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1 What is Rachel?

Rachel is a tool to repair deadlocking service choreographies. Much work has been conducted
to analyze service choreographies to assert manyfold correctness criteria. While errors can be
detected automatically, the correction of defective services is usually done manually. Rachel
implements a graph-based approach to calculate the minimal edit distance between a given
defective service and synthesized correct services. This edit distance helps to automatically fix
found errors while keeping the rest of the service untouched.

For more information, see the following publications or links:

e Niels Lohmann. Fixing Deadlocking Service Choreographies Using a Simulation-based
Graph Edit Distance. In Monika Solanki, Barry Norton, and Stephan Reiff-Marganiec,
editors, 3rd Young Researchers Workshop on Service Oriented Computing, YR-SOC 2008,
London, UK, 12-13 June 2008, Proceedings, pages 13-20, June 2008.

This paper briefly describes the setting in which Rachel can be used as well as first experi-
mental results. The paper is part of the distribution of Rachel (‘doc/background.pdf’)
and is freely available at http://wwwteo.informatik.uni-rostock.de/ls_
tpp/publications/Lohmann_2008_yrsoc.pdf.  Furthermore, slides of the talk are
available at http://service-technology.org/wiki/publications/lohmann_2008_
yrsoc.

e Niels Lohmann. Correcting Deadlocking Service Choreographies Using a Simulation-Based
Graph Edit Distance. In Marlon Dumas, Manfred Reichert, and Ming-Chien Shan, editors,
Business Process Management, 6th International Conference, BPM 2008, Milan, Italy,
September 1-4, 2008, Proceedings, volume 5240 of Lecture Notes in Computer Science,
pages 132-147. Springer-Verlag, September 2008.

This paper (a preprint is available at http://wwwteo.informatik.uni-rostock.de/1ls_
tpp/publications/Lohmann_2008_bpm.pdf) gives all definitions and details on the algo-
rithms implemented in Rachel. In addition, a case study is described and runtimes of Rachel
are examined. This case study is part of the distribution of Rachel (‘exp/bpm2008.tar.gz’)
and can be executed with ‘make experiments’.


http://wwwteo.informatik.uni-rostock.de/ls_tpp/publications/Lohmann_2008_yrsoc.pdf
http://wwwteo.informatik.uni-rostock.de/ls_tpp/publications/Lohmann_2008_yrsoc.pdf
http://service-technology.org/wiki/publications/lohmann_2008_yrsoc
http://service-technology.org/wiki/publications/lohmann_2008_yrsoc
http://wwwteo.informatik.uni-rostock.de/ls_tpp/publications/Lohmann_2008_bpm.pdf
http://wwwteo.informatik.uni-rostock.de/ls_tpp/publications/Lohmann_2008_bpm.pdf
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2 First Steps

2.1 Setup and Installation

1. Go to http://service-technology.org/files/rachel and download the latest release
version of Rachel, say ‘rachel-1.14.tar.gz’. To setup and compile Rachel, change into
your download directory and type

tar xfz rachel-1.14.tar.gz
cd rachel-1.14

./configure

make

After compilation, a binary ‘src/rachel’ is generated.! If you experience any compiler
warnings, don’t panic: Rachel contains some generated or third party code that we cannot
influence.

2. To test whether everything went fine, type

{%ake check }

to execute the testcases located in ‘tests’. If everything went fine, you should see something
like:

A1l 16 tests behaved as expected (5 expected failures)

If an error occurs, please send the output to rachel@service-technology.org.

3. To install the binary, the manpage, and the documentation, type

(%ake install :

You might need superuser permissions to do so.

If you need any further information, see file ‘INSTALL’ for detailed instructions.

2.2 Contents of the Distribution

The distribution contains several directories:

‘doc’ The Texinfo documentation of Rachel and a PDF file ‘background.pdf’ with a short
description of the setting in which Rachel should be used. The documentation can
be created using ‘make pdf’. Note you need to have Rachel properly installed before
(see Installation description above).

‘exp Experiments and case studies published in several papers. For each file, say
‘bpm2008.tar.gz’, a Makefile target ‘bpm2008’ exists. You can run all experiments
with ‘make experiments’.

man The manpage of Rachel which can be displayed using ‘man rachel’ after having
Rachel installed (see Installation description above).

‘maintainer’
Some scripts for maintainers of Rachel which can be used to create and distribute
releases.

L On Microsoft Windows, the file will be called ‘rachel.exe’.


http://service-technology.org/files/rachel
mailto:rachel@service-technology.org
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src The source code of Rachel.

