    0x5fe7038fU, 0x9c951592U, 0x7aebbf6dU, 0x59da9552U,
    0x832dd4beU, 0x21d35874U, 0x692949e0U, 0xc8448ec9U,
    0x896a75c2U, 0x7978f48eU, 0x3e6b9958U, 0x71dd27b9U,
    0x4fb6bee1U, 0xad17f088U, 0xac66c920U, 0x3ab47dceU,
    0x4a1863dfU, 0x3182e51aU, 0x33609751U, 0x7f456253U,
    0x77e0b164U, 0xae84bb6bU, 0xa01cfe81U, 0x2b94f908U,
    0x68587048U, 0xfd198f45U, 0x6c8794deU, 0xf8b7527bU,
    0xd323ab73U, 0x02e2724bU, 0x8f57e31fU, 0xab2a6655U,
    0x2807b2ebU, 0xc2032fb5U, 0x7b9a86c5U, 0x08a5d337U,
    0x87f23028U, 0xa5b223bfU, 0x6aba0203U, 0x825ced16U,
    0x1c2b8acfU, 0xb492a779U, 0xf2f0f307U, 0xe2a14e69U,
    0xf4cd65daU, 0xbed50605U, 0x621fd134U, 0xfe8ac4a6U,
    0x539d342eU, 0x55a0a2f3U, 0xe132058aU, 0xeb75a4f6U,
    0xec390b83U, 0xefaa4060U, 0x9f065e71U, 0x1051bd6eU,

    0x8af93e21U, 0x063d96ddU, 0x05aedd3eU, 0xbd464de6U,
    0x8db59154U, 0x5d0571c4U, 0xd46f0406U, 0x15ff6050U,
    0xfb241998U, 0xe997d6bdU, 0x43cc8940U, 0x9e7767d9U,
    0x42bdb0e8U, 0x8b880789U, 0x5b38e719U, 0xeedb79c8U,
    0x0a47a17cU, 0x0fe97c42U, 0x1ec9f884U, 0x00000000U,
    0x86830980U, 0xed48322bU, 0x70ac1e11U, 0x724e6c5aU,
    0xfffbfd0eU, 0x38560f85U, 0xd51e3daeU, 0x3927362dU,
    0xd9640a0fU, 0xa621685cU, 0x54d19b5bU, 0x2e3a2436U,
    0x67b10c0aU, 0xe70f9357U, 0x96d2b4eeU, 0x919e1b9bU,
    0xc54f80c0U, 0x20a261dcU, 0x4b695a77U, 0x1a161c12U,
    0xba0ae293U, 0x2ae5c0a0U, 0xe0433c22U, 0x171d121bU,
    0x0d0b0e09U, 0xc7adf28bU, 0xa8b92db6U, 0xa9c8141eU,
    0x198557f1U, 0x074caf75U, 0xddbbee99U, 0x60fda37fU,
    0x269ff701U, 0xf5bc5c72U, 0x3bc54466U, 0x7e345bfbU,
    0x29768b43U, 0xc6dccb23U, 0xfc68b6edU, 0xf163b8e4U,
    0xdccad731U, 0x85104263U, 0x22401397U, 0x112084c6U,
    0x247d854aU, 0x3df8d2bbU, 0x3211aef9U, 0xa16dc729U,
    0x2f4b1d9eU, 0x30f3dcb2U, 0x52ec0d86U, 0xe3d077c1U,
    0x166c2bb3U, 0xb999a970U, 0x48fa1194U, 0x642247e9U,
    0x8cc4a8fcU, 0x3f1aa0f0U, 0x2cd8567dU, 0x90ef2233U,
    0x4ec78749U, 0xd1c1d938U, 0xa2fe8ccaU, 0x0b3698d4U,
    0x81cfa6f5U, 0xde28a57aU, 0x8e26dab7U, 0xbfa43fadU,
    0x9de42c3aU, 0x920d5078U, 0xcc9b6a5fU, 0x4662547eU,
    0x13c2f68dU, 0xb8e890d8U, 0xf75e2e39U, 0xaff582c3U,
    0x80be9f5dU, 0x937c69d0U, 0x2da96fd5U, 0x12b3cf25U,
    0x993bc8acU, 0x7da71018U, 0x636ee89cU, 0xbb7bdb3bU,
    0x7809cd26U, 0x18f46e59U, 0xb701ec9aU, 0x9aa8834fU,
    0x6e65e695U, 0xe67eaaffU, 0xcf0821bcU, 0xe8e6ef15U,
    0x9bd9bae7U, 0x36ce4a6fU, 0x09d4ea9fU, 0x7cd629b0U,
    0xb2af31a4U, 0x23312a3fU, 0x9430c6a5U, 0x66c035a2U,
    0xbc37744eU, 0xcaa6fc82U, 0xd0b0e090U, 0xd81533a7U,
    0x984af104U, 0xdaf741ecU, 0x500e7fcdU, 0xf62f1791U,
    0xd68d764dU, 0xb04d43efU, 0x4d54ccaaU, 0x04dfe496U,
    0xb5e39ed1U, 0x881b4c6aU, 0x1fb8c12cU, 0x517f4665U,
    0xea049d5eU, 0x355d018cU, 0x7473fa87U, 0x412efb0bU,
    0x1d5ab367U, 0xd25292dbU, 0x5633e910U, 0x47136dd6U,
    0x618c9ad7U, 0x0c7a37a1U, 0x148e59f8U, 0x3c89eb13U,
    0x27eecea9U, 0xc935b761U, 0xe5ede11cU, 0xb13c7a47U,
    0xdf599cd2U, 0x733f55f2U, 0xce791814U, 0x37bf73c7U,
    0xcdea53f7U, 0xaa5b5ffdU, 0x6f14df3dU, 0xdb867844U,
    0xf381caafU, 0xc43eb968U, 0x342c3824U, 0x405fc2a3U,
    0xc372161dU, 0x250cbce2U, 0x498b283cU, 0x9541ff0dU,
    0x017139a8U, 0xb3de080cU, 0xe49cd8b4U, 0xc1906456U,
    0x84617bcbU, 0xb670d532U, 0x5c74486cU, 0x5742d0b8U,
};
static const u32 Td3[256] = {
    0xf4a75051U, 0x4165537eU, 0x17a4c31aU, 0x275e963aU,
    0xab6bcb3bU, 0x9d45f11fU, 0xfa58abacU, 0xe303934bU,
    0x30fa5520U, 0x766df6adU, 0xcc769188U, 0x024c25f5U,
    0xe5d7fc4fU, 0x2acbd7c5U, 0x35448026U, 0x62a38fb5U,
    0xb15a49deU, 0xba1b6725U, 0xea0e9845U, 0xfec0e15dU,
    0x2f7502c3U, 0x4cf01281U, 0x4697a38dU, 0xd3f9c66bU,
    0x8f5fe703U, 0x929c9515U, 0x6d7aebbfU, 0x5259da95U,
    0xbe832dd4U, 0x7421d358U, 0xe0692949U, 0xc9c8448eU,
    0xc2896a75U, 0x8e7978f4U, 0x583e6b99U, 0xb971dd27U,
    0xe14fb6beU, 0x88ad17f0U, 0x20ac66c9U, 0xce3ab47dU,
    0xdf4a1863U, 0x1a3182e5U, 0x51336097U, 0x537f4562U,
    0x6477e0b1U, 0x6bae84bbU, 0x81a01cfeU, 0x082b94f9U,
    0x48685870U, 0x45fd198fU, 0xde6c8794U, 0x7bf8b752U,
    0x73d323abU, 0x4b02e272U, 0x1f8f57e3U, 0x55ab2a66U,
    0xeb2807b2U, 0xb5c2032fU, 0xc57b9a86U, 0x3708a5d3U,
    0x2887f230U, 0xbfa5b223U, 0x036aba02U, 0x16825cedU,
    0xcf1c2b8aU, 0x79b492a7U, 0x07f2f0f3U, 0x69e2a14eU,
    0xdaf4cd65U, 0x05bed506U, 0x34621fd1U, 0xa6fe8ac4U,
    0x2e539d34U, 0xf355a0a2U, 0x8ae13205U, 0xf6eb75a4U,
    0x83ec390bU, 0x60efaa40U, 0x719f065eU, 0x6e1051bdU,
    0x218af93eU, 0xdd063d96U, 0x3e05aeddU, 0xe6bd464dU,
    0x548db591U, 0xc45d0571U, 0x06d46f04U, 0x5015ff60U,
    0x98fb2419U, 0xbde997d6U, 0x4043cc89U, 0xd99e7767U,
    0xe842bdb0U, 0x898b8807U, 0x195b38e7U, 0xc8eedb79U,
    0x7c0a47a1U, 0x420fe97cU, 0x841ec9f8U, 0x00000000U,
    0x80868309U, 0x2bed4832U, 0x1170ac1eU, 0x5a724e6cU,
    0x0efffbfdU, 0x8538560fU, 0xaed51e3dU, 0x2d392736U,
    0x0fd9640aU, 0x5ca62168U, 0x5b54d19bU, 0x362e3a24U,
    0x0a67b10cU, 0x57e70f93U, 0xee96d2b4U, 0x9b919e1bU,
    0xc0c54f80U, 0xdc20a261U, 0x774b695aU, 0x121a161cU,
    0x93ba0ae2U, 0xa02ae5c0U, 0x22e0433cU, 0x1b171d12U,
    0x090d0b0eU, 0x8bc7adf2U, 0xb6a8b92dU, 0x1ea9c814U,
    0xf1198557U, 0x75074cafU, 0x99ddbbeeU, 0x7f60fda3U,
    0x01269ff7U, 0x72f5bc5cU, 0x663bc544U, 0xfb7e345bU,
    0x4329768bU, 0x23c6dccbU, 0xedfc68b6U, 0xe4f163b8U,
    0x31dccad7U, 0x63851042U, 0x97224013U, 0xc6112084U,
    0x4a247d85U, 0xbb3df8d2U, 0xf93211aeU, 0x29a16dc7U,
    0x9e2f4b1dU, 0xb230f3dcU, 0x8652ec0dU, 0xc1e3d077U,
    0xb3166c2bU, 0x70b999a9U, 0x9448fa11U, 0xe9642247U,
    0xfc8cc4a8U, 0xf03f1aa0U, 0x7d2cd856U, 0x3390ef22U,
    0x494ec787U, 0x38d1c1d9U, 0xcaa2fe8cU, 0xd40b3698U,
    0xf581cfa6U, 0x7ade28a5U, 0xb78e26daU, 0xadbfa43fU,
    0x3a9de42cU, 0x78920d50U, 0x5fcc9b6aU, 0x7e466254U,
    0x8d13c2f6U, 0xd8b8e890U, 0x39f75e2eU, 0xc3aff582U,
    0x5d80be9fU, 0xd0937c69U, 0xd52da96fU, 0x2512b3cfU,
    0xac993bc8U, 0x187da710U, 0x9c636ee8U, 0x3bbb7bdbU,
    0x267809cdU, 0x5918f46eU, 0x9ab701ecU, 0x4f9aa883U,
    0x956e65e6U, 0xffe67eaaU, 0xbccf0821U, 0x15e8e6efU,
    0xe79bd9baU, 0x6f36ce4aU, 0x9f09d4eaU, 0xb07cd629U,
    0xa4b2af31U, 0x3f23312aU, 0xa59430c6U, 0xa266c035U,
    0x4ebc3774U, 0x82caa6fcU, 0x90d0b0e0U, 0xa7d81533U,
    0x04984af1U, 0xecdaf741U, 0xcd500e7fU, 0x91f62f17U,
    0x4dd68d76U, 0xefb04d43U, 0xaa4d54ccU, 0x9604dfe4U,
    0xd1b5e39eU, 0x6a881b4cU, 0x2c1fb8c1U, 0x65517f46U,
    0x5eea049dU, 0x8c355d01U, 0x877473faU, 0x0b412efbU,
    0x671d5ab3U, 0xdbd25292U, 0x105633e9U, 0xd647136dU,
    0xd7618c9aU, 0xa10c7a37U, 0xf8148e59U, 0x133c89ebU,
    0xa927eeceU, 0x61c935b7U, 0x1ce5ede1U, 0x47b13c7aU,
    0xd2df599cU, 0xf2733f55U, 0x14ce7918U, 0xc737bf73U,
    0xf7cdea53U, 0xfdaa5b5fU, 0x3d6f14dfU, 0x44db8678U,
    0xaff381caU, 0x68c43eb9U, 0x24342c38U, 0xa3405fc2U,
    0x1dc37216U, 0xe2250cbcU, 0x3c498b28U, 0x0d9541ffU,
    0xa8017139U, 0x0cb3de08U, 0xb4e49cd8U, 0x56c19064U,
    0xcb84617bU, 0x32b670d5U, 0x6c5c7448U, 0xb85742d0U,
};
static const u32 Td4[256] = {
    0x52525252U, 0x09090909U, 0x6a6a6a6aU, 0xd5d5d5d5U,
    0x30303030U, 0x36363636U, 0xa5a5a5a5U, 0x38383838U,
    0xbfbfbfbfU, 0x40404040U, 0xa3a3a3a3U, 0x9e9e9e9eU,
    0x81818181U, 0xf3f3f3f3U, 0xd7d7d7d7U, 0xfbfbfbfbU,
    0x7c7c7c7cU, 0xe3e3e3e3U, 0x39393939U, 0x82828282U,
    0x9b9b9b9bU, 0x2f2f2f2fU, 0xffffffffU, 0x87878787U,
    0x34343434U, 0x8e8e8e8eU, 0x43434343U, 0x44444444U,
    0xc4c4c4c4U, 0xdedededeU, 0xe9e9e9e9U, 0xcbcbcbcbU,
    0x54545454U, 0x7b7b7b7bU, 0x94949494U, 0x32323232U,
    0xa6a6a6a6U, 0xc2c2c2c2U, 0x23232323U, 0x3d3d3d3dU,
    0xeeeeeeeeU, 0x4c4c4c4cU, 0x95959595U, 0x0b0b0b0bU,
    0x42424242U, 0xfafafafaU, 0xc3c3c3c3U, 0x4e4e4e4eU,
    0x08080808U, 0x2e2e2e2eU, 0xa1a1a1a1U, 0x66666666U,
    0x28282828U, 0xd9d9d9d9U, 0x24242424U, 0xb2b2b2b2U,
    0x76767676U, 0x5b5b5b5bU, 0xa2a2a2a2U, 0x49494949U,
    0x6d6d6d6dU, 0x8b8b8b8bU, 0xd1d1d1d1U, 0x25252525U,
    0x72727272U, 0xf8f8f8f8U, 0xf6f6f6f6U, 0x64646464U,
    0x86868686U, 0x68686868U, 0x98989898U, 0x16161616U,
    0xd4d4d4d4U, 0xa4a4a4a4U, 0x5c5c5c5cU, 0xccccccccU,
    0x5d5d5d5dU, 0x65656565U, 0xb6b6b6b6U, 0x92929292U,
    0x6c6c6c6cU, 0x70707070U, 0x48484848U, 0x50505050U,
    0xfdfdfdfdU, 0xededededU, 0xb9b9b9b9U, 0xdadadadaU,
    0x5e5e5e5eU, 0x15151515U, 0x46464646U, 0x57575757U,
    0xa7a7a7a7U, 0x8d8d8d8dU, 0x9d9d9d9dU, 0x84848484U,
    0x90909090U, 0xd8d8d8d8U, 0xababababU, 0x00000000U,
    0x8c8c8c8cU, 0xbcbcbcbcU, 0xd3d3d3d3U, 0x0a0a0a0aU,
    0xf7f7f7f7U, 0xe4e4e4e4U, 0x58585858U, 0x05050505U,
    0xb8b8b8b8U, 0xb3b3b3b3U, 0x45454545U, 0x06060606U,
    0xd0d0d0d0U, 0x2c2c2c2cU, 0x1e1e1e1eU, 0x8f8f8f8fU,
    0xcacacacaU, 0x3f3f3f3fU, 0x0f0f0f0fU, 0x02020202U,
    0xc1c1c1c1U, 0xafafafafU, 0xbdbdbdbdU, 0x03030303U,
    0x01010101U, 0x13131313U, 0x8a8a8a8aU, 0x6b6b6b6bU,
    0x3a3a3a3aU, 0x91919191U, 0x11111111U, 0x41414141U,
    0x4f4f4f4fU, 0x67676767U, 0xdcdcdcdcU, 0xeaeaeaeaU,
    0x97979797U, 0xf2f2f2f2U, 0xcfcfcfcfU, 0xcecececeU,
    0xf0f0f0f0U, 0xb4b4b4b4U, 0xe6e6e6e6U, 0x73737373U,
    0x96969696U, 0xacacacacU, 0x74747474U, 0x22222222U,
    0xe7e7e7e7U, 0xadadadadU, 0x35353535U, 0x85858585U,
    0xe2e2e2e2U, 0xf9f9f9f9U, 0x37373737U, 0xe8e8e8e8U,
    0x1c1c1c1cU, 0x75757575U, 0xdfdfdfdfU, 0x6e6e6e6eU,
    0x47474747U, 0xf1f1f1f1U, 0x1a1a1a1aU, 0x71717171U,
    0x1d1d1d1dU, 0x29292929U, 0xc5c5c5c5U, 0x89898989U,
    0x6f6f6f6fU, 0xb7b7b7b7U, 0x62626262U, 0x0e0e0e0eU,
    0xaaaaaaaaU, 0x18181818U, 0xbebebebeU, 0x1b1b1b1bU,
    0xfcfcfcfcU, 0x56565656U, 0x3e3e3e3eU, 0x4b4b4b4bU,
    0xc6c6c6c6U, 0xd2d2d2d2U, 0x79797979U, 0x20202020U,
    0x9a9a9a9aU, 0xdbdbdbdbU, 0xc0c0c0c0U, 0xfefefefeU,
    0x78787878U, 0xcdcdcdcdU, 0x5a5a5a5aU, 0xf4f4f4f4U,
    0x1f1f1f1fU, 0xddddddddU, 0xa8a8a8a8U, 0x33333333U,
    0x88888888U, 0x07070707U, 0xc7c7c7c7U, 0x31313131U,
    0xb1b1b1b1U, 0x12121212U, 0x10101010U, 0x59595959U,
    0x27272727U, 0x80808080U, 0xececececU, 0x5f5f5f5fU,
    0x60606060U, 0x51515151U, 0x7f7f7f7fU, 0xa9a9a9a9U,
    0x19191919U, 0xb5b5b5b5U, 0x4a4a4a4aU, 0x0d0d0d0dU,
    0x2d2d2d2dU, 0xe5e5e5e5U, 0x7a7a7a7aU, 0x9f9f9f9fU,
    0x93939393U, 0xc9c9c9c9U, 0x9c9c9c9cU, 0xefefefefU,
    0xa0a0a0a0U, 0xe0e0e0e0U, 0x3b3b3b3bU, 0x4d4d4d4dU,
    0xaeaeaeaeU, 0x2a2a2a2aU, 0xf5f5f5f5U, 0xb0b0b0b0U,
    0xc8c8c8c8U, 0xebebebebU, 0xbbbbbbbbU, 0x3c3c3c3cU,
    0x83838383U, 0x53535353U, 0x99999999U, 0x61616161U,
    0x17171717U, 0x2b2b2b2bU, 0x04040404U, 0x7e7e7e7eU,
    0xbabababaU, 0x77777777U, 0xd6d6d6d6U, 0x26262626U,
    0xe1e1e1e1U, 0x69696969U, 0x14141414U, 0x63636363U,
    0x55555555U, 0x21212121U, 0x0c0c0c0cU, 0x7d7d7d7dU,
};
static const u32 rcon[] = {
	0x01000000, 0x02000000, 0x04000000, 0x08000000,
	0x10000000, 0x20000000, 0x40000000, 0x80000000,
	0x1B000000, 0x36000000, /* for 128-bit blocks, Rijndael never uses more than 10 rcon values */
};

