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Introduction

| ntroduction

GAMA is a simulation platform, which aims at providing field experts, modellers, and computer
scientists with a complete modelling and simulation development environment for building spatially
explicit multi-agent simulations. It has been first developed by the Viethamese-French research team
MSI (located at IFI, Hanoi, and part of the IRD/UPMC International Research Unit UMMISCO) from
2007 to 2010, and is now developed by a consortium of academic and industrial partners led by
UMMISCO, among which the University of Rouen, France, the University of Toulouse 1, France, the
University of Orsay, France, the University of Can Tho, Vietham, the National University of Hanoi,
EDF R&D, France, and CEA LISC, France. Some of the features of GAMA are illustrated in the
videos below (more can be found in our Youtube channel ).

[ I ]
Beyond these features, GAMA also offers:

¢ A complete modeling language, GAML, for modeling agents and environments

¢ A large and extensible library of primitives (agent's movement, communication, mathematical
functions, graphical features, ...)

¢ A cross-platform reproducibility of experiments and simulations

¢ A powerful declarative drawing and plotting subsystem

¢ Aflexible user interface based on the Eclipse platform

¢ A complete set of batch tools, allowing for a systematic or "intelligent” exploration of models
parameters spaces

Documentation

The documentation of GAMA is available online on the wiki of the project. It is organized around a
few central activities ( installing GAMA , [G__ WritingModels writing models], running experiments

, [G__DevelopingExtensions developing new extensions to the platform]) and provides complete
references on both the GAML language , the platform itself, and the scientific aspects of our

work (with a complete bibliography ). Several [G__Tutorials tutorials] are also provided in the
documentation in order to minimize the learning curve, allowing users to build, step by step,

the models corresponding to these tutorials, which are of course shipped with the platform. The
documentation can be accessed from the side bar of this page. A good starting point for new users is
the installation page .

Full Documentation of GAMA 1.6.1 Page 15 of
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Source Code

GAMA can be [G__Downloads downloaded] as a regular application or built from source , which is
necessary if you want to contribute to the platform. The source code is available from this read-only
SVN repository: svn checkout http://gama-platform.googlecode.com/svn/branches/current Which
you can also browse from the web here . It is, in any case, recommended to follow the instructions on
[G__InstallingSvnVersion this page] in order to build GAMA from source.

Copyright Information

This is a free software (distributed under the GNU GPL v3 license), so you can have access to the
code, edit it and redistribute it under the same terms. Independently of the licensing issues, if you plan
on reusing part of our code, we would be glad to know it !

Developers

GAMA is being designed, developed and maintained by an active group of researchers coming from
different institutions in France and Vietnam. Please find below a short introduction to each of them
and a summary of their contributions to the platform:

e Alexis Drogoul , Senior Researcher at the IRD , member of the UMMISCO International
Research Unit. Mostly working on agent-based modeling and simulation. Has contributed and
still contributes to the original design of the platform, including the GAML language (from the
meta-model to the editor) and simulation facilities like Java2D displays.

e Patrick Taillandier , Associate Professor at the University of Rouen , member of the IDEES
CNRS Mixed Research Unit. Contributes since 2008 to the spatial and graph features (GIS
integration, spatial operators) and to parameter space search algorithms. Currently working on
new features related to graphical modeling and traffic simulation.

¢ Benoit Gaudou , Associate Professor at the University Toulouse 1 Capitole , member of
the IRIT CNRS Mixed Research Unit. Contributes since 2010 to documentation and unit test
generation and coupling mathematical (ODE and PDE) and agent paradigms.

e Arnaud Grignard , software engineer and PhD fellow ( PDI-MSC ) at UPMC . Contributes since
2011 to the development of new features related to visualization (3D Display), online analysis
and interaction.

e Huynh Quang Nghi , software engineering lecturer at CTU and PhD fellow ( PDI-MSC)) at
UPMC . Contributes since 2012 to the development of new features related to GAML parser,
coupling formalisms in EBM-ABM and ABM-ABM.

e Truong Minh Thai , software engineering lecturer at CTU and PhD fellow (PRJ322-MOET)
at IRIT - UT1 . Contributes since 2012 to the development of new features related to data
management and analysis.

¢ Nicolas Marilleau , Researcher at the IRD , member of the UMMISCO International Research
Unit and associate researcher at DISC team of FEMTO-ST institute. Contributes since 2010 to
the development of headless mode and the high performance computing module.
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e Philippe Caillou , Associate professor at the University Paris Sud 11 , member of the LRI and
INRIA project-team TAO . Contributes since 2012 and actually working on charts, simulation
analysis and BDI agents.

¢ Vo Duc An , Post-doctoral Researcher, working on synthetic population generation in agent-
based modelling, at the UMMISCO International Research Unit of the IRD . Has contributed to
bringing the platform to the Eclipse RCP environment and to the development of several features
(e.g., the FIPA-compliant agent communication capability, the multi-level architecture).

e Truong Xuan Viet , software engineering lecturer at CTU and PhD fellow ( PDI-MSC ) at UPMC
. Contributes since 2011 to the development of new features related to R caller, online GIS
(OPENGIS: Web Map Service - WMS, Web Feature Services - WMS, Google map, etc).

e Samuel Thiriot

Citing GAMA

If you use GAMA in your research and want to cite it (in a paper, presentation, whatever), please use
this reference:

Arnaud Grignard, Patrick Taillandier, Benoit Gaudou, Duc An Vo, Nghi Quang Huynh, Alexis Drogoul
(2013), GAMA 1.6: Advancing the Art of Complex Agent-Based Modeling and Simulation. In ‘The 16th
International Conference on Principles and Practices in Multi-Agent Systems (PRIMA)’, Dunedin, New
Zealand, Volume 8291, pp. 242-258. or you can choose to cite the website instead:

GAMA Platform website, https://code.google.com/p/gama-platform/ A complete list of references
(papers and PhD theses on or using GAMA) is available on the references page.

Contact Us

The best way to get in touch with the developers of GAMA is to sign in for the gama-
platform@googlegroups.com mailing list . If you wish to contribute to the platform, you might want,
instead or in addition, to sign in for the gama-dev@googlegroups.com mailing list . On both lists,
we generally answer quite quickly to requests. Finally, if you think you have found a bug in GAMA,
or if you absolutely need a feature that does not exist yet, it is much more efficient and time-saving
for everyone (including current and future users) to create a new issue report. Please refer to these
instructions to do so.
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Platform

GAMA consists of a single application that is based on the RCP architecture provided by Eclipse

. Within this single application software, often referred to as a _ platform _, users can undertake,
without the need of additional third-parties softwares, most of the activities related to modeling and
simulation, namely editing models and simulating, visualizing and exploring them using dedicated
tools. This allows for a very flexible workflow that can be adapted easily to the needs and habits of
modelers, or even teams of modelers thanks to the integration of model sharing tools . First-time
users may however be intimidated by the apparent complexity of the platform, so this part of the
documentation has been designed to ease their first contact with it, by clearly identifying tasks of
interest to modelers and how they can be accomplished within GAMA. It is accomplished by firstly
providing some background about important notions found throughout the platform, especially those
of workspace and projects and explaining how to organize and navigate through models . Then we
take a look at the edition of models and its various tools and components ( dedicated editors , of
course, but also validators ). Finally, we show how to run experiments on these models and what
support the user interface can provide to users in this task.
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1.1 Installation
| nstallation

GAMA comes in 6 different versions (32 & 64 bits for Windows, Linux and MacOS). You first need
to determine which version you are going to use (it depends on your computer, which may, or not,
support 64 bits instructions, but also on the version of Java already installed, as the number of bits
of the two versions must match). You can then download the right version from the [G__Downloads
Downloads page], expand the zip file wherever you want on your machine, and launch GAMA .

System Reguirements

GAMA requires that Java 1.6 or 1.7 be installed on your machine, approximately 200MB of disk space
is available and that a minimum of RAM (4GB is recommended) is installed.

|nstallation of Java

On Windows and Linux the recommended Java Virtual Machine under which GAMA has been tested
is the one distributed by Oracle. On MacOS X, it is (still) the one distributed by Apple (see below). It
may work with others — or not. For better performances, you may also want to install the JDK version
of the JVM (and not the standard JRE), although is it not mandatory (GAMA should run fine, but
slower, under a JRE).

On MacOS X (esp. Lion, Mountain Lion, Mavericks
and Y osemite)

The latest version of GAMA requires a JVM (or JDK) compatible with Java 1.6 to run. There are

two of them available for MacOS X. JDK 1.7 is distributed by Oracle, while JDK 1.6 is distributed

by Apple. Because of this bug in SWT ( https://bugs.eclipse.org/bugs/show_bug.cgi?id=374199 ),
GAMA will not run correctly under JDK 1.7 (all the displays will appear empty). If JIDK 1.7 is already
installed, it is then necessary to also install the JDK 1.6 distributed by Apple in order to run GAMA.
The latest version (as of October, 2013) can be obtained here : http://support.apple.com/kb/DL1572

. Alternatively, you might want to go to https://developer.apple.com/downloads and, after a free
registration step if you're not an Apple Developer, get the complete JDK from the list of downloads.

If you upgrade your Mac OS X version to Yosemite (latest version, aka Mac OS X 10.10), some
changes in the management of Java Virtual Machines might prevent the GAMA displays from working
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and it will make your models crash the platform. One fix for this behavior is, after having upgraded
Mac OS X, to install (or reinstall in case you have already installed it) « Java for OS X 2014-001 »,
available here: http://support.apple.com/kb/DL1572?viewlocale=en_US&Iocale=en_US .

On Windows 7 & 8 64 hits

Please notice that, by default, Internet Explorer and Chrome browsers will download a 32 bits version
of the JRE. Running GAMA 32 bits for Windows is ok, but you may want to download the latest JDK
instead, in order to both improve the performances of the simulator and be able to run GAMA 64 bits.

¢ To download the appropriate java version, follow this link: Java download section
¢ Execute the downloaded file
¢ You can check that a Java\jre7 folder has been installed at the location C:\Program Files\

In order for Java to be found by Windows, you may have to modify environment variables:

e Gotothe Control Panel

¢ In the new window, go to System

¢ Onthe left, click on Advanced System parameters

¢ In the bottom, click on Environment Variables

¢ In System Variables, choose to modify the Path variable
e Atthe end, add ;C:\Program Files\Java\jre7\bin

On Ubuntu & Linux

To have a complete overview of java management on Ubuntu, have a look at :

¢ Ubuntu Java documentation
o for French speaking users: http://doc.ubuntu-fr.org/java#installations_alternatives

Basically, you need to do:

sudo add- apt-repository ppa: webupd8t eani j ava
sudo apt-get update
sudo apt-get install oracle-java7-installer

You can then switch between java version using:
sudo update-alternatives --config java

see the troubleshooting page for more information on workaround for problems on Unbuntu.
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1.2 Launching GAMA
Launching GAMA

Running GAMA for the first time requires that you launch the application ( Gama.app on MacOS X,
Gama.exe on Windows, Gama on Linux, located in the folder called Gama once you have unzipped
the archive). Other folders and files are present here, but you don't have to care about them for the
moment. In case you are unable to launch the application, of if error messages appear, please refer to
the installation or troubleshooting instructions.

L aunching the Application

0006 [ /Users/drogoul {Desktop/GAMA [Releasel.6 /GAMAL.6.1B6 /[Gama o
< >][2 ][] Al BE=o0m (==

APPAREILS
|Z] Main

|2 Media
TAGS

FAVORIS
[ Bureau
@ Documents

artifacts.xml configuration features Cama.app
£ GAMAL6 7 éléments 8 élémants
£ GAMA
£ Releasel.6
0 Téléchargem...

PARTAGES
e4ddda000000
T Rémi

headless p2 plugins

3 éléments 2 éléments 157 éléments

B Main » (1] Utilisateu » % drogoul » (L] Bureau » CAMA » [ |Releasel » [ | CAMALG.1B6 » [ | Cama

7 éléments, 36,98 Go disponibles E— p—

Note that GAMA can also be launched in two different other ways:

1. In a so-called headless mode (i.e. without user interface, from the command line, in
order to conduct experiments or to be run remotely). Please refer to the corresponding
instructions .
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2. From the terminal, using a path to a model file and the name or number of an
experiment, in order to allow running this experiment directly (note that the two
arguments are optional: if the second is omitted, the file is imported in the workspace if
not already present and opened in an editor; if both are omitted, GAMA is launched as
usual):

e Gama.app/Contents/MacOS/Gama path_to_a_model_file experiment_name_or_number on

MacOS X
» Gama path_to_a model_file experiment_name_or_number on Linux
e Gama.exe path_to_a model_file experiment_name_or_number on Windows

Choosing a Workspace

Past the splash screen, GAMA will ask you to choose a workspace in which to store your models and
their associated data and settings. The workspace can be any folder in your filesystem on which you
have read/write privileges. If you want GAMA to remember your choice next time you run it (it can be
handy if you run Gama from the command line), simply check the corresponding option. If this dialog
does not show up when launching GAMA, it probably means that you inherit from an older workspace
used with GAMA 1.6 or 1.5.1 (and still "remembered"). In that case, a warning will be produced to
indicate that the models library is out of date, offering you the possibility to create a new workspace.

8.0.0 GAMA Models Workspace

Choose a Workspace to store your models, settings, etc.

Your workspace is where settings and files of your Gama models will be stored.

GAMA Models Workspace | /Path/to/your/workspace v] [EI Remember workspace | Browse... |

| Clone | | cancel | | 0K |

You can enter its address or browse your filesystem using the appropriate button. If the folder already
exists, it will be reused (after a warning if it is not already a workspace). If not, it will be created. It

is always a good idea, when you launch a new version of GAMA for the first time, to create a new
workspace. You will then, later, be able to import your existing models into it. Failing to do so might
lead to odd errors in the various validation processes.
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B.0.0 New Directory

The directory does not exist. Would you like to create it and restart the
_* ./ application?

| cancel | | oK [

Welcome Page

As soon as the workspace is created, GAMA will open and you will be presented with its first window
. GAMA is based on Eclipse and reuses most of its visual metaphors for organizing the work of the
modeler. The main window is then composed of several parts , which can be views or editors , and
are organized in a perspective . GAMA proposes 2 main perspectives: Modeling , dedicated to the
creation of models, and Simulation , dedicated to their execution and exploration. Other perspectives
are available if you use shared models. The default perspective in which GAMA opens is Modeling

. Itis composed of a central area where GAML editors are displayed, which is surrounded by a
Navigator view on the left-hand side of the window, an Outline view (linked with the open editor)

and the Problems view, which indicates errors and warnings present in the models stored in the
workspace.
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000 Modeling - - Gama ¥
=l |
[ Gama Projects 53 B |(@ cama 52 = g
B~ CO2209
» - Models library (4)
¥/ Shared models (0) " B -
..modeling made easy...
8% outine 32 =8
An outline is not available.
£2007-2074 IRD UMMISCO & Partners
% problems 52 ¥ =8
0 errrs, 6 warnings, 444 others (Filter matched 106 of 450 items)
D alr e Path Location Type
» & Warnings (6 items)
» i Infos (100 of 444 items)
|| 1eomor2zem [T |

® Gama File Edit Search Project Help

In the absence of previously open models, GAMA will display a Welcome page (actually a web page),
from which you can find links to the website, current documentation, tutorials, etc. This page can be

kept open (for instance if you want to display the documentation when editing models) but it can also
be safely closed (and reopened later from the "Views" menu).

=] Preferences

* Welcome page M

Simulation perspective
Reset Perspective...

Open View >
Open Perspective >

Full Documentation of GAMA 1.6.1

From this point, you are now able to edit a new model , navigate in the models libraries , or import an
existing model .
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1.3 Headless Mode
Headless Mode

The aim of this feature is to be able to run one or multiple instances of GAMA without any user
interface, so that models and experiments can be launched on a grid or a cluster. Without GUI, the
memory footprint, as well as the speed of the simulations, are usually greatly improved. In this mode,
GAMA can only be used to run experiments and that editing or managing models is not possible.

In order to launch experiments and still benefit from a user interface (which can be used to prepare
headless experiments), launch GAMA normally (see here ) and refer to this page for instructions.

Command

There are two ways to run a GAMA experiment in headless mode: using a dedicated shell script
(recommended) or directly from the command line. These commands take 2 arguments: an
experiment file and an output directory.

Shell Script

It can be found in the headless directory located inside Gama . Its name is gamaHeadless.sh on
MacOSX and Linux, and gamaHeadless.bat on Windows.

sh gamaHeadl ess. sh $1 $2

e with:
* $1 input parameter file : an xml file determining experiment parameters and attended
outputs
» $2 output directory path : a directory which contains simulation results (numerical data and
simulation snapshot)
¢ For example (using the provided sample), navigate in your terminal to the GAMA root folder and
type :

sh headl ess/ ganma- headl ess. sh headl ess/ sanpl es/ pr edat or Prey. xm
out put HeadLess

As specified in predatorPrey.xml , this command runs the prey - predator model for 1000 steps and
record a screenshot of the main display every 5 steps. The screenshots are recorded in the directory
outputHeadLess (under the GAMA root folder). Not that the current directory to run gamaHeadless
command must be $GAMA_PATH/headless
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Java Command

java -cp $GAMA CLASSPATH - Xns512m - Xnx2048m - Dj ava. awt . headl ess=t r ue
org. eclipse.core. |l auncher. Main -application nsi.ganma. headl ess.id4 $1 $2

e with:
*+ $GAMA_CLASSPATH gama classpath: contains relative or absolute path of jars inside the
gama plugin directory and jars created by users
» $1 input parameter file: an xml file determining experiment parameters and attended outputs
» $2 output directory path: a directory which contains simulation results (numerical data and
simulation snapshot)

Note that the output directory is created during the experiment and should not exist before.

Experiment Input File

The XML input file contains for example:

<?xm version="1.0" encodi ng="UTF-8""?>
<Si mul ati on id="2" sourcePat h="./predatorPrey/ predatorPrey.gam"
final step="1000" experi ment="predPrey">
<Par anet er s>
<Par anet er nanme="nb_predator _init" type="INI" val ue="53" />
<Par amet er name="nb_preys_ init" type="INI" val ue="621" />
</ Par anet er s>
<Qut put s>
<Qut put id="1" nane="rmai n_di spl ay" franerate="10" />
<CQut put id="2" name="nunber_of _preys" franmerate="1" />
<Qut put id="3" nane="nunber of predators" franmerate="1" />
<Qut put id="4" nane="duration" framerate="1" />
</ Qut put s>
</ Si mul ati on>

Heading

<Si mul ati on id="2" sourcePat h="./predatorPrey/ predatorPrey.gam"
final st ep="1000" experi ment="predPrey">

e with:
e id : permits to prefix output files for experiment plan with huge simulations.
» sourcePath : contains the relative or absolute path to read the gaml model.
» finalstep : determines the number of simulation step you want to run.
e experiment : determines which experiment should be run on the model. This experiment
should exist, otherwise the headless mode will exit.
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Parameters

One line per parameter you want to specify a value to:
<Par anmet er nanme="nb_predator _init" type="INI" val ue="53" />

e with:
* name : name of the parameter in the gaml model
» type : type of the parameter (INT, FLOAT, BOOLEAN, STRING)
» value :the chosen value

Outputs

One line per output value you want to retrieve. Outputs can be names of monitors or displays defined
in the 'output' section of experiments, or the names of attributes defined in the experiment or the
model itself (in the 'global’ section).

..With the name of a nonitor defined in the 'output' section of the
experinent...

<Qut put id="2" nane="nunber_of preys" franerate="1" />

.-With the name of a (built-in) variable defined in the experinent
itself..

<CQut put id="4" nane="duration" framerate="1" />

e with:
* name : name of the output in the 'output/'permanent’ section in the experiment or name of
the experiment/model attribute to retrieve
» framerate : the frequency of the monitoring (each step, each 2 steps, each 100 steps...).
¢ Note that :
« the lower the framerate value the longer the experiment.
» if the chosen output is a display, an image is produced and the output file contains the path
to access this image

Output Directory

During headless experiments, a directory is created with the following structure :

Qut put ed- di rect ory- pat h/
| - si nul ati on- out put . xni
| - snapshot
| - mai n_di spl ay2-0. png
| - mai n_di spl ay2-10. png
| -

e with:
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* simulation-output.xml : containing the results
» snapshot : containing the snapshots produced during the simulation

Simulation Output

A file named simulation-output.xml is created with the following contents when the experiment runs.

<?xm version="1.0" encodi ng="UTF-8"?>
<Simul ation id="2" >
<Step id='0" >
<Vari abl e nane=' mai n_di spl ay’ val ue=' mai n_di spl ay2-0. png' / >
<Vari abl e nane=' nunber_of preys' val ue='613'/>
<Vari abl e nane=' nunber of predators' value='51"'/>
<Vari abl e nane="duration' value='6" />
</ St ep>
<Step id="1" >
<Vari abl e nane=' mai n_di spl ay’ val ue=' mai n_di spl ay2-0. png' / >
<Vari abl e nane=' nunber_of preys' val ue='624"'/>
<Vari abl e nane=' nunber of predators' value='51"'/>
<Vari abl e nane="duration' value='5 />
</ St ep>
<Step id='2">

e with:
* <Simulation id="2" > : block containing results of the simulation 2 (this Id is identified in the
Input Experiment File)
» <Stepid="1"> ... </Step>: one block per step done. the id corresponds to the step number

Step

<Step id="1 >
<Vari abl e nane=' mai n_di spl ay’ val ue=' mai n_di spl ay2-0. png' / >
<Vari abl e nane=' nunber_of preys' val ue='624"'/>
<Vari abl e nane=' nunber of predators' value='51"'/>
<Vari abl e nane="duration' value='6" />
</ St ep>

There is one Variable block per Output identified in the output experiment file.

Variable

<Vari abl e nane=' mai n_di spl ay’ val ue=' mai n_di spl ay2-0. png' / >

e with:
* name : name of the output, the model variable
e value :the current value of model variable.
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Note that the value of an output is repeated according to the framerate defined in the input experiment
file.

Snapshot files

This directory contains images generated during the experiment. There is one image per displayed
output per step (according to the framerate). File names follow a naming convention, e.qg:

[ out put Name] [ Si nul ationl D] _[stepl D]. png -> mai n_di spl ay2- 20. png

Note that images are saved in '.png' format.
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1.4 Updating GAMA
Updating GAMA

Unless you are using the version of GAMA built from the sources available in the SVN repository

of the project (see [G__InstallingSvnVersion here]), you are normally running a specific release of
GAMA that sports a given version number (e.g. GAMA 1.6.1, GAMA 1.7, etc.). When new features
were developed, or when serious issues were fixed, the release you had on your disk, prior to GAMA
1.6.1, could not benefit from them. Since this version, however, GAMA has been enhanced to support
a self_update mechanism, which allows to import from the GAMA update site additional plugins
(offering new features) or updated versions of the plugins that constitute the core of GAMA.

Manual Update

To activate this feature, you have to invoke the "Check for Updates" or "Install New Software..." menu
commands in the "Help" menu. The first one will only check if the existing plugins have any updates
available, while the second will, in addition, scan the update site to detect any new plugins that might
be added to the current installation.

® Gama File Edit Search Project Views 3]
Recherche

@ Help Contents
&7 Search
Dynamic Help

-

Key Assist... 38

Check for Updates
Install New Software...

In general, it is preferable to use the second command, as more options (including that of
desinstalling some plugins) are provided. Once invoked, it makes the following dialog appear:
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8086

O 121 | T —

Available Software

Select a site or enter the location of a site.

Work with:ﬂItype or select a site |v] [ Add... ]

Find more software by working with the “Availahle Software Sites” preferences.

| type filter text

Mame WVersion
] I@I There is no site selected.

[ Select All ] [DeselectAII]

Details

[ Show only the latest versions of available software [ Hide items that are already installed
E Gruup items by category What is alread:,r installed?
|| Show only software applicable to target environment

E Contact all update sites during install to find required software

®@

GAMA expects the user to enter a so-called update site . You can copy and paste the following line
(or choose it from the drop-down menu as this address is built inside GAMA):

htt ps://ganma- pl at f orm googl ecode. com svn/ update_site/

GAMA will then scan the entire update site, looking both for new plugins (the example below) and
updates to existing plugins. The list available in your installation will of course be different from the
one displayed here.
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L1 2| —

Available Software

Checl the items that you wish to install.

Work with: ﬂ' https://gama-platform.googlecode.com/svn/update_site/ | r ] [ Add... ]

Find more software by working with the “Availahle Software Sites” preferences.

| type filter text
- Version

| w00 Updates for GAMA 1.6.1

O G Audio 1.0.0.20140

[ Select All ] [DeselectAII]

Details

[ Show only the latest versions of available software [ Hide items that are already installed

# Group items by category What is already installed?

|| Show only software applicable to target environment

E Contact all update sites during install to find required software

®@

Choose the ones you want to install (or update) and click "Next...". A summary page will appear,
indicating which plugins will actually be installed (since some plugins might require additional plugins
to run properly), followed by a license page that you have to accept. GAMA will then proceed to

the installation (that can be cancelled any time) of the plugins chosen. During the course of the
installation, you might receive the following warning, that you can dismiss by clicking "OK".
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806 Security Warning |

Warning: You are installing software that contains unsigned content. The authenticity or validity of this software cannot be

established. Do you want to continue with the installation?
m [ << Details ] [ Cancel

o w/Gama/features fJummisco.gama.feature.audio_1.0.0.201404042338
S . JGama/plugins /ummisco.gaml.extensions.sound_1.0.0.201404042338

Once the plugins are installed, GAMA will ask you whether you want to restart or not. It is always
safer to do so, so select "Yes" and let it close by itself, register the new plugins and restart.

LB L) Software Updates

“ ¥ou will need to restart Gama for the changes to take effect. Would you like to

“.® ./ restart now?