‘tests’ Testcases for Rachel which check the generated binary. The testscripts check the

command line options, file input and output, simulation calculation, and matching
calculation.



Chapter 3: Invoking Rachel 4

3 Invoking Rachel

Rachel is a command line tool and does not come with a fancy GUI. However, Rachel can be
easily scripted and combined with other tools.

3.1 Command Line Options

For an overview of the command line options, type ‘rachel -h’ to see the following help screen:
rachel 1.14

Rachel: Repairing Automata for Choreographies by Editing Labels

Usage: rachel [-h|--help] [--detailed-help] [--full-help] [-V|--version]
[-mMODE | --mode=MODE] [-v|--verbose] [-aFILE|--automaton=FILE]
[-oFILE|--0g=FILE] [-dFILE|--dot=FILE] [--png]
[--node-similarity=DOUBLE] [--discount=DOUBLE] [--benefit-keep=DOUBLE]

[--benefit-change=DOUBLE] [--benefit-insert=DOUBLE]
[--benefit-delete=DOUBLE] [-tDOUBLE|--threshold=DOUBLE]
[-cFILE|--conf-file=FILE] [--noClean]

About Rachel:

-h, --help
--detailed-help
--full-help

-V, —--version

Options:
-m, —--mode=MODE
-v, —-verbose
File input:
-a, ——automaton=FILE

-0, —-og=FILE

File output:
-d, --dot[=FILE]

~~png

Print help and exit

Print help, including all details and hidden
options, and exit

Print help, including hidden options, and exit

Print version and exit

Execution mode of Rachel (possible
values="matching", "simulation", "og",
"sa" default=‘matching’)

Verbose output: mostly status information
during longer calculations. (default=off)

Read a service automaton. Any annotated
formulae are ignored.
Read an operating guideline

Create a Dot file. If no filename is given, it
is derived from the input filename(s).

Together with option "dot", also a PNG image
is created if Graphviz Dot was found by the
configure script. (default=off)

Configuration of used cost function:

--node-similarity=DOUBLE
--discount=DOUBLE
--benefit-keep=DOUBLE
--benefit-change=DOUBLE
--benefit-insert=DOUBLE
--benefit-delete=DOUBLE

-t, --threshold=DOUBLE
-c, ——conf-file=FILE
Debugging:
--debug
--bug

Node similarity
Discount factor
Benefit of label
Benefit of label

(default=1.07)
(default=0.5")
keeping (default=°1.0’)
change (default=‘0.7")
insertion

Benefit of label (default=‘0.27)

Benefit of label deletion (default=¢0.2’)

Threshold for suboptimal matching results
(default=1.0’)

Read configurations from file

Debug output: mostly traces of function calls.
(default=off)

Show helpful information (version number,
compilation date, compiler version, and
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platform) in case a bug was found and should
be reported. (default=off)

--stats Display time and memory consumption on
termination. (default=off)

--tmpfile=FILENAME Set the path and name of temporary files
(default=‘/tmp/rachel-XXXXXX’)

--noClean Do not delete temporary files. (default=off)

3.2 Configuration Files

The parameters of the simulation and matching algorithm can be controlled using a configuration
file that can be read using the ‘conf-file’ option; for example:

[%achel --automaton=impl.og --og=spec.og --conf-file=rachel.conf j

A configuration file consistes of paramter = value lines, each line setting the value of a param-
eter. An example file ‘rachel.conf’ is located in the ‘src’ folder.

Note: If not all parameters are defined, the standard values apply. Mandatory command-line
options such as ‘mode’ (‘m’) cannot be defined in configuration files.
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4 Version History

Rachel is developed under the “Release Farly, Release Often” maxime (see
http://catb.org/ esr/writings/cathedral-bazaar/cathedral-bazaar/ar01s04.html):
Whenever enough integrated or a non-trivial changes have summed up, a new version is
published. Though this releases might now always mark significant changes, they at least allow
to quickly fix bugs and avoid infinite procrastination.

Version 1.14 (18 January 2010)

e updated maintainer scripts

e added scripts to use LCOV (http://1tp.sourceforge.net/coverage/lcov.php) to de-
termine test case coverage (use ‘make cover’ in ‘tests’ directory)

e added scripts to use ZCOV (http://minormatter.com/zcov) to determine test branch case
coverage (use ‘make cover-branch’ in ‘tests’ directory)

e cleaned code:
e removed support for aspects — not used any more
e removed BPMN output — this does not belong here
e removed 2-bit annotation — Wendy can do this
e implemented Wendy’s new IG/OG formats
e added target for benchmarks (execute ‘make bench -C tests’)

e implemented parameter ‘--stats’ to display information on runtime and memory consump-
tion (the latter uses ps and does not work under Cygwin)

e colored status messages

Version 1.13 (6 June 2009)

e the bit annotations are now written inside the nodes of the Graphviz dot annotation

e service automata can be drawn as Graphviz dot graphs using mode ‘sa’ combined with
“‘dOt’ (C_d?)

