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1 Software and Documentation Licenses

1.1 Software license

GNU MCSim is free software; you can redistribute it and/or modify it under the terms
of the GNU General Public License as published by the Free Software Foundation; either
version 3 of the License, or (at your option) any later version. This program is distributed
in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the im-
plied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more details.

1.2 Documentation license

The GNU Free Documentation License
Version 1.2, November 2002

Copyright (©) 2000,2001,2002 Free Software Foundation, Inc.
51 Franklin St, 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.

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 non-
commercially. 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
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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.

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 com-
posed 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 ASCII 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 modification. 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 processors, 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.
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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
noncommercially, 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 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
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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.

. 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
copyright 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 Docu-
ment, create one stating the title, year, authors, and publisher of the Document
as given on its 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.
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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
endorsements 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 vari-
ous 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.”

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 individu-
ally 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.

. 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.

. 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 “His-
tory”, the requirement (section 4) to Preserve its Title (section 1) will typically require
changing the actual title.

. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly
provided for under this License. Any other attempt to copy, modify, sublicense or
distribute the Document is void, and will automatically terminate your rights under
this License. However, parties who have received copies, or rights, from you under this
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10.

License will not have their licenses terminated so long as such parties remain in full
compliance.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free
Documentation 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://www.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.


http://www.gnu.org/copyleft/
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2 Overview

GNU MCSim is a simulation and statistical inference tool for algebraic or differential
equation systems. Other programs have been created to the same end, the Matlab family of
graphical interactive programs being some of the more general and easy to use. Still, many
available tools are not optimal for performing computer intensive and sophisticated Monte
Carlo analyses. GNU MCSim was created specifically to this end: to perform Monte Carlo
analyses in an optimized, and easy to maintain environment. The software consists in two
pieces, a model generator and a simulation engine:

- The model generator, "mod", was created to facilitate structural model definition and
maintenance, while keeping execution time short. You code your model using a simplified
syntax and mod translates it in C.

- The simulation engine is a set of routines are linked to your model to produce executable
code. After linking, you will be able to run simulations of your structural model under a
variety of conditions, specify an associated statistical model, and perform Monte Carlo
simulations.

2.1 General procedure

Model building and simulation proceeds in four stages:

1. You create with any text editor (e.g., emacs) a model description file. The reference
section on mod, later in this manual gives you the syntax to use (see Chapter 5 [Setting-
up Structural Models|, page 19). This syntax allows you to describe the model variables,
parameters, equations, inputs and outputs in a C-like fashion without having you to
actually know how to write a C program.

2. You instruct the model generator, mod, to preprocess your structural model description
file. Mod creates a C file, called ‘model.c’.

3. You compile and link the newly created ‘model.c’ file together with a library contain-
ing the other C routines (or with the other C files of the ‘mcsim/sim’ directory). GNU
MCSim C code is standard, so you should be able to compile it with any standard C
compiler, for example GNU gcc. After compiling and linking, an executable simula-
tion program is created, specific of your particular model. These preprocessing and
compilation steps can be performed in Unix with a single shell command makemcsim
(in which case, the ‘model.c’ is created only temporarily and erased afterward). This
produces the most efficient code for your particular machine.

4. You then write any number of simulation specification files and run them with the
compiled mcsim program. These simulation files describe the kind of simulation to run
(simple simulations, Monte Carlo etc.), various settings for the integration algorithm
if needed, and a description of one or several simulation conditions (eventually with a
statistical model and data to fit) (see Chapter 6 [Running Simulations|, page 35). The
simulation output is written to standard ASCII files.

Little or no knowledge of computer programming is required, unless you want to tailor
the program to special needs, beyond what is described in this manual (in which case you
may want to contact us).
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Under Unix, a graphical user interface written in Tcl/Tk, XMCSim (called by the com-

mand xmcsim), is also provided. This menu-driven interface automatizes the compilation
and running tasks. It also offers a convenient interface to 2-D and 3-D plotting of the
simulation results.