Automatic Update

GAMA offers a mechanism to monitor the availability of updates to the plugins already installed. To

install this feature, open the preferences of GAMA and choose the button "Advanced...", which gives
access to additional preferences.
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(5| Genera) LEal Display |_|_ Editor

B Random Number Generation

T | External

Random number generator | 'mersenne’ -
Define a default seed | | false
0.0 = e

Include in the parameters of models ¥ true

B User interface

Break down agents in menus every | 50 ) = dt

B Simulation errors

Display errors [ﬂ true
Mumber of errors to display (10 ) =
Display most recent first EI true

Stop simulation at first error EI true

Treat warnings as errors | | false

B Startup

Display Welcome page at startup [ true

B Runtime

Default step for delay slider sec.) ( 0.01 ) = b

Auto-run experiments when they argl aunched [ | false
Ask to close the previous simulation before launchi new one ? [ false
|@ Revert to defaults | Cancel || Save

In the dialog that appears, navigate to "Install/lUpdate > Automatic Updates". Then, enable the option
using the check-box on the top of the dialog and choose the best settings for your workflow. Clicking
on "OK" will save these preferences and dismiss the dialog.
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(" type filter text Automatic Updates

P Ceneral
»Gaml @ omatically find new updates and notify me
¥linstall/Update

Automatic Updates Update schedule

Available Software Sites
FTeam (*) Look for updates each time Gama is started

O Loock for updates on the following schedule:

| Every day $| at | 1:00 AM

Download options

() Search for updates and notify me when they are available

e Download new updates automatically and notify me when ready to install them

When updates are found

@ Motify me once about updates
O Remind me about updates every:

| 30 minutes

| Restore Defaults | | Apply |

[ canca |§]

From now on, GAMA will continuously support you in having an up-to-date version of the platform,
provided you accept the updates.
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1.5 Installing Plugins
Installing Plugins

Besides the plugins delivered by the developers of the GAMA platform, which can be installed and
updated as explained here , there are a number of additional plugins that can be installed to add new
functionalities to GAMA or enhance the existing ones. GAMA being based on Eclipse, a number of
plugins developed for Eclipse are then available (a complete listing of Eclipse plugins can be found in
the so-called Eclipse MarketPlace ). There are, however, three important restrictions:

1. The current version of GAMA is based on Eclipse Juno (version humber 3.8.2), which
excludes de facto all the plugins targeting solely the 4.3 (Kepler) or 4.4 (Luna) versions
of Eclipse. These will refuse to install anyway.

2. The Eclipse foundations in GAMA are only a subset of the complete Eclipse platform,
and a number of libraries or frameworks (for example the Java Development Toolkit) are
not (and will never be) installed in GAMA. So plugins relying on their existence will refuse
to install as well.

3. Some components of GAMA rely on a specific version of other plugins and will refuse
to work with other versions, essentially because their compatibility will not be ensured
anymore. For instance, the parser and validator of the GAML language in GAMA 1.6.1
require XText v. 2.4.1 to be installed (and neither XText 2.5.4 nor XText 2.3 will satisfy
this dependency).

With these restrictions in mind, it is however possible to install interesting additional plugins. We
propose here a list of some of these plugins (known to work with GAMA), but feel free to either add

a comment if you have tested plugins not listed here or create an issue if a plugin does not work, in
order for us to see what the requirements to make it work are and how we can satisfy them (or not) in
GAMA.

|nstallation

Installing new plugins is a process identical to the one described when [G__UpdatingGama updating
GAMA], with one exception: the update site to enter is normally provided by the vendor of the
additional plugin and must be entered instead of GAMA's one in the dialog. Let us suppose, for
instance, that we want to install a RSS feed reader available on this site . An excerpt from the page
reads that :

All plugins are installed with the standard update manager of Eclipse. It will guide you through

the installation process and also eases keeping your plugins up-to-date. Just add the update site:
http://www.junginger.biz/eclipse/ So we just have to follow these instructions, which leads us to the
following dialog, in which we select "RSS view" and click "Next".
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Available Software
Check the iterns that you wish to install.

Work with: t1Ilttp:,i'.{]l.l'lgI||gmr.tll'.!:li'eu.:|||:|uu\¢a|_.i' | v] [ Add... ]
Find more software by working with the "Available Software Sites” preferences.

Ift\,rpe filter text \l

Mame |Version
(| 000 ExploreFs

(] 000 FreeMem (Eclipse 2.x and 3.x)

@  » 000 RSS View (Eclipse 3.x)

| SelectAll | | Deselect All | L item selected

Details

E Show only the latest versions of available software E Hide items that are already installed
g GCroup items by category What is already installed?
|| Show only software applicable to target environment

E Contact all update sites during install to find required software

® < Back |[ MNext = J [ Cancel J | Finish

The initial dialog is followed by two other ones, a first to report that the plugin satisfies all the
dependencies, a second to ask the user to accept the license agreement.
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8086 Instal Install
Install Details Review Licenses H
Review the items to be installed. Licenses must be reviewed and accepted before the software can be installed. @l
Mame License text (for RssViewFeature 1.5.0):
“§+ RssViewFeature GNU GEMERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright (C} 2007 Free Software Foundation, Inc. <http://
fsf.org/> Everyone is permitted to copy and distribute
wverbatim copies of this license document, but changing it
is not allowed.

Preamble

The GMU General Public License is a free, copyleft
license for software and other kinds of works.

The licenses for most software and other practical works
are designed to take away your freedom to share and
change the works. By contrast, the GNU General Public
License is intended to guarantee your freedom to share
and change all versions of a program--to make sure it
remains free software for all its users. We, the Free
Software Foundation, use the GNU General Public License
for most of our software; it applies also to any other
work released this wagby its authors. You can apply it
to your programs

Size: Unknown

of free software, we are referring to
price. Qur General Public Licenses are

Details make sure that you have the freedom to
pies of free software (and charge for them
(E) | accept the terms of the license agreement
(:) | do not accept the terms of the license agreement
@ [ < Back :I [ Nes ® [ < Back :I Next > [ Cancel :| [ Finish :I

Once we dismiss the warning that the plugin is not signed and accept to restart GAMA, we can test
the new plugin by going to the "Views" menu.
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® Gama File Edit Search Project Help

7] Preferences
& CAMA Website

Simulation perspective
Reset Perspective...

. Gama Projects
Open Perspective > 8= Qutline N#QO0

|

[Z! Problems N80 X

& Progress

N

The new RSS view is available in the list of views that can be displayed in GAMA.
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I:__tyrpe filter text

b = General
b = CGama
¥ = RS5/Atom Feed View

b = SVN
b = Team

And we can enjoy (after setting some preferences available in its local menu) monitoring the Issues of
GAMA from within GAMA itself !
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F.. Problems | I Progress Feeds (20) 2% QR-EB-F= 0
* Update 28 to issue 84 ("Scroll wheel Zoom”) Update 2 to issua 1025 ("1ei is one and 1E1 is ten")

(2 Issue 1027 created: "Rendering empty shape using GL_LINES instead of GL_POLYG... http:f/code.google.com/p/gama-platform/issues/detail?id=1025#c2

* Issue 1026 created: “Fail to Start Gama "

2 Update 6 to issue LOL6 ("Enhancement: scatter plots"y Published: unknown Updated: 5/5/14 1:45 PM
> Update 5 to issue 1016 ("Enhancement: scatter plots’y
% Update 4 to issue 1016 ("Enhancement: scatter plots") This issue was closed by revision r9948.

> Update 4 to issue 946 ("Cast of nil")

% Update 3 to Issue L020 ("the instructions for starting the headless GAMA prog...
* Update 2 to issue 1025 ("1el is one and 1E1 is ten’)

* Update 1 to issue 1025 (*lel is one and 1E1 is ten’)

® Issue 1025 created: "lel is one and 1E1 is ten"

> Update 3 to Issue LOL6 ("Enhancement: scatter plots")

% Update 2 to issue 1016 ("Enhancement: scatter plots’y

(% Update 3 to issue 1023 ("editbox highlighting *)

* Update 1 1o issue 1017 ("Enhancement: labelling issues®)

% Update 1 to Issue 1021 ("gama-headless writes two lines per simulation step w...

Status: Fixed

{» Update 4 to issue 1024 ("Have > behave inside an <<ask>> as in <<for>>-loop")
% Update 3 to issue 1022 ("GAMA failing to update the status of models when imp...
2 Update 2 to issue 1022 "GAMA failing to update the status of models when imp...
> Update 3 to issue 1024 ("Have > behave inside an <<ask>> as in <<for>>-loop")

Selected Plugins

In addition to the RSS reader described above, below is a list of plugins that have been tested to work
with GAMA. There are many others so take the time to explore them !

Git

e Gitis a version control system (like CVS or SVN, extensively used in GAMA) http://git-scm.com/
. Free sharing space are provided on website such as GitHub or Google Code among others.
Installing Git allows to share or gather models that are available in Git repositories.

¢ Update site (general): http://download.eclipse.org/releases/juno/

e Select the two following plugins:

» Eclipse EGit
* Git Team Provider Core

Startexplorer

* A nice utility that allows the user to select files, folders or projects in the Navigator and open
them in the filesystem (either the Ul Explorer, Finder, whatever, or in a terminal).
e Update site: http://basti1302.github.com/startexplorer/update/
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‘eatures

wntax

= models

E| Syntax (1.6).
"oy Models
Tutorials

red models (0]
rmodels { 1)

> Run...

5 New...
ED Import...

Open File...
[ Search for...

Open
Open With

= Copy
Paste
¥ Delete
Move...
Rename...

2 Refresh

Team
Compare With
Replace With
StartExplorer

GAMA Documentation

CSV Edit

¢ An editor for CSV files. Quite handy if you do not want to launch Excel every time you need to
inspect or change the CSV data files used in models.
¢ Update site: http://csvedit.googlecode.com/svn/trunk/csvedit.update

1_)’**
2 * syntax
3 * Author: A. Drogoul
4 % Description: An overview of the new syntactic co
B (5 %
b model syntax
> 7
B fee
> 49 * The global section can now sport skills and contr
18  * The example below shows a potentially moving worl
11 *
O%R 12z global skills: [moving] control: fsm {
13
Lz f**
P 15 * EQUATIONS
113 *
8,C |7 float x;
; 18 float v;
<=M 19 float t;
B joc equation eq {
21 diff(x, t) = x / 2;
g2 diff(y, t) = x + y *
F2 bs }
24
F5 25 solve eq method: rig
26
B obre e
B 23 * ATTRIBUTES
>
> (@) Show in File Manager THE o
B Start Shell Here X#D '
&) Open Files With Default Application “C3A

2 Copy Resource Path to Clipboard

Custom Commands

39

Arfy fF Biimedkd nme moem e daecTlaand el
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| Gama Projects &3 = <.===g> ¥ =8 o= Life.gaml |= Boids (3D Visualizat |=| Segregation (GIS).ga |=| Segregation (Age
¥ Models library (5} )
b (b Articles FlE
¥ [l Features |sepallength sepalwidth petallength petalwidth type
¥ 23D Visualization 5.1 a5 L4 0.2 Iris-setosa
P@Balch 4.9 3.0 1.4 0.2 Iris-setosa
¥ [ Color 4.7 3.2 13 0.2 Iris-setosa
b (= Database Usage 4.6 3.1 15 0.2 Iris-setosa
¥ = Data Importation 5.0 3.6 1.4 0.2 Iris—setosa
b@images 5.4 3.9 1.7 0.4 Iris-setosa
- X 4.6 3.4 1.4 0.3 Iris-setosa
{2 includes 5.0 3.4 L5 0.2 Iris-setosa
W habl0.asc 4.4 2.9 1.4 0.2 Iris-setosa
B iris.csv 4.9 3.1 itg] 0.1 Iris-setosa
@rouen_gz 5.4 3.7 1.5 0.2 Iris-setosa
® test.dbf 4.8 3.4 1.6 0.2 Iris-setosa
‘5;5 test.shp 4.8 3.0 1.4 0.1 Iris-setosa
4| rast.shx 43 3.0 1.1 0.1 Iris-setosa
= 5.8 4.0 1.2 0.2 Iris-setosa
v
@m_m’e's _ 5.7 4.4 L5 0.4 Iris-setosa
F CsV_file_agents.gam 5.4 3.9 13 0.4 Iris-setosa
¥ csv_file_loading.gaml 5.1 3.5 1.4 0.3 Iris-setosa
3_. Crid Import.gaml 5.7 3.8 1.7 0.3 Iris-setosa
3_. O5M Loading.gaml 5.1 3.8 1.5 0.3 Iris-setosa
3_. Raster and Vector Images Import.gan|| 54 3.4 L7 0.2 ”?5‘53‘053
3_. Raster Image Import.gaml 5.1 3.7 L5 0.4 Ir!s—semsa
3_. Vector Images Import.gaml 4.6 36 Lo b.z Ir]s—setosa
» iffusi 5.1 3.3 1.7 0.5 Iris-setosa
[ Diffusion Statement a8 3.4 13 0.2 Iris-setosa
P [=> Driving Skill 5.0 3.0 L6 0.2 Iris-setosa
P - FIPA Skill 5.0 3.4 L6 0.4 Iris-setosa
» [z GIS data 5.2 3.5 1.5 0.2 Iris-setosa
P@Goto Action 5.2 3.4 1.4 0.2 Iris-setosa
P@Craphs 4.7 3.2 1.6 0.2 Iris-setosa
> [ Map comparison ;i ;i ig gi :rjs—se:osa
= . - - g ris-setosa
Et Outline 23 = O
An outline is not available. C5V Table | CSV Source

1%/ Problems &2

0 errors, 2 warnings, 444 others (Filter matched 102 of 446 items)

Description 4 |Resource Path Lo
P {5 Warnings (2 items)
P i Infos {100 of 444 items)

Quickimage

¢ A lightweight viewer of images, which can be useful when several images are used in a model.
e Update site: http://psnet.nu/eclipse/updates
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|7 Gama Projects 3

E%v:

¥ Models library (4}
'E:!jj Features
¥ [z 3D Visualization
F 23D GIS
= 3D Shapes
¥ [z Complex Objects Loading
¥ [z includes
'E teapot.obj
% Objects Loading.gaml
¥ [z Digital Elevation Models
¥ [z includes
¥ [z DEM-Vulcano
h DEM.png
h Texture.png
E vulcano_S50.asc
» L= models
b [z~ Graphs
¥ = Toy Models
¥ [z~images
P [ building_texture
W birdl.png
W bird2.png
L bird3.png
‘h Gama.png
* ocean.jpg
W RGB.jpg
¥ Boids (3D Motion).gaml

E Brownian Sphere.gamil
E Circle.gaml
E Morphology.gami
E Moving3D.gaml
P [ Batch
P [ Clustering
¥ [z Color
¥ [z~ images
W RGB.jpg
E Bubhle Sort 3D.gaml

B ralar Brawar maml

E Boids (3D Visualization).gaml

¥ roof top.png (‘ texturel.jpg (‘ bird2.png &3 s = 3
o |
bird 1.prg bird2.png bird3.png
Gama.prg acean_jpg RGE.jpg
Size (kb): 7.865 Name: bird2.png
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1.6 Troubleshooting
Troubleshooting

This page exposes some of the most common problems a user may encounter when running GAMA
— and offers advices and workarounds for them. It will be regularly enriched with new contents.
Note also that the Issues section of the website might contain precious information on crashes

and bugs encountered by other users. If neither the workarounds described here nor the solutions
provided by other users allow to solve your particular problem, please submit a new issue report to
the developers.

On Ubuntu (& Linux Systems)

Workaround if GAMA crashes when displaying web
contents

In case GAMA crashes whenever trying to display a web page or the pop-up online documentation,
you may try to edit the file Gama.ini and add the line -Dorg.eclipse.swt.browser.DefaultType=mozilla
to it. This workaround is described here: http://bugs.debian.org/cgi-bin/bugreport.cgi?bug=705420 and
in Issue 700.

Workaround if GAMA does not display the menus
(the 'Edit' menu is the only one working)

If, when selecting a menu, nothing happens (or, in the case of the 'Agents' menu, all population
submenus appear empty), it is likely that you have run into this issue: https://bugs.eclipse.org/bugs/
show_bug.cgi?id=330563 . The only workaround known is to launch GAMA from the command

line (or from a shell script) after having told Ubuntu to attach its menu back to its main window. For
example (if you are in the directory where the "Gama" executable is present):

export UBUNTU_ MENUPROXY=0
. Gama

No fix can be provided from the GAMA side for the moment.
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On Windows

No common trouble...

On MacOS X

No common trouble...

Memory problems

The most common causes of problems when running GAMA are memory problems. Depending

on your activities, on the size of the models you are editing, on the size of the experiments you are
running, etc., you have a chance to require more memory than what is currently allocated to GAMA.
A typical GAMA installation will need between 40 and 200MB of memory to run "normally" and
launch small models. Memory problems are easy to detect: on the bottom right corner of its window,
GAMA will always display the status of the current memory. The first number represents the memory
currently used (in MB), the second (always larger) the memory currently allocated by the JVM. And
the little trash icon allows to "garbage collect" the memory still used by agents that are not used
anymore (if any). If GAMA appears to hang or crash and if you can see that the two numbers are very
close, it means that the memory required by GAMA exceeds the memory allocated.

212M of 2048M (]

There are two ways to circumvent this problem: the first one is to increase the memory allocated

to GAMA by the Java Virtual Machine. The second, detailed on this page is to try to optimize your
models to reduce their memory footprint at runtime. To increase the memory allocated, first locate
the file called Gama.ini . On Windows and Ubuntu, it is located next to the executable. On MacOS

X, you have to right-click on Gama.app , choose "Display Package Contents...", and you will find
Gama.ini in Contents/MacOS . This file typically looks like the following (some options/keywords may
vary depending on the system), and we are interested in two JVM arguments:
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-startup

LS A /pluginsdorg.eclipse. equinox. launcher _1.3.8.v20120522-1813. jar
--launcher.library

LA plugins/org.eclipse. equinox. launcher . cocoa.macosx. x86_64_1.1.200.v20128913-144807
=-nl

${target.nl}

-data

ZnoDefault

--launcher .defaultAction

openFile

-vmargs

-server

-Xverify:none

-Xms 256m

15 | -XmxZ2@48m

16| -XmnlZ2E8m

17| -XssZm

18 | -XX:PermSize=1Z28m

19 -XX:MaxPermsize=256m

26 -XX:+UseParallelGC

21| -XX:+UseCompressedOops

22 -XX:+UseAdaptiveSizePolicy

23 -XX:+0ptimizeStringConcat

24 | -XstartOnFirstThread

25 -Dorg.eclipse.swt.internal.carbon.smallFonts
26| i

Ww oo~ m U AWM

e el el
W ra = &

-Xms supplies the minimal amount of memory the JVM should allocate to GAMA, -Xmx the maximal
amount. By changing these values (esp. the second one, of course, for example to 4096M !), saving
the file and relaunching GAMA, you can probably solve your problem. Note that 32 bits versions of
GAMA will not accept to run with a value of -Xmx greater than 1500M.

Submitting an Issue

If you think you have found a new bug/issue in GAMA, it is time to create an issue report here !
Alternatively, you can click the Issues tab on the project site, search if a similar problem has already
been reported (and, maybe, be solved) and, if not, enter a new issue with as much information as
possible:

e A complete description of the problem and how it occurred.
e The GAMA model or code you are having trouble with. If possible, attach a complete model.
e Screenshots or other files that help describe the issue.

Two files may be particularly interesting to attach to your issue: the configuration details and the
error log . Both can be obtained quite easily from within GAMA itself in a few steps. First, click
the "About GAMA...." menu item (under the "Gama" menu on MacOS X, "Help" menu on Linux &
Windows)
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m File Edit Search Proje

About Gama

Préférences...
Services

Hide Gama
Masquer les autres
Tout afficher

Quit Gama #0

In the dialog that appears, you will find a button called "Installation Details".

About Cama

CAMA - V1.6.1
Generic Agent-based Modelling Architecture

it

(c) 2007-2008 IRD-UR GEODES (France) & IFI-M5I (Vietnam)
(c) 2009-2011 UMI 209 UMMISCO IRD/UPMC - M5] (Vietnam)
* (c) 2012-2014 UMI 209 UMMISCO IRD/UPMC & Partners
1 Visit http://code.google.com/p/gama-platform/

| Installation Details ]
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Click this button and a new dialog appears with several tabs.

8.0.8

Gama Installation Details

) : . . e —
4{ Installed Software Installation History = Features Plug-ins ' Configuration y

*¥% Dote: mardi 6 mai 2014 12:28:55 UTC4+@7:00

*** Plgtform Details:

**% Cystem properties:

awt.nativeDoubleBuffering=true
awt . toolkit=apple.awt.(Toolkit

eclipse.commands=-launcher
SDeveloper/Applications/Eclipse 3.8.2 &4 Bits/Eclipse.app/Contents/Mac0S/eclipse

-name
Eclipse
-showsplash
604
-product

msi.gama.application.product

-data

|
-configuration

-dewv

-0s
MACOSK

-Ws

cocoa

-arch

x86_64

-nl

fr_FR

-consolelLog

-data

@noDefault
--launcher.defaultAction
apenfFile

©)

- SGAMAL .6/ . . /runtime-gamal.6.1. feature_based_Eclipse3_8_2_r

‘GAMAL .6/ .metadatas . plugins/org.eclipse.pde. core/gama

/GAMAL .6/ .metadatas . plugins/org.eclipse.pde. core/gama

B,

| View Error Log | | Copy to Clipboard | | Close ]

To provide a complete information about the status of your system at the time of the error, you can (1)
copy and paste the text found in the tab "Configuration" into your issue. Although, it is preferable to
attach it as a text file (using textEdit, Notepad or Emacs e.g.) as it may be too long for the comment
section of the issue form. (2) click the "View error log" button, which will bring you to the location, in
your file system, of a file called "log", which you can then attach to your issue as well.
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.metadata

APPAREILS Date de modification Date de création

hier 14:07 2 mai 2014 13:58

L hier 14:07 2 mai 2014 13:58
aujourd'hui 12:37 1 mai 2014 23:04
TAGS 1 mai 2014 22:58 1 mai 2014 22:58

FAVORIS

Please also visit the Issue Tracker Help for background information on how to write and compose
issues.
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2. Workspace, Projects and
Models

Workpace, Projects and Models

The workspace is a directory in which GAMA stores all the current projects on which the user is
working, links to other projects, as well as some meta-data like preference settings, current status

of the different projects, error markers , and so on. Except when running in headless mode , GAMA
cannot function without a valid workspace . The workspace is organized in 3 categories , which
are themselves organized into projects . The projects present in the workspace can be either
directly stored within it (as sub-directories), which is usually the case when the user creates a new
project, or linked from it (so the workspace will only contain a link to the directory of the project,
supposed to be somewhere in the filesystem or on the network). A same project can be linked from
different workspaces . GAMA models files are stored in these projects , which may contain also
other files (called resources ) necessary for the models to function. A project may of course contain
several model files , especially if they are importing each other, if they represent different views on
the same topic, or if they share the same resources. Learning how to navigate in the workspace, how
to switch workspace, how to import, export or share models is a necessity to use GAMA correctly. It is
the purpose of the following sections.

¢ 1. Navigating in the Workspace
e 2. Changing Workspace

e 3. Importing Models

e 4. Sharing Models
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2.1 Navigating in the
Workspace

Navigating in the Workspace

All the models that you edit or run using GAMA are accessible from a central location: the Navigator
, Which is always on the left-hand side of the main window and cannot be closed. This view presents
the models currently present in (or linked from) your workspace .

| 806 | | Modeling - my_first_project/models/My First Model.gaml - Gama |
B i [
Gama Projects &3 =& ¥ = 0@ cama {Z] My First Model.gam! &2 =

P [ Models library (4 )
Shared models (0}

» [ User models (1) 15 /ee

*  MyFirstModel

* Author: Your name here

* Description: This is the first of o long series of models

Run: | Experiment my_experiment Experiment toto In project: [¥

*/
& model MyFirstModel

3 import

11= global
12e{
j13 geometry shape <- square(18);
14 init
{
int number < 100;
create my_species number: number;

}

)}
species my_species;

{ experiment my_experiment type: gui;

'L Problems | 53 Progress 23 ¥ = 0

No operations to display at this time.

o

0 items selected 68Mof za0M ]

The Different Categories of Models

In the Navigator , models are organized in three different categories: Models library , Shared models_
and _User models . This organization is purely logical and does not reflect where the models are
actually stored in the workspace (or elsewhere). Whatever their actual location, model files need to be
stored in projects , which may contain also other files (called resources ) necessary for the models

to function. A project may of course contain several model files, especially if they are importing each
other, if they represent different models on the same topic, or if they share the same resources.
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2000

==
Gama Projects 23 —| "o,

> Models library ( 4 }
'Shared models (0}
# ==k User models { 1)

Models library

This category represents the models that are shipped with each version of GAMA. They do not
reside in the workspace, but are considered as linked from it. This link is established every time a
new workspace is created. Their actual location is within a plugin (msi.gama.models) of the GAMA
application. This category contains four main projects in GAMA 1.6.1, which are further refined in
folders and sub-folders that contain model files and resources.
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00 000
] 3 =
| #
Gama Projects E:ﬂk L, Gama Projects 23 =S
(= I"-'I_udels library (4 ) ¥ I"-'I_&dels library ( 4 )
'J’.ZI] Features "I"J-_;]] Features
» [ 3D Visualization » [ 3D Visualization
> [ Batch ¥ [ Batch
P [ Clustering E Batch.gamil
> L= Color P = Clustering
» i =-Database Usage P [ Color

» [ Data Importation
» [s Diffusion Stateme
» L& Driving Skill
b [ FIPA Skill
» [ GI5 data
> L= Goto Action
» L=~ Graphs
> L= Map comparison
» L= Multicriteria decis
P [ Multi-Level Usage
» [z Ordinary Differen
» L=~ Physics Engine
> [~ Save statement
» L&~ Spatial Operators
» L& Unit Test
P L= User Interaction

- &ﬁ]ﬁyﬂtﬂx

P EE-I]T“'!" Models

2 ;E]]Tut{:rials

-~/ Shared models (0}
|5 User models (1)
b ﬁ] my_first_project

> =-Database Usage

¥ Lo Data Importation
» [=images
= includes

E C5V Agents.gaml
¥ Csv File Loading.gaml

E Grid Import.gami

E O5M Loading.gamil

E Raster and Vector Images Import.gal
E Raster Image Import.gaml

E Vector Images Import.gaml

» [ Diffusion Statement

P L& Driving Skill

b [ FIPA Skill

P [ GIS data

P [ Goto Action

> = Graphs

> (= Map comparison

P [ Multicriteria decision

P [ Multi-Level Usage

» [ Ordinary Differential Equations
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It may happen, in some occasions, that the library of models is not synchronized with the version of
GAMA that uses your workspace. This is the case if you use different versions of GAMA to work with
the same workspace. In that case, it is required that the library be manually updated. This can be
done using the "Update library" item in the contextual menu.