e removed ‘-—noop’ flag

e reorganized and cleaned up Dot output; in case of calculating an edit distance, only the
result is printed; use mode ‘og’ or ‘sa’ to create a graphic for the input files

e moved command line parameters for GNU Gengetopt from Makefile to file ‘cmdline.ggo’
e adapted maintainer scripts for binary distributions to match the filenames used in Fiona
e Rachel can be translated using the LLVM-frontend for GCC (see http://11lvm.org/)

e updated ‘Doxyfile’ and moved in into the ‘doc’ directory; the documentation can be created
using ‘make doxygen’ which creates the directory ‘doc/doxygen’

e made adaptions to the Makefile options to be able to create Mac Universal binaries for 64
bit architectures (XCode 3.0 with SDK ‘Mac0SX10.5.sdk’ is needed)

e if Graphviz dot has not been found by the configure script, the dependent tests are skipped
instead of throwing an error

e tests are now organized by GNU Autotest


http://catb.org/~esr/writings/cathedral-bazaar/cathedral-bazaar/ar01s04.html
http://ltp.sourceforge.net/coverage/lcov.php
http://minormatter.com/zcov
http://llvm.org/
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Version 1.12 (17 January 2009)

e implemented methods to calculate a compact representation of the formulae annotated to
the operating guideline’s states according to the paper submitted to ACSD 2009; the new
method can be triggered with the new mode ‘-m annotation’

e in mode ‘-m annotation’, the ‘--dot’ (‘-d’) parameter creates a version of the input oper-
ating guidelines in which the explicit formulae are replaced by different colors representing
the bit representation

‘~-og’ (‘-0’) and ‘--automaton’ (‘-a’) are now optional for Gengetopt,

‘-m annotation’

e File input options
but are checked in the ‘main.cc’ file. This was necessary, because the
mode did not need to parse a service automaton.

e implemented a mode ‘-m bpmn’ to create a rudimentary BPMN (Business Process Modeling
Notation) output in Graphviz dot format of a service automaton (given by ‘--automaton’);
the path of the used stencils can be changed with ‘--shapedir’

e when using the ‘--dot’ (‘-d’) parameter, a PNG (Portable Network Graphics) file is now
only created if the parameter ‘~-png’ is given

e overworked and beautified Graphviz dot output for operating guidelines: annotated formu-
lae now use mathematical symbols for conjunctions and disjunctions, and the initial state
is marked

Version 1.11 (2 November 2008)

e implemented Fiona’s modified OG file format (an OG file now also consists of an interface
definition) and adjusted the respective test cases — note that Rachel’s parser is backwards
compatible and still accepts OG files without interface definition

e renamed configure script parameter ‘~-enable-use64bit’ to ‘-—enable-64bit’ to achieve
parameter compatibility with Fiona

e explicitly handling the disabling of assertions (with parameter ‘--disable-assert’) similar
to Fiona’s configure script

e canonized names of constants generated for file ‘src/config.h’ and adjusted the output of
the ‘--bug’ parameter

e removed unnecessary files ‘src/getopt.c’, ‘src/getoptl.c’, and ‘src/getopt.h’
e used option ‘gnits’ for Automake, see http://www.gnu.org/software/automake/manual/automake.htm

e moved acknowledgements from file ‘AUTHOR’ to file ‘THANKS’ to meet the strict Gnits require-
ments

e updated documentation

e the configure script now takes care about the compilation flags; for example ./configure
--enable-64bit sets the flags necessary to build a 64 bit executable with make

e adapted code to avoid warnings of GCC 4.2 (mostly deprecation warnings)
e overworked test scripts: creation of output files is checked now
e simplified header inclusion: all typedefs are now made in ‘types.h’

e added a command line parameter ‘--threshold’/‘-t’ to set a threshold to control the
matching algorithm: whenever a formula’s assignment reaches this value, it is immediately
returned instead of the optimum; this results in faster, yet sub-optimal results