#define SWAP(x) (_lrotl(x, 8) & 0x00ff00ff | _lrotr(x, 8) & 0xff00ff00)

#ifdef _MSC_VER
#define GETU32(p) SWAP(*((u32 *)(p)))
#define PUTU32(ct, st) { *((u32 *)(ct)) = SWAP((st)); }
#else
#define GETU32(pt) (((u32)(pt)[0] << 24) ^ ((u32)(pt)[1] << 16) ^ ((u32)(pt)[2] <<  8) ^ ((u32)(pt)[3]))
#define PUTU32(ct, st) { (ct)[0] = (u8)((st) >> 24); (ct)[1] = (u8)((st) >> 16); (ct)[2] = (u8)((st) >>  8); (ct)[3] = (u8)(st); }
#endif

/**
 * Expand the cipher key into the encryption key schedule.
 *
 * @return	the number of rounds for the given cipher key size.
 */
int camlpdf_rijndaelKeySetupEnc(u32 rk[/*4*(Nr + 1)*/], const u8 cipherKey[], int keyBits) {
   	int i = 0;
	u32 temp;

	rk[0] = GETU32(cipherKey     );
	rk[1] = GETU32(cipherKey +  4);
	rk[2] = GETU32(cipherKey +  8);
	rk[3] = GETU32(cipherKey + 12);
	if (keyBits == 128) {
		for (;;) {
			temp  = rk[3];
			rk[4] = rk[0] ^
				(Te4[(temp >> 16) & 0xff] & 0xff000000) ^
				(Te4[(temp >>  8) & 0xff] & 0x00ff0000) ^
				(Te4[(temp      ) & 0xff] & 0x0000ff00) ^
				(Te4[(temp >> 24)       ] & 0x000000ff) ^
				rcon[i];
			rk[5] = rk[1] ^ rk[4];
			rk[6] = rk[2] ^ rk[5];
			rk[7] = rk[3] ^ rk[6];
			if (++i == 10) {
				return 10;
			}
			rk += 4;
		}
	}
	rk[4] = GETU32(cipherKey + 16);
	rk[5] = GETU32(cipherKey + 20);
	if (keyBits == 192) {
		for (;;) {
			temp = rk[ 5];
			rk[ 6] = rk[ 0] ^
				(Te4[(temp >> 16) & 0xff] & 0xff000000) ^
				(Te4[(temp >>  8) & 0xff] & 0x00ff0000) ^
				(Te4[(temp      ) & 0xff] & 0x0000ff00) ^
				(Te4[(temp >> 24)       ] & 0x000000ff) ^
				rcon[i];
			rk[ 7] = rk[ 1] ^ rk[ 6];
			rk[ 8] = rk[ 2] ^ rk[ 7];
			rk[ 9] = rk[ 3] ^ rk[ 8];
			if (++i == 8) {
				return 12;
			}
			rk[10] = rk[ 4] ^ rk[ 9];
			rk[11] = rk[ 5] ^ rk[10];
			rk += 6;
		}
	}
	rk[6] = GETU32(cipherKey + 24);
	rk[7] = GETU32(cipherKey + 28);
	if (keyBits == 256) {
        for (;;) {
        	temp = rk[ 7];
        	rk[ 8] = rk[ 0] ^
        		(Te4[(temp >> 16) & 0xff] & 0xff000000) ^
        		(Te4[(temp >>  8) & 0xff] & 0x00ff0000) ^
        		(Te4[(temp      ) & 0xff] & 0x0000ff00) ^
        		(Te4[(temp >> 24)       ] & 0x000000ff) ^
        		rcon[i];
        	rk[ 9] = rk[ 1] ^ rk[ 8];
        	rk[10] = rk[ 2] ^ rk[ 9];
        	rk[11] = rk[ 3] ^ rk[10];
			if (++i == 7) {
				return 14;
			}
        	temp = rk[11];
        	rk[12] = rk[ 4] ^
        		(Te4[(temp >> 24)       ] & 0xff000000) ^
        		(Te4[(temp >> 16) & 0xff] & 0x00ff0000) ^
        		(Te4[(temp >>  8) & 0xff] & 0x0000ff00) ^
        		(Te4[(temp      ) & 0xff] & 0x000000ff);
        	rk[13] = rk[ 5] ^ rk[12];
        	rk[14] = rk[ 6] ^ rk[13];
        	rk[15] = rk[ 7] ^ rk[14];

			rk += 8;
        }
	}
	return 0;
}

/**
 * Expand the cipher key into the decryption key schedule.
 *
 * @return	the number of rounds for the given cipher key size.
 */
int camlpdf_rijndaelKeySetupDec(u32 rk[/*4*(Nr + 1)*/], const u8 cipherKey[], int keyBits) {
	int Nr, i, j;
	u32 temp;

	/* expand the cipher key: */
	Nr = camlpdf_rijndaelKeySetupEnc(rk, cipherKey, keyBits);
	/* invert the order of the round keys: */
	for (i = 0, j = 4*Nr; i < j; i += 4, j -= 4) {
		temp = rk[i    ]; rk[i    ] = rk[j    ]; rk[j    ] = temp;
		temp = rk[i + 1]; rk[i + 1] = rk[j + 1]; rk[j + 1] = temp;
		temp = rk[i + 2]; rk[i + 2] = rk[j + 2]; rk[j + 2] = temp;
		temp = rk[i + 3]; rk[i + 3] = rk[j + 3]; rk[j + 3] = temp;
	}
	/* apply the inverse MixColumn transform to all round keys but the first and the last: */
	for (i = 1; i < Nr; i++) {
		rk += 4;
		rk[0] =
			Td0[Te4[(rk[0] >> 24)       ] & 0xff] ^
			Td1[Te4[(rk[0] >> 16) & 0xff] & 0xff] ^
			Td2[Te4[(rk[0] >>  8) & 0xff] & 0xff] ^
			Td3[Te4[(rk[0]      ) & 0xff] & 0xff];
		rk[1] =
			Td0[Te4[(rk[1] >> 24)       ] & 0xff] ^
			Td1[Te4[(rk[1] >> 16) & 0xff] & 0xff] ^
			Td2[Te4[(rk[1] >>  8) & 0xff] & 0xff] ^
			Td3[Te4[(rk[1]      ) & 0xff] & 0xff];
		rk[2] =
			Td0[Te4[(rk[2] >> 24)       ] & 0xff] ^
			Td1[Te4[(rk[2] >> 16) & 0xff] & 0xff] ^
			Td2[Te4[(rk[2] >>  8) & 0xff] & 0xff] ^
			Td3[Te4[(rk[2]      ) & 0xff] & 0xff];
		rk[3] =
			Td0[Te4[(rk[3] >> 24)       ] & 0xff] ^
			Td1[Te4[(rk[3] >> 16) & 0xff] & 0xff] ^
			Td2[Te4[(rk[3] >>  8) & 0xff] & 0xff] ^
			Td3[Te4[(rk[3]      ) & 0xff] & 0xff];
	}
	return Nr;
}

void camlpdf_rijndaelEncrypt(const u32 rk[/*4*(Nr + 1)*/], int Nr, const u8 pt[16], u8 ct[16]) {
	u32 s0, s1, s2, s3, t0, t1, t2, t3;
#ifndef FULL_UNROLL
    int r;
#endif /* ?FULL_UNROLL */