200

- :'t:-I] Featur

- fi;j]ﬂyntﬂ:-

- ;E_|]Tu',-' M

- it_l]Tut{:ri.
[ Shared m
T& User moc

d =

[ . Gama Projects E-'S\

"

= =

=

b n

=

>

>

<5 Update Library

Open File...
@’ Search for...
= Refresh

1{+3R

To look up for a particular model in the library, users can use the "Search for..." menu item. A search
dialog is then displayed, which allows to look for models by their title (for example, models containing

"GIS" in the example below).
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806 Open Resource
Select an itemn to open (7 = any character, * = any string): -
([ *GIs= )

Matching items:

=/ 3D GI5 Loading.gaml

=] Agents from Database in PostGIS.gam|

=] Agents from Database in SQLite_QGis.gaml
|=| Agents to Database in PostGlS.gaml

|=| Create Spatial Table in PostGIS.gaml

=] GIS Agentification.gami

\=| GIS Export.gaml

|=| GI5 Visualization.gaml

|=| Segregation (GI5).gaml

| = Features /3D Visualization/3D GIS/models

@

( Cancel ] - ' Open '

User models

This category regroups all the projects that have been created or imported in the workspace by the
user. Each project is actually a folder that resides in the folder of the workspace (so they can be easily
located from within the filesystem). Any modification (addition, removal of files...) made to them in

the filesystem (or using another application) is immediately reflected in the Navigator and vice-versa.
Model files, although it is by no means mandatory, usually reside in a sub-folder of the project called

"models".
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2000

==
Gama Projects 23 —| "o,

-/ Models library ( 4 )
' Shared models (0}

v _:*. User models (1)
» L= my_first_project

Shared models

Shared projects are projects that reside in the SVN repository of the site gama-
models.googlecode.com , which is intended to support GAMA users in easily sharing their models,

as the access is built-in inside the platform. This category gives access to reading the models already
contributed there (see G__SharingModels to see how to contribute). It is initially empty, but invoking
the "Update Shared Models" menu item will make GAMA retrieve the list of projects present on the

site.
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"I___i Models library ( 4 )
BN Shared models (g

T|ﬂ User models { 1 [} Run... >
Py e e ew.. >
Ef Import... 2
<4 Update Shared Models
Open File...
@ Search for... {+%R
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This retrieval is implemented to be as light as possible so as not to lock up the platform for a long time
while the SVN client is reading up the information. It happens in the background, and only retrieves
the description of models (when it is available).

L Problems | 5 Progress £3 %~ = 0
Updating the Models Library
= =
Scanning the repository .... Importing objects_display_2.png
54M of 238M @ Updating the Models Library: (70%) L=l

When the process is done, the navigator will display the html descriptions of the different projects
found in the repository (the list below is indicative of the state of the SVN server as of May 2014, but
the actual list of projects will undergo several changes as most of them are not compatible with the
latest version of GAMA). To retrieve a complete project, the user has to choose its corresponding
description file and invoke "Checkout Project from Repository" from the contextual menu. After the
download is over, the project will appear in the "User Models" category, sporting information on

its revision number and location to distinguish it from the "regular" models already present in this
category.
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If the user has a write access to the gama-models SVN repository, any modification he/she makes
to the model can be committed back to the repository using the standard "Team..." submenu (see
G__SharingModels ) and subsequently shared with all GAMA users.

Moving Models Around

Model files, as well as resources, or even complete projects, can be moved around between the
"Models Library" and "Users Models" categories, or within them, directly in the Navigator . Drag'n drop
operations are supported, as well as copy and paste. For example, the model "Life.gaml", present in
the "Models Library", can perfectly be copied and then pasted in a project in the "Users Model". This
local copy in the workspace can then be further edited by the user without altering the original one.
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Closing and Deleting Projects

Users can choose to get rid of old projects by either closing or deleting them. Closing a project
means that it will still reside in the workspace (and be still visible, although a bit differently, in the

Navigator ) but its model(s) won't participate to the build process and won't be displayable until the
project is opened again.
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Deleting a project must be invoked when the user wants this project to not appear in the workspace
anymore (unless, that is, it is imported again). Invoking this command will effectively make the
workspace "forget" about this project, and this can be further doubled with a deletion of the projects

resources and models from the filesystem.
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2.2 Changing Workspace
Changing Workspace

It is possible, and actually common, to store different projects/models in different workspaces and to
tell GAMA to switch between these workspaces. Doing so involves being able to create one or several
new workspace locations (even if GAMA has been told to remember the current one) and being able
to easily switch between them.

Switching to another Workspace

This process is similar to the choice of the workspace location when GAMA is launched for the first
time. The only preliminary step is to invoke the appropriate command ("Switch Workspace") from the
"File" menu.
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[ Gamam Edit Search Project Views Help

New CEN >
Close S8 W
Close All GEW
Save 385
5] Save As...
Save All {+ 35
Revert
Move...
Rename...
2 Refresh F5
Convert Line Delimiters To >
i=j Print... 3P
Restart

Switch Workspace

g3 Import...
3 Export...

Properties a4 |

1 new.gam| [new_project/models]

In the dialog that appears, the current workspace location should already be entered. Changing it to
a new location (or choosing one in the file selector invoked by clicking on "Browse...") and pressing
"OK" will then either create a new workspace if none existed at that location or switch to this new
workspace. Both operations will restart GAMA and set the new workspace location. To come back to
the previous location, just repeat this step (the previous location is normally now accessible from the
combo box).
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8 .00 GAMA Models Workspace

Choose a Workspace to store your models, settings, etc.

Your workspace is where settings and files of your Gama models will be stored.

CAMA Models Workspace II ,FCAM.MNEW_WORKSPACE'T] # Remember workspace | Browse... |

@ | Clone current workspace | | Cancel

Cloning the Current Workspace

Another possibility, if you have models in your current workspace that you would like to keep in the
new one (and that you do not want to import one by one after switching workspace), or if you change
workspace because you suspect the current one is corrupted, or outdated, etc. but you still want

to keep your models, is to clone the current workspace into a new (or existing) one. Please note
that cloning (as its name implies) is an operation that will make a copy of the files into a new
workspace. So, if projects are stored in the current workspace, this will result in two different
instances of the same projets/models with the same name in the two workspaces. However,
for projects that are simply linked from the current workspace, only the link will be copied
(which allows to have different workspaces "containing" the same project) This can be done by
entering the new workspace location and choosing "Clone current workspace" in the previous dialog
instead of "Ok".
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Choose a Workspace to store your models, settings, etc.

Your workspace is where settings and files of your Gama models will be stored.

| Clone current workspace ]

If the new location does not exist, GAMA will ask you to confirm the creation and cloning using a
specific dialog box. Dismissing it will cancel the operation.

B : __New Directory

Cp T GAMANEW_WORKSPACE does not exist. Would you like
“.* ./ tocreate a new workspace here, copy the contents of the current workspace into
it, and restart the application 7

Cancel ] [ OK

If the new location is already the location of an existing workspace, another confirmation dialog is
produced. It is important to note that all projects in the target workspace will be erased and
replaced by the projects in the current workspace if you proceed . Dismissing it will cancel the

operation.

Page 72 of Full Documentation of GAMA 1.6.1
658



GAMA Documentation

"\. The path entered is a path to an existing workspace. All its contents will be erased
'\,__-\J/" and replaced by the current workspace contents. Proceed anyway ?

| [ ox

There are two cases where cloning is not accepted. The first one is when the user tries to clone the
current workspace into itself (i.e. the new location is the same as the current location).

Please enter a different location for the new workspace. A workspace cannot be
cloned into itself.

The second case is when the user tries to clone the current workspace into one of its subdirectories
(which is not feasible).

The path entered is a subdirectory of the current workspace. A workspace cannot
be cloned in one of its sub-directories
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2.3 Importing Models
lmporting Models

_Importing_ a model refers to making a model file (or a complete project) available for edition and
experimentation in the workspace . With the exception of headless experiments, GAMA requires
that models be manageable in the current workspace to be able to validate them and eventually
experiment them. There are many situations where a model needs to be imported by the user:
someone sent it to him/her by mail, it has been attached to an issue report , it has been shared

on the web or an SVN server, or it belongs to a previous workspace after the user has switched
workspace . The instructions below apply equally to all these situations. Since model files need

to reside in a project to be managed by GAMA, it is usually preferable to import a whole project
rather than individual files (unless, of course, the corresponding models are simple enough to not
require any additional resources, in which case, the model file can be imported with no harm into an
existing project). GAMA will then try to detect situations where a model file is imported alone and,

if a corresponding project can be found (for instance, in the upper directories of this file), to import
the project instead of the file. As the last resort, GAMA will import orphan model files into a generic_
project called "Unclassified Models"_ (which will be created if it does not exist yet).

The"lmport..." Menu Command

The simplest, safest and most secure way to import a project into the workspace is to use the built-in
"Import..." menu command, available in the "File" menu or in the contextual menu of the Navigator .
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® Gama | il0 Edit Search Project Views Help

New EN >
Close 3EW
Close All G EW
Save #S
=) Save As...
Save All {+ 35S
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Move...
Rename...
#' Refresh F5
Convert Line Delimiters To >
= Print... gEP
Restart

Switch Workspace

ey Export...
Properties gE |

1 ecritureResultats.gaml [Trial_Maeli...]
2 new.gaml| [new_project/models]

When invoked, this command will open a dialog asking the user to choose the source of the
importation. It can be a directory in the filesystem (in which GAMA will look for existing projects), a zip
file, a SVN site, etc. It is safer in any case to choose "Existing Projects into Workspace".
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Select

Create new projects from an archive file or directory.

Select an import source:

lf type filter text

¥ = General
E} Archive File
A& Existing Projects into Workspace
[ File System
El Preferences
b = Install
b 225N
P = Team

Finish

Note that when invoked from the contextual menu, "Import..." will directly give access to a shortcut of
this source in a submenu.
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[> Run... >

5 New... >

S® Import... =% Existing Projects into Workspace...
&7 Project from SVN...

[, File System...

&, Archive File...

[=]=1=]

a5 Update Library

Open File...
@’ Search for... (%R

Other...
== Refresh & e

Both options will lead the user to a last dialog where he/she will be asked to:

1. Enter a location (or browse to a location) containing the GAMA project(s) to import

2. Choose among the list of available projects (computed by GAMA) the ones to effectively
import

3. Indicate whether or not these projects need to be copied to or linked from the
workspace (the latter is done by default)

Full Documentation of GAMA 1.6.1 Page 77 of
658



GAMA
Documentation

1, |1 ¢ TR~

Import Projects
Select a directory to search for existing Eclipse projects.

-
a,@ Select root directory: | | [ Browse.. |
~ () Select archive file: Browse...
Projects:
Select All

Deselect All
a-» S
N j" Refresh
c || Copy projects into workspace

Working sets

|| Add project to working sets

Working sets: | s | select.. |

Cancel Finish

SVN import

If the user has access to a SVN repository containing GAMA projects, he/she can import them (i.e.
check them out in SVN jargon) into the current workspace without problem. The option to choose in
the previous dialog is "Projects from SVN".
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Select an import source:

[ type filter text

¥ = General
[, Archive File
@Existing Projects into Workspace
[ File System
El Preferences
b = Install
¥ [ 5VN
T Project from SVN

] [ Cancel ] Finish

The user is then asked for a SVN repository location, which may have been entered previously or
not (in which case, he/she can create it from this dialog). GAMA, once the location is validated and
accessible, will scan the repository for GAMA projects and propose them in a way similar to the
previous one. Once imported from SVN, projects will remain "linked" with the repository they have
been imported from (which allows to update them if the repository changes, or commit them back
if the SVN is accessible on writing by the user). This "link" can be easily spotted in the Navigator
because of the different label these projects will have:
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<

Note that if the workspace is cloned , these "links" to SVN repositories will remain untouched, allowing
to have different workspaces pointing to the same SVN project.

Silent import

Another (possibly simpler, but less controllable) way of importing projects and models is to either pass
a path to a model when launching GAMA from the command line or to double-click on a model file
(ending in _.gaml ) in the Explorer or Finder (depending on your OS). If the file is not already part of
an imported project in the current workspace, GAMA will:

1. silently import the project (by creating a link to it),
2. open an editor on the file selected.

This procedure may fail, however, if a project of the same name (but in a different location) already
exists in the workspace, in which case GAMA will refuse to import the project (and hence, the file).
The solution in this case is to rename the project to import (or to rename the existing project in the
workspace).

Drag'n Drop / Copy-Paste Limitations

Currently, there is no way to drag and drop an entire project into GAMA Navigator (or to copy

a project in the filesystem and paste it in the Navigator ). Only individual model files, folders or
resources can be moved this way (and they have to be dropped or pasted into existing projects). This
limitation might be removed some time in the future, however, allowing users to use the Navigator as
a project drop or paste target, but it is not the case yet.
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2.4 Sharing Models
Sharing Models

Thanks to its native integration of the SVN versioning system, GAMA offers users the possibility to
share their projects (provided they have access to a SVN repository), without any further need to
install add-ons or plugins. This section provides some basic information on how to share a project and
manage it once it has been shared. For more specific documentation about SVN or other ways to use
the built-in sharing facilities with other versioning systems, please refer to this Eclipse documentation
on SVN and this one on Git (go to this page to learn how to install Git). Note that projects imported
from a repository are automatically considered as "shared" between the workspace used by GAMA
and the repository they have been imported from.

Project Sharing

The initial sharing of contents between the GAMA platform and a remote repository can only be
made at the level of a project. Once a project has been shared, however, its components are
manageable on an individual basis (i.e. they can be moved, deleted, changed, and even removed
from the sharing). All the commands related to sharing are grouped under a sub-menu ("Team") of
the contextual menu of the navigator . From there, it is possible to initiate sharing, stop it, but also
manage the incoming and outgoing changes to a project. To initiate sharing, select the project you
want to share and select "Team", then "Share Project...".
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A dialog will then appear, asking you to enter a repository location. If you have already entered a
repository location (in a previous sharing episode, for instance), you should be able to choose it from
a list of existing locations. We suppose in this example that we enter the address and authentification
information for the GAMA Models Repository (from which the "Shared Projects" category takes its
information). If you plan to use another repository (with your co-workers, on a site like SourceForge or
GoogleCode, etc.), these information will of course be different.
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BB  Share Project Wizard

Enter Repository Location Information

Define the SWN repository location information. You can specify
additional settings for proxy and svn+ssh, https connections.

e Advanced | 55H Settings | S5L Settings ]

URL: |https:,.ffga.ma—mudels.gmgIe{nde.cum.fsvn.f |v] [ Browse...

Label

() Use the repository URL as the label

(*) Use a custom label:

|GﬁMA Models Repository

Authentication

User: | ——

Password: ssssssssssss

E Save authentication (could trigger secure storage login)
To manage your security data, please see "Secure Storage”

Show Credentials For: | <Repository Location=

E Validate Repository Location on finish Reset Changes

@ ] [ Cancel ] [

Once the repository location is validated, GAMA asks you for the name and structure to use for

sharing the project on the repository. Always try to use "Simple Mode" if possible.
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BB  Share Project Wizard ' |

Specify the project(s) location

Specify the project(s) location in the SVN repository.

(*) Simple Mode:

URL: Ihnps: ffgama-meodels.googlecode.com/svn/sharable_project

() Advanced Mode:
Name on Repository
I;E,'l Use project name

[ Use empty name

';:;l Use specified name:

sharable_project

Project Repository Layout

I;E,'l Use Repository Location layout
l;:,'l Use single project layout

l;:,'l Use multiple projects layout with the specified root name:

sharable_project

IET Use Subwversion recommended layout ('trunk’, 'branches’ and 'tags')

Project files location on the repository will be different depending on the selected layout type.
You can see future files location below:

== https:/fgama-models.googlecode.com/svn/trunk/sharable_project

@ [ < Back ] [ Mext = ]

GAMA will then begin to commit the project (i.e. to create its initial structure in the repository). You
can enter a comment at that stage, to easily identify the contents of this operation when someone will
want to browse the changes made to the repository.
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808 _______ Share Project Wizard

ey ]

Enter a commit comment

Type the commit comment for the Share Project operation. l SVN !

Share project "sharable_project” into “https://gama-models.googlecode.com/svn”.

Choose a previously entered comment or template:

[

E Launch the Commit Dialog for the shared resources

@

Creating the project structure on the repository takes a few seconds.
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Share Projects: [https://gama-models.googlecode.com/svn/sharable_project)

|| Always run in background

[ Cancel ] [ Details > ] [ Run in Background

This phase is followed by a second, more important, commit , this time of the contents of the project.
All the files present in the project will be copied to the repository. Once again, a comment can be
entered at that stage.
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Enter a commit comment

You can specify a new message or choose the previously entered one. Empty comments SVN
are allowed, but filling a comment message would help other people to understand the
changes.

Comment

Initial sharing of the project]

Choose a previously entered comment or template:

(

[ | Keep Locks [ Paste selected names ]

|Resource |Content & |Properties
New

= sharable_project/doc

= sharable_project/doc/snapshots Mew
[=-sharable_project/images Mew
= sharable_project/includes Mew
= sharable_project/models Mew
sharable_project/.project Mew
e sharable_project/doc/new.html Mew
sharable_project/models fnew.gaml Mew

(CYCINCIRCeafeafcaycl

[ Select All ] [ Clear Selection ] [ Clear All ] Selected: 8 of 8

@ )

GAMA displays a dialog while the files are individually copied to the repository.

Commit: [/Users/drogoul /Desktop/CAMA/W3.8.24 (sharable_project/.project]

|| Always run in background

Cancel ] [ Details = ] [ Run in Background ]
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Once the initial sharing is over, the project sports new information in the navigator, namely its
repository and revision number (i.e. a number beginning at 0 and incremented each time a change is
made to the repository — not to the project).

0066 Modeling - Gama ]
=] =
7| Gama Projects 23 = <:==(> ¥ =0 = O

P Models library (4 )
|-/ Shared models (0}
V&User models (1)

P &0 sharable_project 53 [GAMA Models Repository: sharable_project]

EE Outline &3 |

An outline is not available.

j sharable_project J| 92|\+ of 248M |m J

Committing Local Changes

What happens when the shared project is locally modified, for example if we add a new model file

to it ? You can see on the picture below that this file sports a different icon (with a question mark),
indicating that it has no sharing information on its own (i.e. it does not exist in the repository but only
locally). A modified, but already shared, file would have another different icon (with a star) to indicate
that the local version is different from the one committed to the repository a while ago.
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0 OO0 Maodeling -
L=l | 3
rf'—.L{JaLr'na Projects 24 {};{,‘} v = q

# | /Models library ( 4 }
[~ Shared models (0)
T& User models { 1)
Tiﬂ_:]} sharable_project 53 [GAMA Models Repository: sharable_project]
P s doc 54
[=fimages 54
[=f includes 54
) new.gaml| 54
<27 Newz.gam|
L

If these modifications constitute supplementary information that have to be shared as well, it can
be done by using, again, the "Team" sub-menu (this time much more furnished, but explaining

all the individual options is beyond the scope of this documentation. Please refer to the "official"
documentations available on the top of this page). Here, we now invoke the "Synchronize with
Repository" command. This command allows to browse the incoming (i.e. from the repository) and
outgoing (i.e. from the platform) changes and it is always a good idea to use it instead of directly
invoking "Commit.." or "Update...".
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0006 — . D o
I|E= |
|| Gama Projects £3 & ¥ =0 = 0
F [ Models library (4}
¥ -/ Shared models ( 0}
Y&User models { 1)
» G doc 54 [> Run... >
[=f images 54 .
[&F includes 54 i New... >
¥ (3 > models 54 BB Import... >
[} new.gaml 54 [ Copy to Workspace
w7 new2.gaml
Open File...
@ Search for... {+3R
= Copy =% Synchronize with Repository
Paste 4T <1 Commit... N C
# Delete ® ¢l Update AU
Move... #] Update to Revision... ~XD
Rename... F2 Create Patch... ~XP
Apply Patch...
&' Refresh F5
Close Project 5 Revert...
Close Unrelated Projects Add to Version Control...
Add to svn:ignore... ~N
Edit Conflicts
Compare W'th > Edit Tree Conflicts
Replace With > Mark as Merged
Restore from Local History...
Configure > sz Branch...
¥ Tag...
% Merge... “E
= Switch...
Add Revision Link...
& Show History
EE Outline &2 = g & Lock... ~K
An outline is not available. 2 Unlock
Scan Locks
|5 Show Properties AT
Set Property...
Set Keywords. ..
Set External Definition...
Copy To...
[# Export...
- Cleanup
[l sharable_project J 36M of 250M Disconnect

Selecting this command makes a new view (called "Synchronize") appear in the user interface. This
view displays all the changes in both the repository and the platform, and indicates which files should
be committed (sent to the repository) or updated (downloaded from the repository) in order for the two
projects to be synchronized . Here, we see that the new model file is identified as a possible file to
commit. In particular, GAMA does not identify any conflicts (which can happen when files are modified

on both sides, and which must be solved manually).
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[|=]w!
=] Gama Projects 2
> Models library (4 )
b -/ Shared models { 0)
Vﬂusel models (1)
T@ > sharable_project 53 [GAMA Models Repository: sharable_project]
» [Eydoc 54
[ZFyimages 54
[Ffyincludes 54
¥ Ly > models 54
a new.gaml 54
E; newz.gam|

&0 synchronize 53 = 0O
SWN (sharable_project}

gE-et|E BB G| e o0

V@ sharable_project

SWN (sharable_pr...g/Outgoing Mode] $3M of 251M ‘ﬁ J

Selecting the new model file, we can then safely apply "Commit.." to it from its contextual menu.
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£0
SVN (sharable_project)
£t | &

‘l’@ sharable_project
¥ [ models

B¥: new2.gaml

SVN (sharable_pr...g/Qutgoing MJ

Open
Open With >
Show In >

Open In External Compare Editor
Open In Compare Editor

Copy #8C

[ Paste Patch A

¥ Delete =
Move...

Rename... F2

Synchronize
Expand All
Remove from View

#] Update

Override and Commit...
Override and Update...
Mark as Merged

Edit Conflicts
Edit Tree Conflicts
Compare Properties

= Revert...

Show History
Add to Version Control...
Add to svn:ignore...
Extract All...
Add Revision Link...

Local >
Remote >

J| | 33M of 252M

[N

GAMA opens a dialog listing all the outgoing changes and asks for a comment.
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Enter a commit comment

You can specify a new message or choose the previously entered one. Empty comments SVN
are allowed, but filling a comment message would help other people to understand the
changes.

Comment

New model file|

Choose a previously entered comment or template:

(

[ | Keep Locks [ Paste selected names ]

|Resource MPmper‘ties
New

g sharable_project/models /new2.gaml

[ Select All ] [ Clear Selection ] [ Clear All ] Selected: 1 of 1

® OK l [ Cancel ]

Once the commit is over, the new model file has disappeared from the "Synchronize view" (as it is
now synchronized with its counterpart in the repository) and sports the same information as the others
(with a difference: its revision number is logically higher).
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-
", Gama Projects &3 &Y= 8

# | Models library ( 4 }
-/ Shared models (0}
T& User models { 1)
"';zﬁ sharable_project 53 [GAMA Models Repository: sharable_project)
» [y doc 54
= images 54
=Fincludes 54
¥ g% models 54
+7) new.gam| 54
+Fr) newZ.gaml 55

-
ED Synchronize 23 = 0O
SVM (sharable_project) -

et |Eem B L G| .|

Mo changes in 'SVN (sharable_project)'.
-

Updating, i.e. applying incoming changes to the local copy of the projects or files, follows the same
logic (except that "Update..." must be invoked in that case).

Sharing project within GAMA

GAMA developers can share directly their project within GAMA "shared models" element in the
"Gama projects" tab. To do so one needs to upload its model to the gama-models svn (within the
"trunk” directory : https://gama-models.googlecode.com/svn/trunk ). A short description of the model is
also required: create an html file within the doc directory named after your project name.
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3. Editing Models

| ntroduction

Editing models in GAMA is very similar to editing programs in a modern IDE like Eclipse . After

having successfully launched the program, the user has two fundamental concepts at its disposal:

a workspace , which contains models or links to models organized like a hierarchy of files in a
filesystem, and the workbench (aka, the main window ), which contains the tools to create, modify
and experiment these models. Understanding how to navigate in the workspace is covered in
another section and, for the purpose of this section, we just need to understand that it is organized

in projects , which contain models and their associated data. Projects are further categorized, in
GAMA, into three categories : Models Library (built-in models shipped with GAMA and automatically
linked from the workspace), Shared Models , and User Models . This section covers the following sub-
sections :

e 1. GAML Editor
e 2. Validation of Models
e 3. Graphical Editor
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3.1 GAML Editor
The GAML Editor

The GAML Editor is a text editor that proposes several services to support the modeler in writing
correct models: an integrated live validation system, a ribbon header that gives access to experiments
, information, warning and error markers.

Creating afirst model

Editing a model requires that at least one project is created in User Models . If there is none, right-
click on User Models and choose "New... > Gama Project..." (if you already have user projects and
want to create a model in one of them, skip the next step).

0006 Modeling - - Gama
= i
| Gama Projects 52 = 8 |[& cama 52
== « &=

F | Models library (4}

W_ ocumentation

[ Run... >

= Gama Project... .
B Import... 3 i Model file...
& Open File... £ Other... #EN
@ Search for... {r#¥R |

Refresh .
= Refres : ..modeling r

A dialog is then displayed, offering you to enter the name of the project as well as its location on the
filesystem. Unless you are absolutely sure of what you are doing, keep the "Use default location"
option checked. An error will be displayed if the project name already exists in the workspace,
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in which case you will have to change it. Two projects with similar names can not coexist in the
workspace (even if they belong to different categories).

8 .0 |
New GAMA Project
Create a new GAMA Project.

Project name: [r'm,r_ﬁrst _praoject

g Use default location

Location: | {my_first_project

[ Cancel ] [ Finish

Once the project is created (or if you have an existing project), navigate to it and right-click on it. This
time, choose "New...>Model file..." to create a new model.
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000 Modeling - - Gama
= =
__ | Gama Projects 52 = 3 ]f@ GAMA 53

==

O

[ Run... >

b /Models library (4 )
b=/ Shared models (0}
Ylﬁ User models { 1)

P ¥3 my_first_project

ED Import...
(] Copy to Workspace

Open File... ' B— v y

@ Search for... {+#R ---deEHng r
|Z Copy #®C

[ Paste Y

¥ Delete 33

Move...