Version 1.10 (20 August 2008)

e Rachel does not need to be installed to execute make experiments

e added configure script parameter ‘--enable-universal’ to set flags to build a Mac universal
binary (http://www.apple.com/universal)


http://www.gnu.org/software/automake/manual/automake.html#Gnits
http://www.apple.com/universal
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e added configure script parameter ‘--enable-win32’ to set flags to build a Windows bi-

nary which uses the MinGW framework (http://www.mingw.org) to be independent of
the ‘cygwin1.d1l’ provided by Cygwin (http://www.cygwin.com)

e added configure script parameter ‘~-enable-use64bit’ to set flags to build a 64 bit binary
(e.g. for x86_64, ppc64, or 64-Bit SPARC)

e chosen configure script parameters are printed when using ‘~-bug’ command line parameter
e made the configure script option ‘--disable-aspects’ standard

e added a command line parameter ‘-—noop’ to exit after parsing the input files — mostly for
debug information, e.g. if you want to count the services characterized by an OG (combined
with ‘--verbose’)

e fixed a bug: the requirements to calculate matching-based edit distance (final states are
sink states) led to incorrect formula evaluation (see https://gna.org/bugs/?711944) when
calculating the number of characterized services

e removed orphaned code for linear programming
e added more test cases (also expected failures)

e added code coverage checks using LTP LCOV (http://1tp.sourceforge.net/coverage/lcov.php);
checks can be invoked in directory ‘tests’ with make prepare-cover cover

Version 1.09 (7 August 2008)

o fixed bug #12153 (https://gna.org/bugs/?12153): the patch for the aspected sources
now works on x86_64 machines

e fixed a bug in test script ‘tests/test4’: the wrong return value was returned to make
check

e improved portability of Makefiles by using more built-in variables such as $ (MAKE) $(AM_
MAKEFLAGS) or $(SED)

e added file ‘doc/cmdline.out’ to the distribution to avoid complete compilation just to
execute make doc

e code complies to ISO C++

e listing the tools required to re-generated code (Flex, Bison, Gengetopt, and Kimwitu++) in
the ‘README’ file

e completed task #6131 (https://gna.org/task/?76131): whether or not the aspects of
AspectC++ are used during compilation can be controlled by parameters of the configure
script:

e ./configure: use aspects

e ./configure --enable-aspects: use aspects

e ./configure --enable-aspects=true: use aspects

e ./configure --disable-aspects: do not use aspects

e ./configure --enable-aspects=false: do not used aspects
If aspects are disabled, the files ‘src/xxxx.cc’ are directly copied to
‘src/aspected-xxxx.cc’, and the AspectC++ tools are not at all invoked.

e MAINTAINER: overworked the Makefile target ‘deb’ in the directory ‘maintainer’ to create
a Debian source package

Note that make deb can only be executed on a machine where the tools dpkg-buildpackage
and date -R are present. To upload the source package to a Launchpad PPA (it is cur-
rently uploaded to https://launchpad.net/ niels-lohmann/+archive), the tool dput is
needed. Furthermore, the tools fakeroot and alien are needed to create an RPM binary
package from the Debian binary package.


http://www.mingw.org
http://www.cygwin.com
https://gna.org/bugs/?11944
http://ltp.sourceforge.net/coverage/lcov.php
https://gna.org/bugs/?12153
https://gna.org/task/?6131
https://launchpad.net/~niels-lohmann/+archive

Chapter 4: Version History 9

Version 1.08 (3 August 2008)

MAINTAINER: added a directory ‘maintainer/debian’ containing files to create Debian
and Redhat packages

MAINTAINER: moved maintenance Makefile targets (‘upload’) to ‘maintainer’ directory
the file ‘NEWS’ is now extracted from file ‘doc/ChangelLog.texi’

Version 1.07 (29 July 2008)

fixed bug #12112 (https://gna.org/bugs/?712112): allow to compile Rachel using GCC
4.3.1

some changes in the way the change log is created

minor changes to avoid compiler warnings

Version 1.06 (16 July 2008)

added a Makefile target make bindist to create a zipped archive with a binary and a
documentation

added an undocumented command line option ‘--bug’ to display debugging information
that is meant to be emailed to the bugreport address in case a bug is found; looks like:

Please email the following information to rachel@service-technology.org:
- tool: Rachel

- version: 1.06

- compilation date: Jul 16 2008

- compiler version: 4.0.1 (Apple Inc. build 5484)

- platform: i386-apple-darwin9.4.0

minor changes in Makefiles and configure script

updated ‘src/Doxyfile.in’ template for doxygen version 1.5.5

Version 1.05 (8 July 2008)

fixed a memory leak in the OG lexer

fixed a memory leak in the command line parser

Version 1.04 (30 June 2008)

added the experiments (file ‘exp/bpm2008.tgz’) from the paper

Niels Lohmann. Correcting Deadlocking Service Choreographies Using a Simulation-Based
Graph Edit Distance. In Marlon Dumas, Manfred Reichert, and Ming-Chien Shan, editors,
Business Process Management, 6th International Conference, BPM 2008, Milan, Italy,
September 1—4, 2008, Proceedings, volume 5240 of Lecture Notes in Computer Science,
pages 132-147. Springer-Verlag, September 2008.