    /*
	 * map byte array block to cipher state
	 * and add initial round key:
	 */
	s0 = GETU32(pt     ) ^ rk[0];
	s1 = GETU32(pt +  4) ^ rk[1];
	s2 = GETU32(pt +  8) ^ rk[2];
	s3 = GETU32(pt + 12) ^ rk[3];
#ifdef FULL_UNROLL
    /* round 1: */
   	t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[ 4];
   	t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[ 5];
   	t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[ 6];
   	t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[ 7];
   	/* round 2: */
   	s0 = Te0[t0 >> 24] ^ Te1[(t1 >> 16) & 0xff] ^ Te2[(t2 >>  8) & 0xff] ^ Te3[t3 & 0xff] ^ rk[ 8];
   	s1 = Te0[t1 >> 24] ^ Te1[(t2 >> 16) & 0xff] ^ Te2[(t3 >>  8) & 0xff] ^ Te3[t0 & 0xff] ^ rk[ 9];
   	s2 = Te0[t2 >> 24] ^ Te1[(t3 >> 16) & 0xff] ^ Te2[(t0 >>  8) & 0xff] ^ Te3[t1 & 0xff] ^ rk[10];
   	s3 = Te0[t3 >> 24] ^ Te1[(t0 >> 16) & 0xff] ^ Te2[(t1 >>  8) & 0xff] ^ Te3[t2 & 0xff] ^ rk[11];
    /* round 3: */
   	t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[12];
   	t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[13];
   	t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[14];
   	t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[15];
   	/* round 4: */
   	s0 = Te0[t0 >> 24] ^ Te1[(t1 >> 16) & 0xff] ^ Te2[(t2 >>  8) & 0xff] ^ Te3[t3 & 0xff] ^ rk[16];
   	s1 = Te0[t1 >> 24] ^ Te1[(t2 >> 16) & 0xff] ^ Te2[(t3 >>  8) & 0xff] ^ Te3[t0 & 0xff] ^ rk[17];
   	s2 = Te0[t2 >> 24] ^ Te1[(t3 >> 16) & 0xff] ^ Te2[(t0 >>  8) & 0xff] ^ Te3[t1 & 0xff] ^ rk[18];
   	s3 = Te0[t3 >> 24] ^ Te1[(t0 >> 16) & 0xff] ^ Te2[(t1 >>  8) & 0xff] ^ Te3[t2 & 0xff] ^ rk[19];
    /* round 5: */
   	t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[20];
   	t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[21];
   	t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[22];
   	t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[23];
   	/* round 6: */
   	s0 = Te0[t0 >> 24] ^ Te1[(t1 >> 16) & 0xff] ^ Te2[(t2 >>  8) & 0xff] ^ Te3[t3 & 0xff] ^ rk[24];
   	s1 = Te0[t1 >> 24] ^ Te1[(t2 >> 16) & 0xff] ^ Te2[(t3 >>  8) & 0xff] ^ Te3[t0 & 0xff] ^ rk[25];
   	s2 = Te0[t2 >> 24] ^ Te1[(t3 >> 16) & 0xff] ^ Te2[(t0 >>  8) & 0xff] ^ Te3[t1 & 0xff] ^ rk[26];
   	s3 = Te0[t3 >> 24] ^ Te1[(t0 >> 16) & 0xff] ^ Te2[(t1 >>  8) & 0xff] ^ Te3[t2 & 0xff] ^ rk[27];
    /* round 7: */
   	t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[28];
   	t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[29];
   	t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[30];
   	t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[31];
   	/* round 8: */
   	s0 = Te0[t0 >> 24] ^ Te1[(t1 >> 16) & 0xff] ^ Te2[(t2 >>  8) & 0xff] ^ Te3[t3 & 0xff] ^ rk[32];
   	s1 = Te0[t1 >> 24] ^ Te1[(t2 >> 16) & 0xff] ^ Te2[(t3 >>  8) & 0xff] ^ Te3[t0 & 0xff] ^ rk[33];
   	s2 = Te0[t2 >> 24] ^ Te1[(t3 >> 16) & 0xff] ^ Te2[(t0 >>  8) & 0xff] ^ Te3[t1 & 0xff] ^ rk[34];
   	s3 = Te0[t3 >> 24] ^ Te1[(t0 >> 16) & 0xff] ^ Te2[(t1 >>  8) & 0xff] ^ Te3[t2 & 0xff] ^ rk[35];
    /* round 9: */
   	t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[36];
   	t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[37];
   	t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[38];
   	t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[39];
    if (Nr > 10) {
        /* round 10: */
        s0 = Te0[t0 >> 24] ^ Te1[(t1 >> 16) & 0xff] ^ Te2[(t2 >>  8) & 0xff] ^ Te3[t3 & 0xff] ^ rk[40];
        s1 = Te0[t1 >> 24] ^ Te1[(t2 >> 16) & 0xff] ^ Te2[(t3 >>  8) & 0xff] ^ Te3[t0 & 0xff] ^ rk[41];
        s2 = Te0[t2 >> 24] ^ Te1[(t3 >> 16) & 0xff] ^ Te2[(t0 >>  8) & 0xff] ^ Te3[t1 & 0xff] ^ rk[42];
        s3 = Te0[t3 >> 24] ^ Te1[(t0 >> 16) & 0xff] ^ Te2[(t1 >>  8) & 0xff] ^ Te3[t2 & 0xff] ^ rk[43];
        /* round 11: */
        t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[44];
        t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[45];
        t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[46];
        t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[47];
        if (Nr > 12) {
            /* round 12: */
            s0 = Te0[t0 >> 24] ^ Te1[(t1 >> 16) & 0xff] ^ Te2[(t2 >>  8) & 0xff] ^ Te3[t3 & 0xff] ^ rk[48];
            s1 = Te0[t1 >> 24] ^ Te1[(t2 >> 16) & 0xff] ^ Te2[(t3 >>  8) & 0xff] ^ Te3[t0 & 0xff] ^ rk[49];
            s2 = Te0[t2 >> 24] ^ Te1[(t3 >> 16) & 0xff] ^ Te2[(t0 >>  8) & 0xff] ^ Te3[t1 & 0xff] ^ rk[50];
            s3 = Te0[t3 >> 24] ^ Te1[(t0 >> 16) & 0xff] ^ Te2[(t1 >>  8) & 0xff] ^ Te3[t2 & 0xff] ^ rk[51];
            /* round 13: */
            t0 = Te0[s0 >> 24] ^ Te1[(s1 >> 16) & 0xff] ^ Te2[(s2 >>  8) & 0xff] ^ Te3[s3 & 0xff] ^ rk[52];
            t1 = Te0[s1 >> 24] ^ Te1[(s2 >> 16) & 0xff] ^ Te2[(s3 >>  8) & 0xff] ^ Te3[s0 & 0xff] ^ rk[53];
            t2 = Te0[s2 >> 24] ^ Te1[(s3 >> 16) & 0xff] ^ Te2[(s0 >>  8) & 0xff] ^ Te3[s1 & 0xff] ^ rk[54];
            t3 = Te0[s3 >> 24] ^ Te1[(s0 >> 16) & 0xff] ^ Te2[(s1 >>  8) & 0xff] ^ Te3[s2 & 0xff] ^ rk[55];
        }
    }
    rk += Nr << 2;
#else  /* !FULL_UNROLL */
    /*
	 * Nr - 1 full rounds:
	 */
    r = Nr >> 1;
    for (;;) {
        t0 =
            Te0[(s0 >> 24)       ] ^
            Te1[(s1 >> 16) & 0xff] ^
            Te2[(s2 >>  8) & 0xff] ^
            Te3[(s3      ) & 0xff] ^
            rk[4];
        t1 =
            Te0[(s1 >> 24)       ] ^
            Te1[(s2 >> 16) & 0xff] ^
            Te2[(s3 >>  8) & 0xff] ^
            Te3[(s0      ) & 0xff] ^
            rk[5];
        t2 =
            Te0[(s2 >> 24)       ] ^
            Te1[(s3 >> 16) & 0xff] ^
            Te2[(s0 >>  8) & 0xff] ^
            Te3[(s1      ) & 0xff] ^
            rk[6];
        t3 =
            Te0[(s3 >> 24)       ] ^
            Te1[(s0 >> 16) & 0xff] ^
            Te2[(s1 >>  8) & 0xff] ^
            Te3[(s2      ) & 0xff] ^
            rk[7];

        rk += 8;
        if (--r == 0) {
            break;
        }

        s0 =
            Te0[(t0 >> 24)       ] ^
            Te1[(t1 >> 16) & 0xff] ^
            Te2[(t2 >>  8) & 0xff] ^
            Te3[(t3      ) & 0xff] ^
            rk[0];
        s1 =
            Te0[(t1 >> 24)       ] ^
            Te1[(t2 >> 16) & 0xff] ^
            Te2[(t3 >>  8) & 0xff] ^
            Te3[(t0      ) & 0xff] ^
            rk[1];
        s2 =
            Te0[(t2 >> 24)       ] ^
            Te1[(t3 >> 16) & 0xff] ^
            Te2[(t0 >>  8) & 0xff] ^
            Te3[(t1      ) & 0xff] ^
            rk[2];
        s3 =
            Te0[(t3 >> 24)       ] ^
            Te1[(t0 >> 16) & 0xff] ^
            Te2[(t1 >>  8) & 0xff] ^
            Te3[(t2      ) & 0xff] ^
            rk[3];
    }
#endif /* ?FULL_UNROLL */
    /*
	 * apply last round and
	 * map cipher state to byte array block:
	 */
	s0 =
		(Te4[(t0 >> 24)       ] & 0xff000000) ^
		(Te4[(t1 >> 16) & 0xff] & 0x00ff0000) ^
		(Te4[(t2 >>  8) & 0xff] & 0x0000ff00) ^
		(Te4[(t3      ) & 0xff] & 0x000000ff) ^
		rk[0];
	PUTU32(ct     , s0);
	s1 =
		(Te4[(t1 >> 24)       ] & 0xff000000) ^
		(Te4[(t2 >> 16) & 0xff] & 0x00ff0000) ^
		(Te4[(t3 >>  8) & 0xff] & 0x0000ff00) ^
		(Te4[(t0      ) & 0xff] & 0x000000ff) ^
		rk[1];
	PUTU32(ct +  4, s1);
	s2 =
		(Te4[(t2 >> 24)       ] & 0xff000000) ^
		(Te4[(t3 >> 16) & 0xff] & 0x00ff0000) ^
		(Te4[(t0 >>  8) & 0xff] & 0x0000ff00) ^
		(Te4[(t1      ) & 0xff] & 0x000000ff) ^
		rk[2];
	PUTU32(ct +  8, s2);
	s3 =
		(Te4[(t3 >> 24)       ] & 0xff000000) ^
		(Te4[(t0 >> 16) & 0xff] & 0x00ff0000) ^
		(Te4[(t1 >>  8) & 0xff] & 0x0000ff00) ^
		(Te4[(t2      ) & 0xff] & 0x000000ff) ^
		rk[3];
	PUTU32(ct + 12, s3);
}

void camlpdf_rijndaelDecrypt(const u32 rk[/*4*(Nr + 1)*/], int Nr, const u8 ct[16], u8 pt[16]) {
	u32 s0, s1, s2, s3, t0, t1, t2, t3;
#ifndef FULL_UNROLL
    int r;
#endif /* ?FULL_UNROLL */