Rename... F2

&' Refresh Fs E

Close Project

w= ;
EElutline 2 Close Unrelated Projects

An outline is not available.

Team [ 2
Compare With > Pl
Restore from Local History...
Configure

A new dialog is displayed, which asks for several required or optional information. The Container is
normally the name of the project you have selected, but you can choose to place the file elsewhere.
An error will be displayed if the container does not exist (yet) in the workspace. You can then choose
whether you want to use a template or not for producing the initial file, and you are invited to give this
file a name. An error is displayed if this name already exists in this project. The name of the model,
which is by default computed with respect to the name of the file, can be actually completely different
(but it may not contain white spaces or punctuation characters). The name of the author, as well as
the textual description of the model and the creation of an HTML documentation, are optional.
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Model file

Container: | fmy_first_project

Choose a model: (=) Empty () Skeleton (| Example

File name: | My First Model.gaml

Author: | Your name here

Model name: | MyFirstModel

Model description: This is the first of a long series of models.

Create a html template
for the model description 7 e e O =

® [ Cancel Finish ]

Status of modelsin editors

Once this dialog is filled and accepted, GAMA will display the new "empty" model.
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000 | 1 Modeling - my_first_project/models/My First Medel.gaml| - Gama o
= 2l
[=| Gama Projects 53 . = B |[@ cama 42| My First Model.gaml 58 ™ = B
(= % ¥ || This model is functional, but no experiments have been defined. In project: [¥]
:‘-_;luue: Iib:rT [cqnl} T
Y‘j ared mogels 2 % MyFirstModel
5&"”‘0‘“‘5(13 3 * Author: Your name here
P Jmy._first_project 4 * Description: This is the first of a long series of models.
5 %
6
7 model MyFirstModel
8
9 /* Insert your model definition here */
10
11
5% Outline 52 . =13, = 0
» 2. MyFirstModel
1% Problems 53 ¥ =8
0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items)
Description | Resource Path Location Type
P & Warnings (6 items)
> i Infos (100 of 444 items)
Writable Insert | 101 || lazmotaasm [T |

Although GAML files are just plain text files, and can therefore be produced or modified in any text
processor, using the dedicated GAML editor offers a number of advantages, among which the live
display of errors and model statuses. A model can actually be in four different states, which are
visually accessible above the editing area: Functional (orange color), Experimentable (green color),
_InError_ (red color), InimportedError_ (yellow color). See the section on model compilation for more
precise information about these statuses. In its initial state, a model is always in the Functional state,
which means it compiles without problems, but cannot be used to launch experiments. The InError
state, depicted below, occurs when the file contains errors (syntactic or semantic ones).
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- N - T— - g - my_first_project/models/My First Model.gaml - Gama - " e
EE
[ Gama Projects 53 = B |[@ cama 2| "My First Model.gam| &% = B
<3:=> = Error(s) were detected. Impossible to run any experiment In project: [¥]
:‘-j :!hode\; Iib:rTMﬂl —
v‘ﬁ' ared mode L 2 % MyFirstModel
45 User models (1) 3 * Author: Your name here
Pl my_first_project 4 % Description: This is the first of a long series of models.
5 %
6
@ 7 model MyEirstModel =
8
E)
Error detected @10 globals { n
S — - 116 init {
12 create my_species;
13 }
14 3}
15
16 species my_species;
17
18
19
85 outline 22 gl =0
¥ 2. MyFirstModel
=
% problems 52 ¥ =8
0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items)
| Resource Path Location Type
b & Warnings (6 items)
» i Infos (L0O of 444 items)
Writable Insert |m:a || [s7mof2aam [T |

While the file is not saved, these errors remain displayed in the editor and nowhere else. If you save
the file, they are now considered as "workspace errors" and get displayed in the "Problems" view

below the editor.
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000 | | Modeling - my_first_project/models/My First Model.gam| - Gama "
B3 ) E
[ Gama Projects 53 B |[& cama 2| "My First Model.gam| &% = B
& 7 Error(s) were detected. Impossible to run any experiment In project: [¥]
:‘j:!:»de: Iib:rTMnl —
v‘j ared mode L 2 % MyFirstModel
\5'“5"’"0 els (1) 3 * Author: Your name here
P i Jmy_first_project 4 * Description: This is the first of a long series of models.
5w
&
@ 7 model MyFirstMedel =
8
@ 9 globals —
10 {
il init
12 {
13 create my_species;
14 }
15
16 }
17
18- species my_species;
19
20
21|
5% Outline 52 =13, = 0
¥ 2. MyFirstModel
=
(IT-& Problems £3 ¥ =8
| 2 errors, 6 warnings, 444 others (Filter matched 108 of 452 items)
= Fath Location Teoe
¥ €3 Errors (2 items)
@ Incomplete madel or species My First Model.gam! Jmy_first_project/models  line: 6 /my_fi... Xtext Check (...
3 Syntax errors detected My First Model.gaml fmy_first_project/models  line: & fmy_fi... Xtext Check (..
» i Infos (100 of 444 items) ‘
Writable Insert |21:1 || Jaamotasom [0 |

Reaching the Experimentable state requires that all errors are eliminated and that at least one
experiment is defined in the model, which is the case now in our toy model. The experiment is
immediately displayed as a button in the toolbar, and clicking on it will allow to launch this experiment
on your model. See the section about running experiments for more information on this point.
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Experiment buttons are updated in real-time to reflect what's in your code. If more than one

experiment is defined, corresponding buttons will be displayed in addition to the first one.

Full Documentation of GAMA 1.6.1

0006 [ Modeling - my_first_project/models/My First Model.gaml - Gama o
==l 14 (8
[ Gama Projects 53 = B |[@ cama & My First Model.gaml 58 = B
=% 7| Rrun: [ Experiment my_experiment In project: [¥]
:b;we: Iibr:n"l‘iﬂl D
vd ared mode L 2% MyFirstModel
3 User models (1) 3 * Author: Your name here
P Jmy._first_project 4 * Description: This is the first of a long series of models.
5w
& model MyFirstModel
7
8= global
a={
108 init
118 {
12 create my_species;
13 }
14
15 3
16
17 species my_species;
18
19 experiment my_experiment type: gui;
20
21|
85 outline 22 gl =0
¥ 2. MyFirstModel
vIiE
v (@ global
b Binit [init internal_init767 ¢
£ species my_species [species m
= experiment my_experiment [e
% problems 52 ¥ =8
0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items)
| Resource Path Location Type
» & Warnings (6 items)
> i Infos (100 of 444 items)
Writable Insert | 201 || |smorassm [T |
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000 | | Modeling - my_first_project/models/My First Model.gaml - Gama "
= ) E
[ Gama Projects 53 = B |(@ cama  [{& *My First Model.gaml 52 =8
=% || Run: [ Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]
:‘j;:)de:lib:rrlzl D
v‘j are W: els (0) 2 * MyFirstModel
\5'“5"’"0 els (1) 3 * Author: Your name here
P Jmy._first_project 4 * Description: This is the first of a long series of models.
5
6 model MyFirstModel
7
8= global
9 {
108 init
11& {
12 create my_species;
13 }
14
15 }
16
17 species my_species;
18
19 experiment my_experiment type: gui;
20
21 experiment my_second_experiment type: gui;
22
23 experiment my_third_experiment type: gui;
24
5= outline 53 =13, = 0 25
¥ 2. MyFirstModel
vis
'l@g\oba\
P pinit [initinternal_initB11 |
2 species my_species [species m
= experiment my_experiment [e
= experiment my_second_exper
= experiment my_third_experim
% problems 52 ¥ =8
0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items)
D 4|Resource Path Location Type
> & Warnings (6 items)
¥ i Infos (100 of 444 items}
Writable Insert | 25:1 J| PBM of 254M |ﬁ |

Editor Preferences

Text editing in general, and especially in Eclipse-based editors, sports a number of options and
preferences. You might want to turn off/on the numbering of the lines, change the fonts used,
change the colors used to highlight the code, etc. All of these preferences are accessible from the
"Preferences..." item of the editor contextual menu.
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000 | '| Modeling - my_first_project/models /My First Model.gaml - Gama "
=] ]
[, Gama Projects &3 = O | sl My First Model.gaml £3 = a ]
=] <<}==:> = Run: | Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]
¥ [ Clustering
b [= Color _j;' /:* MyEirstModel
2 lyFirstMode
:Bm'abaig Usage 3 * Author: Your name here
{ Data Importation 4 * Description: This is the first of a long series of models.
¥ [ Diffusion Statement 5
P (= Driving Skill & model MyFirstModel i
¥ (= FIPA Skill H <7 Undo Typing ®Z
¥ = GIS data &= global Revert File
¥ (= Goto Action 9={ Save g
¥ = Graphs E: %mt
"E%Maprmmpﬂﬂsnn 12 create sy_species; Open Declaration F3
P = Multicriteria decision 13 } Quick Outline #0
:@Mu‘;ni—uwl:sage | 14 Open With >
= Ordinary D\. erential Equations 15} Show In CBW >
¥ (i Physics Engine 16
P (= Save statement iz species my_species; Cut )
¥ [z Spatial Operate
’G& patia’ Gperators 19 experiment my_experiment type: | COPY #C
& Unit Test N . < 1
N . 20 experiment my_second_experiment  Paste ’Yv
B __Qusgrl"lera(tlu" 21 experiment my_third_experiment |
> G syntax 22 Format o %F
vr -
g Toy Madels 3 Toggle Comment 87
¥ G Ants : A~
» G icons Content Assist Space
» G- images Rename Element X ¥R
¥ 3= models Validate
% Ant Foraging (Classicl.gam Quick Fix ®1
% Ant Foraging (Complex).ga Shift Right
E| Ant Foraging (Simple).gaml Shift Left
% Ant Sorting.gaml
¥ G Articles Find References 080
¥ [ Boids
b = Circle Team >
¥ (i Clock Compare With >
P [ Evacuation Replace With »>
¥ [ Flood Simulation
b G Infection Preferences...
P [ Life
P (= Segregation
P [ Sugarscape 5'..2 ] v =78
¥ L= Vorenoi " - -
» G Vore 0 errors, 6 warnings, 445 others (Filter matched 106 of 451 items)
» 5 Totorials Itlc&ﬁminn | Resource Path Location Type
b | Shared models (0 % W:rnmgs {Erltems?
V&U;ermudzls(l) 1 Infos (100 of 445 items)
V[ my_first_project
¥ = doc
L= images
& includes
¥ [ models
| My First Model.gaml|
|Wmah\e ‘ Insert | 23:1 || [zamorzsem @ |

Explore the different items present there, keeping in mind that these preferences will apply to all the
editors of GAMA and will be stored in your workspace.
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0006 Preferences (Filtered)
type filter text Text Editors Fr v
¥General :
¥ Appearance See 'Colors and Fonts' to configure the font.
Colors and Fonts
¥Editors Undo history size: 200
Accessibility Displayed tab width: 4
Annotations | Insert spaces for tabs
Linked Mode o .
Quick Diff ngghllght current line
Spelling || Show print margin
¥ Gaml
EditBox Print margin column: 80
Syntax Coloring # Show line numbers
Templates
g Show range indicator
("] Show whitespace characters (configure visibility)
g Show affordance in hover on how to make it sticky
When mouse moved into hover: | Enrich after delay 4+
g Enable drag and drop of text
g Warn before editing a derived file
[-‘_-1 Smart caret positioning at line start and end
Appearance color options:
Line number foreground Color: | |
Current line highlight g __ B
Print margin
Find scope
Selection foreground color
Selection background color
Background color
Foreground color
Hyperlink
More colors can be configured on the 'Colors and Fonts' preference page.
| Restore Defaults | |  Apply |
@ |  cancel | | OK |

Structural highlighting

One particular option, shipped by default with GAMA, is the possibility to not only highlight the code
of your model, but also its structure (complementing, in that sense, the Outline view). It is a slightly

modified version of a plugin called EditBox , which can be activated by clicking on the "green square"
icon in the toolbar.
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0006 | '] Mptfegg - my._first_project/models/My First Model.gaml - Gama. o]
1B 5

" Gama Projects 53 = B8 odel.gam| 3 = B8

&® ¥ : t my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]

¥ [ Madels library (4)
¥/ Shared models (0)
4 User models (1)

¥ [ my_first_project

MyFirstModel
* Author: Your name here
* Description: This is the first of a long series of models.

17
18

19 [experiment my_experiment type: gui; |

20
21 |experiment my_second_experiment type: gui;
22
23 [experiment my_third_experiment type: gui;]
24

8= Outline 53 13z =8l zs |

¥ 2. MyFirstModel

viz
v (@ global

P pinit [initinternal_initB11 |
2 species my_species [species m
= experiment my_experiment [e
= experiment my_second_experi
= experiment my_third_experim

5.3 Problems £3
0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items)
|Resource Path Location Type

> & Warnings (6 items)
¥ i Infos (100 of 444 items}

Writable Insert | 2501 |[ T 28mofasam [0 |

The Default theme of EditBox might not suit everyone's tastes, so the preferences allow to

entirely customize how the "boxes" are displayed and how they can support the modeler in better
understanding "where" it is in the code. The "themes" defined in this way are stored in the workspace,
but can also be exported for reuse in other workspaces, or sharing them with other modelers.
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Preferences (Filtered)

type filter text

¥General
¥ Appearance
Colors and Fonts
VEditors
¥Text Editors
Accessibility
Annotations
Linked Mode
Quick Diff
Spelling
¥ Gaml
EditBox
Syntax Coloring
Templates

EditBox

Turn off current line highlighting here.

{ Themes mﬂ. Text |

Import

|v‘ Remove

E! Enabled Export
Enter/select theme II CAML

Box border:

style | Solid : | color | Custom

+) [

Highlight selected box:

style [ Solid s ] color [ Custom = ] .
@! Round box @ Highlight one | Expand box
[ Fill selected box — | On move

L]

|| Make gradient

Alpha blending

width | 1 + "] Line

width | 1 = | Line
[ No background
Alt s
(=0 @

with key

Multiple editors

GAMA inherits from Eclipse the possibility to entirely configure the placement of the views, editors,

etc. This can be done by rearranging their position using the mouse (click and hold on an editor's title
and move it around). In particular, you can have several editors side by side, which can be useful for
viewing the documentation while coding a model.
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Color levels 3 = | Circulate colors
Syntax Text :
Gradient tool from color to — Generate
Preview - double click on any box to change color:
level 1
® [ Cancel ] | OK ]
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000 Modeling - Gama "

= 21

[°7, Gama Project 53 = B |[@ cama 2 oF| *My First Model.gaml| 23 = B8
=&Y =209 Run: | Experiment my_experiment | | Experiment my_secc In project [v]

¥ [ Madels library (4)
¥/ Shared models (0)
4 User models (1)

¥ [ my_first_project

vi=
¥ (@ global

5= outline 53 N =g

1B

¥ 2. MyFirstModel

£ create my_specie:
2 species my_species [spt
U= experiment my_experin
= experiment my_second
= experiment my_third_e:

1
T T |
3

4

TR TR |
6

8

9

CAMA

..modeling made easy... i

Wigginit [init internal_ini | SLads

16
17
18
19
20
21
22
23

g
*  MyFirstModel
* Author: Your name here

* Description: This is the first of a long series of 1
*

model MyFirstModel
global
init
{ P
lcreate my_species;
}
species my_species;
experiment my_experiment type: gui;
experiment my_second_experiment type: guij

experiment my_third_experiment type: gui;

%! problems %

= B8

0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items}

4[Resource

P & Warnings (6 items)
» i Infos (100 of 444 items)

Path Location Type

Local history

Among the various options present to work with models, which you are invited to try out and test at
will, one, called Local history is particularly interesting and worth a small explanation. When you edit
models, GAMA keeps in the background all the successive versions you save (the history duration is
configurable in the preferences), whether or not you are using a versioning system like SVN or Git.
This local history is accessible from different places in GAMA (the Navigator , the Views menu, etc.),
including the contextual menu of the editor.

‘ Writable

| Insert | 25:1

|| [3amofazssm [ |
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000 Modeling - Gama ol
=] 1E3]1s
|| Gama Project 23 = O | @ cama 2 = *My First Model.gam| 23 = g
=] <;==€> M - = 6 L] Run: | Experiment my_experiment | | Experiment my_secc In project: ||
B[ Models library ( 4 }
15 [/
v Burroas (11 ' :
V&Psermodeml) 3 * Author: Your name here
P L) my_first_project 4 * Description: This is the first of a long series of t
6 model MyFirstModel
8= |global
% i
105 init
11& {
12 Icreate my_species;
13 1
14
..modeling made easy.. R
17 species my_species;
i: < Undo Typing ®Z s
20 Revert File
;i || Save 3®S fype: gui;
-: Open Declaration F3 fPet gui;
2 Quick Outline ®O
Open With >
5% Outline 52 =0 Show In NEW >
5|13 Cut 28X
¥ A MyFirstModel Copy ®»C
B Paste wY
¥ (@ global }
¥ gginit [init internal_in| 5 Format O#F
& create my_specie: Toggle Comment w7
£, species my_species [sp Content Assist ~ “Space
= experiment my_experin Rename Element CHR
= experiment my_second, e validate
[= experiment my_third_e: -_— tners Quick Fix #1
Shift Right
Shift Left
Find References 080
L proiems 23 Aoply Patch...
0 errors, 6 warnings, 444 others (Filter matched 106 of 450 items} Compare With > .
Description [ Resource | Replace With Show Local History g
» & Warnings (6 items) :
» 1 Infos (100 of 444 items) Share Project...
S ———
|wmah|e | Insert ‘ 25:1 || [asmofassm [T |

This command invokes the opening of a new view, which you can see on the figure below, and which
lists the different versions of your file so far. You can then choose one and, right-clicking on it, either
open it in a new editor, or compare it to your current version.
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000 | ‘| Modeling - my_first_project/models/My First Model.gaml - Gama ol
12 |
|| Gama Project 23 = O | [ *My First Model.gaml 23 = g
El <;:=:> - Run: | Experiment my_experiment | | Experiment my_second experiment | | Experiment my _third experiment | In project: [¥]
v‘—'f arel ";“ els (0) 2 | * MyFirstModel
&'Usermo els (1) 3 | * Author: Your name here
’I&"’V—ﬁ’itj“’i“t 4 * Description: This is the first of a long series of models.
5
6 model MyFirstModel
7
8= |global
9e [
1o init
116 {
12 lcreate my_species;
13 }
14
15 |}
16
17 |species my_species;
18
19 lexperiment my_experiment type: gui;
20
21 lexperiment my_second_experiment type: gui;
22
23 lexperiment my_third_experiment type: gui;
24
25
5% outline 2 =g
<)=:€'>lﬂz gﬂi’mblems @Himwm &%L" "|@|EEEDEI

¥ 2. MyFirstModel
vi=
¥ () global

Vo gzinit [init internal_ini;

£, create my_specie:
£ species my_species [spr
[= experiment my_experin
I'= experiment my_second
= experiment my_third_e:

My First Model.gaml

Revision Time
[ 01/05/14 23:44
B 01/05/14 23:39
= 01/05/14 23:28  OPeN )
= 01/05/14 23:28  Open With »

RN e LRl Compare Current with Local .,

B 01/05/14 23:27
B oij0s/14 2318 Get Contents

|| [ 2emofzssm [ |
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This allows you to precisely pinpoint the modifications brought to the file and, in case of problems, to
revert them easily, or even revert the entire file to a previous version. Never lose your work again !
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000 Modeling - Gama o
|23 RS
[ Gama 2 = B ||z *My First Model.gaml 52 &7 Compare My First Model.gaml Current and Local Revision £3 = B
% Y| Run: [ Experiment my_experiment | | Experiment my_second_ In project: [¥] Text Compare ¥ <z ‘ A T A F
:\'J :‘:’de: 'ib:’T“ﬂ‘ e Local: My First Model.gaml Local history: My...mai 2014 23:34:32
[ shared models ( 0) 2 [ % MyFirstiodel e g
¥ User models (1) 3 | * Author: Your name here 2 * MyFirstModel 2 % MyFirstModel
Pl my_first_project 4 | * Description: This is the first of a long series of mod 4 * Author: Your name here 2 * Author: Your name h
5 o/ 4 * Description: This is th 4 * Description: This 1
& model MyFirstModel 5% . 5 M .
2 6 model MyFirstModel & model MyFirstModel
- lglobal 7 7
95 g 2 global 2 global
102 |init of o
uell g 10 init 10 init
12 lcreate my_species; 11 1{ ) 1 )
13 5 12 create my_species; 12 create my_speci
14 13} 13
15 [} 14 ha
16 15} 153
17 |species my_species; 16 . . Le . .
18 17 species my_species; 17 species my_species;
19 lexperiment my_experiment type: gui; 18 18
20 ™ e g 10 Experiment my_exper iment ty| 19
21 |experiment my_second_experiment type: gui; 0 experiment my_second_expery 2@
2 1 experiment my_third_experin|
23 lexperiment my_third_experiment type: gui; 2z
24
25
o= oudi 2 = g
An outline is not available. (%] problems | (5 History 53 £ & r_1‘| o @D‘ gf=g

My First Model.gaml

Revision Time
£ 01/05/14 23:44
B 01/05/14 23:39
B 01/05/14 23:34
B 01/05/14 23:28
B 01/05/14 23:28
B 01/05/14 23:28
B 01/05/14 23:27
B 01/05/14 23:18

Left: 19 : 1, Right: 19 : 1, incoming change #1 (Left: 19 : 21, Right: 19 : 19) Jl | 27M of 255M |ﬁ J

This short introduction to GAML editors is now over. You might want to take a look, now, at how the
models you edit are parsed, validated and compiled , and how this information is accessible to the

modeler.
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3.2 Validation of Models
Vaidation of Models

When editing a model, GAMA will continuously validate (i.e. compile ) what the modeler is entering
and indicate, with specific visual affordances, various information on the state of the model. This
information ranges from documentation items to errors indications. We will review some of them in
this section.

Syntactic errors

These errors are produced when the modeler enters a sentence that has no meaning in the grammar
of GAML (see the documentation of the language ). It can either be a non-existing symbol (like
"globals" (instead of global ) in the example below), a wrong punctuation scheme, or any other
construct that puts the parser in the incapacity of producing a correct syntax tree. These errors are
extremely common when editing models (since incomplete keywords or sentences are continuously
validated). GAMA will report them using several indicators: the icon of the file in the title of the editor
will sport an error icon and the gutter of the editor (i.e. the vertical space beside the line numbers) will
use error markers to report two or more errors: one on the statement defining the model, and one (or
more) in the various places where the parser has failed to produce the syntax tree. In addition, the
toolbar over the editor will turn red and indicate that errors have been detected.

8. 6.8 || Medeling - my_first_project/meodels/My First Model.gaml - Gama )
Garma Projects &3 = O | &= *My First Model.gam! 53 =0

= <’==f> = Error(s) were detected. Impossible to run any experiment In project: | ¥

¥ Models library (4 )
# [~ Shared models (0}
¥ [ User models (1)

T /%4
*  MyFirstModel
* Author: Your name here

¥l dmy_first_project * Description: This is the first of a long series of madels
» G doc */
[~ images model MyFirstModel =
k-includes
¥ (= models glebals =
B My First Model.gam| 1 init
1 {
create my_species;
1
51

" species my_species;

i experiment my_experiment type: guij;
) experiment my_second_experiment type: guij
71 experiment my_third_experiment type: gui;

Hovering over one of these markers indicates what went wrong during the syntactic validation. Note
that these errors are sometimes difficult to interpret, since the parser might fail in places that are not
precisely those where a wrong syntax is being used (it will usually fail after ).
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8. 6.8 || Medeling - my_first_project/meodels/My First Model.gaml - Gama )
B s
. Gama Projects &3 = O | &= *My First Model.gam! 53 =0
= <)==='> = Error(s) were detected. Impossible to run any experiment In project: [¥
# | Models library ( 4} 1

T /#H
2 % MyFirstModel
* Author: Your name here

P [-{ Shared models (0 )
¥ User models (1)

V[l my_first_project 4 % Description: This is the first of a long series of models
P (= doc 5 ¥
[images @ 6 model MyFirstModel -
L includes
¥ [z models %o = (Incomplete model or species -
B My First Model.gam| L 1
1L {
12 create my_species;
13 ¥
14
15 }

17 species my_species;

19 experiment my_experiment type: gui;
20 experiment my_second_experiment type: gui;
71 experiment my_third_experiment type: gui;

Semantic errors

When syntactic errors are eliminated, the validation enters a so-called semantic phase, during
which it ensures that what the modeler has written makes sense with respect to the various rules
of the language. To understand the difference between the two phases, take a look at the following
example. This sentence below is syntactically correct:

speci es ny_speci es parent: ny_species;

But it is semantically incorrect because a species cannot be parent of itself. No syntactic errors will
be reported here, but the validation will fail with a semantic error.

18
@19 species my_species parent: my_species; =

Semantic errors are reported in a way similar to syntactic errors, except that no marker are displayed
beside the model statement. The compiler tries to report them as precisely as possible, underlining
the places where they have been found and outputting hopefully meaningful error messages. In the
example below, for instance, we use a wrong number of arguments for defining a square geometry.
Although the sentence is syntactically correct, GAMA will nevertheless issue an error and prevent the
model from being experimentable.
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19
20
21

23

experiment my_experiment type: gui;
experiment my_second_experiment type: gui;
experiment my_third_experiment type: guij

8. 6.8 || Medeling - my_first_project/meodels/My First Model.gaml - Gama )
=] 1=
[ Gama Projects 52 = Of &= ’Ay First Model.gaml 53 ™. =0
= 4;55 ~ rror(s) were detected. Impossible to run any experiment In project: E
¥ [ Models library (4 ) v
P [-{ Shared models (0 ) ¥ MyFirstModel
¥ [ User models (1) 3 Author: Your name here
[l my_first_project 4 * Description: This is the first of @ long series of models.
P (= doc [ Y
[ images 6 model MyFirstModel
L includes 7
¥ = models 8 %“’bﬂ‘
az IbtyjFlst{MadeDyarm] 1! geometry shape <- square(12,12); =
3— init
128 {
13 int number <- 108;
14 create my_species number: number;
15 }
T 3
17
18 species my_species;

The message accompanying this error can be obtained by hovering over the error marker found in
the gutter (multiple messages can actually be produced for a same error, see below).