experiments can be invoked using make experiments
added PDF document (file ‘doc/background.pdf’) containing the paper

Niels Lohmann. Fixing Deadlocking Service Choreographies Using a Simulation-based
Graph Edit Distance. In Monika Solanki, Barry Norton, and Stephan Reiff-Marganiec,
editors, 3rd Young Researchers Workshop on Service Oriented Computing, YR-SOC 2008,
London, UK, 12-13 June 2008, Proceedings, pages 13-20, June 2008.

overworked the documentation


https://gna.org/bugs/?12112
mailto:rachel@service-technology.org
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Version 1.03 (22 June 2008)

some adjustments to improve the compatibility between AspectC++
(http://www.aspectc.org) and Cygwin

Version 1.02 (14 May 2008)

added more files to the deletion list of Makefile target cvs-clean

acknowledged service-technology.org where possible (e.g., in the bug address
rachel@service-technology.org)

adjusted the parser to cope with Fiona’s new OG file format; Rachel’s parser stays backward
compatible

the parser now aborts the program in case of an error to avoid subsequent crashes caused
by parse errors

the lexer was overworked to be backward compatible with older Flex versions

Version 1.01 (6 May 2008)

adding copyright notices to comply to the GNU GPL
added comments

overworked documentation

Version 1.00 (6 May 2008)

tool is now called Rachel = “Repairing Automata for Choreographies by Editing Labels”
adjusted the parameters: changing is now preferred over deletion and insertion

the service counting function Graph: :countServices now uses long double to count up
t0 104932

added a function to calculate the average size of satisfying assignments of the OG’s nodes
(called with ‘verbose’ parameter)

added a preprocessing function to calculate values for node deletion in advance

Version 0.20

the check for acyclicity is done right after parsing and not during matching or simulation
calculation

added a function to re-enumerate the graphs’ nodes to allow the usage of C-style arrays

finally, using C-style multidimensional arrays to cache simulation values in Simulation and
Matching classes

re-organized Simulation and Matching classes: both now inherit from a new class
EditDistance to avoid replication of code

Version 0.19

the aspected sources are automatically patched such that size_t is used instead of unsigned
long in the generated new-operator

lp_solve is currently not integrated for unsolved compatibility problems — an archive
‘lp-solve.tar.gz’ is still in the ‘src’ folder

documented usage of configuration files and added a sample configuration file
matching is now the standard for the ‘--mode’ parameter

added a preprocessing function to calculate values for node insertion in advance


http://www.aspectc.org
service-technology.org
mailto:rachel@service-technology.org
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e added a function to count the deterministic acyclic services characterized by the OG (called
with ‘verbose’ parameter)

e the ChangelLog is automatically generated from the Texinfo sources

Version 0.18

e overworked Makefiles

e manpage now shows result for ‘--detailed-help’

e added a ‘--debug’ mode to trace all function calls of classes Matching and Simulation
e added a ‘--verbose’ mode to display intermediate progress output

e using AspectC++ (http://www.aspectc.org) to add aspects like the trace calls

e added a great optimization in function Matching: :permuteEdges by avoiding subsequent
deletion and insertion of the same edge

e the ChangelLog is automatically integrated into documentation using a sed script

Version 0.17

e overworked documentation
e caches are cleared after simulation/matching has been calculated

e more comments

Version 0.16

e cleaned and commented code

e tidied Makefiles

e added a testscript for linear programming translatation
e commented linear programming translation

e linear programming translation is by 1p_solve library

e dramatically improved performance of Matching: :perms() function

Version 0.15

e added a linear programming calculation for simulation (‘--mode=1psim’)

e the translation to linear programming bases on the algorithm presented in the paper
"Simulation-based graph similarity" by Oleg Sokolsky et al. (TACAS 2006)

e added 1p_solve (http://lpsolve.sourceforge.net/5.5) to the distributed and linked
it as static library (see ‘src/lp_solve/README. txt’ for more information)

e the ‘--mode’ parameter is now passed as enumeration from getopt

Version 0.14

e added testscripts for make check

e cache for simulation is again handled by an STL map

Version 0.13
e Tool is now called “WS-Fix”

o first release at http://www.informatik.uni-rostock.de/"nl/tools

e added cycle detection


http://www.aspectc.org
http://lpsolve.sourceforge.net/5.5
http://www.informatik.uni-rostock.de/~nl/tools
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Version 0.12