    /*
	 * map byte array block to cipher state
	 * and add initial round key:
	 */
    s0 = GETU32(ct     ) ^ rk[0];
    s1 = GETU32(ct +  4) ^ rk[1];
    s2 = GETU32(ct +  8) ^ rk[2];
    s3 = GETU32(ct + 12) ^ rk[3];
#ifdef FULL_UNROLL
    /* round 1: */
    t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[ 4];
    t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[ 5];
    t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[ 6];
    t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[ 7];
    /* round 2: */
    s0 = Td0[t0 >> 24] ^ Td1[(t3 >> 16) & 0xff] ^ Td2[(t2 >>  8) & 0xff] ^ Td3[t1 & 0xff] ^ rk[ 8];
    s1 = Td0[t1 >> 24] ^ Td1[(t0 >> 16) & 0xff] ^ Td2[(t3 >>  8) & 0xff] ^ Td3[t2 & 0xff] ^ rk[ 9];
    s2 = Td0[t2 >> 24] ^ Td1[(t1 >> 16) & 0xff] ^ Td2[(t0 >>  8) & 0xff] ^ Td3[t3 & 0xff] ^ rk[10];
    s3 = Td0[t3 >> 24] ^ Td1[(t2 >> 16) & 0xff] ^ Td2[(t1 >>  8) & 0xff] ^ Td3[t0 & 0xff] ^ rk[11];
    /* round 3: */
    t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[12];
    t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[13];
    t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[14];
    t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[15];
    /* round 4: */
    s0 = Td0[t0 >> 24] ^ Td1[(t3 >> 16) & 0xff] ^ Td2[(t2 >>  8) & 0xff] ^ Td3[t1 & 0xff] ^ rk[16];
    s1 = Td0[t1 >> 24] ^ Td1[(t0 >> 16) & 0xff] ^ Td2[(t3 >>  8) & 0xff] ^ Td3[t2 & 0xff] ^ rk[17];
    s2 = Td0[t2 >> 24] ^ Td1[(t1 >> 16) & 0xff] ^ Td2[(t0 >>  8) & 0xff] ^ Td3[t3 & 0xff] ^ rk[18];
    s3 = Td0[t3 >> 24] ^ Td1[(t2 >> 16) & 0xff] ^ Td2[(t1 >>  8) & 0xff] ^ Td3[t0 & 0xff] ^ rk[19];
    /* round 5: */
    t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[20];
    t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[21];
    t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[22];
    t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[23];
    /* round 6: */
    s0 = Td0[t0 >> 24] ^ Td1[(t3 >> 16) & 0xff] ^ Td2[(t2 >>  8) & 0xff] ^ Td3[t1 & 0xff] ^ rk[24];
    s1 = Td0[t1 >> 24] ^ Td1[(t0 >> 16) & 0xff] ^ Td2[(t3 >>  8) & 0xff] ^ Td3[t2 & 0xff] ^ rk[25];
    s2 = Td0[t2 >> 24] ^ Td1[(t1 >> 16) & 0xff] ^ Td2[(t0 >>  8) & 0xff] ^ Td3[t3 & 0xff] ^ rk[26];
    s3 = Td0[t3 >> 24] ^ Td1[(t2 >> 16) & 0xff] ^ Td2[(t1 >>  8) & 0xff] ^ Td3[t0 & 0xff] ^ rk[27];
    /* round 7: */
    t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[28];
    t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[29];
    t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[30];
    t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[31];
    /* round 8: */
    s0 = Td0[t0 >> 24] ^ Td1[(t3 >> 16) & 0xff] ^ Td2[(t2 >>  8) & 0xff] ^ Td3[t1 & 0xff] ^ rk[32];
    s1 = Td0[t1 >> 24] ^ Td1[(t0 >> 16) & 0xff] ^ Td2[(t3 >>  8) & 0xff] ^ Td3[t2 & 0xff] ^ rk[33];
    s2 = Td0[t2 >> 24] ^ Td1[(t1 >> 16) & 0xff] ^ Td2[(t0 >>  8) & 0xff] ^ Td3[t3 & 0xff] ^ rk[34];
    s3 = Td0[t3 >> 24] ^ Td1[(t2 >> 16) & 0xff] ^ Td2[(t1 >>  8) & 0xff] ^ Td3[t0 & 0xff] ^ rk[35];
    /* round 9: */
    t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[36];
    t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[37];
    t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[38];
    t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[39];
    if (Nr > 10) {
        /* round 10: */
        s0 = Td0[t0 >> 24] ^ Td1[(t3 >> 16) & 0xff] ^ Td2[(t2 >>  8) & 0xff] ^ Td3[t1 & 0xff] ^ rk[40];
        s1 = Td0[t1 >> 24] ^ Td1[(t0 >> 16) & 0xff] ^ Td2[(t3 >>  8) & 0xff] ^ Td3[t2 & 0xff] ^ rk[41];
        s2 = Td0[t2 >> 24] ^ Td1[(t1 >> 16) & 0xff] ^ Td2[(t0 >>  8) & 0xff] ^ Td3[t3 & 0xff] ^ rk[42];
        s3 = Td0[t3 >> 24] ^ Td1[(t2 >> 16) & 0xff] ^ Td2[(t1 >>  8) & 0xff] ^ Td3[t0 & 0xff] ^ rk[43];
        /* round 11: */
        t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[44];
        t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[45];
        t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[46];
        t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[47];
        if (Nr > 12) {
            /* round 12: */
            s0 = Td0[t0 >> 24] ^ Td1[(t3 >> 16) & 0xff] ^ Td2[(t2 >>  8) & 0xff] ^ Td3[t1 & 0xff] ^ rk[48];
            s1 = Td0[t1 >> 24] ^ Td1[(t0 >> 16) & 0xff] ^ Td2[(t3 >>  8) & 0xff] ^ Td3[t2 & 0xff] ^ rk[49];
            s2 = Td0[t2 >> 24] ^ Td1[(t1 >> 16) & 0xff] ^ Td2[(t0 >>  8) & 0xff] ^ Td3[t3 & 0xff] ^ rk[50];
            s3 = Td0[t3 >> 24] ^ Td1[(t2 >> 16) & 0xff] ^ Td2[(t1 >>  8) & 0xff] ^ Td3[t0 & 0xff] ^ rk[51];
            /* round 13: */
            t0 = Td0[s0 >> 24] ^ Td1[(s3 >> 16) & 0xff] ^ Td2[(s2 >>  8) & 0xff] ^ Td3[s1 & 0xff] ^ rk[52];
            t1 = Td0[s1 >> 24] ^ Td1[(s0 >> 16) & 0xff] ^ Td2[(s3 >>  8) & 0xff] ^ Td3[s2 & 0xff] ^ rk[53];
            t2 = Td0[s2 >> 24] ^ Td1[(s1 >> 16) & 0xff] ^ Td2[(s0 >>  8) & 0xff] ^ Td3[s3 & 0xff] ^ rk[54];
            t3 = Td0[s3 >> 24] ^ Td1[(s2 >> 16) & 0xff] ^ Td2[(s1 >>  8) & 0xff] ^ Td3[s0 & 0xff] ^ rk[55];
        }
    }
	rk += Nr << 2;
#else  /* !FULL_UNROLL */
    /*
     * Nr - 1 full rounds:
     */
    r = Nr >> 1;
    for (;;) {
        t0 =
            Td0[(s0 >> 24)       ] ^
            Td1[(s3 >> 16) & 0xff] ^
            Td2[(s2 >>  8) & 0xff] ^
            Td3[(s1      ) & 0xff] ^
            rk[4];
        t1 =
            Td0[(s1 >> 24)       ] ^
            Td1[(s0 >> 16) & 0xff] ^
            Td2[(s3 >>  8) & 0xff] ^
            Td3[(s2      ) & 0xff] ^
            rk[5];
        t2 =
            Td0[(s2 >> 24)       ] ^
            Td1[(s1 >> 16) & 0xff] ^
            Td2[(s0 >>  8) & 0xff] ^
            Td3[(s3      ) & 0xff] ^
            rk[6];
        t3 =
            Td0[(s3 >> 24)       ] ^
            Td1[(s2 >> 16) & 0xff] ^
            Td2[(s1 >>  8) & 0xff] ^
            Td3[(s0      ) & 0xff] ^
            rk[7];

        rk += 8;
        if (--r == 0) {
            break;
        }

        s0 =
            Td0[(t0 >> 24)       ] ^
            Td1[(t3 >> 16) & 0xff] ^
            Td2[(t2 >>  8) & 0xff] ^
            Td3[(t1      ) & 0xff] ^
            rk[0];
        s1 =
            Td0[(t1 >> 24)       ] ^
            Td1[(t0 >> 16) & 0xff] ^
            Td2[(t3 >>  8) & 0xff] ^
            Td3[(t2      ) & 0xff] ^
            rk[1];
        s2 =
            Td0[(t2 >> 24)       ] ^
            Td1[(t1 >> 16) & 0xff] ^
            Td2[(t0 >>  8) & 0xff] ^
            Td3[(t3      ) & 0xff] ^
            rk[2];
        s3 =
            Td0[(t3 >> 24)       ] ^
            Td1[(t2 >> 16) & 0xff] ^
            Td2[(t1 >>  8) & 0xff] ^
            Td3[(t0      ) & 0xff] ^
            rk[3];
    }
#endif /* ?FULL_UNROLL */
    /*
	 * apply last round and
	 * map cipher state to byte array block:
	 */
   	s0 =
   		(Td4[(t0 >> 24)       ] & 0xff000000) ^
   		(Td4[(t3 >> 16) & 0xff] & 0x00ff0000) ^
   		(Td4[(t2 >>  8) & 0xff] & 0x0000ff00) ^
   		(Td4[(t1      ) & 0xff] & 0x000000ff) ^
   		rk[0];
	PUTU32(pt     , s0);
   	s1 =
   		(Td4[(t1 >> 24)       ] & 0xff000000) ^
   		(Td4[(t0 >> 16) & 0xff] & 0x00ff0000) ^
   		(Td4[(t3 >>  8) & 0xff] & 0x0000ff00) ^
   		(Td4[(t2      ) & 0xff] & 0x000000ff) ^
   		rk[1];
	PUTU32(pt +  4, s1);
   	s2 =
   		(Td4[(t2 >> 24)       ] & 0xff000000) ^
   		(Td4[(t1 >> 16) & 0xff] & 0x00ff0000) ^
   		(Td4[(t0 >>  8) & 0xff] & 0x0000ff00) ^
   		(Td4[(t3      ) & 0xff] & 0x000000ff) ^
   		rk[2];
	PUTU32(pt +  8, s2);
   	s3 =
   		(Td4[(t3 >> 24)       ] & 0xff000000) ^
   		(Td4[(t2 >> 16) & 0xff] & 0x00ff0000) ^
   		(Td4[(t1 >>  8) & 0xff] & 0x0000ff00) ^
   		(Td4[(t0      ) & 0xff] & 0x000000ff) ^
   		rk[3];
	PUTU32(pt + 12, s3);
}

#ifdef INTERMEDIATE_VALUE_KAT

void camlpdf_rijndaelEncryptRound(const u32 rk[/*4*(Nr + 1)*/], int Nr, u8 block[16], int rounds) {
	int r;
	u32 s0, s1, s2, s3, t0, t1, t2, t3;

    /*
	 * map byte array block to cipher state
	 * and add initial round key:
	 */
	s0 = GETU32(block     ) ^ rk[0];
	s1 = GETU32(block +  4) ^ rk[1];
	s2 = GETU32(block +  8) ^ rk[2];
	s3 = GETU32(block + 12) ^ rk[3];
    rk += 4;

    /*
	 * Nr - 1 full rounds:
	 */
	for (r = (rounds < Nr ? rounds : Nr - 1); r > 0; r--) {
		t0 =
			Te0[(s0 >> 24)       ] ^
			Te1[(s1 >> 16) & 0xff] ^
			Te2[(s2 >>  8) & 0xff] ^
			Te3[(s3      ) & 0xff] ^
			rk[0];
		t1 =
			Te0[(s1 >> 24)       ] ^
			Te1[(s2 >> 16) & 0xff] ^
			Te2[(s3 >>  8) & 0xff] ^
			Te3[(s0      ) & 0xff] ^
			rk[1];
		t2 =
			Te0[(s2 >> 24)       ] ^
			Te1[(s3 >> 16) & 0xff] ^
			Te2[(s0 >>  8) & 0xff] ^
			Te3[(s1      ) & 0xff] ^
			rk[2];
		t3 =
			Te0[(s3 >> 24)       ] ^
			Te1[(s0 >> 16) & 0xff] ^
			Te2[(s1 >>  8) & 0xff] ^
			Te3[(s2      ) & 0xff] ^
			rk[3];

		s0 = t0;
		s1 = t1;
		s2 = t2;
		s3 = t3;
		rk += 4;

    }

    /*
	 * apply last round and
	 * map cipher state to byte array block:
	 */
	if (rounds == Nr) {
    	t0 =
    		(Te4[(s0 >> 24)       ] & 0xff000000) ^
    		(Te4[(s1 >> 16) & 0xff] & 0x00ff0000) ^
    		(Te4[(s2 >>  8) & 0xff] & 0x0000ff00) ^
    		(Te4[(s3      ) & 0xff] & 0x000000ff) ^
    		rk[0];
    	t1 =
    		(Te4[(s1 >> 24)       ] & 0xff000000) ^
    		(Te4[(s2 >> 16) & 0xff] & 0x00ff0000) ^
    		(Te4[(s3 >>  8) & 0xff] & 0x0000ff00) ^
    		(Te4[(s0      ) & 0xff] & 0x000000ff) ^
    		rk[1];
    	t2 =
    		(Te4[(s2 >> 24)       ] & 0xff000000) ^
    		(Te4[(s3 >> 16) & 0xff] & 0x00ff0000) ^
    		(Te4[(s0 >>  8) & 0xff] & 0x0000ff00) ^
    		(Te4[(s1      ) & 0xff] & 0x000000ff) ^
    		rk[2];
    	t3 =
    		(Te4[(s3 >> 24)       ] & 0xff000000) ^
    		(Te4[(s0 >> 16) & 0xff] & 0x00ff0000) ^
    		(Te4[(s1 >>  8) & 0xff] & 0x0000ff00) ^
    		(Te4[(s2      ) & 0xff] & 0x000000ff) ^
    		rk[3];
		
		s0 = t0;
		s1 = t1;
		s2 = t2;
		s3 = t3;
	}

	PUTU32(block     , s0);
	PUTU32(block +  4, s1);
	PUTU32(block +  8, s2);
	PUTU32(block + 12, s3);
}

void camlpdf_rijndaelDecryptRound(const u32 rk[/*4*(Nr + 1)*/], int Nr, u8 block[16], int rounds) {
	int r;
	u32 s0, s1, s2, s3, t0, t1, t2, t3;

    /*
	 * map byte array block to cipher state
	 * and add initial round key:
	 */
	s0 = GETU32(block     ) ^ rk[0];
	s1 = GETU32(block +  4) ^ rk[1];
	s2 = GETU32(block +  8) ^ rk[2];
	s3 = GETU32(block + 12) ^ rk[3];
    rk += 4;

    /*
	 * Nr - 1 full rounds:
	 */
	for (r = (rounds < Nr ? rounds : Nr) - 1; r > 0; r--) {
		t0 =
			Td0[(s0 >> 24)       ] ^
			Td1[(s3 >> 16) & 0xff] ^
			Td2[(s2 >>  8) & 0xff] ^
			Td3[(s1      ) & 0xff] ^
			rk[0];
		t1 =
			Td0[(s1 >> 24)       ] ^
			Td1[(s0 >> 16) & 0xff] ^
			Td2[(s3 >>  8) & 0xff] ^
			Td3[(s2      ) & 0xff] ^
			rk[1];
		t2 =
			Td0[(s2 >> 24)       ] ^
			Td1[(s1 >> 16) & 0xff] ^
			Td2[(s0 >>  8) & 0xff] ^
			Td3[(s3      ) & 0xff] ^
			rk[2];
		t3 =
			Td0[(s3 >> 24)       ] ^
			Td1[(s2 >> 16) & 0xff] ^
			Td2[(s1 >>  8) & 0xff] ^
			Td3[(s0      ) & 0xff] ^
			rk[3];

		s0 = t0;
		s1 = t1;
		s2 = t2;
		s3 = t3;
		rk += 4;

    }

    /*
	 * complete the last round and
	 * map cipher state to byte array block:
	 */
	t0 =
		(Td4[(s0 >> 24)       ] & 0xff000000) ^
		(Td4[(s3 >> 16) & 0xff] & 0x00ff0000) ^
		(Td4[(s2 >>  8) & 0xff] & 0x0000ff00) ^
		(Td4[(s1      ) & 0xff] & 0x000000ff);
	t1 =
		(Td4[(s1 >> 24)       ] & 0xff000000) ^
		(Td4[(s0 >> 16) & 0xff] & 0x00ff0000) ^
		(Td4[(s3 >>  8) & 0xff] & 0x0000ff00) ^
		(Td4[(s2      ) & 0xff] & 0x000000ff);
	t2 =
		(Td4[(s2 >> 24)       ] & 0xff000000) ^
		(Td4[(s1 >> 16) & 0xff] & 0x00ff0000) ^
		(Td4[(s0 >>  8) & 0xff] & 0x0000ff00) ^
		(Td4[(s3      ) & 0xff] & 0x000000ff);
	t3 =
		(Td4[(s3 >> 24)       ] & 0xff000000) ^
		(Td4[(s2 >> 16) & 0xff] & 0x00ff0000) ^
		(Td4[(s1 >>  8) & 0xff] & 0x0000ff00) ^
		(Td4[(s0      ) & 0xff] & 0x000000ff);

	if (rounds == Nr) {
	    t0 ^= rk[0];
	    t1 ^= rk[1];
	    t2 ^= rk[2];
	    t3 ^= rk[3];
	}