2.2 Types of simulations

Five types of simulations are available:

e A simple simulation will solve (eventually integrate) the equations you specified, using
the default parameter values eventually overridden in the simulation specification file.
User-requested outputs are sent to an output file of your choice.

"Monte Carlo" simulations will perform repeated (stochastic) simulations across a ran-
domly sampled region of the model parameter space (see [MonteCarlo() specification],
page 39).

A Markov-chain Monte Carlo (MCMC) simulation performs a series of simulations
along a Markov chain in the model parameter space (see [MCMC() specification],
page 39). In MCMC simulations the random choice of a new parameter value is in-
fluenced by the current value. They can be used to obtain the Bayesian posterior
distribution of the model parameters, given a statistical model, prior parameter dis-
tributions (that you need to specify) and data for which a likelihood function can be
computed. The program handles hierarchical (e.g., random effects and mixed effects)
statistical models (see Section 6.2.5 [Setting-up statistical models], page 50).

A "SetPoints" simulation solves the model for a series of specified parameter sets, listed
in a separate ASCII file (see [SetPoints() specification|, page 41). You can create these
parameter sets yourself (on a regular grid, for example) or use the output of a previous
Monte Carlo or MCMC simulation.

An "OptimalDesign" procedure optimizes the number and location of observation times
for experimental conditions, in order to minimize the variance of a parameter or an
output you specify, given a structural model, a statistical model, and prior distributions
for their parameters (see [OptimalDesign() specification], page 42).

2.3 Major changes introduced with version 5.4.0

GNU MCSim is now distributed under version 3 of the GNU General Public License.
The installation scripts have been rewritten using GNU autoconf, automake and
libtool. This should make GNU MCSim easier to install and more portable.
Systems Biology Markup Language (SBML) models are processed by libSBML if it is
installed.

Tempered MCMC (for hard, multimodal posterior densities) and stochastic optimiza-
tions are offered as options of the MCMCx () specification.

2.4 Major changes introduced with version 5.5.0

e The installation scripts have been regenerated using GNU autoconf version 2.69 which
fixes a potential security problem in the installation. That should be transparent to
the user.
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The mod utility can now generate C model files suitable for use with the R package
deSolve. Use mod -R for that.

2.5 Major changes introduced with version 5.6.0

The keyword End is now mandatory at the end of every model. This is not backward
compatible (you will need to modify your older models accordingly) but we had to
implement this for technical reasons.

The StartTime () specification, setting the initial time for integration can now accept
a symbolic parameter. That allows you to treat the initial time as a random variable
in error-in-variable problems (when the initial time is an unknown).

The PrintStep() specification can read a list of variables to print (as Print () does).

In MCMC simulation, the jump kernel is now output in a file with the .kernel extension.
If the simulations are restarted in a continuation mode and if the kernel file is present
the jump kernel will restored to its saved value.

Delay differential equations can now be coded and solved using the CalDelay function.

Discontinuities in state variables can now be forced to happen at predefined times
through the Events () specification.
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3 Installation

3.1 System requirements

GNU MCSim is written in ANSI-standard C language. We are distributing the source
code and you should be able to compile it for any system, provided you have an ANSI C
compliant compiler.

Starting with version 5.0.0 GNU MCSim is using a few routines from the GNU Scientific
Library (1ibgsl). We recommend that you install version 1.5 (or higher) of the shared GSL
library, gslcblas library, and GSL include files on your system. Otherwise a few obscure
features will not be available (you’ll get a error message if you are trying to use them.)

Version 5.4.0 and higher of GNU MCSim can take advantage of (1ibSBML) to read
SBML models. If you choose to install libSBML on your system, we recommend that you
use version 3.3.2 (or higher) of libSBML. LibSBML needs an XML parser library (either
Expat, Xerces, or libxml2). The Expat library has worked well for us under Linux.