Dot and PNG (Portable Network Graphics) file is created when ‘--dot’ parameter is used
extension and path is cropped from filenames to avoid errors from Dot

reorganized files: helper functions moved to ‘helper.cc/h’

fixed header inclusion to allow compilation on Unix machines

added a Texinfo documentation

using C-style multidimensional arrays to cache simulation values

some statistical output in the main function

the cost functions are declared as inline functions

Version 0.11

removed Gnulib again and replaced it by ‘getoptl.c’, ‘getopt.c’, and ‘getopt.h’
usage line is now generated by GNU Gengetopt
a manpage is created using help2man

values of the algorithm can be configured using the command line or a configuration file

Version 0.10

GNU Gengetopt is not needed to configure/make
Automake’s missing script is found

included headers for assert macro

tidied configure script

using Gnulib — The GNU Portability Library (http://www.gnu.org/software/gnulib) to
provide ‘getopt.h’

Version 0.9

using GNU Gengetopt (http://www.gnu.org/software/gengetopt) to parse command
line parameters

added parameter ‘=h’ for help

added parameter -V’ for version information
added parameter ‘-a’ for automaton file
added parameter ‘-0’ for OG file

added parameter ‘-m’ to select mode (standard: simulation)

Version 0.8

the edit actions are annotated to a graph and can be dotted

Version 0.7

new nodes are rather added than inserted

nodes are only insered once

nodes are rather deleted than merged

newly added nodes are not considered in function successor() or outEdges ()

newly added nodes are dotted as dashed nodes


http://www.gnu.org/software/gnulib
http://www.gnu.org/software/gengetopt
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Version 0.6

e implemented isFinal () check to test whether final satisfies a formula of the OG
e the root node is now read from file instead of being assumed to be 1

e mnodes are explicitly stored to allow future operations such as adding nodes

Version 0.5

e matching now returns the action edit actions and outputs them
e added Doxygen configuration file

e reorgaized headers again (added headers for simulation)

Version 0.4

e parsed annotations are now used for simulation and matching

e reorganized headers (split omnipresent ‘main.h’)

Version 0.3

e annotations are parsed, but not used for calculation

e Dot output for graphs implemented

Version 0.2

e added parser for oG files (taken and adapted from Fiona
(http://www.informatik.hu-berlin.de/top/tools4bpel/fiona))

e currently ignores the annotations, but already works for service automata (simulation check-
ing)

Version 0.1

e simulation implemented
e matching rudimentarily implemented

e using GNU autotools

The most recent change log is available at Rachel’s website at
http://service-technology.org/files/rachel/ChangelLog.


http://www.informatik.hu-berlin.de/top/tools4bpel/fiona
http://service-technology.org/files/rachel/ChangeLog
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Appendix A The GNU Free Documentation License

Version 1.3, 3 November 2008

Copyright (©) 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc.
http://fsf.org/

Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful
document free in the sense of freedom: to assure everyone the effective freedom to copy
and redistribute it, with or without modifying it, either commercially or noncommercially.
Secondarily, this License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document
must themselves be free in the same sense. It complements the GNU General Public License,
which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free
software needs free documentation: a free program should come with manuals providing the
same freedoms that the software does. But this License is not limited to software manuals;
it can be used for any textual work, regardless of subject matter or whether it is published
as a printed book. We recommend this License principally for works whose purpose is
instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice
placed by the copyright holder saying it can be distributed under the terms of this License.
Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that
work under the conditions stated herein. The “Document”, below, refers to any such manual
or work. Any member of the public is a licensee, and is addressed as “you”. You accept
the license if you copy, modify or distribute the work in a way requiring permission under
copyright law.

A “Modified Version” of the Document means any work containing the Document or a
portion of it, either copied verbatim, or with modifications and/or translated into another
language.