	PUTU32(block     , t0);
	PUTU32(block +  4, t1);
	PUTU32(block +  8, t2);
	PUTU32(block + 12, t3);
}

#endif /* INTERMEDIATE_VALUE_KAT */







camlpdf-2.4/rijndael-alg-fst.h

/**
 * rijndael-alg-fst.h
 *
 * @version 3.0 (December 2000)
 *
 * Optimised ANSI C code for the Rijndael cipher (now AES)
 *
 * @author Vincent Rijmen <vincent.rijmen@esat.kuleuven.ac.be>
 * @author Antoon Bosselaers <antoon.bosselaers@esat.kuleuven.ac.be>
 * @author Paulo Barreto <paulo.barreto@terra.com.br>
 *
 * This code is hereby placed in the public domain.
 *
 * THIS SOFTWARE IS PROVIDED BY THE AUTHORS ''AS IS'' AND ANY EXPRESS
 * OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
 * WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE AUTHORS OR CONTRIBUTORS BE
 * LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
 * CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
 * SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
 * BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
 * WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
 * OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
 * EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
 */
#ifndef __RIJNDAEL_ALG_FST_H
#define __RIJNDAEL_ALG_FST_H

#define MAXKC	(256/32)
#define MAXKB	(256/8)
#define MAXNR	14

typedef unsigned char	u8;	
typedef unsigned short	u16;	
typedef unsigned int	u32;

int camlpdf_rijndaelKeySetupEnc(u32 rk[/*4*(Nr + 1)*/], const u8 cipherKey[], int keyBits);
int camlpdf_rijndaelKeySetupDec(u32 rk[/*4*(Nr + 1)*/], const u8 cipherKey[], int keyBits);
void camlpdf_rijndaelEncrypt(const u32 rk[/*4*(Nr + 1)*/], int Nr, const u8 pt[16], u8 ct[16]);
void camlpdf_rijndaelDecrypt(const u32 rk[/*4*(Nr + 1)*/], int Nr, const u8 ct[16], u8 pt[16]);

#ifdef INTERMEDIATE_VALUE_KAT
void camlpdf_rijndaelEncryptRound(const u32 rk[/*4*(Nr + 1)*/], int Nr, u8 block[16], int rounds);
void camlpdf_rijndaelDecryptRound(const u32 rk[/*4*(Nr + 1)*/], int Nr, u8 block[16], int rounds);
#endif /* INTERMEDIATE_VALUE_KAT */

#endif /* __RIJNDAEL_ALG_FST_H */







camlpdf-2.4/sha2.c

/*
 * FIPS 180-2 SHA-224/256/384/512 implementation
 * Last update: 02/02/2007
 * Issue date:  04/30/2005
 *
 * Copyright (C) 2005, 2007 Olivier Gay <olivier.gay@a3.epfl.ch>
 * All rights reserved.
 *
 * Redistribution and use in source and binary forms, with or without
 * modification, are permitted provided that the following conditions
 * are met:
 * 1. Redistributions of source code must retain the above copyright
 *    notice, this list of conditions and the following disclaimer.
 * 2. Redistributions in binary form must reproduce the above copyright
 *    notice, this list of conditions and the following disclaimer in the
 *    documentation and/or other materials provided with the distribution.
 * 3. Neither the name of the project nor the names of its contributors
 *    may be used to endorse or promote products derived from this software
 *    without specific prior written permission.
 *
 * THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ``AS IS'' AND
 * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
 * IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
 * FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
 * DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
 * OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
 * HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
 * LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
 * OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
 * SUCH DAMAGE.
 */

#if 0
#define UNROLL_LOOPS /* Enable loops unrolling */
#endif

#include <string.h>

#include "sha2.h"

#define SHFR(x, n)    (x >> n)
#define ROTR(x, n)   ((x >> n) | (x << ((sizeof(x) << 3) - n)))
#define ROTL(x, n)   ((x << n) | (x >> ((sizeof(x) << 3) - n)))
#define CH(x, y, z)  ((x & y) ^ (~x & z))
#define MAJ(x, y, z) ((x & y) ^ (x & z) ^ (y & z))

#define SHA256_F1(x) (ROTR(x,  2) ^ ROTR(x, 13) ^ ROTR(x, 22))
#define SHA256_F2(x) (ROTR(x,  6) ^ ROTR(x, 11) ^ ROTR(x, 25))
#define SHA256_F3(x) (ROTR(x,  7) ^ ROTR(x, 18) ^ SHFR(x,  3))
#define SHA256_F4(x) (ROTR(x, 17) ^ ROTR(x, 19) ^ SHFR(x, 10))

#define SHA512_F1(x) (ROTR(x, 28) ^ ROTR(x, 34) ^ ROTR(x, 39))
#define SHA512_F2(x) (ROTR(x, 14) ^ ROTR(x, 18) ^ ROTR(x, 41))
#define SHA512_F3(x) (ROTR(x,  1) ^ ROTR(x,  8) ^ SHFR(x,  7))
#define SHA512_F4(x) (ROTR(x, 19) ^ ROTR(x, 61) ^ SHFR(x,  6))

#define UNPACK32(x, str)                      \
{                                             \
    *((str) + 3) = (unsigned char) ((x)      );       \
    *((str) + 2) = (unsigned char) ((x) >>  8);       \
    *((str) + 1) = (unsigned char) ((x) >> 16);       \
    *((str) + 0) = (unsigned char) ((x) >> 24);       \
}

#define PACK32(str, x)                        \
{                                             \
    *(x) =   ((unsigned int) *((str) + 3)      )    \
           | ((unsigned int) *((str) + 2) <<  8)    \
           | ((unsigned int) *((str) + 1) << 16)    \
           | ((unsigned int) *((str) + 0) << 24);   \
}

#define UNPACK64(x, str)                      \
{                                             \
    *((str) + 7) = (unsigned char) ((x)      );       \
    *((str) + 6) = (unsigned char) ((x) >>  8);       \
    *((str) + 5) = (unsigned char) ((x) >> 16);       \
    *((str) + 4) = (unsigned char) ((x) >> 24);       \
    *((str) + 3) = (unsigned char) ((x) >> 32);       \
    *((str) + 2) = (unsigned char) ((x) >> 40);       \
    *((str) + 1) = (unsigned char) ((x) >> 48);       \
    *((str) + 0) = (unsigned char) ((x) >> 56);       \
}

#define PACK64(str, x)                        \
{                                             \
    *(x) =   ((unsigned long long) *((str) + 7)      )    \
           | ((unsigned long long) *((str) + 6) <<  8)    \
           | ((unsigned long long) *((str) + 5) << 16)    \
           | ((unsigned long long) *((str) + 4) << 24)    \
           | ((unsigned long long) *((str) + 3) << 32)    \
           | ((unsigned long long) *((str) + 2) << 40)    \
           | ((unsigned long long) *((str) + 1) << 48)    \
           | ((unsigned long long) *((str) + 0) << 56);   \
}

/* Macros used for loops unrolling */

#define SHA256_SCR(i)                         \
{                                             \
    w[i] =  SHA256_F4(w[i -  2]) + w[i -  7]  \
          + SHA256_F3(w[i - 15]) + w[i - 16]; \
}

#define SHA512_SCR(i)                         \
{                                             \
    w[i] =  SHA512_F4(w[i -  2]) + w[i -  7]  \
          + SHA512_F3(w[i - 15]) + w[i - 16]; \
}

#define SHA256_EXP(a, b, c, d, e, f, g, h, j)               \
{                                                           \
    t1 = wv[h] + SHA256_F2(wv[e]) + CH(wv[e], wv[f], wv[g]) \
         + sha256_k[j] + w[j];                              \
    t2 = SHA256_F1(wv[a]) + MAJ(wv[a], wv[b], wv[c]);       \
    wv[d] += t1;                                            \
    wv[h] = t1 + t2;                                        \
}

#define SHA512_EXP(a, b, c, d, e, f, g ,h, j)               \
{                                                           \
    t1 = wv[h] + SHA512_F2(wv[e]) + CH(wv[e], wv[f], wv[g]) \
         + sha512_k[j] + w[j];                              \
    t2 = SHA512_F1(wv[a]) + MAJ(wv[a], wv[b], wv[c]);       \
    wv[d] += t1;                                            \
    wv[h] = t1 + t2;                                        \
}

unsigned int sha224_h0[8] =
            {0xc1059ed8, 0x367cd507, 0x3070dd17, 0xf70e5939,
             0xffc00b31, 0x68581511, 0x64f98fa7, 0xbefa4fa4};

unsigned int sha256_h0[8] =
            {0x6a09e667, 0xbb67ae85, 0x3c6ef372, 0xa54ff53a,
             0x510e527f, 0x9b05688c, 0x1f83d9ab, 0x5be0cd19};

unsigned long long sha384_h0[8] =
            {0xcbbb9d5dc1059ed8ULL, 0x629a292a367cd507ULL,
             0x9159015a3070dd17ULL, 0x152fecd8f70e5939ULL,
             0x67332667ffc00b31ULL, 0x8eb44a8768581511ULL,
             0xdb0c2e0d64f98fa7ULL, 0x47b5481dbefa4fa4ULL};

unsigned long long sha512_h0[8] =
            {0x6a09e667f3bcc908ULL, 0xbb67ae8584caa73bULL,
             0x3c6ef372fe94f82bULL, 0xa54ff53a5f1d36f1ULL,
             0x510e527fade682d1ULL, 0x9b05688c2b3e6c1fULL,
             0x1f83d9abfb41bd6bULL, 0x5be0cd19137e2179ULL};

unsigned int sha256_k[64] =
            {0x428a2f98, 0x71374491, 0xb5c0fbcf, 0xe9b5dba5,
             0x3956c25b, 0x59f111f1, 0x923f82a4, 0xab1c5ed5,
             0xd807aa98, 0x12835b01, 0x243185be, 0x550c7dc3,
             0x72be5d74, 0x80deb1fe, 0x9bdc06a7, 0xc19bf174,
             0xe49b69c1, 0xefbe4786, 0x0fc19dc6, 0x240ca1cc,
             0x2de92c6f, 0x4a7484aa, 0x5cb0a9dc, 0x76f988da,
             0x983e5152, 0xa831c66d, 0xb00327c8, 0xbf597fc7,
             0xc6e00bf3, 0xd5a79147, 0x06ca6351, 0x14292967,
             0x27b70a85, 0x2e1b2138, 0x4d2c6dfc, 0x53380d13,
             0x650a7354, 0x766a0abb, 0x81c2c92e, 0x92722c85,
             0xa2bfe8a1, 0xa81a664b, 0xc24b8b70, 0xc76c51a3,
             0xd192e819, 0xd6990624, 0xf40e3585, 0x106aa070,
             0x19a4c116, 0x1e376c08, 0x2748774c, 0x34b0bcb5,
             0x391c0cb3, 0x4ed8aa4a, 0x5b9cca4f, 0x682e6ff3,
             0x748f82ee, 0x78a5636f, 0x84c87814, 0x8cc70208,
             0x90befffa, 0xa4506ceb, 0xbef9a3f7, 0xc67178f2};

unsigned long long sha512_k[80] =
            {0x428a2f98d728ae22ULL, 0x7137449123ef65cdULL,
             0xb5c0fbcfec4d3b2fULL, 0xe9b5dba58189dbbcULL,
             0x3956c25bf348b538ULL, 0x59f111f1b605d019ULL,
             0x923f82a4af194f9bULL, 0xab1c5ed5da6d8118ULL,
             0xd807aa98a3030242ULL, 0x12835b0145706fbeULL,
             0x243185be4ee4b28cULL, 0x550c7dc3d5ffb4e2ULL,
             0x72be5d74f27b896fULL, 0x80deb1fe3b1696b1ULL,
             0x9bdc06a725c71235ULL, 0xc19bf174cf692694ULL,
             0xe49b69c19ef14ad2ULL, 0xefbe4786384f25e3ULL,
             0x0fc19dc68b8cd5b5ULL, 0x240ca1cc77ac9c65ULL,
             0x2de92c6f592b0275ULL, 0x4a7484aa6ea6e483ULL,
             0x5cb0a9dcbd41fbd4ULL, 0x76f988da831153b5ULL,
             0x983e5152ee66dfabULL, 0xa831c66d2db43210ULL,
             0xb00327c898fb213fULL, 0xbf597fc7beef0ee4ULL,
             0xc6e00bf33da88fc2ULL, 0xd5a79147930aa725ULL,
             0x06ca6351e003826fULL, 0x142929670a0e6e70ULL,
             0x27b70a8546d22ffcULL, 0x2e1b21385c26c926ULL,
             0x4d2c6dfc5ac42aedULL, 0x53380d139d95b3dfULL,
             0x650a73548baf63deULL, 0x766a0abb3c77b2a8ULL,
             0x81c2c92e47edaee6ULL, 0x92722c851482353bULL,
             0xa2bfe8a14cf10364ULL, 0xa81a664bbc423001ULL,
             0xc24b8b70d0f89791ULL, 0xc76c51a30654be30ULL,
             0xd192e819d6ef5218ULL, 0xd69906245565a910ULL,
             0xf40e35855771202aULL, 0x106aa07032bbd1b8ULL,
             0x19a4c116b8d2d0c8ULL, 0x1e376c085141ab53ULL,
             0x2748774cdf8eeb99ULL, 0x34b0bcb5e19b48a8ULL,
             0x391c0cb3c5c95a63ULL, 0x4ed8aa4ae3418acbULL,
             0x5b9cca4f7763e373ULL, 0x682e6ff3d6b2b8a3ULL,
             0x748f82ee5defb2fcULL, 0x78a5636f43172f60ULL,
             0x84c87814a1f0ab72ULL, 0x8cc702081a6439ecULL,
             0x90befffa23631e28ULL, 0xa4506cebde82bde9ULL,
             0xbef9a3f7b2c67915ULL, 0xc67178f2e372532bULL,
             0xca273eceea26619cULL, 0xd186b8c721c0c207ULL,
             0xeada7dd6cde0eb1eULL, 0xf57d4f7fee6ed178ULL,
             0x06f067aa72176fbaULL, 0x0a637dc5a2c898a6ULL,
             0x113f9804bef90daeULL, 0x1b710b35131c471bULL,
             0x28db77f523047d84ULL, 0x32caab7b40c72493ULL,
             0x3c9ebe0a15c9bebcULL, 0x431d67c49c100d4cULL,
             0x4cc5d4becb3e42b6ULL, 0x597f299cfc657e2aULL,
             0x5fcb6fab3ad6faecULL, 0x6c44198c4a475817ULL};