122
13

15
i
17
18
19
20
21

23

Multiple markers at this line

@, - This definition of shape supersedes the one in built-in species

agent

- No operater found for applying 'square’ to types [int, int]

14 (operators available for type float])

}
}

species my_species;
experiment my_experiment type: gui;

experiment my_second_experiment type: gui;
experiment my_third_experiment type: guij;

868 || Modeling - my_first_project/models/My First Model.gaml - Gama =)
= s
| Gama Projects 5% . = ¢ *My First Model.gaml &3 = 0|
5“5 ¥ || Error(s) were detected. Impossible to run any experiment In project: [¥]
¥ [ Models library (4 ) —
P [- | Shared models (0) 2 % MyFirstModel
'.5_“?””‘““'5‘” 3 * Author: Your name here
W [zl my_first_project 4 * Description: This is the first of @ long series of models.
P = doc 5 %
(= images & model MyFirstModel
= includes 7
¥ (& models 85 global
T = {
| My First Model.gam| -

While the editor is in a so-called dirty state (i.e. the model has not been saved), errors are only

reported locally (in the editor itself). However, as soon as the user saves a model containing syntactic
or semantic errors, they are "promoted" to become workspace errors, and, as such, indicated in other
places: the file icon in the Navigator , and a new line in the Errors view.
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8. 6.8 || Medeling - my_first_project/meodels/My First Model.gaml - Gama )
B s
_ | Gama Projects 53 = yl’w’st Model.gaml 23 =0
= 4;55 ~ rror(s) were detected. Impossible to run any experiment In project: E
P [ Models library ( 4} =y
P [/ Shared models (0} . -
¥ User models { 1) < MyFirsthodel
= 3 * Author: Your name here
¥ il my_first_project 4 * Description: This is the First of a long series of models.
P (= doc 5 %/
[ images 6 model MyFirstModel
=
L includes 7
¥ 5= models 88 %‘Obﬂﬂ
First Model.gaml -
£ My 9 geometry shape <- square(l2,. 12);
ini
1

13 int number <- 108;

14 create my_species number: number;

15 ¥

H. Problems 53 =0

1 error, 6 warnings, 446 others (Filter matched 107 of 453 items)

D LT

Rath Lacation LR

7 otion
¥ 3 Errors (1 item)
@ No operator found for applying 'square’ to types [int,... My First Model.gaml

line: 10 /my_... Xtext Check ()

Jmy_first_project/models

i

Semantic warnings

The semantic validation phase does not only report errors. It also outputs various indicators that can
help the modeler in verifying the correctness of his/her model. Among them are warnings . A warning
is an indication that something is not completely right in the way the model is written, although it can
probably be worked around by GAMA when the model will be executed. For instance, in the example
below, we pass a string argument to the facet "number:" of the "create" statement. GAMA will emit a
warning in such a case, indicating that "number:" expects an integer, and that the string passed will
be casted to int when the model will be executed. Warnings are to be considered seriously, as they

usually indicate some flaws in the logic of the model.

000 | Modeling - my_first_project/models/My First Model.gaml - Gama e
=) Gl
~ | Gama Projects &3 = OF|[ 2 By First Model.gam| 3 = g
= % ¥ [™Hun: | Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]
[ Models library (4 ) =T
P [/ Shared models (0} . MyFirstModel
.- - s
'—_u.“rmadals(” 3 % Author: Your name here
¥ [l my_first_project 4 * Description: This is the First of a long series of models.
¥ (= doc 5wy
Lerimages & model MyFirstModel
= includes 7
¥ = models 8o %Wbﬂl
First Model.gaml - ..
= M 2 10e  init
11 i
N string number <- H
WRE; create my_species number: Rumber;
Al 3 ¥
15
16 3
17
1& species my_species;
19
20 experiment my_experiment type: gui;
21 experiment my_second_experiment type: guij;
22 experiment my_third_experiment type: guij;
23

Hovering over the warning marker will allow the modeler to have access to the explanation and

hopefully fix the cause of the warning.
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P [ Models library ( 4}
P [-{ Shared models (0 )
¥ User models (1)
W [ my_first_project
P (= doc
[ images

L includes
¥ [z models

7| My First Model.gam|

10
3
4
=

B
7

o e

loe
1le
il3
i
16
17
18
19
20
21

JeE
*  MyFirstModel
* Author: Your name here

* Description: This is the first of a long series of models.

*/
model MyFirstModel

global
{
init
{
string number <- ;
Facet 'number’ is expecting [int] instead of stringier;

}
species my_species;
experiment my_experiment type: gui;

experiment my_second_experiment type: gui;
experiment my_third_experiment type: guij

Semantic information

8. 6.8 || Medeling - my_first_project/meodels/My First Model.gaml - Gama )

12 |

| Gama Projects 52" 5 = - *My First Model.gam| 53 =0
=% ¥ || Run: | Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]

Besides warnings, another type of harmless feedback is produce by the semantic validation phase:
information markers . They are used to indicate useful information to the modeler, for example that
an attribute has been redefined in a sub-species, or that some operation will take place when running
the model (for instance, the truncation of a float to an int). The visual affordance used in this case is
voluntarily discrete (a small "i" in the editor's gutter).

19
20
21

2y

experiment my_experiment type: gui;
experiment my_second_experiment type: gui;
experiment my_third_experiment type: gui;

000 | Modeling - my_first_project/models/My First Model.gaml - Gama e
= 18]
. Gama Projects 53 = O |[dz] *My First Model.gam| 82 ™. = A
=% Y| Run: | Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment In project: [¥]
[ Models library (4 ) =T
P [-L{ Shared models (0) | - MyFirstModel
'.5_“?”""““'5(1) 3 * Author: Your name here
¥ [l my_first_project 4 * Description: This is the First of a long series of models.
» (2 doc 5 %y
Lerimages & model MyFirstModel
= includes 7
¥ = models 85 global
+| My First Model.gaml 3
= My 9 it geometry shape <- envelope(180);
= init
126 {
13 int number <- 109;
14 create my_species number: number;
15 }
16 3
17
1& species my_species;

As with the other types of markers , information markers unveil their messages when being hovered.
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8. 6.8 || Medeling - my_first_project/meodels/My First Model.gaml - Gama )
B 4
~, Gama Projects % = O | L= *My First Model.gam! 3 = 0
=% ¥ || Run: | Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]
> 2 Shred s (0 -
A are :°I < 51[ ) 2 * MyFirstModel
(=l ser models (1) 3 * Author: Your name here
¥ il my_first_project 4 * Description: This is the First of a long series of models
P (= doc 5 %/
[ images 6 model MyFirstModel
L includes 7
¥ = models 38 %‘Obﬂﬂ
2 First Model.gam| X
| My 9 /N This definition of shape supersedes the one in built-in species
agent
{

13 int number <- 108;

14 create my_species number: number;
51

16 3}

17

18 species my_species;

20 experiment my_experiment type: gui;
21 experiment my_second_experiment type: gui;
22 experiment my_third_experiment type: guij

Semantic documentation

The last type of output of the semantic validation phase consists in a complete documentation of the
various elements present in the model, which the user can retrieve by hovering over the different
symbols. Note that although the best effort is being made in producing a complete and consistent
documentation, it may happen that some symbols do not produce anything. In that case, please
report a new Issue here .

000 | Modeling - my_first_project/models/My First Model.gaml - Gama e
== 4
| Gama Projects £2 = O | = *My First Model.gam| 3 =0
= % ¥ || Run: | Experiment my_experiment | | Experiment my_second_experiment | | Experiment my_third_experiment | In project: [¥]
v are :°I ¢ 51[ ) 2 * MyFirstModel
= ser models (1) 3 * Author: Your name here
¥ [l my_first_project 4 * Description: This is the First of a long series of models
¥ (= doc 5wy
Lerimages & model MyFirstModel
= includes 7
¥ = models &= global
First Model.gam| - ..
= My 2 105 init
11& {

12 cieate my_species;
13 =
create internal_create904
15 3
16 Allows an agent to create ‘number’ agents of species “species”, to create agents of species “species” from a

17 species mshapefile or to create agents of species “species” from one or several localized entities (discretization of the
18 localized entity geometries).

19 experimen Facets :

9  experimen

21 experimen e as, optional, expects a species

22 « from, optional, expects any type - an expression that evaluates to a localized entity, a list of lecalized

3 entities, a string (the path of a shapefile, a .csv, a .asc or a OSM file) or a container returned by a request to)

Changing the visual indicators

The default visual indicators depicted in the examples above to report errors, warnings and
information can be customized to be less (or more) intrusive. This can be done by choosing the
"Preferences..." item of the editor contextual menu and navigating to "General > Editors > Text
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Editors > Annotations". There, you will find the various markers used, and you will be able to change
how they are displayed in the editor's view. For instance, if you prefer to highlight errors in the text,

you can change it here.

eone Preferences (Filtered) -
type filter text Annotations Fr v
¥General N
¥ Appearance Annotation types:
Colors and Fonts I Bookmarks Show in
¥ Editors = Declaration ™ Vertical ruler
e Edors
x;e‘;j:::‘t: = Filtered Search Results : .
Linked Mode :1> Info # Textas | Highlighted 3|
Quick Diff Occurrences -
spelling = Search Results Color: —/
¥ Gami & Spelling Errors
EditBox . E Tasks @I Include in next/previous navigation
Syntax Coloring & Warnings
Templates
[ Restore Defaults ] [ Apply ]
@ [ Cancel ] | oK ]

Which will result in the following visual feedback for errors:

Full Documentation of GAMA 1.6.1

006 D Modeling - my_first_project/madels/My First Model.gaml - Gama -
=l |
[=" Gama Projects 2 = B |[g] *My First Model.gaml 53 = a
= Error(s) were detected. Impossible to run any experiment In project: [¥]
b [ Models library ( 4 } =Y
¥ 1| Shared models (0 . .
Z % MyFirstModel
¥4} User models (1) 3 * Author: Your name here
¥ i my._first_project 4 * Description: This is the First of a long series of models.
¥ - doc 5 %y
images & model MyFirstModel
ly
[ includes 7
¥ - models &= global
. 9a {
First Model.gaml
R IBIETs s ooe ®10  geometry shapeflc- square TR
11= init
12 {
13 int number <- 108;
14 create my_species number: number;
15 }
16
17 3
12
19 species my_species;
28
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Errorsin imported files

Finally, even if your model has been cleansed of all errors, it may happen that it refuses to launch
because it imports another model that cannot be compiled. In the following screenshot, "My First
Model.gaml" imports "My Imported Model.gaml", which sports a syntactic error.

E]

000 | Modeling - my_first_project/models /My Imported Model.gaml - Cama o

= T
| Gama Projects 32 = O |/ My Imported Model.gaml 53 (E My First Model.gaml 53 =g
= <’:€> = Error(s) were detected. Imposs! any experiment |n project: [v) This model is functional but error(s) were detected in imported files. [in project: [v]

P Models library (4}
» Shared models (0 )
¥ [ User models (2)

ey
* Myimportmodel
*  Author: none

15 /%%
* MyFirstModel
* Author: Your name here

CIMaelia 4 * Description: An imported model 4 * Description: This is the first of a long series \h models
Vi my_first_project 5 %/ 5
b i doc @ 6 model Myimportmodel 6 model MyFirstModel
G-images 7
Gevincludes 8 /* Insert your model definition here */ (impnrt )
v = madels el.:: %lobals B
o] My First Model.gaml 11 geometry shape <- square(1@); 11 geometry shape <- square(12);
g My Imported Model.gaml 12 3 12& init
139
14 int number <- 100;
15 create my_species number: number;
16 }
17
18}
19
@ species my_species;
21

2 experiment my_experiment type: gui;

In such a case, the importing model refuses to compile (although it is itself valid) and to propose
experiments. There are cases, however, where the same importation can work. Consider the
following example, where, this time, "My Imported Model.gaml" sports a semantic error in the
definition of the global 'shape' attribute. Without further modifications, the use case is similar to the
first one.

006 | | Modeling - my_first_project/models/My First Model.gaml - Cama )
=] [
| Gama Projects &3 = 0O | &I My Imported Model.gam| &3 | *My First Model.gaml £3 =0
= <’:=> = Error(s) were detected. Impossible to run any experiment |n project: E‘ This model is functional but error(s) were detected in imported files. | |n project: E‘
¥ [ Models library {4 ) — —
P/ Shared models (0 - - .
e ared models (0) *  Myimportmodel *  MyFirstModel
[ User models (2) * Author: none * Author: Your name here
4 * Description: An imported model 4 * Description: This is the first of a long series of models.
5 * 5 %y
& model Myimportmodel 6 model MyFirstModel
8 /* Insert your model definition here */ & import
9= global 9= global
10a { 10e {
@11 geometry shape <- square(EOJID); 118 init
12 } 128 {
13 int number <- 108;
14 create my_species number: number;
15 }
16
17 31
18
19 species my_species;
21 experiment my_experiment type: gui;

However, if "My First Model.gamlI" happens to redefine the shape attribute (in global), it is now
considered as valid. All the valid sections of "My Imported Model.gaml" are effectively imported, while
the erroneous definition is superseded by the new one.
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0006 | 1 Modeling - my_first_project/models/My First Model.gaml - Gama e
= ]
| Gama Projects &3 = B | & My Imported Model.gam| 33 o *My First Model.gaml| 23 =40
5] 5. || Error(s) were detected. Impossible to run any experiment In project: [¥| | Run: | Experiment my_experiment | In project: [¥]
¥ Models library (4 ) I I
b -] Shared models (0} lgsee lgsee
VAR 2 * Myimportmodel 2 * MyFirstModel
(5 User models (2) 3 * Author: none 3 * Author: Your name here
4 * Description: An imported model 4 * Description: This is the first of a long series of models.
5 % 5 %
& model Myimportmodel & model MyFirstModel
8 /% Insert your model definition here */ 2 import
9= global 9= global
102 { 102 {
Qa1 geometry shape <- square(B8E2); il (gecmetry shape <- square(1@); )
12 } 12
13 init
148 {
15 int number <- 108;
16 create my_species number: number;
17 1
18
19 3
21 species my_species;
23 experiment my_experiment type: gui;

This process is described by the information marker next to the redefinition.

0006 | 1 Modeling - my_first_project/models/My First Model.gaml - Gama e
= L
| Gama Projects 53 = 0O | &I My Imported Model.gam| &3 | *My First Model.gaml £3 =0
[ 5| ¥ | Error(s) were detected. Impossible to run any experiment In project: (| || Run: | Experiment my_experiment | In project: [¥]
¥ Models library (4} — —
P/ Shared models ( 0) - - .
- 2 * Myimportmodel 2 * MyFirstModel
(5 User models (2) 3 * Author: none 3 * Author: Your name here
4 * Description: An imported model 4 * Description: This is the first of a long series of models.
5 %/ 5 %/
& model Myimportmodel 6 model MyFirstModel
8 /* Insert your model definition here */ & import
92 global 92 global
10a { 10e {
@11 geometry shape <- square(HBJEE); j.11 This definition of shape supersedes the one in imported file
12} QM My%20Imported%20Model.gaml
13e init
142 {
15 int number <- 108;
16 create my_species number: number;
17 }
18
19 1
21 species my_species;
23 experiment my_experiment type: gui;

Cleaning models

It may happen that the metadata that GAMA maintains about the different projects (which includes the
various markers on files in the workspace, etc.) becomes corrupted from time to time. This especially
happens if you frequently switch workspaces, but not only. In those (hopefully rare) cases, GAMA
may report incorrect errors for perfectly legible files. When such odd behaviors are detected, or if you
want to regularly keep your metadata in a good shape, GAMA proposes a menu command called
"Clean...", that can be found in the "Project" menu.
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® Gama File Edit Search [{l-a4| Views Help

Open Project
Close Project

Build Project
Build Working Set >

+ Build Automatically

Properties

Invoking this command results in GAMA removing all the validation metadata associated with projects
and provoking a complete "re-build" of all the projects ( building here meaning validating the models,
essentially). This command can be invoked on the current selected project, or on all projects at once
(it is recommended, if you suspect odd behaviors, to do the latter).

.80 6 Clean |

Clean will discard all build problems and built states. The projects will be rebuilt
from scratch.

P
]

Iu
| ﬁ Features
ﬁ my_first_project
ﬂ Syntax
5] Toy Models
ﬂ Tutorials

Clean all projects E} Clean projects selected below

[ Cancel ]

Depending on the size of your projects, the process can take more or less time (a few seconds for the
stock version without user projects). Note that GAMA, from time to time, will invoke such complete
"re-builds" if it estimates that you have modified too many models. But it doesn't remove the existing
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meta-data in this case. This process will display the following dialog, that you can later suppress by
enabling it to run in the background.

L0086 Building Workspace

Building Toy Models: Validate resources

£ways run in background

| cCancel | | Details>> | | RuninBackground |
——

When running in the background, GAMA will report the progress of the building process in the bottom
right-hand corner of the window. The small icon next to it enables to follow it more accurately (while
still running in background)

2l

|| 291Mof463M | | Building Workspace: (65%) |

This will open a new view, called Progress in which other background processes (workspace
management, memory management) will also report their progresses. This view can be opened and
closed at will without provoking any trouble.

(2. Problems | = Progress £ %~ — O

Building Workspace

@--——-—-——-—-——--——-—-——-—-——-’

Building all...: Building Toy Models: Validate resources

|| 130Mof4seM |[J | Building Workspace: (48%)
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3.3 Graphical Editor
The Graphical Editor

The graphical editor that allow to build diagram (gadl files) is based on the Graphiti Eclipse plugin.
It allows to define a GAMA model through a graphical interface. It a allows as well to produce a
graphical model (diagram) from a gaml model.

[#] graphic_xp

has the display has the reflex

B vegetation_cell

possible experiment

7S v world /
Lzei int nb_preys is macra agent of
int nb_predators

is macro agent of

has the aspect

is macro agent of

N

v prey
is macro agent of
& icon

» [, predator

inherits from ] has the aspect
[ animal | .7
- int energy [~~~ inherits from

has the action

has the action

5 eating

5P eating has the reflex e the e
1as the reflex

has the reflex has the reflex

reproduces

Installing the graphical editor

Using the graphical editor requires toinstall the graphical modeling plug-in. See here for information
about plug-ins and their installation. The graphical editor plug-in is called Graphical_modeling
and is directly available from GAMA update site https://gama-platform.googlecode.com/svn/
update_site/ .
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sl T T W T

Available Software
Check the items that you wish to install.

Work with:  https://gama-platform.googlecode.com/svn/update_site/
Find more software by working with the "Available Software Sites” preferences.

type filter text
Mame Version
4 [H| 000 Updates for GAMA1.6.1
[ 4+ Audio 1.0.0.201404042338
[7] G+ Graphical_modeling 0.9.0
| selectal || Deselectal 1 item selected
Details
[7] Show only the latest versions of available software [ Hide items that are already installed
[¥] Group items by category What is already installed?

[] Show only software applicable to target environment

[¥] Contact all update sites during install to find required software

® < Back MNext > Finish

Note that the graphical editor is still under development. Updates of the plug-in will be add to the
GAMA website. After installing the plug-in (and periodically), check for updates for this plug-in: in the
"Help" menu, choose "Check for Updates" and install the proposed updates for the graphical modeling

plug-in.

Creating afirst model

A new diagram can be created in a new GAMA project. First, right click on a project, then select
"New" on the contextual menu. In the New Wizard, select "GAMA -> Model Diagram"”, then "Next>"
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Mew

Select a wizard —

Wizards:

( type filter text

= CAMA
_Gama Project
|! Model diagram
| Model file
b = SVN

@ < Back |: Next = :| |: Cancel :| Finish

In the next Wizard dialog, select the type of diagram (Empty, Skeleton or Example) then the name of
the file and the author.
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Model Diagram

Container: ftest Browse...
Choose a diagram: () Empty (=) 5keleton () Example

File name: my_diagram.diagram

Author: patricktaillandier

Diagram name: mydiagram

Model description:

'f‘:":} < Back Mext = Cancel Finish

Skeleton and Example diagram types allow to add to the diagram some basic features.

Status of modelsin editors

Similarly to GAML editor, the graphical editor proposes a live display of errors and model statuses.

A graphical model can actually be in three different states, which are visually accessible above the
editing area: Functional (orange color), Experimentable (green color) and [InError] (red color).
See [CompilingModels161 the section on model compilation] for more precise information about
these statuses. In its initial state, a model is always in the Functional state, which means it compiles
without problems, but cannot be used to launch experiments. The [InError] state occurs when the
file contains errors (syntactic or semantic ones). Reaching the Experimentable state requires that
all errors are eliminated and that at least one experiment is defined in the model. The experiment is
immediately displayed as a button in the toolbar, and clicking on it will allow to launch this experiment
on your model. Experiment buttons are updated in real-time to reflect what's in your code. If more
than one experiment is defined, corresponding buttons will be displayed in addition to the first one.
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Diagram definition framework

The following figure presents the editing framework:

=8 Definition of a
& Palene b species with a

& [ Select continuous topology
S word i ™ “has the display & my_display 7] Marquee
Definition of a

it Is composed of

a species species with a grid
) ; o is compased of
Definition of a inheriting .ﬂ ard topology
relation between 2 species Tn is composed of
a graph
& inheriting link Definition of twoe

Definition of a

. (& Agent features < species : one with
agentaction . e |
graph node topology

he refl
Definition of a il and the other one
£P has the aspect .
with an edge

agent reflex :
(& Experiments topolo
Definiti ¢ @ has the display pology
efiniconjof 2 | is composed of \ .
agent aspect a batch Definition of a
experiment . -
Biscompmeaer]|  SPeriment display
acu
experiment
Definition of a Definition of a
Batch experiment GUI experiment
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Features
agents

species

|4, my _species

The species feature allows to define a species with a continuous topology. A species is always a
micro-species of another species. The top level (macro-species of all species) is the world species.

e source :a species (macro-species)
e target :-
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Species definition

Mame | prey

Skills

Available Skills Selected Skills
maoving
communicating

L ]
EDP =]

Init block

Location
(*) Normal () Function

Init value (+) Random () Expression:

Update |

Shape
(*) Normal () Function

Init value point [v]
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Shape
* | Normal Function
Init value point v
Update
Variables
MName Type init value update function min max
myCell vegetation_cell one_of (list (ve...
max_energy float prey_max_energy
max_transfert float prey_max_tran...
size float 2.0
coler rgb rgb ('blue’)
energy_consum  float prey_energy_co...
energy float *(f(rnd (1000},... -(energy,energ... max_energy

Add variable Delete variable

Reflex order

grid

z “cell
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The grid feature allows to define a [Species151 species] with a [Sections151 grid topology]. A grid is
always a micro-species of another species.

e source : a species (macro-species)
e target :-

Species definition

Mame . my_cell

Skills
Available Skills Selected Skills

moving -
e

communicating
EDP

Init block

is Torus? () Yes (s)No [ ) Expression:

Grid properties

Neighborhood 4 (square - von Meumann) E

Number of rows . 100 . Number of columns . 100

Variables

Name Type init value update function min max

Inheriting link
The inheriting link feature allows to define an inheriting link between two species.

e source : a species (parent)
e target : a species (child)

& icon 0 / \\

S\ redator T
B “L prey

has the aspect f icon
inherits from

. ©[ animal
"'"*--9. Nt energy

has the aspect

has the action

U eating has the reflex
has the reflex

has the action
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world

A e world

When a model is created, a world species is always defined. It represent the global part of the model.
The world species, which is unique, is the top level species. All other species are micro-species of the
world species.
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Species definition

Narme world

Skills
Available Skills

Selected Skills

maoving
communicating
EDP

]
=]

Init block

is Torus? () Yes

() Expression:

Bounds

Value type

Width

width-height

']

Height

100.0

Variables
MName Type

agent features

action

init value update

function min max

"Tmy action

The action feature allows to define an action for a species.

e source : a species (owner of the action)
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e target :-

@]
O
O

Action definition

Narme my_action |

gaml code

|

reflex

The reflex feature allows to define a reflex for a species.

e source : a species (owner of the reflex)
e target :-
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Reflex definition

Name my_reflex

condition

gam| code

| Ok | | Cancel |

aspect

£my aspect

The aspect feature allows to define an aspect for a species.

e source : aspecies (owner of the aspect)
e target :-
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Aspect definition

Mame my_aspect

Layers
Layerl
Layer2
. ad | [ e | [ Remoe | [ a | [ W
|
Plaflaf)

Edit Aspect Layer

Mame | Layerl

Shape |circ|-.=.

[*]

Radius | 1.0

Color (») Constant - () Expression:
Empty | false |
Rotate [0.0 |

[ ok | | cancel |
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experiment

GUI experiment

The GUI Experiment feature allows to define a GUI experiment.

e source :world species

L4 target L -

Name prey_predator

Parameters

wariable Text category init value min max step

nb_preys nb_preys 100

Add parameter Delete parameter
Ok Cancel

Page 138 of Full Documentation of GAMA 1.6.1

658



GAMA Documentation

display

The display feature allows to define a display.

e source : GUI experiment

° target i-
Display definition
Name my_display
Layers
Layer
Layer2
Add | Edit | [ Remove | | A | | v |
Background color (*) Constant | color... () Expression:
Refresh 1
Type -iljal.ra 2D -;IOpen GL
| (83 | | Cancel |
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MName Layer

Type species

Species world

Aspect default

Position X (0,1 0.0 Y ([0,1]} 0.0

Size width ([0.0,1.0]) | 1.0 height ([0.0,1.0]} | 1.0

Transparency 1.0

Refresh every | 1.0

Ok Cancel

batch experiment

my batch xp

The Batch Experiment feature allows to define a Batch experiment.

e source :world species
e target :-
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Pictogram color modification

It is possible to change the color of a pictogram.

¢ Right click on a pictogram, then select the "Chance the color".

GAML Mode generation

It is possible to automatically generate a Gaml model from a diagram.

¢ Right click on the graphical framework (where the diagram is defined), then select the "Generate
Gaml model".

A new GAML model with the same name as the diagram is created (and open).
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4. Running Experiments

Running Experiments

_Running an experiment__is the only way, in GAMA, to execute simulations on a model. Experiments
can be run in different ways.

1. The first, and most common way, consists in launching an experiment from the Modeling
perspective, using the user interface proposed by the simulation perspective to run
simulations.