A “Secondary Section” is a named appendix or a front-matter section of the Document
that deals exclusively with the relationship of the publishers or authors of the Document
to the Document’s overall subject (or to related matters) and contains nothing that could
fall directly within that overall subject. (Thus, if the Document is in part a textbook of
mathematics, a Secondary Section may not explain any mathematics.) The relationship
could be a matter of historical connection with the subject or with related matters, or of
legal, commercial, philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as
being those of Invariant Sections, in the notice that says that the Document is released
under this License. If a section does not fit the above definition of Secondary then it is not
allowed to be designated as Invariant. The Document may contain zero Invariant Sections.
If the Document does not identify any Invariant Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or
Back-Cover Texts, in the notice that says that the Document is released under this License.
A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25
words.
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A “Transparent” copy of the Document means a machine-readable copy, represented in a
format whose specification is available to the general public, that is suitable for revising
the document straightforwardly with generic text editors or (for images composed of pixels)
generic paint programs or (for drawings) some widely available drawing editor, and that is
suitable for input to text formatters or for automatic translation to a variety of formats
suitable for input to text formatters. A copy made in an otherwise Transparent file format
whose markup, or absence of markup, has been arranged to thwart or discourage subsequent
modification by readers is not Transparent. An image format is not Transparent if used for
any substantial amount of text. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain Ascil without markup,
Texinfo input format, LaTEX input format, SGML or XML using a publicly available DTD,
and standard-conforming simple HTML, PostScript or PDF designed for human modifica-
tion. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats
include proprietary formats that can be read and edited only by proprietary word proces-
sors, SGML or XML for which the DTD and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or PDF produced by some word processors
for output purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages
as are needed to hold, legibly, the material this License requires to appear in the title page.
For works in formats which do not have any title page as such, “Title Page” means the
text near the most prominent appearance of the work’s title, preceding the beginning of the
body of the text.

The “publisher” means any person or entity that distributes copies of the Document to the
public.

A section “Entitled XYZ” means a named subunit of the Document whose title either
is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in
another language. (Here XYZ stands for a specific section name mentioned below, such
as “Acknowledgements”, “Dedications”, “Endorsements”, or “History”.) To “Preserve the
Title” of such a section when you modify the Document means that it remains a section
“Entitled XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that
this License applies to the Document. These Warranty Disclaimers are considered to be
included by reference in this License, but only as regards disclaiming warranties: any other
implication that these Warranty Disclaimers may have is void and has no effect on the
meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncom-
mercially, provided that this License, the copyright notices, and the license notice saying
this License applies to the Document are reproduced in all copies, and that you add no
other conditions whatsoever to those of this License. You may not use technical measures
to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large
enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly
display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the
Document, numbering more than 100, and the Document’s license notice requires Cover
Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both
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covers must also clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent and visible.
You may add other material on the covers in addition. Copying with changes limited to
the covers, as long as they preserve the title of the Document and satisfy these conditions,
can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the
first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto
adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you
must either include a machine-readable Transparent copy along with each Opaque copy,
or state in or with each Opaque copy a computer-network location from which the general
network-using public has access to download using public-standard network protocols a
complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque
copies in quantity, to ensure that this Transparent copy will remain thus accessible at the
stated location until at least one year after the last time you distribute an Opaque copy
(directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before
redistributing any large number of copies, to give them a chance to provide you with an
updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions
of sections 2 and 3 above, provided that you release the Modified Version under precisely
this License, with the Modified Version filling the role of the Document, thus licensing
distribution and modification of the Modified Version to whoever possesses a copy of it. In
addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions (which should, if there were any, be
listed in the History section of the Document). You may use the same title as a previous
version if the original publisher of that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for
authorship of the modifications in the Modified Version, together with at least five of
the principal authors of the Document (all of its principal authors, if it has fewer than
five), unless they release you from this requirement.

C. State on the Title page the name of the publisher of the Modified Version, as the
publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to the other copy-
right notices.

F. Include, immediately after the copyright notices, a license notice giving the public
permission to use the Modified Version under the terms of this License, in the form
shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover
Texts given in the Document’s license notice.
H. Include an unaltered copy of this License.

I. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating
at least the title, year, new authors, and publisher of the Modified Version as given
on the Title Page. If there is no section Entitled “History” in the Document, create
one stating the title, year, authors, and publisher of the Document as given on its
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Title Page, then add an item describing the Modified Version as stated in the previous
sentence.

J. Preserve the network location, if any, given in the Document for public access to a
Transparent copy of the Document, and likewise the network locations given in the
Document for previous versions it was based on. These may be placed in the “History”
section. You may omit a network location for a work that was published at least four
years before the Document itself, or if the original publisher of the version it refers to
gives permission.

K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title
of the section, and preserve in the section all the substance and tone of each of the
contributor acknowledgements and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their
titles. Section numbers or the equivalent are not considered part of the section titles.

M. Delete any section Entitled “Endorsements”. Such a section may not be included in
the Modified Version.

N. Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title
with any Invariant Section.