/* SHA-256 functions */

void camlpdf_sha256_transf(sha256_ctx *ctx, const unsigned char *message,
                   unsigned int block_nb)
{
    unsigned int w[64];
    unsigned int wv[8];
    unsigned int t1, t2;
    const unsigned char *sub_block;
    int i;

#ifndef UNROLL_LOOPS
    int j;
#endif

    for (i = 0; i < (int) block_nb; i++) {
        sub_block = message + (i << 6);

#ifndef UNROLL_LOOPS
        for (j = 0; j < 16; j++) {
            PACK32(&sub_block[j << 2], &w[j]);
        }

        for (j = 16; j < 64; j++) {
            SHA256_SCR(j);
        }

        for (j = 0; j < 8; j++) {
            wv[j] = ctx->h[j];
        }

        for (j = 0; j < 64; j++) {
            t1 = wv[7] + SHA256_F2(wv[4]) + CH(wv[4], wv[5], wv[6])
                + sha256_k[j] + w[j];
            t2 = SHA256_F1(wv[0]) + MAJ(wv[0], wv[1], wv[2]);
            wv[7] = wv[6];
            wv[6] = wv[5];
            wv[5] = wv[4];
            wv[4] = wv[3] + t1;
            wv[3] = wv[2];
            wv[2] = wv[1];
            wv[1] = wv[0];
            wv[0] = t1 + t2;
        }

        for (j = 0; j < 8; j++) {
            ctx->h[j] += wv[j];
        }
#else
        PACK32(&sub_block[ 0], &w[ 0]); PACK32(&sub_block[ 4], &w[ 1]);
        PACK32(&sub_block[ 8], &w[ 2]); PACK32(&sub_block[12], &w[ 3]);
        PACK32(&sub_block[16], &w[ 4]); PACK32(&sub_block[20], &w[ 5]);
        PACK32(&sub_block[24], &w[ 6]); PACK32(&sub_block[28], &w[ 7]);
        PACK32(&sub_block[32], &w[ 8]); PACK32(&sub_block[36], &w[ 9]);
        PACK32(&sub_block[40], &w[10]); PACK32(&sub_block[44], &w[11]);
        PACK32(&sub_block[48], &w[12]); PACK32(&sub_block[52], &w[13]);
        PACK32(&sub_block[56], &w[14]); PACK32(&sub_block[60], &w[15]);

        SHA256_SCR(16); SHA256_SCR(17); SHA256_SCR(18); SHA256_SCR(19);
        SHA256_SCR(20); SHA256_SCR(21); SHA256_SCR(22); SHA256_SCR(23);
        SHA256_SCR(24); SHA256_SCR(25); SHA256_SCR(26); SHA256_SCR(27);
        SHA256_SCR(28); SHA256_SCR(29); SHA256_SCR(30); SHA256_SCR(31);
        SHA256_SCR(32); SHA256_SCR(33); SHA256_SCR(34); SHA256_SCR(35);
        SHA256_SCR(36); SHA256_SCR(37); SHA256_SCR(38); SHA256_SCR(39);
        SHA256_SCR(40); SHA256_SCR(41); SHA256_SCR(42); SHA256_SCR(43);
        SHA256_SCR(44); SHA256_SCR(45); SHA256_SCR(46); SHA256_SCR(47);
        SHA256_SCR(48); SHA256_SCR(49); SHA256_SCR(50); SHA256_SCR(51);
        SHA256_SCR(52); SHA256_SCR(53); SHA256_SCR(54); SHA256_SCR(55);
        SHA256_SCR(56); SHA256_SCR(57); SHA256_SCR(58); SHA256_SCR(59);
        SHA256_SCR(60); SHA256_SCR(61); SHA256_SCR(62); SHA256_SCR(63);

        wv[0] = ctx->h[0]; wv[1] = ctx->h[1];
        wv[2] = ctx->h[2]; wv[3] = ctx->h[3];
        wv[4] = ctx->h[4]; wv[5] = ctx->h[5];
        wv[6] = ctx->h[6]; wv[7] = ctx->h[7];

        SHA256_EXP(0,1,2,3,4,5,6,7, 0); SHA256_EXP(7,0,1,2,3,4,5,6, 1);
        SHA256_EXP(6,7,0,1,2,3,4,5, 2); SHA256_EXP(5,6,7,0,1,2,3,4, 3);
        SHA256_EXP(4,5,6,7,0,1,2,3, 4); SHA256_EXP(3,4,5,6,7,0,1,2, 5);
        SHA256_EXP(2,3,4,5,6,7,0,1, 6); SHA256_EXP(1,2,3,4,5,6,7,0, 7);
        SHA256_EXP(0,1,2,3,4,5,6,7, 8); SHA256_EXP(7,0,1,2,3,4,5,6, 9);
        SHA256_EXP(6,7,0,1,2,3,4,5,10); SHA256_EXP(5,6,7,0,1,2,3,4,11);
        SHA256_EXP(4,5,6,7,0,1,2,3,12); SHA256_EXP(3,4,5,6,7,0,1,2,13);
        SHA256_EXP(2,3,4,5,6,7,0,1,14); SHA256_EXP(1,2,3,4,5,6,7,0,15);
        SHA256_EXP(0,1,2,3,4,5,6,7,16); SHA256_EXP(7,0,1,2,3,4,5,6,17);
        SHA256_EXP(6,7,0,1,2,3,4,5,18); SHA256_EXP(5,6,7,0,1,2,3,4,19);
        SHA256_EXP(4,5,6,7,0,1,2,3,20); SHA256_EXP(3,4,5,6,7,0,1,2,21);
        SHA256_EXP(2,3,4,5,6,7,0,1,22); SHA256_EXP(1,2,3,4,5,6,7,0,23);
        SHA256_EXP(0,1,2,3,4,5,6,7,24); SHA256_EXP(7,0,1,2,3,4,5,6,25);
        SHA256_EXP(6,7,0,1,2,3,4,5,26); SHA256_EXP(5,6,7,0,1,2,3,4,27);
        SHA256_EXP(4,5,6,7,0,1,2,3,28); SHA256_EXP(3,4,5,6,7,0,1,2,29);
        SHA256_EXP(2,3,4,5,6,7,0,1,30); SHA256_EXP(1,2,3,4,5,6,7,0,31);
        SHA256_EXP(0,1,2,3,4,5,6,7,32); SHA256_EXP(7,0,1,2,3,4,5,6,33);
        SHA256_EXP(6,7,0,1,2,3,4,5,34); SHA256_EXP(5,6,7,0,1,2,3,4,35);
        SHA256_EXP(4,5,6,7,0,1,2,3,36); SHA256_EXP(3,4,5,6,7,0,1,2,37);
        SHA256_EXP(2,3,4,5,6,7,0,1,38); SHA256_EXP(1,2,3,4,5,6,7,0,39);
        SHA256_EXP(0,1,2,3,4,5,6,7,40); SHA256_EXP(7,0,1,2,3,4,5,6,41);
        SHA256_EXP(6,7,0,1,2,3,4,5,42); SHA256_EXP(5,6,7,0,1,2,3,4,43);
        SHA256_EXP(4,5,6,7,0,1,2,3,44); SHA256_EXP(3,4,5,6,7,0,1,2,45);
        SHA256_EXP(2,3,4,5,6,7,0,1,46); SHA256_EXP(1,2,3,4,5,6,7,0,47);
        SHA256_EXP(0,1,2,3,4,5,6,7,48); SHA256_EXP(7,0,1,2,3,4,5,6,49);
        SHA256_EXP(6,7,0,1,2,3,4,5,50); SHA256_EXP(5,6,7,0,1,2,3,4,51);
        SHA256_EXP(4,5,6,7,0,1,2,3,52); SHA256_EXP(3,4,5,6,7,0,1,2,53);
        SHA256_EXP(2,3,4,5,6,7,0,1,54); SHA256_EXP(1,2,3,4,5,6,7,0,55);
        SHA256_EXP(0,1,2,3,4,5,6,7,56); SHA256_EXP(7,0,1,2,3,4,5,6,57);
        SHA256_EXP(6,7,0,1,2,3,4,5,58); SHA256_EXP(5,6,7,0,1,2,3,4,59);
        SHA256_EXP(4,5,6,7,0,1,2,3,60); SHA256_EXP(3,4,5,6,7,0,1,2,61);
        SHA256_EXP(2,3,4,5,6,7,0,1,62); SHA256_EXP(1,2,3,4,5,6,7,0,63);

        ctx->h[0] += wv[0]; ctx->h[1] += wv[1];
        ctx->h[2] += wv[2]; ctx->h[3] += wv[3];
        ctx->h[4] += wv[4]; ctx->h[5] += wv[5];
        ctx->h[6] += wv[6]; ctx->h[7] += wv[7];
#endif /* !UNROLL_LOOPS */
    }
}

void camlpdf_sha256(const unsigned char *message, unsigned int len, unsigned char *digest)
{
    sha256_ctx ctx;

    camlpdf_sha256_init(&ctx);
    camlpdf_sha256_update(&ctx, message, len);
    camlpdf_sha256_final(&ctx, digest);
}

void camlpdf_sha256_init(sha256_ctx *ctx)
{
#ifndef UNROLL_LOOPS
    int i;
    for (i = 0; i < 8; i++) {
        ctx->h[i] = sha256_h0[i];
    }
#else
    ctx->h[0] = sha256_h0[0]; ctx->h[1] = sha256_h0[1];
    ctx->h[2] = sha256_h0[2]; ctx->h[3] = sha256_h0[3];
    ctx->h[4] = sha256_h0[4]; ctx->h[5] = sha256_h0[5];
    ctx->h[6] = sha256_h0[6]; ctx->h[7] = sha256_h0[7];
#endif /* !UNROLL_LOOPS */

    ctx->len = 0;
    ctx->tot_len = 0;
}

void camlpdf_sha256_update(sha256_ctx *ctx, const unsigned char *message,
                   unsigned int len)
{
    unsigned int block_nb;
    unsigned int new_len, rem_len, tmp_len;
    const unsigned char *shifted_message;

    tmp_len = SHA256_BLOCK_SIZE - ctx->len;
    rem_len = len < tmp_len ? len : tmp_len;

    memcpy(&ctx->block[ctx->len], message, rem_len);

    if (ctx->len + len < SHA256_BLOCK_SIZE) {
        ctx->len += len;
        return;
    }

    new_len = len - rem_len;
    block_nb = new_len / SHA256_BLOCK_SIZE;

    shifted_message = message + rem_len;

    camlpdf_sha256_transf(ctx, ctx->block, 1);
    camlpdf_sha256_transf(ctx, shifted_message, block_nb);

    rem_len = new_len % SHA256_BLOCK_SIZE;

    memcpy(ctx->block, &shifted_message[block_nb << 6],
           rem_len);

    ctx->len = rem_len;
    ctx->tot_len += (block_nb + 1) << 6;
}

void camlpdf_sha256_final(sha256_ctx *ctx, unsigned char *digest)
{
    unsigned int block_nb;
    unsigned int pm_len;
    unsigned int len_b;

#ifndef UNROLL_LOOPS
    int i;
#endif

    block_nb = (1 + ((SHA256_BLOCK_SIZE - 9)
                     < (ctx->len % SHA256_BLOCK_SIZE)));

    len_b = (ctx->tot_len + ctx->len) << 3;
    pm_len = block_nb << 6;

    memset(ctx->block + ctx->len, 0, pm_len - ctx->len);
    ctx->block[ctx->len] = 0x80;
    UNPACK32(len_b, ctx->block + pm_len - 4);

    camlpdf_sha256_transf(ctx, ctx->block, block_nb);

#ifndef UNROLL_LOOPS
    for (i = 0 ; i < 8; i++) {
        UNPACK32(ctx->h[i], &digest[i << 2]);
    }
#else
   UNPACK32(ctx->h[0], &digest[ 0]);
   UNPACK32(ctx->h[1], &digest[ 4]);
   UNPACK32(ctx->h[2], &digest[ 8]);
   UNPACK32(ctx->h[3], &digest[12]);
   UNPACK32(ctx->h[4], &digest[16]);
   UNPACK32(ctx->h[5], &digest[20]);
   UNPACK32(ctx->h[6], &digest[24]);
   UNPACK32(ctx->h[7], &digest[28]);
#endif /* !UNROLL_LOOPS */
}

/* SHA-512 functions */

void camlpdf_sha512_transf(sha512_ctx *ctx, const unsigned char *message,
                   unsigned int block_nb)
{
    unsigned long long w[80];
    unsigned long long wv[8];
    unsigned long long t1, t2;
    const unsigned char *sub_block;
    int i, j;

    for (i = 0; i < (int) block_nb; i++) {
        sub_block = message + (i << 7);