2. The second way, detailed on this page , allows to automatically launch an experiment
when opening GAMA, subsequently using the same user interface .

3. The last way, known as running headless experiments , does not make use of the user
interface and allows to manipulate GAMA entirely from the command line.

All three ways are strictly equivalent in terms of computations (with the exception of the last one
omitting all the computations necessary to render simulations on displays or in the Ul). They simply
differ by their usage:

1. The first one is heavily used when designing models or demonstrating several models.

2. The second is intended to be used when demonstrating or experimenting a single model.

3. The last one is useful when running large sets of simulations, especially over networks or
grids of computers.
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4.1 Launching Experiments

L aunching Experiments from the User
Interface

GAMA supports multiple ways of launching experiments from within the Modeling Perspective, in
editors or in the navigator .

From an Editor

As already mentioned on this page , GAML editors will provide the easiest way to launch experiments.
Whenever a model that contains the definition of experiments is validated, these experiments will
appear as distinct buttons, in the order in which they are defined in the file, in the header ribbon above
the text. Simply clicking one of these buttons launches the corresponding experiment.

000 | | Modeling - Toy Models/Ants/models/Ant Foraging (Complex).gam| - Gama el
B E
| Gama Projects 1% =% Y = 0| srj Ao Eocioioo T =g
¥ Models library ( 4 ) In project: [¥]
P [ Features
B Syntax refresn_every:
¥, Toy Models 217 type: series {
¥ o Ans _ée? , data value: food_gathered;
b (icons 320 )
» (=images 321 1
¥ = models 222 }
¥ Ant Foraging (Charts examples).gaml 223
% Ant Foraging (Classic).gam| 2245 experiment Genetic type: batch repeat: ? keep_seed: true until: (food_gathered = food_placed) or (time >
% Ant Foraging (Complex).gaml 225 parameter name: var: g ini f
% Ant Foraging (simple}.gaml parameter name: var: ants_number
% ant Sorting.gami parameter name: var: evapor
¢ 9-9 228 parameter name: var: diffusion_rate min: 8.1 max: 1.8 unit:
¥ [ Articles method genetic maximize: food_gathered pop_dim: 5 crossover_prob: 8.7 mutation_prob: 8.1 nb_prelim_ge
¥ (= Boids 238 }
» G- Circle 231
= = 232 experiment Quadtree type: gui {
5% Outline 52 IS Ol 2330 output T
v ants 234 monitor name: 'Food gathered' value: food_gathered;
viz 2358 display QuadTree {
» (@ global _<\3 N quadtree H
}g:entmes ) 238
P 1= experiment Displays [experiment Displays] 2396 display Ants background: rgb( ) refresh_every: 1 {
xperiment Complete [experiment Complete] 240 grid ant_grid lines: rgb( 3
xperiment Batch [experiment Batch] =
v =
xperiment Genetic [experiment Genetic] H.. Problems &8 =}
xperiment Quadtree [experiment Quadtree] 2 errors, 9 warnings, 485 others (Filter matched 111 of 496 items)
b i< experiment Callback [experiment Callback] Description & Resource Path Location Type
¥ @ Errors (2 items)
» & Warnings (9 items)
¥ i Infos (100 of 485 items}
Writable Insert 232:20 162mof 228M [

In case the currently edited file does not define any experiment, but if other files in the same project
define some, it is possible to access them directly from the editor using the small "In project:" drop-
down arrow on the upper-right corner of the editor.
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mplex).gaml - Gama e
| SIR (Switch).gamil (EI Ant Foraging (Comple £3 11 = [
tch ] [ Exp. Genetic J [ Exp. Quadtree ] [ Exp. Callback ] In projec @'

_gathered;

This menu gives access to all the model files currently defined with experiments in the project and, for
each, to its different experiments. Selecting one will have the same effect as clicking on the button in
the editor of this file.
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leling - Toy Models/Ants/models/Ant Foraging (Complex).gaml - Gama "
¥ |
«=| SIR (Simple).gam| ({ﬂ SIR (ABM vs EBM).gam ({ﬂ SIR. (Switch).gaml ({ﬂ Ant Foraging (Comple &3 11 = O
BunEl|Exp Dispimys_[J}Exp. Complate [l Exp. & 2 Model Ant Foraging (Charts examples).gaml » 'ﬂ-
cLb= Lsplay Ants background: rgblU¥ 2 Model Ant Foraging (Classic).gaml >
Antn "Cond’ unlus- fane B 2 Model Ant Foraging (Complex).gaml »
p Simple E Model Ant Foraging (Simple). >
[ Exhaustive optimization = Model Ant Sorting.gaml »
 Repeated 2 Model ville_1.gaml »>
 Genetic 2 Model ville_2.gaml »>
; 2 Model ville_3.gaml| »
parameter name: 2 var: [l Model ville_4.gaml >
pormeter rove: SR YL ModelvilleS.gar .
method genetic mafiize: food_gath¢ [= Model ville_6.gaml >
= Model Prima_modell.gaml »>
232= experiment Quadtree] tfe: gui { [Z Model Prima_model2.gaml >
233e output { 2 Model Prima_model3.gaml »>
:j;_ 2‘:2;:2; EEEZT ZO?d gathered’ v = model Prima_model4.gaml »
236 quadtree ‘Bt'; [Z Model Prima_model5.gaml »
o b | Model Prima_model6.gaml >
259— display Ants blickground: rgb('v = Model Boids With Flocks.gaml >
240 grid_ant_grid lines: rgb('t 2] Model Boids.gaml| »
::i ; species ant aspect: defauli | Model Circle.gaml >
243 2 Model Large Dimensions Circle.gaml »
fjg i [/ Model Clock.gam| »
246} £/ Model continuous_move.gaml >
247 ) ) 2 Model grid_move.gaml »
::2_ Ex”ezazezt:a;}b“k type: gui parent: € = midel Hydrological Model.gaml »
250 2 Model Susceptible Infected (S1).gaml »>
fl PP Model Susceptible Infected Recovered (SIR).gaml »> L
S0 problems 3 2 Model L!fe {No Colors).gaml » 5
2 errors, 9 warnings, 485 others (Filter matched 111 of 49| B Model Life.gaml >
Description e = Model Segregation (Agents).gaml >
» @ Errors (2 items) = Model Segregation (Cellular Automata).gaml »
P (& Warnings (3 items) 2 Model Segregation (GIS).gam| »>
b i infos (100 of 485 kems) 2] Model Segregation (Google Map).gaml >
[ Model Sugarscape.gaml »
2 Model Voronoi.gaml »
£ Model Vote.gaml| > |

Writable Insert 232 :20

From the Navigator

A same mechanism is implemented in the Navigator . Right-clicking on a category, on a project,
on a sub-directory of a project, or on a model file will enable the command named "Run..." in the
contextual menu. Depending on the object(s) being selected, this command will give you access to:

1. The experiments defined in the model file(s) selected
2. The experiments defined in the model file(s) present in the category(s), project(s) or

folder(s) selected.
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006

|| Modeling - Toy Models/Ants/models/Ant Foraging (Complex).gaml - Gama )

{]=

| Gama Projects 53

(& SIR Simple).gaml

hAﬂ(Somng.gaml

P [ Articles
¥ [ Boids
P [ Circle
b [ Clock
P [+ Evacuation
¥ [ Flood Simulation
b [ Infection
F [ Life
P # Segregation
P [-Sugarscape
¥ (= Varonoi
P [ Vote

¥ [l Tutorials
P -] Shared models (0}
¥ 5 User models (2)

» ) DongThap

P;zéh Trial_Maelia 887 [http://147.9

5F Outline £
¥ ants
Y=

F-@g\oba\

b gihentities

P I= experiment Displays [experim
xperiment Complete [experir
xperiment Batch [experiment
xperiment Genetic [experime
periment Quadtree [experiri
P = experiment Callback [experim

5| Ant Faraging (Classic).gaml
% Ant Foraging (Complex).gaml
§_| Ant Foraging (Simple).gaml|

&Y= 0 [«u SIR (ABM vs EBM).gam [m SIR (Switch).gaml l.p_| Ant Foraging (Comple 53 . 11 =g
Run: | Exp.Displays | | Exp.Complete | | Exp.Batch | | Exp.Genetic | | Exp.Quadtree | | Exp. Callback | In project: [¥|
white ) refresn_every:

2179 " type: series {

218 data value: food_gathered;

219 }

220 1

221 }

222 '}

223

224= experiment Genetic type: tch repeat: 2 keep_seed: true until: (food_gathered laced) or (ti

225 parameter name: 'S f the grid:' var: gridsize init: 75 wunit: '(width and YR

226 parameter name: ‘N : ants_number init: 208 unit: 'ants';

e —— e 1L oo fouimmy—summnmatlon Mo Lo 1) oo ouem..0] unit
Segregation (Agents).gam| P 1 max: 1.8 unit: 'rate evfry cyc

> htion_priib: 31- nb,pr"el

» |
1

Segregation (Cellular Automata).gam|
Segregation (GIS).gaml
Segregation (Google Map).gaml

» schelling

[T New... >
BB Import... >

Open File...

tor name: 'Food gathered' value: food gathered;
@ Search for... ©#R loy QuadTree {
guadtree 'gt';
[i= Copy ®C
Paste #Y lay Ants background: rgb('white') refresh_every: 1 {
¥ Delete ® grid ant_grid lines: rgb('b bH
Move species ant aspect: default
Rename... F2
£ Refresh F5
Team >
Compare With » ollback type: gui parent: Complete { //Inherits from experiment "complete" its parameter

Restore from Local History...

7251

P medinm clom [ /4 Bodafiniiiom af iho defauli clos  aclios feauld b weillon in o aellee i lb
5l Problems 52 =0
2 errors, 9 warnings, 485 others (Filter matched 111 of 496 items)

! 4 |Resource Path Location Type

b @ Errors (2 items)
P {& Warnings (9 items)
¥ i Infos (100 of 485 items)

[ Toy Models/Segregation

|| ostherassm | |

Running Experiments Automatically

Once an experiment has been launched (unless it is run in headless mode, of course), it normally
displays its views and waits from an input from the user, usually a click on the "Run" or "Step" buttons
(see here). It is however possible to make experiments run directly once launched, without requiring
any intervention from the user. To install this feature, open the preferences of GAMA . On the first
tab, simply check "Auto-run experiments when they are launched" (which is unchecked by default)
and hit "OK" to dismiss the dialog. Next time you'll launch an experiment, it will run automatically (this
option also applies to experiments launched from the command line).
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m E\ Display |_|_ Editor

8 Random Number Generation

'J-J-‘L_J External

Random number generator [ 'mersenne’ : ]

Define a default seed [ | false

0.0 = qp
Include in the parameters of models E true

B User interface

Break down agents in menus every | 5Q )| = dh

a8 Simulation errors

Display errors E true

Mumber of errors to display | 10 ) = o
Display most recent first E true

Stop simulation at first error E true

Treat warnings as errors || false

a8 Startup

Display Welcome page at startup E true

2 Runtime

Default step for delay slider (in sec.) (

Auto-run experiments when they are launched

Ask to close the previous simulation before launching a new one 7 ||

|% Revert to defaults Advanced... | l Cancel I l Save J
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4.2 Experiments User interface

Experiments User Interface

As soon as an experiment is launched , the modeler is facing a new environment (with different
menus and views) called the Simulation Perspective ). The Navigator is still opened in this
perspective, though, and it is still possible to edit models in it, but it is considered as good practice to
use each perspective for what is has been designed for. Switching perspectives is easy. The small

button in the top-left corner of the window, next to the preferences button, allows to switch back and
forth the two perspectives.
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® Gama File

-/ Shared mc
5 User models

The actual contents of the simulation perspective will depend on the experiment being run and the
outputs it defines . The next sections will present the most common ones ( inspectors, monitors and
[G__Display displays]), as well as the views that are not defined in outputs, like the Parameters or

Errors view . An overview of the menus and commands specific to the simulation perspective is also
available.
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4.2.1 Menus and commands

Menus and Commands

The simulation perspective adds on the user interface a number of new menus and commands (i.e.
buttons) that are specific to experiment-related tasks.

Experiment Menu

A menu, called "Experiment”, allows to control the current experiment. It shares some of its
commands with the general toolbar (see below ).

‘ Gama File Edit Search Projectmhgents Views Help

P Run HEP
M Step by step 1+ 3P
5 Reload {+#HR

v @ Stop at first error
s Treat warnings like errors
v ) Display errors and warnings

o Force interrupt

* Run/Pause : allows to run or pause the experiment depending on its current state.

e Step by Step : runs the experiment for one cycle and pauses it after.

* Reload : stops the current experiment, deletes its contents, and reloads it, taking into account
the parameters values that might have been changed by the user .

e Stop at first error : if checked, the current experiment will stop running when an error is issued.
The default value can be configured in the preferences .

e Treat warnings as errors : if checked, a warning will be considered as an error (and if the
previous item is checked, will stop the experiment). The default value can be configured in the
preferences .

¢ Display warnings and errors : if checked, displays the errors and warnings issued by the
experiment. If not, do not display them. The default value can be configured in the preferences .

e Force interrupt : forces the experiment to stop, whatever it is currently doing, purges the
memory from it, and switches to the modeling perspective. Use this command with caution ,
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as it can have undesirable effects depending on the state of the experiment (for example, if it is
reading files, or outputting data, etc.).

Agents Menu

A second menu is added in the simulation perspective: "Agents". This menu allows for an easy
access to the different agents that populate an experiment.

o Gama File Edit Search Project Experimentmwews Help

Actions

[[] Browse ants_model population...

42 Inspect

Micro-populations

<t Population of ant_grid >

7 Population of ant > Actions

| [ Browse ant population...

Agents k
% 0to 49 »
4% 50 to 99 »
== 100 to 149 >
4F 150 to 199 »

This hierarchical menu is always organized in the same way, whatever the experiment being run.

A first level is dedicated to the current simulation agent: it allows to browse its population or to
inspect the simulation agent itself. Browsing the population will give access to the current experiment
agent (the "host" of this population). A second level lists the "micro-populations” present in the
simulation agent. And the third level will give access to each individual agent in these populations.
This organization is of course recursive: if these agents are themselves hosts of micro-populations,
they will be displayed in their individual menu.

® Gama File Edit Search Project Experimentmwews Help

Current simulation agent [] Browse ants_model population...
5 Inspect

_ 5t Population of ant_grid >
Other;populations ot agents 7 Population of ant > ctions

[[] Browse ant population...

- [
<+ 0 to 49

=50 to 99
=100 to 149
<= 150 to 199

Individual agents in each population

y¥y¥Yvy

Each agent, when selected, will reveal a similar individual menu. This menu will contain a set of
predefined actions, the commands defined by the user for this species , if any, and then the micro-
populations hosted by this agent, if any. Agents (like the instances of "ant" below) that do not host
other agents and whose species has no user commands will have a "simple" individual menu.
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® Gama File Edit Search Project Experimentmwews Help

Actions
[ Browse ants_model population...
59 Inspect

Micro-populations
¢ Population of ant_grid
7 Population of ant

»>
>

Actions % ant0 >
[0 Browse ant population... 7 antl >
Agents ani2 s )

Actions
50 to 99 y| Tamd b | Sinspect
100 to 149 . % ant5 » % Highlight
2 150 to 199 y Tantt > HEFocus

. % ant? > % Kill
“ ant8 | S —
G ant9 >

On the contrary, if they host other agents (e.g. a population of “inside_ant" in our example) and if their
species is provided with user commands, their individual menu will look like the following:

® Gama File Edit Search Project Experimemm\‘iews Help

Actions
[ Browse ants_model population...

42 Inspect

Micro-populations

%t Population of ant_grid >

~ Population of ant > Actions

[[] Browse ant population...

Agents

% 50 to 99 >

% 100 to 149
% 150 to 199

The 4 actions that will be there most of the time, then, are:

e Inspect :open an inspector on this agent.

Actions L3
2 Inspect

% Highlight

I3 Focus

. Apply user_command1
.3 Apply user_command?2

KKill

Micro-populations
4 Population of inside_ant >

7 antll

e Highlight : makes this agent the current "highlighted" agent, forcing it to appear "highlighted" in

all the displays that might have been defined.

e Focus : this option is not accessible if no displays are defined. Makes the current display zoom
on the selected agent (if it is displayed) so that it occupies the whole view.

e Kill : destroys the selected agent and disposes of it. Use this command with caution , as it
can have undesirable effects if the agent is currently executing its behavior.

Genera Toolbar

The last piece of user interface specific to the Simulation Perspective is a toolbar, which contains
controls and information displays related to the current experiment. This toolbar is voluntarily
minimalist, with three buttons already present in the experiment menu (namely, "Play/Pause", "Step

by Step" and "Reload"), which don't need to be detailed here, and two new controls ("Experiment

status" and "Cycle Delay"), which are explained below.
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Simulation ready u | @
ks Rl—

While opening an experiment, the status will display some information about what's going on. For
instance, that GAMA is busy instantiating the agents, or opening the displays.

The orange color usually means that, although the experiment is not ready, things are progressing
without problems (a red color message is an indication that something went wrong). When the loading
of the experiment is finished, GAMA displays the message "Simulation ready" on a green background.
If the user runs the simulation, the status changes and displays the number of cycles already elapsed
in the simulation currently managed by the experiment.

79 cycles elapsed in ———) '&

R S

Hovering over the status produces a more accurate information about the internal clock of the
simulation.

590 cycles elapsed
Cycles elapsed: 590
Simulated time: 00:09:50

Cycle duration: 12ms
Average duration: 14ms
Toral duration: 8382ms
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From top to bottom of this hover, we find the number of cycles elapsed, the simulated time already
elapsed (in the example above, one cycle lasts one second of simulated time ), the duration of cycle
in milliseconds, the average duration of one cycle (computed over the number of cycles elapsed),
and the total duration, so far, of the simulation (still in milliseconds). Although these durations are
entirely dependent on the speed of the simulation engine (and, of course, the number of agents, their
behaviors, etc.), there is a way to control it partially with the second control, which allows the user to
force a minimal duration (in milliseconds) for a cycle, from O (its initial position) to 1000. Note that this
minimal duration (or delay) will remain the same for the subsequent reloads of the experiment.

2866 cycles elapsed T | = r---~.

Al ]
Minimum-Jduration of a cycle 0.511 s

Ants 23

In case it is necessary to have more than 1s of delay, it has to be defined, instead, as an attribute of
the experiment .
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4.2.2 Parameters view

Parameters View

In the case of an experiment , the modeler can define the parameters he wants to be able to modify to
explore the simulation, and thus the ones he wants to be able to display and alter in the GUI interface.
It important to notice that all modification made in the parameters are used for simulation
reload only. Creation of a new simulation from the model will erase the modifications.

Built-in parameters

Every GUI experiment displays a pane named "Parameters" containing at least two built-in
parameters related to the random generator:

¢ the Random Number Generator, with a choice between 4 RNG implementations,
¢ the Random Seed

10; Parameters 23 & = O
a2 Model simple_ODE_SIR_model Parameters for experiment 'maths’
Random number generator | 'mersenne’ + | among [cellular, xor, java, mersenne]
Random seed (¥ Define: (| 0.0 = op

Parameters View

The modeler can define himself parameters that can be displayed in the GUI and that are sorted
by categories. Note that the interface will depend on the data type of the parameter: for example,
for integer or float parameters, a simple text box will be displayed whereas a color selector will be
available for color parameters. The parameters value displayed are the initial value provided to the
variables associated to the parameters in the model.
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fli'aiﬁiiﬂﬁ ﬁ G = A8

= Simple types

my_integer | 0 ) = b

my_float | 0.0 ) = g

my_string "

(@ Complex types

my list | [1,2,3] ) | &7 Edit
my_matrix | [[1,3],[2,4]] as matrix
- ~ g
my_pair | 3::5
my_map (_{['a'::4] as map ) ;1 % & Edit

my_color NN

'@ Model simple_ODE_SIR_model Parameters for experiment 'maths’

-

Random number generator '‘mersenne’ = among [cellular,

Random seed  Define: | 0.0 ) =

The above parameters view is generated from the following code:

experinent maths type: gui {

paranmeter "my_integer" var: i <- 0 category:"Sinple types";

paraneter "ny _float" var: f <- 0.0 category:"Sinple types";

paranmeter "my_string" var: s <- "" category:"Sinple types";

paranmeter "my list" var: | <- [] category:"Conplex types";

paraneter "nmy_matrix" var: m<- matrix([[1,2],[3,4]]) category: " Conpl ex
types";

paranmeter "my _pair" var: p <- 3::5 category:"Conpl ex types";
paraneter "ny_map" var: np <- ["a"::4] category:"Conplex types";
parameter "my_color" var: c <- #green category:"Conplex types";
output { ... }

}

Click on Edit button in case of list or map parameters or the color or matrix will open an additional
window to modify the parameter value.
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Modification of parameters values

The modeler can modify the parameters value (1 in the image below). In order that the modification to
be taken into account in the simulation, he has to reload the simulation (click on the reload button, 2
in the image). If he wants to come back to the initial value of parameters, he can click on the top-right
curved arrow of the parameters view (cf. 3 in the image).

H ) ——— ) @@
(@ sy 5 | m—0 ¢ @ [P £ P %L = O (Cioansenion (G-t
r —w T e y

A k! @ General

@ Number of agents -

Number of obstacles 5 Q) =&
Maximal speed | 15.0 0 =

Cohesion Factor | 200 Q) =

Alignment Factor | 100 Q) =%

Minimal Distance | 10.0  ©) = @

Maximal Turn | 60 0) =&

Width/Height of the Environment |~ 800 Q) =

Toroidal Environment 7 false

Apply Cohesion 7 &/ true

Apply Alignment ? Mlme

Apply Separation 7 true

Follow Goal 7 o true

Apply Avoidance 7 [-6 true

Apply Wind 7 ¥ true

Moving Obstacles 7 false
Direction of the wind x 00 vy 00  z 0.0

@ Model boids_model Parameters for experiment 'Boids2'
Random number generator 'mersenne’ : | among [cellular

Random seed o Define: = 0.0 Q) =
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4.2.3 |nspectors and monitors

|nspectors and monitors

GAMA offers some tools to obtain informations about one or several agents. There are two kinds of
tools :

e agent browser
e agentinspector

GAMA offers as well a tool to get the value of a specific expression: monitors.

Agent Browser

The species browser provides informations about all or a selection of agents of a species. The agent
browser is available through the Agents menu or by right clicking on a by right_clicking on a display.

Experiment Views Help
t- fUsersfadmi Actions {plugins/msi.gama.models_1.6.1.201405101
I » = [ Browse Sl_city_model population...
$v=5@ 8 Inspect _@@E‘l|@@ﬁ|'ﬁ°"ﬂ_—..
Micro-populations
7 Population of people Actions
i& Browse people population...
- Agents
® e0de® °® ( o4 > @
== 50 to 99 >
@ ® ' ..'l ® =& 100 to 149 >
.‘ @ L0 ©® < 150 to 199 » @
@ r @q © & 200 to 249 >
e ’z @ 5F 250 to 299 >
® ® 5 300 to 349 > @
° 9 @y .. @ %350 to 399 >
® @ eo® @IP@I < 400 to 449 > |
o ® ° .:' @ < 450 to 499 » @
- (] @ @ ]
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L i

Actions

‘. o® Agents b
@ ® @ @ 7t people405 > -
@ e © 7t peopled62 > =

) °*va ©0° _em anv m—

It displays in a table all the values of the agent variables of the considered species; each line
corresponding to an agent.

&ﬁf Parameters D Population of people (500) &3 . .

People (500) population in macro-agent Sl_city_model0

%% people (500) I3 |

Artributes & destination heading is_infected location name speed

agents a {302.38857846... 48 false 1301.45923039... 'peopled’ 1.3888588888...

destination 1 {69.141959692... 167 false {70.495251449... 'people’ 1.3888588888...

heading 2 1214.31294721... 278 false {214.11965124... 'people2’ 1.3888588888...

host 3 {157.44714596... 0 false {156.05825707... 'people3’ 1.38BRE88888...

is_infected 4 {199.49414129... 27 false {198.25663223... 'peopled’ 1.3BB85888EE...

:::":;s 5 {226.63425053... 120 false {227.32669498... 'peoples’ 1.38B8588888...

e B {70.B98468389... 246 false {71.463380393... 'peoplel’ 1.3BB66BB888...

peers 7 {260.94359845... 168 false {262.30213678... 'people?’ 1.3888588888...

shape 8 {132.21554083... 337 false {130.93706187... 'peopled’ 1.3888588888...

speed g {12.872425192... 187 false {14.250961514... 'peopled’ 1.3888588888...
10 {139.98743883... 26 false {138.73911377... 'people10’ 1.3888588888...
11 {259.98708172... 155 false {261.24584253...|'people11’ 1.38BBEBE888...
12 {233.19745240... 17 false {231.86925135... 'people12’ 1.38BEBEBEB888...
13 {326.81312035... 222 false {327.84526594...| 'people13’ 1.3BB66BB888...
14 {1426.93030670... 240 false {427.62475114... 'people14’ 1.38666888E68...

By clicking on the right mouse button on a line, it is possible to highlight or to inspect the
corresponding agent.

Agent I nspector

The agent inspector provides information about one specific agent. It also allows to change the values
of its variables during the simulation. The agent inspector is available from the Agents menu, by
right_clicking on a display, in the species inspector or when inspecting another agent.
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B Agent Inspector £3 | =—— =0
= Agent water0 ®
host world_species0 £ inspect || o7 Change...
World agent > quantity_clean 20 L
node > water_units | [19 as water_unit,11 as water_unit,15 as water_unit,0 as wa & Edit
‘0\\‘7 location x 44.310640624296184 ¥ 32.50329022810536
water() sl Inspect name 'water0'
Focus
“H—,w —o————o~  Highlight quantity = 20 - o
shape | [44.310640624296184,32.50329022810536} as geometry
quantity_polluted 0 = oh
highlight | false

It is possible to «highlight» the selected agent.

& Agent inspector 523 I —— =0
= Agent water0 x e e
host world_species0 a. Inspect | & Change... | :> k J AI'DW‘S . choose thE
quantity_clean | 20 = ) color of the frame
water_units [19 as water_unit,11 as water_unit,15 as water_unit,0 as wa & Edit
location x 44.310640624296184 ¥ 32.50329022810536
name ‘water0'
quantity | 20 = g i e— [ lpoep
shape | {44.310640624296184,32.503290225810536} as geometry
quantity_polluted = 0 - o =

o [

— o—=C |
%\C

Monitor

Monitors allow to follow the value of a GAML expression. For instance the following monitor allow to
follow the number of infected people agents during the simulation. The monitor is updated at each
simulation step.