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your
option designate some or all of these sections as invariant. To do this, add their titles to
the list of Invariant Sections in the Modified Version’s license notice. These titles must be
distinct from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorse-
ments of your Modified Version by various parties—for example, statements of peer review
or that the text has been approved by an organization as the authoritative definition of a
standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up
to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified
Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added
by (or through arrangements made by) any one entity. If the Document already includes
a cover text for the same cover, previously added by you or by arrangement made by the
same entity you are acting on behalf of, you may not add another; but you may replace the
old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to
use their names for publicity for or to assert or imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under
the terms defined in section 4 above for modified versions, provided that you include in the
combination all of the Invariant Sections of all of the original documents, unmodified, and
list them all as Invariant Sections of your combined work in its license notice, and that you
preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical
Invariant Sections may be replaced with a single copy. If there are multiple Invariant
Sections with the same name but different contents, make the title of each such section
unique by adding at the end of it, in parentheses, the name of the original author or
publisher of that section if known, or else a unique number. Make the same adjustment to
the section titles in the list of Invariant Sections in the license notice of the combined work.
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In the combination, you must combine any sections Entitled “History” in the various original
documents, forming one section Entitled “History”; likewise combine any sections Entitled
“Acknowledgements”, and any sections Entitled “Dedications”. You must delete all sections
Entitled “Endorsements.”

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents with
a single copy that is included in the collection, provided that you follow the rules of this
License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually
under this License, provided you insert a copy of this License into the extracted document,
and follow this License in all other respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
“aggregate” if the copyright resulting from the compilation is not used to limit the legal
rights of the compilation’s users beyond what the individual works permit. When the
Document is included in an aggregate, this License does not apply to the other works in
the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document,
then if the Document is less than one half of the entire aggregate, the Document’s Cover
Texts may be placed on covers that bracket the Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic form. Otherwise they must
appear on printed covers that bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section 4. Replacing Invariant Sections with translations
requires special permission from their copyright holders, but you may include translations
of some or all Invariant Sections in addition to the original versions of these Invariant
Sections. You may include a translation of this License, and all the license notices in
the Document, and any Warranty Disclaimers, provided that you also include the original
English version of this License and the original versions of those notices and disclaimers. In
case of a disagreement between the translation and the original version of this License or a
notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”,
the requirement (section 4) to Preserve its Title (section 1) will typically require changing
the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly pro-
vided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute
it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copy-
right holder is reinstated (a) provisionally, unless and until the copyright holder explicitly
and finally terminates your license, and (b) permanently, if the copyright holder fails to
notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the
copyright holder notifies you of the violation by some reasonable means, this is the first
time you have received notice of violation of this License (for any work) from that copyright
holder, and you cure the violation prior to 30 days after your receipt of the notice.
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10.

11.

Termination of your rights under this section does not terminate the licenses of parties
who have received copies or rights from you under this License. If your rights have been
terminated and not permanently reinstated, receipt of a copy of some or all of the same
material does not give you any rights to use it.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Doc-
umentation 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. See
http://wuw.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document
specifies that a particular numbered version of this License “or any later version” applies
to it, you have the option of following the terms and conditions either of that specified
version or of any later version that has been published (not as a draft) by the Free Software
Foundation. If the Document does not specify a version number of this License, you may
choose any version ever published (not as a draft) by the Free Software Foundation. If the
Document specifies that a proxy can decide which future versions of this License can be
used, that proxy’s public statement of acceptance of a version permanently authorizes you
to choose that version for the Document.

RELICENSING

“Massive Multiauthor Collaboration Site” (or “MMC Site”) means any World Wide Web
server that publishes copyrightable works and also provides prominent facilities for anybody
to edit those works. A public wiki that anybody can edit is an example of such a server. A
“Massive Multiauthor Collaboration” (or “MMC”) contained in the site means any set of
copyrightable works thus published on the MMC site.

“CC-BY-SA” means the Creative Commons Attribution-Share Alike 3.0 license published
by Creative Commons Corporation, a not-for-profit corporation with a principal place of
business in San Francisco, California, as well as future copyleft versions of that license
published by that same organization.

“Incorporate” means to publish or republish a Document, in whole or in part, as part of
another Document.

An MMC is “eligible for relicensing” if it is licensed under this License, and if all works that
were first published under this License somewhere other than this MMC, and subsequently
incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections,
and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-
SA on the same site at any time before August 1, 2009, provided the MMC is eligible for
relicensing.
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ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document
and put the following copyright and license notices just after the title page:

Copyright (C) year your name.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.3

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover
Texts. A copy of the license is included in the section entitled °‘GNU
Free Documentation License’’.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
“with. . . Texts.” line with this:

with the Invariant Sections being list their titles, with

the Front-Cover Texts being list, and with the Back-Cover Texts

being list.
If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these
examples in parallel under your choice of free software license, such as the GNU General Public
License, to permit their use in free software.
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