#ifndef UNROLL_LOOPS
        for (j = 0; j < 16; j++) {
            PACK64(&sub_block[j << 3], &w[j]);
        }

        for (j = 16; j < 80; j++) {
            SHA512_SCR(j);
        }

        for (j = 0; j < 8; j++) {
            wv[j] = ctx->h[j];
        }

        for (j = 0; j < 80; j++) {
            t1 = wv[7] + SHA512_F2(wv[4]) + CH(wv[4], wv[5], wv[6])
                + sha512_k[j] + w[j];
            t2 = SHA512_F1(wv[0]) + MAJ(wv[0], wv[1], wv[2]);
            wv[7] = wv[6];
            wv[6] = wv[5];
            wv[5] = wv[4];
            wv[4] = wv[3] + t1;
            wv[3] = wv[2];
            wv[2] = wv[1];
            wv[1] = wv[0];
            wv[0] = t1 + t2;
        }

        for (j = 0; j < 8; j++) {
            ctx->h[j] += wv[j];
        }
#else
        PACK64(&sub_block[  0], &w[ 0]); PACK64(&sub_block[  8], &w[ 1]);
        PACK64(&sub_block[ 16], &w[ 2]); PACK64(&sub_block[ 24], &w[ 3]);
        PACK64(&sub_block[ 32], &w[ 4]); PACK64(&sub_block[ 40], &w[ 5]);
        PACK64(&sub_block[ 48], &w[ 6]); PACK64(&sub_block[ 56], &w[ 7]);
        PACK64(&sub_block[ 64], &w[ 8]); PACK64(&sub_block[ 72], &w[ 9]);
        PACK64(&sub_block[ 80], &w[10]); PACK64(&sub_block[ 88], &w[11]);
        PACK64(&sub_block[ 96], &w[12]); PACK64(&sub_block[104], &w[13]);
        PACK64(&sub_block[112], &w[14]); PACK64(&sub_block[120], &w[15]);

        SHA512_SCR(16); SHA512_SCR(17); SHA512_SCR(18); SHA512_SCR(19);
        SHA512_SCR(20); SHA512_SCR(21); SHA512_SCR(22); SHA512_SCR(23);
        SHA512_SCR(24); SHA512_SCR(25); SHA512_SCR(26); SHA512_SCR(27);
        SHA512_SCR(28); SHA512_SCR(29); SHA512_SCR(30); SHA512_SCR(31);
        SHA512_SCR(32); SHA512_SCR(33); SHA512_SCR(34); SHA512_SCR(35);
        SHA512_SCR(36); SHA512_SCR(37); SHA512_SCR(38); SHA512_SCR(39);
        SHA512_SCR(40); SHA512_SCR(41); SHA512_SCR(42); SHA512_SCR(43);
        SHA512_SCR(44); SHA512_SCR(45); SHA512_SCR(46); SHA512_SCR(47);
        SHA512_SCR(48); SHA512_SCR(49); SHA512_SCR(50); SHA512_SCR(51);
        SHA512_SCR(52); SHA512_SCR(53); SHA512_SCR(54); SHA512_SCR(55);
        SHA512_SCR(56); SHA512_SCR(57); SHA512_SCR(58); SHA512_SCR(59);
        SHA512_SCR(60); SHA512_SCR(61); SHA512_SCR(62); SHA512_SCR(63);
        SHA512_SCR(64); SHA512_SCR(65); SHA512_SCR(66); SHA512_SCR(67);
        SHA512_SCR(68); SHA512_SCR(69); SHA512_SCR(70); SHA512_SCR(71);
        SHA512_SCR(72); SHA512_SCR(73); SHA512_SCR(74); SHA512_SCR(75);
        SHA512_SCR(76); SHA512_SCR(77); SHA512_SCR(78); SHA512_SCR(79);

        wv[0] = ctx->h[0]; wv[1] = ctx->h[1];
        wv[2] = ctx->h[2]; wv[3] = ctx->h[3];
        wv[4] = ctx->h[4]; wv[5] = ctx->h[5];
        wv[6] = ctx->h[6]; wv[7] = ctx->h[7];

        j = 0;

        do {
            SHA512_EXP(0,1,2,3,4,5,6,7,j); j++;
            SHA512_EXP(7,0,1,2,3,4,5,6,j); j++;
            SHA512_EXP(6,7,0,1,2,3,4,5,j); j++;
            SHA512_EXP(5,6,7,0,1,2,3,4,j); j++;
            SHA512_EXP(4,5,6,7,0,1,2,3,j); j++;
            SHA512_EXP(3,4,5,6,7,0,1,2,j); j++;
            SHA512_EXP(2,3,4,5,6,7,0,1,j); j++;
            SHA512_EXP(1,2,3,4,5,6,7,0,j); j++;
        } while (j < 80);

        ctx->h[0] += wv[0]; ctx->h[1] += wv[1];
        ctx->h[2] += wv[2]; ctx->h[3] += wv[3];
        ctx->h[4] += wv[4]; ctx->h[5] += wv[5];
        ctx->h[6] += wv[6]; ctx->h[7] += wv[7];
#endif /* !UNROLL_LOOPS */
    }
}

void camlpdf_sha512(const unsigned char *message, unsigned int len,
            unsigned char *digest)
{
    sha512_ctx ctx;

    camlpdf_sha512_init(&ctx);
    camlpdf_sha512_update(&ctx, message, len);
    camlpdf_sha512_final(&ctx, digest);
}

void camlpdf_sha512_init(sha512_ctx *ctx)
{
#ifndef UNROLL_LOOPS
    int i;
    for (i = 0; i < 8; i++) {
        ctx->h[i] = sha512_h0[i];
    }
#else
    ctx->h[0] = sha512_h0[0]; ctx->h[1] = sha512_h0[1];
    ctx->h[2] = sha512_h0[2]; ctx->h[3] = sha512_h0[3];
    ctx->h[4] = sha512_h0[4]; ctx->h[5] = sha512_h0[5];
    ctx->h[6] = sha512_h0[6]; ctx->h[7] = sha512_h0[7];
#endif /* !UNROLL_LOOPS */

    ctx->len = 0;
    ctx->tot_len = 0;
}

void camlpdf_sha512_update(sha512_ctx *ctx, const unsigned char *message,
                   unsigned int len)
{
    unsigned int block_nb;
    unsigned int new_len, rem_len, tmp_len;
    const unsigned char *shifted_message;

    tmp_len = SHA512_BLOCK_SIZE - ctx->len;
    rem_len = len < tmp_len ? len : tmp_len;

    memcpy(&ctx->block[ctx->len], message, rem_len);

    if (ctx->len + len < SHA512_BLOCK_SIZE) {
        ctx->len += len;
        return;
    }

    new_len = len - rem_len;
    block_nb = new_len / SHA512_BLOCK_SIZE;

    shifted_message = message + rem_len;

    camlpdf_sha512_transf(ctx, ctx->block, 1);
    camlpdf_sha512_transf(ctx, shifted_message, block_nb);

    rem_len = new_len % SHA512_BLOCK_SIZE;

    memcpy(ctx->block, &shifted_message[block_nb << 7],
           rem_len);

    ctx->len = rem_len;
    ctx->tot_len += (block_nb + 1) << 7;
}

void camlpdf_sha512_final(sha512_ctx *ctx, unsigned char *digest)
{
    unsigned int block_nb;
    unsigned int pm_len;
    unsigned int len_b;

#ifndef UNROLL_LOOPS
    int i;
#endif

    block_nb = 1 + ((SHA512_BLOCK_SIZE - 17)
                     < (ctx->len % SHA512_BLOCK_SIZE));

    len_b = (ctx->tot_len + ctx->len) << 3;
    pm_len = block_nb << 7;

    memset(ctx->block + ctx->len, 0, pm_len - ctx->len);
    ctx->block[ctx->len] = 0x80;
    UNPACK32(len_b, ctx->block + pm_len - 4);

    camlpdf_sha512_transf(ctx, ctx->block, block_nb);

#ifndef UNROLL_LOOPS
    for (i = 0 ; i < 8; i++) {
        UNPACK64(ctx->h[i], &digest[i << 3]);
    }
#else
    UNPACK64(ctx->h[0], &digest[ 0]);
    UNPACK64(ctx->h[1], &digest[ 8]);
    UNPACK64(ctx->h[2], &digest[16]);
    UNPACK64(ctx->h[3], &digest[24]);
    UNPACK64(ctx->h[4], &digest[32]);
    UNPACK64(ctx->h[5], &digest[40]);
    UNPACK64(ctx->h[6], &digest[48]);
    UNPACK64(ctx->h[7], &digest[56]);
#endif /* !UNROLL_LOOPS */
}

/* SHA-384 functions */

void camlpdf_sha384(const unsigned char *message, unsigned int len,
            unsigned char *digest)
{
    sha384_ctx ctx;

    camlpdf_sha384_init(&ctx);
    camlpdf_sha384_update(&ctx, message, len);
    camlpdf_sha384_final(&ctx, digest);
}

void camlpdf_sha384_init(sha384_ctx *ctx)
{
#ifndef UNROLL_LOOPS
    int i;
    for (i = 0; i < 8; i++) {
        ctx->h[i] = sha384_h0[i];
    }
#else
    ctx->h[0] = sha384_h0[0]; ctx->h[1] = sha384_h0[1];
    ctx->h[2] = sha384_h0[2]; ctx->h[3] = sha384_h0[3];
    ctx->h[4] = sha384_h0[4]; ctx->h[5] = sha384_h0[5];
    ctx->h[6] = sha384_h0[6]; ctx->h[7] = sha384_h0[7];
#endif /* !UNROLL_LOOPS */

    ctx->len = 0;
    ctx->tot_len = 0;
}

void camlpdf_sha384_update(sha384_ctx *ctx, const unsigned char *message,
                   unsigned int len)
{
    unsigned int block_nb;
    unsigned int new_len, rem_len, tmp_len;
    const unsigned char *shifted_message;

    tmp_len = SHA384_BLOCK_SIZE - ctx->len;
    rem_len = len < tmp_len ? len : tmp_len;

    memcpy(&ctx->block[ctx->len], message, rem_len);

    if (ctx->len + len < SHA384_BLOCK_SIZE) {
        ctx->len += len;
        return;
    }

    new_len = len - rem_len;
    block_nb = new_len / SHA384_BLOCK_SIZE;

    shifted_message = message + rem_len;

    camlpdf_sha512_transf(ctx, ctx->block, 1);
    camlpdf_sha512_transf(ctx, shifted_message, block_nb);

    rem_len = new_len % SHA384_BLOCK_SIZE;

    memcpy(ctx->block, &shifted_message[block_nb << 7],
           rem_len);

    ctx->len = rem_len;
    ctx->tot_len += (block_nb + 1) << 7;
}

void camlpdf_sha384_final(sha384_ctx *ctx, unsigned char *digest)
{
    unsigned int block_nb;
    unsigned int pm_len;
    unsigned int len_b;

#ifndef UNROLL_LOOPS
    int i;
#endif

    block_nb = (1 + ((SHA384_BLOCK_SIZE - 17)
                     < (ctx->len % SHA384_BLOCK_SIZE)));

    len_b = (ctx->tot_len + ctx->len) << 3;
    pm_len = block_nb << 7;

    memset(ctx->block + ctx->len, 0, pm_len - ctx->len);
    ctx->block[ctx->len] = 0x80;
    UNPACK32(len_b, ctx->block + pm_len - 4);

    camlpdf_sha512_transf(ctx, ctx->block, block_nb);

#ifndef UNROLL_LOOPS
    for (i = 0 ; i < 6; i++) {
        UNPACK64(ctx->h[i], &digest[i << 3]);
    }
#else
    UNPACK64(ctx->h[0], &digest[ 0]);
    UNPACK64(ctx->h[1], &digest[ 8]);
    UNPACK64(ctx->h[2], &digest[16]);
    UNPACK64(ctx->h[3], &digest[24]);
    UNPACK64(ctx->h[4], &digest[32]);
    UNPACK64(ctx->h[5], &digest[40]);
#endif /* !UNROLL_LOOPS */
}

/* SHA-224 functions */

void camlpdf_sha224(const unsigned char *message, unsigned int len,
            unsigned char *digest)
{
    sha224_ctx ctx;

    camlpdf_sha224_init(&ctx);
    camlpdf_sha224_update(&ctx, message, len);
    camlpdf_sha224_final(&ctx, digest);
}

void camlpdf_sha224_init(sha224_ctx *ctx)
{
#ifndef UNROLL_LOOPS
    int i;
    for (i = 0; i < 8; i++) {
        ctx->h[i] = sha224_h0[i];
    }
#else
    ctx->h[0] = sha224_h0[0]; ctx->h[1] = sha224_h0[1];
    ctx->h[2] = sha224_h0[2]; ctx->h[3] = sha224_h0[3];
    ctx->h[4] = sha224_h0[4]; ctx->h[5] = sha224_h0[5];
    ctx->h[6] = sha224_h0[6]; ctx->h[7] = sha224_h0[7];
#endif /* !UNROLL_LOOPS */

    ctx->len = 0;
    ctx->tot_len = 0;
}

void camlpdf_sha224_update(sha224_ctx *ctx, const unsigned char *message,
                   unsigned int len)
{
    unsigned int block_nb;
    unsigned int new_len, rem_len, tmp_len;
    const unsigned char *shifted_message;

    tmp_len = SHA224_BLOCK_SIZE - ctx->len;
    rem_len = len < tmp_len ? len : tmp_len;

    memcpy(&ctx->block[ctx->len], message, rem_len);

    if (ctx->len + len < SHA224_BLOCK_SIZE) {
        ctx->len += len;
        return;
    }

    new_len = len - rem_len;
    block_nb = new_len / SHA224_BLOCK_SIZE;

    shifted_message = message + rem_len;

    camlpdf_sha256_transf(ctx, ctx->block, 1);
    camlpdf_sha256_transf(ctx, shifted_message, block_nb);

    rem_len = new_len % SHA224_BLOCK_SIZE;

    memcpy(ctx->block, &shifted_message[block_nb << 6],
           rem_len);

    ctx->len = rem_len;
    ctx->tot_len += (block_nb + 1) << 6;
}

void camlpdf_sha224_final(sha224_ctx *ctx, unsigned char *digest)
{
    unsigned int block_nb;
    unsigned int pm_len;
    unsigned int len_b;

#ifndef UNROLL_LOOPS
    int i;
#endif

    block_nb = (1 + ((SHA224_BLOCK_SIZE - 9)
                     < (ctx->len % SHA224_BLOCK_SIZE)));

    len_b = (ctx->tot_len + ctx->len) << 3;
    pm_len = block_nb << 6;

    memset(ctx->block + ctx->len, 0, pm_len - ctx->len);
    ctx->block[ctx->len] = 0x80;
    UNPACK32(len_b, ctx->block + pm_len - 4);

    camlpdf_sha256_transf(ctx, ctx->block, block_nb);