( Monitors &3 ] =—) | Ei - EI]
|[._1 nb of infected people 5 ol & ]|

It is possible to define a monitor inside a model (see this page ). It is also possible to define a monitor
through the graphical interface. To define a monitor, first choose Add Monitor in the Views menu.
then define the display legend and the expression to monitor.
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Agents Help

nistrateur, 7] Preferences ck
e ﬁ Welcome page

m {0 Show parameters L

2 Show console
C] Add Monitor

i Modeling Perspective

mp  Reset Perspective... )
Open View
‘ Open Perspective > (

In the following example, we defined a monitor with the legend "nb of infected people" and that has for
value the number of infected people.

v

(LE‘E_I Monitors &3 [ =———) | = = 0O

& nb of infected people 5 0l =

Title: nb of infected people

Expression: | people count (each.is_infected)

The expression should be written with the GAML language. See this page for more details about the
GAML language.
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4.2.4 Displays
Displays

GAMA allows modelers to define several and several kinds of displays in a GUI experiment :

e java 2D displays
e OpenGL displays

These 2 kinds of display allows the modeler to display the same objects (agents, charts, texts ...).
The OpenGL display offers extended features in particular in terms of 3D visualisation. The OpenGL
displays offers in addition better performance when zooming in and out.

Classical displays (java2D)

The classical displays displaying any kind of content can be manipulated via the mouse (if no mouse
event has been defined):

¢ the mouse left press and move allows to move the camera (in 2D),
e the mouse right click opens a context menu allowing the modeler to inspect displayed agents,
e the wheel allows the modeler to zoom in or out.

| Ants &2 3| Ants_2 I =—C) G |@ @ }9 |f.§f' | [0 __ = 8 | parameters 2
Grid layer: ant_grid >
. fii Species layer: ant > e
m N

Each display provides several buttons to manipulate the display:

e Pause the-display : when pressed, the display will not be displayed anymore, the simulation is
still running,

e Update every X step : configure the refresh frequence of the display,

e Synchronize the display and the execution of the model

e Take a snapshot :take a snapshot saved as a png image in the snapshots folder of the models
folder,

e Zoomin ,

e Zoom to fit view ,

e Zoom out ,

e Browse through all displayed agents : open a context menu to inspect agents,

¢ Show/hide side bar ,
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The Show/Hide side bar button opens a side panel in the display allowing the modeler to configure:

¢ Properties of the display: background and highlight color, display the scale bar

e For each layer, we can configure visibility, transparency, position and size of the layer. For
grid layers, we can in addition show/hide grids. For species layers, we can also configure the
displayed aspect. For text layers, we can the expression displayed with the color and the font.

The bottom overlay bar displays information about the way it is displayed:

* the position of the mouse in the display,

¢ the zoom ratio,

* the scale of the display (depending on the zoom).

3 Ants X 5 Ants_2

o Properties
Background
Highlight |GE—

Antialiasing false

Scale bar # true

o Grid layer ant_grid

@ Species layer ant

Visible: ¥ true
Transparency: [ 1.0

Position: x 0.0

Size: x 1.0

Aspect: | 'default’

y 0.0

y | 1.0

z 0.0

z 1.0

o Text layer null

o Event layer mouse_down

o Event layer mouse_up

X 22,24|Y 72,41

OpenGL displays

I ——p @@ |PLL[R- L~ O

The OpenGL display has an additional button 3D Options providing 3D features:

e Use [FreeFly] camera / Use Arcball camera : switch between cameras, the default camera is

the Arcball one,
* Rotate scene : rotate the scene around an axis orthogonal to the scene,
o Split layers / Merge layers : display each layer at a distinct height,

e Triangulate scene

e Arcball drag (only with Arcball camera): the right press and hold and mouse move makes

rotation on the scene

¢ Inertia mode (only with Arcball camera): in inertia mode, when the modeler stops moving the

camera, there is no straight halt but a kind of inertia.
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] =—) @ e P00 ﬁv@v|L|_j=' EIW@Parameters =

@, Use FreeFly camera  GIs_agentific

@ Rotate scene number gene
& Split layers Random
(@ Triangulate scene B
A Arcball drag

i

In addition, the bottom overlay bar provides the Camera position in 3D.
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4.2.5 Batch Specific Ul
Batch Specific Ul

When an experiment of type Batch is run, a dedicated Ul is displayed, depending on the parameters
to explore and of the exploration methods.

|nformation bar

In batch mode, the top information bar displays 3 distinct information (instead of only the cycle
number in the GUI experiment):

¢ Run :the run number. One run corresponds to X executions of simulation with one given
parameters values (X is an integer given by the facet repeat in the definition of the exploration
method );

e Simulation :the number of replications done (and the number of replications specified with the
repeat facet);

e Cycle :the cycle number in the current simulation.

R Run 1 | Simulation 2/2 | Cycle 400 p — Y S
;ama Projects 2% - % ¥ = 8 U5 Ants 83

Batch Ul

The parameters view is also a bit different in the case of a Batch Ul. The following interface is
generated given the following model part:

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food gathered = food placed) or (tine > 400) {

paranmeter 'Size of the grid:' var: gridsize init: 75 unit: 'width and
hei ght ' ;

paraneter 'Nunber:' var: ants_nunber init: 200 unit: 'ants';

paranmeter 'Evaporation:' var: evaporation_rate anong: [0.1, 0.2, 0.5
0.8, 1.0] unit: '"rate every cycle (1.0 nmeans 100%"';
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paraneter 'Diffusion:' var: diffusion_rate min: 0.1 max: 1.0 unit: 'rate
every cycle (1.0 neans 100%' step: O.3;

nmet hod exhaustive naxi m ze: food_gat hered;

<o Parameters &3 G = 0

8 Environment and Population
Size of the grid: ( 75
Number: ( 200

= &

= o

width and height

ants

B Model ants_model Parameters for experiment 'Batch’
Random number generator | 'mersenne’

Random seed ¢ Define: ( 0.0 = gp

+ | among [cellular, xor, java, mersenne]

B Exploration method
Stop condition ( food_gathered = food_placed ) or ( time > 400 )
4.9E-324

1000.0

Best fitness
Last fitness
Parameter space evaporation_rate (5) * diffusion_rate (4) = 20

Exploration method

Method exhaustive | fitness = maximize food_gathered | compute the average of 2 simulations for each solution

with {evaporation_rate=0.1, diffusion_rate=0.1}

B Parameters to explore
Evaporation: 0.1| among [0.1, 0.2, 0.5, 0.8, 1.0]
Diffusion: 0.1

between 0.1 and 1.0 every 0.3

The interface summarizes all model parameters and the parameters given to the exploration method:

e Environment and Population : displays all the model parameters that should not be explored;

e Parameters to explore :the parameters to explore are the parameters defined in the
experiment with a range of values (with among facet or min , max and step facets);

¢ Exploration method : it summarizes the Exploration method and the stop condition. For
exhaustive method it also evaluates the parameter space. For other methods, it also displays the
method parameters (e.g. mutation or crossover probability...). Finally the best fitness found and
the last fitness found are displayed (with the associated parameter set).

Page 166 of
658

Full Documentation of GAMA 1.6.1



GAMA Documentation

4.2.6 Errors View

ErrorsView

Whenever a runtime error, or a warning, is issued by the currently running experiment, a view called
"Errors" is opened automatically. This view provides, together with the error/warning itself, some
contextual information about who raised the error (i.e. which agent(s)) and where (i.e. in which portion
of the model code). As with other "statuses" in GAMA, error will appear in red color and warnings in
orange.

fﬁ‘ufﬁ‘uD
(2 Errors 22

Il

Display last 10 = gp

Maost recent first [EI true

B8 1 occurence in Completed at cycle O Division by zero b

0 |when applying the / operator on 1000ando| |
1 in initializing attribute a
2 in agent CompleteDd

Since an error appearing in the code is likely to be raised by several agents at once, GAMA groups
similar errors together, simply indicating which agent(s) raised them. Note that, unless the error is
raised by the experiment agent itself, its message will indicate that at least 2 agents raised it: the
original agent and the experiment in which it is plunged.
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Il
Display last | 10 @) =
Most recent first ¥ true
[II 2 occurences in 2 agents at cycle 90 Division by zero -4 ]
B 2 occurences in 2 agents at cycle 83 Division by zero -4

[}

in letajkeyword =let, value= 1000 [ b , name=a, type=int}

in letalkeyword=let, value= 1000 [ b , name=a, type=int}

when applying the / oeperator on 1000 and O

in letalkeyword=let, value= 1000 / b , name=a, type=int}

in dropiwhen= has_food and { location as (ant_grid) .is_nest) , keyword=reflex,
in agents ant22, ants_model0

[, T N P I %

[n 2 occurences in 2 agents at cycle 82 Division by zero
[n 2 occurences in 2 agents at cycle 81 Division by zero
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5. Preferences

Preferences

Various preferences are accessible in GAMA to allow users and modelers to personalize their working
environment. This section review the different preference tabs available in the current version of
GAMA, as well as how to access the preferences and settings inherited by GAMA from Eclipse.
Please note that the preferences specific to GAMA will be shared, on a same machine, and for a
same user, among all the workspaces managed by GAMA. Changing workspace will not alter them. If
you happen to run several instances of GAMA, they will also share these preferences.

Opening Preferences

To open the preferences dialog of GAMA, either click on the small "form" button on the top-left corner
of the window or select "Preferences..." from the Gama, "Help" or "Views" menu depending on your

0sS.
MFH& Edit Search Project Views Help

About Gama ,

Préférences...
Services

Hide Cama
Masquer les autres
Tout afficher

Quit Gama

Generd
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I Cenera) | (S Display ._. Editor | T | External

8 Random Number Generation
Random number generator | ‘'mersenng’ -
Define a default seed | | false
0.0 = oo

Include in the parameters of models (# true

B User interface

Break down agents in menus every | 50 = b

B Simulation errors
Display errors @I true
Number of errors to display 10 = gp
Display most recent first @I true
Stop simulation at first error @ true

Treat warnings as errors | | false

B Startup
Display Welcome page at startup [T_o‘j true

B Runtime
Default step for delay slider (in sec.) 0.01 = gn
Auto-run experiments when they are launched | | false
Ask to close the previous simulation before launching a new one ? || false
&3 Revert to defaults Advanced... | Cancel | | Save

e Random Number Generation : all the options pertaining to generating random numbers in
simulations
* Random Number Generator: the name of the generator to use by default (if none is
specified in the model).
» Define a default seed: whether or not a default seed should be used if none is specified in
the model (otherwise it is chosen randomly by GAMA)
» Default Seed value: the value of this default seed
» Include in the parameters of models: whether the choice of generator and seed is included
by default in the parameters views of experiments or not.
e User Interface
» Break down agents in menu every: when inspecting a large number of agents, how many
should be displayed before the decision is made to separate the population in sub-menus.
e Simulation Errors : how to manage and consider simulation errors
» Display Errors: whether errors should be displayed or not.
* Number of errors to display: how many errors should be displayed at once
» Display most recent first: errors will be sorted in the inverse chronological order if true.
» Stop simulation at first error: if false, the simulations will display the errors and continue (or
try to).
» Treat warnings as errors: if true, no more distinction is made between warnings (which do
not stop the simulation) and errors (which can potentially stop it.
e Startup
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» Display welcome page at startup: if true, and if no editors are opened, the welcome page is

displayed when opening GAMA.
* Runtime : various settings regarding the execution of experiments.

» Default Step for Delay Slider: the number of seconds that one step of the slider used to
impose a delay between two cycles of a simulation lasts.

e Auto-run experiments when they are launched: see this page .

» Ask to close the previous simulation before launching a new one: if false, previous
simulations (if any) will be closed without warning.

Display

5| General E Cisplay ._. Editor | 7 | External

2 Properties
Default display method when none is specified | 'lava2D' =

Synchronize displays with simulations | | false
Show display overlay @ true
Show scale bar in overlay (¥ true

Apply antialiasing | | false
Default background color | |

Default highlight color | |

Stack displays on screen in the order defined by the model @ true

B Default aspect
Defaut shape to use for agents | 'shape’ 3|
Default size to use for agents 1.0 T

Default color to use for agents |

B OpenGL
Use improved z positioning | | false
Draw 3D referential [ true
Show number of frames per second | | false
Enable lighting @I true
Draw normals to objects || false
Display as a cube [ | false
C@ Revert to defaults Advanced... | Cancel | | Save

e Properties : various properties of displays

» Default display method: use either 'Java2D' or 'OpenGL' if nothing is specified in the
declaration of a display .

» Synchronize displays with simulations: if true, simulation cycles will wait for the displays to
have finished their rendering before passing to the next cycle (this setting can be changed
on an individual basis dynamically here ).

« Show display overlay: if true, the bottom overlay is visible when opening a display.
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» Show scale bar in overlay: if true, the scale bar is displayed in the bottom overlay.

» Apply antialiasing: if true, displays are drawn using antialiasing, which is slower but renders
a better quality of image and text (this setting can be changed on an individual basis
dynamically here ).

» Default background color: indicates which color to use when none is specified in the
declaration of a display .

» Default highlight color: indicates which color to use for highlighting agents in the displays.

» Stack displays on screen...: if true, the display views , in case they are stacked on one
another, will put the first display declared in the model on top of the stack.

e Default Aspect : which aspect to use when an 'agent' or 'species' layer does not indicate it

» Default shape: a choice between 'shape' (which represents the actual geometrical shape of
the agent) and geometrical operators (‘square’, etc.).

» Default size: what size to use. This expression must be a constant.

» Default color: what color to use.

e OpenGL : various properties specific to OpenGL-based displays

» Use improved z positioning: if true, two agents positioned at the same z value will be slightly
shifted in z in order to draw them more accurately.

« Draw 3D referential: if true, the shape of the world and the 3 axes are drawn

» Show number of frames per second

» Enable lighting: if true, lights can be defined in the display

« Draw normals to objects: if true, the 'normal’ of each object is displayed together with it.

» Display as a cube: if true, the scene is drawn on all the facets of a cube.

Editor
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m Ceneral E Display Editor T | External
B Options
Automatically switch to modeling perspective when editing a model | | false

Mark occurences of symbols in models @] true
Applying formatting to models on save [ | false

Gé) Revert to defaults Advanced... | Cancel | | Save

Most of the settings and preferences regarding editors can be found in the advanced preferences .

e Options

» Automatically switch to Modeling Persepective: if true, if a model is edited in the Simulation
Perspective, then the perspective is automatically switched to Modeling ( inactive for the
moment )

» Mark occurrences of symbols in models: if true, when a symbol is selected in a model, all its
occurrences are also highlighted.

» Applying formatting to models on save: if true, every time a model file is saved, its code is
formatted.

External

Full Documentation of GAMA 1.6.1 Page 173 of
658



GAMA

Documentation
m Ceneral E Display Editor | 7 | External
B Paths
Path to the Spatialite (see http://www.gaia-gis.it/gaia-sins/) library Please select the path

Path to the RScript (see http:/ /www.r-project.org) library | jLibrary/Frameworks/R.framework/Versions/2.15/Res

B GIS Coordinate Reference Systems (see http://spatialreference.org/ref/epsg/ for EPSC codes)
Let CAMA decide which CRS to use to project GIS data | | false
~.or use the following CRS (EPSG code) | 32648 = qp
When no .prj file or CRS is supplied, consider GIS data to be already projected in this CRS @I true
4326 = oy
When no CRS is provided, save the GIS data with the current CRS [ true

4326 6]

Gé) Revert to defaults Advanced... | Cancel | | Save

These preferences pertain to the use of external libraries or data with GAMA.

e Paths
» Path to Spatialite: the path to the Spatialite library ( http://www.gaia-gis.it/gaia-sins/ ) in the
system.

» Path to RScript: the path to the RScript library ( http://www.r-project.org ) in the system.
¢ GIS Coordinate Reference Systems : settings about CRS to use when loading or saving GIS
files

e Let GAMA decide which CRS to use to project GIS data: if true, GAMA will decide which
CRS, based on input, should be used to project GIS data. Default is false (i.e. only one
CRS, entered below, is used to project data in the models)

e ...or use the following CRS (EPSG code): choose a CRS that will be applied to all GIS data
when projected in the models. Please refer to http://spatialreference.org/ref/epsg/ for a list of
EPSG codes.

» When no .prj file or CRS is supplied, consider GIS data to be already projected: if true, GIS
data that is not accompanied by a CRS information will be considered as projected using the
above code.

e ...or use the following CRS (EPSG code): choose a CRS that will represent the default code
for loading uninformed GIS data.

*  When no CRS is provided, save the GIS data with the current CRS: if true, saving GIS data
will use the projected CRS unless a CRS is provided.

» ...or use the following CRS (EPSG code): otherwise, you might enter a CRS to use to save
files.
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Advanced Preferences

The set of preferences described above are specific to GAMA. But there are other preferences or
settings that are inherited from the Eclipse underpinnings of GAMA, which concern either the "core" of
the platform (workspace, editors, updates, etc.) or plugins (like SVN, for instance) that are part of the
distribution of GAMA. These "advanced" preferences are accessible by clicking on the "Advanced..."
button in the Preferences view.

|€§) Revert to defaults

| Cancel | | Save

A

Depending on what is installed, the second view that appears will contain a tree of options on the left
and preference pages on the right. Contrary to the first set of preferences, please note that these
preferences will be saved in the current workspace , which means that changing workspace will
revert them to their default values. It is however possible to import them in the new workspace using
of the wizards provided in the standard "Import..." command (see here ).

806 Preferences
type filter text General P o
-
» Appearance || Always run in background
Compare /Patch || Keep next/previous editor, view and perspectives dialog open
Content Types
> Editors # Show heap status
Keys Open mode
Perspectives
Search (*) Double click
P Security ) Sinale click
P Startup and Shutdown L ekl
‘Web Browser Select on hover
FWorkspace
¥Gaml Open when using arrow keys
EditBox Mote: This preference may not take effect on all views.

Refactoring

Syntax Coloring

Templates
Vinstall/Update

Automatic Updates

Available Software Sites

¥Team
File Content
lgnored Resources
Models
P SVN
| Restore Defaults | | Apply |
@ | cancel | | 0K |
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GAML (GAMA Modeling
L anguage)

GAML

Models that users want to simulate in GAMA have to be written in a special language, called GAML
(short for GA ma M odeling L anguage) GAML is born from the necessity to have a high-level
declarative way of defining and reusing structures found in almost all agent-based models. See

here for more information about its background. Although this choice requires users to learn a new
programming (or better, modeling ) language, everything has been made in GAMA to support a short
learning curve, so that they can become almost autonomous in a limited time (informal measures
taken at the different [G__ Events events centered on GAMA] have shown that one day is enough

to acquire sufficient skills in writing complete models in GAML). The documentation on GAML is
organized in 5 main points:

¢ Description of the general structure of a model: see this page

e Description of the declaration of species (and all their components): see this page and all its
subpages

¢ Description of the declaration of experiments: see this page for regular experiments and this one
for batch experiments.

* Reference of the language regarding all the structures provided to modelers

* Recipes of how to use special or advanced features offered in GAML.: see this page .

In addition, some of the fundamental concepts behind GAML are also described in detail, both on the
modeling infrastructure and the runtime infrastructure on which GAML is relying to run experiments on
models.
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1. Key Concepts
Key Concepts (Under construction)

GAML is an _agent-oriented_ language dedicated to the definition of _agent-based_ simulations. It
takes its roots in _object-oriented_ languages like Java or Smalltalk, but extends the object-oriented
programming approach with powerful concepts (like skills, declarative definitions or agent migration)
to allow for a better expressivity in models. It is of course very close to agent_based modeling
languages like, e.g., NetLogo , but, in addition to enriching the traditional representation of agents
with modern computing notions like inheritance, type safety or multi-level agency, and providing

the possibility to use different behavioral architectures for programming agents, GAML extends

the agent-based paradigm to eliminate the boundaries between the domain of a model (which,

in ABM, is represented with agents) and the experimental processes surrounding its simulations
(which are usually not represented with agents), including, for example, visualization processes.
This paper (_Drogoul A., Vanbergue D., Meurisse T., Multi-Agent Based Simulation: Where are

the Agents ?, Multi-Agent Based Simulation 3, pp. 1-15, LNCS, Springer-Verlag. 2003 _) was in
particular foundational in the definition of the concepts on which GAMA (and GAML) are based today.
This orientation has several conceptual consequences among which at least two are of immediate
practical interest for modelers:

¢ Since simulations, or experiments, are represented by agents, GAMA is bound to support
high-level model compositionality , i.e. the definition of models that can use other models as
inner agents , leveraging multi-modeling or multi-paradigm modeling as particular cases of
composition.

¢ The visualization_ of models can be expressed by _models of visualization , composed of agents
entirely dedicated to visually represent other agents, allowing for a clear separation of concerns
between a simulation and its representation and, hence, the possibility to play with multiple
representations of the same model at once.

Lexica semantics of GAML

The vocabulary of GAML is described in the following sentences, in which the meaning and
relationships of the important words of the language (in bold face ) are summarized.

1. The role of GAML is to support modelers in writing models , which are specifications
of simulations that can be executed and controlled during experiments , themselves
specified by experiment plans .

2. The agent-oriented modeling paradigm means that everything "active" (entities of
a model, systems, processes, activities, like simulations and experiments) can be
represented in GAML as an agent (which can be thought of as a computational
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component owning its own data and executing its own behavior, alone or in interaction
with other agents).

3. Like in the object-oriented paradigm, where the notion of class_ is used to supply a
specification for _objects , agents in GAML are specified by their species , which
provide them with a set of attributes ( what they know ), actions ( what they can do ),
behaviors (what they actually do ) and also specifies properties of their population
for instance its topology ( how they are connected ) or schedule (in which order and
when they should execute ).

4, Any species can be nested in another species (called its _macro-species_), in which
case the populations of its instances will imperatively be hosted by an instance of
this _macro-species_. A species can also inherit its properties from another species
(called its parent species ), creating a relationship similar to specialization in object-
oriented design. In addition to this, species can be constructed in a compositional
way with the notion of skills , bundles of attributes and actions that can be shared
between different species and inherited by their children.

5. Given that all agents are specified by a species , simulations and experiments
are then instances of two species which are, respectively, called model and
experiment plan . Think of them as "specialized" categories of species.

6. The relationships between species , models and experiment plans are codified in
the meta-model of GAML in the form of a framework composed of three abstract species
respectively called agent (direct or indirect parent of all species ), model (parent of
all species that define a model) and experiment (parent of all species that define
an experiment plan). In this meta-model, instances of the children of agent know the
instance of the child of model in which they are hosted as their world , while the
instance of experiment plan identifies the same agent as one of the simulations itis
in charge of. The following diagram summarizes this framework:

D

agent
«abstract» "

world model simulation
1 «gapbstracts 1.0

experiment
«gDstract=

NS

Putting this all together, writing a model in GAML then consists in defining a species which inherits
from model , in which other species , inheriting (directly or not) from agent and representing
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the entities that populate this model, will be nested, and which is itself nested in one or several
experiment plans among which a user will be able to choose which experiment he/she wants to

GAML meta-model )

world model s.imlhlatic'in ,-rL experiment
] «abstract» |1 | i“'f «abstracts
:":E'. |I 1 .-.‘ﬂ‘Fl
III| III III III I
| .I |I II |
| |I ', .I |
.'I . [
I| |I |
|

User model
Species A
,'I I
{ T Species B | | |
Species C | |
|III I I
|II |II I
|II II l
| ,I Experiment
' &7 { Plan 1
UserModel ,"
Experiment
Plan 2

At the operational level, i.e. when running an experiment in GAMA,
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Trandlation into a concrete syntax

The concepts presented above are expressed in GAML using a syntax which bears resemblances
with mainstream programming languages like Java, while reusing some structures from Smalltalk
(namely, the syntax of facets_ or the infix notation of _operators ). While this syntax is fully described

in the subsequent sections of the documentation, we summarize here the meaning of its most
prominent structures and their correspondance (when it exists) with the ones used in Java and
[NetLogo].

1. A model is composed of a header , in which it can refer to other models , and

a sequence of species and experiments declarations, in the form of special
declarative statements of the language.

2. A statement can be either a declaration ora command . Itis always composed of
a keyword followed by an optional expression , followed by a sequence of facets ,
each of them composed of a keyword (terminated by a ") and an expression .

3. facets allow to pass arguments to statements . Their value is an expression ofa
given type . An expression can be a literary constant, the name of an attribute
variable or pseudo-variable , the name of a unit or constant of the language, or

the application of an operator .

4, A type can be a primitive type , a species type or a parametric type (i.e.a

composition of types ).

5. Some statements can include sub-statements in a block (sequence of statements

enclosed in curly brackets).

6. declarative statements support the definition of special constructs of the language: for
instance, species (including global and experiment species), attributes , actions
, behaviors , aspects , variables , parameters and outputs of experiments .
7. imperative statements that execute something or control the flow of execution of

actions , behaviors and aspects are called commands .

8. A species declaration ( global , species or grid keywords) can only include 6
types of declarative statements : attributes , actions , behaviors , aspects ,
equations and (nested) species . In addition, experiment species allow to declare

parameters , outputs and batch methods .

V ocabulary correspondance with the object-

oriented paradigm as in Java

GAML Java
species class
micro-species nested class

Full Documentation of GAMA 1.6.1 Page 181 of

658



GAMA
Documentation

parent species superclass

child species subclass

model program

experiment (main) class

agent object

attribute member

action method

behavior collection of methods
aspect collection of methods, mixed with the behavior
skill interface (on steroids)
statement statement

type type

parametric type generics

V ocabulary correspondance with the agent-
based paradigm as in !NetLogo

GAML

NetLogo

species

breed

micro-species

parent species

child species - (only from 'turtle")

model model

experiment observer

agent turtle/observer

attribute ‘breed'-own

action global function applied only to one breed

behavior collection of global functions applied to one
breed

aspect only one, mixed with the behavior

skill -
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statement primitive

type type

parametric type -
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1.1 Runtime Concepts

Runtime Concepts (Under
Construction)

When a model is being simulated, a number of algorithms are applied, for instance to determine

the order in which to run the different agents, or the order in which the initialization of agents is
performed, etc. This section details some of them, which can be important when building models and
understanding how they will be effectively simulated.