On any system we recommend the GNU gcc compiler (freeware). The automated instal-
lation script checks for the availability on your system of the tools needed for compilation
and proper running of the software. It should warn you of missing component and even-
tually adapt the installation to your needs (for example by installing the package locally if
you do not have superuser’s priviledges).

To run the graphical user interface XMCsim, you need a GNU/Linux or Unix system
with "XWindows", "Tcl/Tk" and "wish" installed.

3.2 Distribution

GNU MCSim source code is available on Internet through:

- http://savannah.gnu.org/projects/mcsim.

Packaged distributions are available at:

- http://ftp.gnu.org/gnu/mcsim,

- http://www.gnu.org/software/mcsim,

and mirror sites of the GNU project.

Three mailing lists are available for GNU MCSim users:

General info on GNU MCSim is broadcasted through:

- http://lists.gnu.org/archive/html/info-mcsim

You can subscribe to the info list by going to:

- http://lists.gnu.org/mailman/listinfo/info-mcsim.

You can request help from us, and from other GNU MCSim users, by sending email to:
- help-mcsim@gnu.org

(see http://lists.gnu.org/mailman/listinfo/help-mcsim for subscribing).
Help archives are found at:

- http://news.gmane.org/gmane.comp.gnu.mcsim,


http://savannah.gnu.org/projects/mcsim
http://ftp.gnu.org/gnu/mcsim
http://www.gnu.org/software/mcsim
http://lists.gnu.org/archive/html/info-mcsim
http://lists.gnu.org/mailman/listinfo/info-mcsim
mailto:help-mcsim@gnu.org
http://lists.gnu.org/mailman/listinfo/help-mcsim
http://news.gmane.org/gmane.comp.gnu.mcsim
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- http://lists.gnu.org/archive/html/help-mcsim.

You can report bugs to us, by sending email to:

- bug-mesim@gnu.org
(http://lists.gnu.org/mailman/listinfo/bug-mcsim for subscribing).
Bugs archives are located at:

- http://news.gmane.org/gmane. comp.gnu.mcsim.bugs,

- http://lists.gnu.org/archive/html/bug-mcsim.

3.3 Machine-specific installation

3.3.1 Unix and GNU/Linux operating systems

To install on a Unix or GNU/Linux machine, download (in binary mode) the distributed
archive file to your machine. Place it in a directory where there is no existing ‘mcsim’
subdirectory that could be erased (make sure you check that). Decompress the archive with
GNU gunzip (gunzip <archive-name>.tar.gz). Untar the decompressed archive with tar
(tar xf <archive-name>.tar) (doman tar for further help). Move to the ‘mcsim’ directory
just created and issue the following commands:

./configure
make
make check

The first command above checks for the availability of the tools needed for installation and
proper running of the software. The second compiles the mod program and the dynamic
libmecsim.so library and eventually compiles this manual in various formats. The third
checks whether the software is running and producing meaningful results in test cases.
In case of error messages, don’t panic: check the actual differences between the culprit
output file and the file ‘sim.out’ produced by the checking. Small differences may occur
from different machine precision. This can happen for random numbers, in which case the
Markov chain simulations (MCMC) can diverge greatly after a while.

If you are logged in as "root" or have sufficient access rights, you can then install the
software in common directories in ‘/usr’ by typing at the shell prompt:

make install

If this system-wide installation is successful the executable files mod, makemcsim, xmcsim are
installed in ‘/usr/local/bin’. The library libmcsimis placed in ‘/usr/local/1lib’. A copy
of the ‘mcsim’ source directory (with the ‘mod’, ‘sim’, ‘doc’, ‘samples’, and ‘xmcsim’ subdi-
rectories) is placed in ‘/usr/local/share’. If you have the GNU info system available, an
mcsim node is added to the main info menu, so that info mcsim will show you this manual.
Finally, a symbolic link to ‘/usr/local/share/mcsim/doc’, which contains the documen-
tation files and