#ifndef UNROLL_LOOPS
    for (i = 0 ; i < 7; i++) {
        UNPACK32(ctx->h[i], &digest[i << 2]);
    }
#else
   UNPACK32(ctx->h[0], &digest[ 0]);
   UNPACK32(ctx->h[1], &digest[ 4]);
   UNPACK32(ctx->h[2], &digest[ 8]);
   UNPACK32(ctx->h[3], &digest[12]);
   UNPACK32(ctx->h[4], &digest[16]);
   UNPACK32(ctx->h[5], &digest[20]);
   UNPACK32(ctx->h[6], &digest[24]);
#endif /* !UNROLL_LOOPS */
}

#ifdef TEST_VECTORS

/* FIPS 180-2 Validation tests */

#include <stdio.h>
#include <stdlib.h>

void test(const char *vector, unsigned char *digest,
          unsigned int digest_size)
{
    char output[2 * SHA512_DIGEST_SIZE + 1];
    int i;

    output[2 * digest_size] = '\0';

    for (i = 0; i < (int) digest_size ; i++) {
       sprintf(output + 2 * i, "%02x", digest[i]);
    }

    printf("H: %s\n", output);
    if (strcmp(vector, output)) {
        fprintf(stderr, "Test failed.\n");
        exit(EXIT_FAILURE);
    }
}

int main(void)
{
    static const char *vectors[4][3] =
    {   /* SHA-224 */
        {
        "23097d223405d8228642a477bda255b32aadbce4bda0b3f7e36c9da7",
        "75388b16512776cc5dba5da1fd890150b0c6455cb4f58b1952522525",
        "20794655980c91d8bbb4c1ea97618a4bf03f42581948b2ee4ee7ad67",
        },
        /* SHA-256 */
        {
        "ba7816bf8f01cfea414140de5dae2223b00361a396177a9cb410ff61f20015ad",
        "248d6a61d20638b8e5c026930c3e6039a33ce45964ff2167f6ecedd419db06c1",
        "cdc76e5c9914fb9281a1c7e284d73e67f1809a48a497200e046d39ccc7112cd0",
        },
        /* SHA-384 */
        {
        "cb00753f45a35e8bb5a03d699ac65007272c32ab0eded1631a8b605a43ff5bed"
        "8086072ba1e7cc2358baeca134c825a7",
        "09330c33f71147e83d192fc782cd1b4753111b173b3b05d22fa08086e3b0f712"
        "fcc7c71a557e2db966c3e9fa91746039",
        "9d0e1809716474cb086e834e310a4a1ced149e9c00f248527972cec5704c2a5b"
        "07b8b3dc38ecc4ebae97ddd87f3d8985",
        },
        /* SHA-512 */
        {
        "ddaf35a193617abacc417349ae20413112e6fa4e89a97ea20a9eeee64b55d39a"
        "2192992a274fc1a836ba3c23a3feebbd454d4423643ce80e2a9ac94fa54ca49f",
        "8e959b75dae313da8cf4f72814fc143f8f7779c6eb9f7fa17299aeadb6889018"
        "501d289e4900f7e4331b99dec4b5433ac7d329eeb6dd26545e96e55b874be909",
        "e718483d0ce769644e2e42c7bc15b4638e1f98b13b2044285632a803afa973eb"
        "de0ff244877ea60a4cb0432ce577c31beb009c5c2c49aa2e4eadb217ad8cc09b"
        }
    };

    static const char message1[] = "abc";
    static const char message2a[] = "abcdbcdecdefdefgefghfghighijhi"
                                    "jkijkljklmklmnlmnomnopnopq";
    static const char message2b[] = "abcdefghbcdefghicdefghijdefghijkefghij"
                                    "klfghijklmghijklmnhijklmnoijklmnopjklm"
                                    "nopqklmnopqrlmnopqrsmnopqrstnopqrstu";
    unsigned char *message3;
    unsigned int message3_len = 1000000;
    unsigned char digest[SHA512_DIGEST_SIZE];

    message3 = malloc(message3_len);
    if (message3 == NULL) {
        fprintf(stderr, "Can't allocate memory\n");
        return -1;
    }
    memset(message3, 'a', message3_len);

    printf("SHA-2 FIPS 180-2 Validation tests\n\n");
    printf("SHA-224 Test vectors\n");

    camlpdf_sha224((const unsigned char *) message1, strlen(message1), digest);
    test(vectors[0][0], digest, SHA224_DIGEST_SIZE);
    camlpdf_sha224((const unsigned char *) message2a, strlen(message2a), digest);
    test(vectors[0][1], digest, SHA224_DIGEST_SIZE);
    camlpdf_sha224(message3, message3_len, digest);
    test(vectors[0][2], digest, SHA224_DIGEST_SIZE);
    printf("\n");

    printf("SHA-256 Test vectors\n");

    camlpdf_sha256((const unsigned char *) message1, strlen(message1), digest);
    test(vectors[1][0], digest, SHA256_DIGEST_SIZE);
    camlpdf_sha256((const unsigned char *) message2a, strlen(message2a), digest);
    test(vectors[1][1], digest, SHA256_DIGEST_SIZE);
    camlpdf_sha256(message3, message3_len, digest);
    test(vectors[1][2], digest, SHA256_DIGEST_SIZE);
    printf("\n");

    printf("SHA-384 Test vectors\n");

    camlpdf_sha384((const unsigned char *) message1, strlen(message1), digest);
    test(vectors[2][0], digest, SHA384_DIGEST_SIZE);
    camlpdf_sha384((const unsigned char *)message2b, strlen(message2b), digest);
    test(vectors[2][1], digest, SHA384_DIGEST_SIZE);
    camlpdf_sha384(message3, message3_len, digest);
    test(vectors[2][2], digest, SHA384_DIGEST_SIZE);
    printf("\n");

    printf("SHA-512 Test vectors\n");

    camlpdf_sha512((const unsigned char *) message1, strlen(message1), digest);
    test(vectors[3][0], digest, SHA512_DIGEST_SIZE);
    camlpdf_sha512((const unsigned char *) message2b, strlen(message2b), digest);
    test(vectors[3][1], digest, SHA512_DIGEST_SIZE);
    camlpdf_sha512(message3, message3_len, digest);
    test(vectors[3][2], digest, SHA512_DIGEST_SIZE);
    printf("\n");

    printf("All tests passed.\n");

    return 0;
}

#endif /* TEST_VECTORS */








camlpdf-2.4/sha2.h

/*
 * FIPS 180-2 SHA-224/256/384/512 implementation
 * Last update: 02/02/2007
 * Issue date:  04/30/2005
 *
 * Copyright (C) 2005, 2007 Olivier Gay <olivier.gay@a3.epfl.ch>
 * All rights reserved.
 *
 * Redistribution and use in source and binary forms, with or without
 * modification, are permitted provided that the following conditions
 * are met:
 * 1. Redistributions of source code must retain the above copyright
 *    notice, this list of conditions and the following disclaimer.
 * 2. Redistributions in binary form must reproduce the above copyright
 *    notice, this list of conditions and the following disclaimer in the
 *    documentation and/or other materials provided with the distribution.
 * 3. Neither the name of the project nor the names of its contributors
 *    may be used to endorse or promote products derived from this software
 *    without specific prior written permission.
 *
 * THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ``AS IS'' AND
 * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
 * IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
 * FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
 * DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
 * OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
 * HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
 * LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
 * OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
 * SUCH DAMAGE.
 */

#ifndef SHA2_H
#define SHA2_H

#define SHA224_DIGEST_SIZE ( 224 / 8)
#define SHA256_DIGEST_SIZE ( 256 / 8)
#define SHA384_DIGEST_SIZE ( 384 / 8)
#define SHA512_DIGEST_SIZE ( 512 / 8)

#define SHA256_BLOCK_SIZE  ( 512 / 8)
#define SHA512_BLOCK_SIZE  (1024 / 8)
#define SHA384_BLOCK_SIZE  SHA512_BLOCK_SIZE
#define SHA224_BLOCK_SIZE  SHA256_BLOCK_SIZE

#ifndef SHA2_TYPES
#define SHA2_TYPES
/*typedef unsigned char uint8;
typedef unsigned int  uint32;
typedef unsigned long long uint64;*/
#endif

#ifdef __cplusplus
extern "C" {
#endif

typedef struct {
    unsigned int tot_len;
    unsigned int len;
    unsigned char block[2 * SHA256_BLOCK_SIZE];
    unsigned int h[8];
} sha256_ctx;

typedef struct {
    unsigned int tot_len;
    unsigned int len;
    unsigned char block[2 * SHA512_BLOCK_SIZE];
    unsigned long long h[8];
} sha512_ctx;

typedef sha512_ctx sha384_ctx;
typedef sha256_ctx sha224_ctx;

void camlpdf_sha224_init(sha224_ctx *ctx);
void camlpdf_sha224_update(sha224_ctx *ctx, const unsigned char *message,
                   unsigned int len);
void camlpdf_sha224_final(sha224_ctx *ctx, unsigned char *digest);
void camlpdf_sha224(const unsigned char *message, unsigned int len,
            unsigned char *digest);

void camlpdf_sha256_init(sha256_ctx * ctx);
void camlpdf_sha256_update(sha256_ctx *ctx, const unsigned char *message,
                   unsigned int len);
void camlpdf_sha256_final(sha256_ctx *ctx, unsigned char *digest);
void camlpdf_sha256(const unsigned char *message, unsigned int len,
            unsigned char *digest);

void camlpdf_sha384_init(sha384_ctx *ctx);
void camlpdf_sha384_update(sha384_ctx *ctx, const unsigned char *message,
                   unsigned int len);
void camlpdf_sha384_final(sha384_ctx *ctx, unsigned char *digest);
void camlpdf_sha384(const unsigned char *message, unsigned int len,
            unsigned char *digest);

void camlpdf_sha512_init(sha512_ctx *ctx);
void camlpdf_sha512_update(sha512_ctx *ctx, const unsigned char *message,
                   unsigned int len);
void camlpdf_sha512_final(sha512_ctx *ctx, unsigned char *digest);
void camlpdf_sha512(const unsigned char *message, unsigned int len,
            unsigned char *digest);

#ifdef __cplusplus
}
#endif

#endif /* !SHA2_H */








camlpdf-2.4/stubs-aes.c

/***********************************************************************/
/*                                                                     */
/*                      The Cryptokit library                          */
/*                                                                     */
/*            Xavier Leroy, projet Cristal, INRIA Rocquencourt         */
/*                                                                     */
/*  Copyright 2002 Institut National de Recherche en Informatique et   */
/*  en Automatique.  All rights reserved.  This file is distributed    */
/*  under the terms of the GNU Library General Public License, with    */
/*  the special exception on linking described in file LICENSE.        */
/*                                                                     */
/***********************************************************************/

/* $Id: stubs-aes.c 53 2010-08-30 10:53:00Z gildor-admin $ */

/* Stub code for AES */

#include "rijndael-alg-fst.h"
#include <caml/mlvalues.h>
#include <caml/alloc.h>
#include <caml/memory.h>

#define Cooked_key_NR_offset ((4 * (MAXNR + 1)) * sizeof(u32))
#define Cooked_key_size (Cooked_key_NR_offset + 1)

CAMLprim value camlpdf_caml_aes_cook_encrypt_key(value key)
{
  CAMLparam1(key);
  value ckey = alloc_string(Cooked_key_size);
  int nr =
    camlpdf_rijndaelKeySetupEnc((u32 *) String_val(ckey),
                        (const u8 *) String_val(key),
                        8 * string_length(key));
  Byte(ckey, Cooked_key_NR_offset) = nr;
  CAMLreturn(ckey);
}

CAMLprim value camlpdf_caml_aes_cook_decrypt_key(value key)
{
  CAMLparam1(key);
  value ckey = alloc_string(Cooked_key_size);
  int nr =
    camlpdf_rijndaelKeySetupDec((u32 *) String_val(ckey),
                        (const u8 *) String_val(key),
                        8 * string_length(key));
  Byte(ckey, Cooked_key_NR_offset) = nr;
  CAMLreturn(ckey);
}

CAMLprim value camlpdf_caml_aes_encrypt(value ckey, value src, value src_ofs,
                                value dst, value dst_ofs)
{
  camlpdf_rijndaelEncrypt((const u32 *) String_val(ckey),
                  Byte(ckey, Cooked_key_NR_offset),
                  (const u8 *) &Byte(src, Long_val(src_ofs)),
                  (u8 *) &Byte(dst, Long_val(dst_ofs)));
  return Val_unit;
}

CAMLprim value camlpdf_caml_aes_decrypt(value ckey, value src, value src_ofs,
                                value dst, value dst_ofs)
{
  camlpdf_rijndaelDecrypt((const u32 *) String_val(ckey),
                  Byte(ckey, Cooked_key_NR_offset),
                  (const u8 *) &Byte(src, Long_val(src_ofs)),
                  (u8 *) &Byte(dst, Long_val(dst_ofs)));
  return Val_unit;
}








camlpdf-2.4/stubs-sha2.c

#include "sha2.h"
#include <caml/mlvalues.h>
#include <caml/alloc.h>
#include <caml/memory.h>

CAMLprim value camlpdf_caml_sha256(value message)
{
  CAMLparam1(message);
  value digest = alloc_string(32);
  camlpdf_sha256((const unsigned char *) (String_val(message)),
         caml_string_length(message),
         ((unsigned char *) String_val(digest)));
  CAMLreturn(digest);
}

CAMLprim value camlpdf_caml_sha384(value message)
{
  CAMLparam1(message);
  value digest = alloc_string(48);
  camlpdf_sha384((const unsigned char *) (String_val(message)),
         caml_string_length(message),
         ((unsigned char *) String_val(digest)));
  CAMLreturn(digest);
}

CAMLprim value camlpdf_caml_sha512(value message)
{
  CAMLparam1(message);
  value digest = alloc_string(64);
  camlpdf_sha512((const unsigned char *) (String_val(message)),
         caml_string_length(message),
         ((unsigned char *) String_val(digest)));
  CAMLreturn(digest);
}