Agents Creation

Agents Step

When an agent is asked to step , it means that it is expected to update its variables, run its behaviors
and then step its micro-agents (if any).

step of agent agent_a

{
speci es_a <- agent_a. speci es
architecture_a <- species_a.architecture
ask architecture _a to step agent_a {
ask agent_a to update species_a.vari abl es
ask agent _a to run architecture_a. behaviors
}
ask each m cro-popul ation np of agent_a to step {
| i st<agent > sub-agents <- np.conpute_agents_to_schedul e
ask each agent b of sub-agents to step //...recursive call...
}
}
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Scheduling of Agents

The global scheduling of agents is then simply the application of this previous step_ to the
_experiment agent , keeping in mind that this agent has only one micro-population (of simulation
agents, each instance of the model species), and that the simulation(s) inside this population
contain(s), in turn, all the "regular" populations of agents of the model. To influence this schedule,
then, one possible way is to change the way populations compute their lists of agents to schedule,
which can be done in a model by providing custom definitions to the "schedules:" facet of one or
several species. A practical application of this facet is to reduce simulation artifacts created by
the default scheduling of populations, which is sequential (i.e. their agents are executed in turn in
their order of creation). To enable a pseudo-parallel scheduling based on a random scheduling
recomputed at each step, one has simply to define the corresponding species like in the following
example:

speci es A schedul es: shuffle(A) {.}

Moving further, it is possible to enable a completely random scheduling that will eliminate the
sequential scheduling of populations:

gl obal schedul es: [world] + shuffle(A+ B + C {.}
speci es A schedules: [] {.}
speci es B schedules: [] {.}
speci es C schedules: [] {.}

It is important to (1) explicitly invoke the scheduling of the world (although it doesn't have to be

the first); (2) suppress the population-based scheduling to avoid having agent being scheduled 2
times (one time in the custom definition, one time by their population). Other schemes are possible.
For instance, the following definition will completely suppress the default scheduling mechanism

to replace it with a custom scheduler that will execute the world, then all agents of species A in a
random way and then all agents of species B in their order of creation:

gl obal schedul es: [world] + shuffle(A) + B {.} // explicit scheduling in
the worl d

speci es A schedules [];

speci es B schedules: [];

Complex conditions can be used to express which agents need to be scheduled each step. For
instance, in the following definition, only agents of A that return true to a particular condition are
scheduled:

speci es A schedul es: A where each. can_be_schedul ed() {
bool can_be_schedul ed() {

returns true_or_fal se;

}

Be aware that enabling a custom scheduling can potentially end up in non-functional simulations. For
example, the following definitions will result in a simulation that will never be executed :
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gl obal schedules: [] {}; // the world is NEVER schedul ed

speci es nmy_schedul er schedules: [world] ; // so its mcro-species
"nmy_schedul er' is NOT schedul ed either.

and this one will result in an infinite loop (which will trigger a stack overflow at some point):

global {} // The world is normally schedul ed. ..
speci es ny_schedul er schedules: [world]; // ...but schedules itself again as
a consequence of scheduling the mcro-species 'nmy_schedul er'
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2. Organization of aModel

Organization of amodel (Under
construction)

As already extensively detailed in the key concepts page , defining a model in GAML amounts to
defining a model species , which later allows to instantiate a model agent (aka a simulation ), which
may or may not contain micro-species, and which can be flanked by experiment plans in order to
be simulated. This conceptual structure is respected in the definition of model files, which follows a
similar pattern:

1. Definition of the global species , preceded by a header , in order to represent the model

species

2. Definition of the different micro-species (either nested inside the global species or at the
same level)

3. Definition of the different experiment plans that target this model

Model Header (_model species )

The header of a model file begins mandatorily with the declaration of the name of the model.
Contrarily to other statements, this declaration does not end with a semi-colon.

nodel nane_of the nodel

The name of the model is not necessarily the same as the name of the file. It must conform to the
general rule for naming species, i.e. be a valid identifier (beginning with a letter, containing only
letters, digits and dashes). This name will be used for building the name of the model species, from
which simulations will be instantiated. For instance, the following declaration:

nodel dunmy

will internally create a species called dummy_model , child of the abstract species model , from which
simulations (called dummy_model0 , dummy_modell , etc.) will be instantiated. This declaration

is followed by optional import statements that indicate which other models this model is importing.
Import statements do not end with a semi-colon. Importing a model can take two forms. The first one,
called inheritance import , is declared as follows:

i mport "relative_ path _to_a nodel file"
import "relative path to_another nodel file"
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The second one, called usage import , is declared as follows:
import "relative path to _a nodel file" as nodel identifier

When importing models using the first form, all the declarations of the model(s) imported will be
merged with those of the current model (in the order with which the import statements are declared,
i.e. the latest definitions of global attributes or behaviors superseding the previous ones). The second
form is reserved for using models as _micro-models_ of the current model. This possibility is still
experimental in the current version of GAMA. The last part of the header is the definition of the global
species, which is the actual definition of the model species itself.

gl obal {
/1 Definition of global attributes, actions and behaviors

}

Note that neither the imports nor the definition of global are mandatory. Only the model statement is.

Species declarations

The header is followed by the declaration of the different species of agents that populate the model.
Note that the possibility to define the species after the global definition is actually a convenience:
these species are micro-species of the model species and, hence, could be perfectly defined as
nested species of global . For instance:

gl obal {
/1 definition of global attributes, actions, behaviors
}
species A {.}
species B {.}

is completely equivalent to:

gl obal {
/1 definition of global attributes, actions, behaviors
species A {.}
species B {.}

Experiment declarations
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3. Defining Species
Defining Species

Species are key elements of GAMA models (see here ). A species is an archetype of agents and
specifies their properties. A model is itself a species that can contain any number of species.

Species Declaration

The simplest way to declare a regular species is the following:

speci es a_nane {

}

for example:
species foo {} //it is also possible to directly wite: species foo;

The agents that will belong to this species will only be provided with some built-in attributes and
actions, a basic behavioral structure and nothing more. These elements are directly inherited from
the default parent species called "agent’ . See [G__RegularSpecies this page] to specify a different
parent for the species. A species can contain several elements:

¢ Attributes : define the state of the agents.

¢ Actions : define a capability of the agents. An action is a block of instructions that are executed
when the action is called.

¢ Inits and Reflexes : defines the default behavior of the agents. Both statements contain
instructions that are executed, respectively, once when the agent is created for init statements,
and at each simulation step (according to an optional condition) for reflex statements.

e Aspects : define how the agents can be displayed.

e Equations : define a set of differential equations that can be integrated when necessary.

¢ Micro-species : nested species can be described inside a species. See
[G__MultiLevelArchitecture here] for more details on the relationships between macro- and
micro-species.

Note that all the elements previously defined are optional. It is totally possible to define an empty
species without any attributes, actions, reflexes, aspects, equations or micro-species like in the
example above. In addition to the regular inheritance mechanisms, modelers can attach skills and
control architectures to species, which will provide their agents with new attributes, actions and
behaviors. See here for how to define these capabilities. Finally, some specific features concerning
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the interaction of users with agents can be added to any species. It is for example possible to define
an action that will be executed by the user. See here for more details.

Scheduling Description

The modeler can specify the scheduling information of a species. This scheduling information is
composed of the execution frequency and the list of agent to be scheduled.

¢ the execution frequency is the frequency which agents of the species are considered to be
scheduled.

* "the list of agent to be scheduled" is an expression returning a list of agent dynamically
evaluated at runtime.

speci es foo frequency: 2 schedul es: foo where (each.energy > 50) {
float energy <- rnd (100) min: O max: 100 val ue: energy - 0.001

¢ frequency: we schedule the agents declared in schedules: every 2 simulation steps (or all the
agents of the species if schedules: is not defined).

¢ schedules: an expression that returns the list of agent to be scheduled, in that case all the foo
agents having a level of energy greater than 50. Two things worth to be mentioned regarding this

facet:
1. The list of agents can contain any type of agents, not necessarily agents of the
species, making it possible to define custom scheduling rules .
2. The contents of this facet is not inherited by children species.

Topology Description

The topology describes the spatial organization of the species. This imposes constraint on the
movement and perception (neighborhood) of the species' agents. GAMA supports three types of
topology: continuous, grid and graph.
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speci es foo topol ogy: (square (10)) at _location {50, 50} {

}

Topology of the "foo" species is a square of 10 meters each side at location {50, 50}. By default, a
species has a continuous topology. However, it is possible to define species with a specific grid or
graph topology (see the next Section).

Types of Species
Several types of species exist in GAMA:

¢ global species : The global species defines the model, i.e. the attributes, actions, behaviors and
micro-species that describe the world agent.

¢ [G__RegularSpecies regular species] : species of agents with a continuous topology by default.

e grid species : species of agents with a grid topology.

e graph species : species of agents with a graph topology.

e Mirror species : species of agents that mirror the population of another species
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3.1 Global Species
Global Species (Under Construction)

<font color="red"> todo :

¢ move all the attributes to the 'model'/'experiment’ species descriptions
¢ move all the actions to the 'model' species descriptions
¢ proofread the language (sometimes terrible to read !)

<[font>

The global species defines the attributes, actions and behaviors that describe the world agent.
There is one unique world agent per simulation: it is this agent that is created when a user run an
experiment and that initializes the simulation through its init section. The global species is a species
like other and can be be manipulated as them. In addition, the global species automatically inherits
from several of built-in variables and actions. Note that a specificity of the global species is that all its
attributes can be referred by all agents of the simulation.

Declaration

A GAMA model contains an unique global section that defines the global species.

gl obal {
}

Like for other species, user can define several element inside the global section:

speci es a_nane {
[attribute declarations]
[init]
[action decl arations]
[ behavi or s]
[ aspect s]

}

In the same way, user can through facets attach skills, a control architecture, define scheduling rules
like for other species. See this page for more details. A facet that is specific to the global species is
the torus: true/false one that defines the toroidal properties of the environment. By default (if this
facet is not used) the environment is not torus. Example:
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gl obal torus: true {

}

Here an example of a global section:

gl obal {
fl oat nunber of bugs <- 1000;
init {
create bug nunber: nunber_of bugs ;

}

In this case, the world agent will have only one attribute and will, when the user will run an
experiment, create number_of bugs bug agents.

Environment Size

The attribute shape of the global species allows to define the global environment. GAMA supports
three types of topologies for environments: continuous, grid and graph. By default, the world agent
has a continuous topology and its geometry is a rectangle of size 100mx100m. The geometry of the
environment can be defined:

e using a geometry: geometry shape <- rectangle(300,100);

¢ using a shapefile or an OSM file (GIS): envelope of all the data contained in the GIS file:
geometry shape <- envelope("bounds.shp"); ,

e using a raster file (asc): geometry shape <- envelope("bounds.asc"); ,

Example:

gl obal {
geonetry shape <- circl e(50);

}

gl obal {
file road_shapefile <- file("../includes/roads.shp");
geonetry shape <- envel ope(road_shapefil e);

}

gl obal {
file mt file <- file("../includes/mt.asc");
geonetry shape <- envel ope(mt _file);

}
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Built-in Attributes

Like the other attributes of the global species, global built-in attributes can be accessed (and
sometimes modified) by the world agent and every other agents in the model.

world

e represents the sole instance of the model species (i.e. the one defined in the global section). It is
accessible from everywhere (including experiments) and gives access to built-in or user-defined
global attributes and actions.

cycle

¢ integer, read-only, designates the (integer) number of executions of the simulation cycles. Note
that the first cycle is the cycle with number 0.

o float, isthe length, in model time, of an interval between two cycles, in seconds. Its default value
is 1 (second). Each turn, the value of time is incremented by the value of step. The definition
of step must be coherent with that of the agents' variables like speed. The use of time unit is

particularly relevant for its definition.

gl obal {

float step <- 10°h;
}
time

o float, read-only, represents the current simulated time in seconds (the default unit). It is time in
the model time. Begins at zero. Basically, we have: time =cycle * step

gl obal {

int nb_mnutes function: { int(time / 60)};

}

duration

¢ string, read-only, represents the value that is equal to the duration in real machine time of the
last cycle.
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total _duration

e string, read-only, represents the sum of duration since the beginning of the simulation.

average duration

¢ string, read-only, represents the average of duration since the beginning of the simulation.

machine_time

o float, read-only, represents the current machine time in milliseconds.

agents

¢ list, read-only, returns a list of all the agents of the model that are considered as "active” (i.e.
all the agents with behaviors, excluding the places). Note that obtaining this list can be quite
time consuming, as the world has to go through all the species and get their agents before
assembling the result. For instance, instead of writing something like:

ask agents of species ny_species {
one would prefer to write (which is much faster):
ask ny_species {

Note that any agent has the agents attribute, representing the agents it contains. So to get all the
agents of the simulation, we need to access the agents of the world using: world.agents .

Built-in Actions

The global species is provided with two specific actions.

halt

¢ stops the simulation.
gl obal {

refl ex halting when: enpty (agents) {
do halt;
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pause
e pauses the simulation, which can then be continued by the user.

gl obal {

refl ex toto when: tine = 100 {
do pause;

Scheduling

In terms of scheduling the world agent is activated first at each time step. It means that the world
first acts (update of its attributes, execution of its reflexes), then the agents of the other species act
(in random order by default). It is the same for the init section: first the init section of the world agent
is executed, then if agents are created during this execution, the init section of these agents are
executed.
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3.3 Grid Species
Grid Species

<font color="red"> todo :

e constraints: grid are only micro-species of the world
e link with matrix
e maybe a word about scheduling ?

<[font>

A grid is a particular species of agents. Indeed, a grid is a set of agents that share a grid topology. As
other agents, a grid species can have attributes, [G__DefiningActions actions , behaviors , aspects

, equations and micro-species . However, contrary to regular species, grid agents are created
automatically at the beginning of the simulation. It is thus not necessary to use the create statement to
create them. Moreover, in addition to classic built-in variables, grid a provided with a set of additional
built-in variables

Declaration
basis
There are several ways to declare a grid species:

¢ by defining the number of rows and columns:

grid grid nane width: nb_cols height: nb_rows nei ghbors: 4/6/8 {

¢ by using an asc grid file:
grid file:file("../includes/dem asc") nei ghbors: 4/6/8 {
}
With:

o width : number of cells along x-axis (number of columns)
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¢ height : number of cells along y-axis (number of rows)
o file: file used to initialized the grid
¢ neighbours : neighborhood type (4 - Von Neumann, 6 - hexagon or 8 - Moore)

4 :VYon Neumann 6 : Hexagon 8 : Moore

If a file is used to declare the grid, the number of rows and columns is automatically computed from
the file. In the same way, the value of the cell read in the file is stored in the grid_value built-in
variable.

optimization facets

A grid can be provided with specific facets that allows to optimized the computation time and the
memory space.

use regular_agents

use_regul ar _agents: true/fal se,

If false , the grid will be composed of "minimal” agents, that uses less computer memory, but have
some limitations: they cannot inherit from "normal” species, they cannot have sub-populations, their
name is fixed and cannot be changed,... By default, this facet is set to true when declaring a grid
without this facet.

use individual shapes
use_i ndi vi dual _shapes: true/fal se,

If false , then just one geometry is used for all agents (that can be translated). The goal is limit the
memory used by the geometries. By default, this facet is set to true when declaring a grid without this
facet.

use_neighbours cache

use_nei ghbours_cache: true/fal se,

If false , no neighbours computation result are stored in the cache. By default, this facet is set to true
when declaring a grid without this facet.
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Built-in variables

Grid agents are provides with several specific built-in variables.

grid_x
This variable stores the column index of a cell.
grid cell width: 10 hei ght: 10 neighbors: 4 {

init {
wite "my colum index is:" + grid_x;

}

grid y
This variable stores the row index of a cell.
grid cell width: 10 hei ght: 10 neighbors: 4 {
init {
wite "my rowindex is:" + grid_y;

}

agents

return the set of agents located inside the cell. Note the use of this variable is deprecated. It is
preferable to use the inside operator:

grid cell width: 10 height: 10 nei ghbors: 4 {
| i st<bug> bugs_inside -> {bug inside self};

}

color

The color built-in variable is used by the optimized grid display. Indeed, it is possible to use for grid
agents an optimized aspect by using in a display the grid keyword. In this case, the grid will be
displayed using the color defined by the color variable. The border of the cells can be displayed with
a specific color by using the lines facet. Here an example of the display of a grid species named cell
with black border.

experiment main_xp type: gui{

out put {
di splay map {
grid cell lines: rgb("black") ;
}
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grid value

The grid_value built-in variable is used when initializing a grid from grid file (see later). It is also used
for the 3D representation of DEM .

Accessto cdls

there are several ways to access to a specific cell:

¢ by a location: by casting a location to a cell

gl obal {
init {
wite "cell at {57.5, 45} :" + cell ({57.5, 45});
}
}
grid cell width: 10 height: 10 nei ghbors: 4 {
}
¢ by the row and column indexes: like matrix, it is possible to directly access to a cell from its
indexes
gl obal {
init {
wite "cell [20,10] :" + cell[20,20];
}
}
grid cell width: 10 height: 10 neighbors: 4 {
}
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3.4 Graph Species
Graph Species (Under Construction)

<font color="red"> todo :

¢ make references to the topology and maybe better explain the purpose of 'graph’ species: build a
graph using agents (and not — only — between agents).

¢ link with the two built-in species mentioned

e give constraints (no other topology can be defined)

</font>

Using a graph species enables to easily shows interaction between agent of a same species. This
kind of species is particularly useful when trying to show the interaction (especially the non spatial
one) that exist between agent. To instantiate this graph species, several step must be followed. First
the graph species must inherit from the abstract species graph_node , then the method related_to
must be redefined and finally an auxiliary species that inherits from base_edge used to represent
the edges of the generated graph must be declared. A graph node is an abstract species that must
redefine one method called related_to . This method returns true or false according to a given
condition that will express the distance between two agents. This distance can be of course the
euclidean distance (but in this case it is recommenced to use the operator as_distance_graph but
also any other distance define by the user.

Declaration

speci es A parent: graph_node edge_species: edge_agent{
bool related to(A other){
usi ng topol ogy(world) {
return (self.location distance_to other.location) < 10;

}

Define the species used to represent the edges of the generated graph

speci es edge_agent parent: base_edge {
aspect base {
draw shape col or: rgb("green");
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Example

nodel G aphSpeci es
gl obal {
init{
create A nunber: 100;
}
}
speci es A parent: graph_node edge_speci es: edge_agent{
bool related to(A other){
usi ng topol ogy(worl d){
return (self.location distance to other.location) < 10;

}

aspect base {
draw sphere(1) color: #blue;

}
}
speci es edge_agent parent: base_edge {
rgb col or;
aspect base {
draw shape col or: rgb("green");
}
}
experinment graphExp type: gui {
out put {
di spl ay graphVi ew type: opengl {
speci es A aspect: base;
speci es edge_agent aspect: base;
}
}
}
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3.5 Mirror Species

Mirror Species (Under Construction)

<font color="red"> todo :

¢ explain the population management a little bit more in details
¢ explain the constraints (no mirror of itself, no 'create’, no reciprocal mirrors — otherwise
problems)

</font>

A mirror species is a species whose population is automatically managed with respect to another
species. Whenever an agent is created or destroyed from the other species, an instance of the mirror
species is created or destroyed. Each of these 'mirror agents' has access to its reference agent
(called its target ). Mirror species can be used in different situations but the one we describe here is
more oriented towards visualization purposes.

Declaration

Given any already declared species

species A {

}

A mirror species can be defined using the mirrors keyword as following:

species B mirrors: A{

}

In this case the species B mirrors the species A. By default the location of the species B will be
random but in many cases, once want to place the mirror agent at the same location of the reference
species. This can be achieve by simply adding the following lines in the mirror species

point | ocation <- target.location update: target.|ocation;

In the same spirit any attribute of a reference species can be reach using the same syntax. For
instance if the species A has an attribute called attributel of type _int is is possible to get this
attribute from the mirror species B using the following syntax:

int value <- target.attributel;
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Example

This model simply instantiates 100 agents of the species A that has a moving skills and are
wandering at each step. On top of this species a mirror species B is created.

nodel M rror
gl obal {
init{
create A nunber: 100;

}

speci es A skills:[nmoving]{
refl ex updat e{
do wander;
}
aspect base{
draw circle(1l) color: #white;

}

species B mirrors: A{
point | ocation <- target.location update: target.|ocation;
aspect base {
draw sphere(2) col or: #bl ue;

}
}
experinment mirroExp type: gui {
out put {
di spl ay superposedVi ew type: opengl {
speci es A aspect: base;
speci es B aspect: base transparency:0.5;
}
}
}
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3.6 Multi-level Architecture

Multi-level Architecture (Under
Construction)

<font color="red"> todo :

¢ Explain a little bit more what the meaning of the "multi-level" architecture is.

¢ Link to the general architecture of GAMA (the "world" agent being the "host" of regular agents,
etc.)

¢ Perhaps choose a simple example (with no "birds", etc.) but only micro_agent and macro_agent

¢ explains what it means in terms of scheduling and topology

</font>

The multi-level architecture offers the modeller the following possibilities : (1) the declaration of a
species as a micro-species of another species, (2) the representation of an entity as different types of
agent (i.e., GAML species), (3) the dynamic migration of agents between populations.

Detalls

Declaration of micro-species

A species can have other species as micro-species. The micro-species of a species is declared inside
the species' declaration.

speci es group {

species bird_in_group {

}

In the above example, "ball_in_group" is a micro-species of "group” species. An agent of "group"
species can have agents "ball_in_group" species as micro-agents. Agents of "ball_in_group" species
have an agent of "group" species as "host" agent.
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Representation of an entity as different types
of agent

Let's imagine two scenarios of a "bird" entity. Firstly, when a "bird" entity flies alone the modeler would
like to represent it in one way (e.g., with a lot of detail). Secondly, when a "bird" entities flies in group
(a group of birds is in fact a set of nearby flying bird), the modeler would like to represent it in another
way (e.g., less detail and introduce some constraints between nearby birds). In GAML, the modeler
can program this as follows:

species bird {

}

speci es group {

species bird_in_group parent: bird {

}

The "bird" entity is represented as two species: "bird" and "bird_in_group". The special point to
remember here is that "bird_in_group" must be a sub-species of "bird" species.

Dynamic migration of agents

In our example, a "group” entity is composed of nearby flying "bird" entities. When a "bird" entity
approaches a "group" entity, this "bird" entity will become a member of the group. To represent
this, the modeler lets the "bird" agent change its species to "bird_in_group" species. The "bird"
agent hence becomes a "bird_in_group" agent. To change species of agent, we can use one of the
following statements : capture , release , migrate . For example, in this case, to model the fact that
a "group" agent captures the nearby "bird" agents (within a 5 meters distance from the group) as
"bird_in_group" agents. We can write something as follows:

species bird {

}

speci es group {

species bird_ in_group parent: bird {

}

refl ex capture_nearby free birds {
list<bird> nearby_birds <- (bird overl appi ng (shape + 5));
if !'(enmpty (nearby birds)) {
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capture nearby birds as: bird_in_group;

Access to micro-agents, host agent

An agent can access to its micro-agents and host thanks to two built-in variables : "members" and
"host". For example, a "group" agent can access to its micro-agents of "bird_in_group" species as
follows :

speci es group {

species bird_in_group parent: bird {

}

speci es ot her_m cro_species {

}
reflex print {
| et<bird_in_group> nmy_bird_nmenbers <- nenbers of_species
bi rd_i n_gr oup;
wite ny_bird menbers;

}

A "bird_in_group" agent can access to its host as follows:

speci es group {

species bird_in_group parent: bird {
reflex print_host {
wite 'my host agent is ' + host;
}
}
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3.7 Attaching Skills and
Control

Attaching Skills and Control

GAMA allows to attach skills and a control architecture to agents through the facets skills and
control . Skills are built-in modules that provide a set of related built-in variables and built-in actions
(in addition to those already provided by GAMA) to the species that declare them. Control are agent
control architectures that can be used in addition to the common behavior structure .

Skills

A declaration of skill is done by filling the skills facet in the species definition:

species ny_species skills: [skilll, skill2] {

}

Skills have been designed to be mutually compatible so that any combination of them will result in a
functional species. The list of available skills in GAMA is:

¢ moving: for agents that need to move.
So, for instance, if a species is declared as:

species foo skills: [rmoving]({

}

its agents will automatically be provided with the following variables : "speed, heading, destination
(r/o)" and the following actions: "move, goto, wander, follow" in addition to those built-in in species
and declared by the modeller. Most of these variables, except the ones marked read-only, can be
customized and modified like normal variables by the modeller. For instance, one could want to set a
maximum for the speed,; this would be done by redeclaring it like this:

fl oat speed max: 100 mi n: O;
Or, to obtain a speed increasing at each simulation step:

float speed max:100 nmin:0 <- 1 update: speed * 1.01;
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Or, to change the speed in a behavior:

if speed = 5 {
speed <- 10;
}

A complete description of existing skills is available here .

Control Architecture

GAMA integrates several agent control architectures that can be used in addition to the common
behavior structure:

¢ weighted_tasks

e sorted_tasks

e probabilistic_tasks
e fsm

e user_only

e user_first

e user_last

The choice of an architecture (that is optional) is made through the control facet:
species ant control: fsm{

}

A description of all existing control architectures is available here .
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3.8 Defining Attributes

Defining Attributes (Under
Construction)

<font color="red"> todo :

e move temp variables elsewhere

* rewrite "Reserved Keywords" (as most of the rules are now obsolete)
* remove the 'type' subsection as it is now obsolete as well

¢ link to data types for the default values

e add a paragraph on systematic casting (with examples)

</font>

Attributes define the internal state of the agents of the species.

Attribute Declaration

An attribute is declared using the following syntax:
dat at ype var_nane [optional _facets: ...];

In this declaration, datatype refers to the name of a built-in type or a species declared in the model.

The value of var_name can be any combination of letters and digits (plus the underscore, " _ ") that

does not begin with a digit and that follows certain rules (see "Naming variables"). Examples of valid
declarations are:

int i;
list ny_list;

ny_speci es_nane an_agent _of ny species; // if ny _species is declared in the
nodel as a speci es.

These attributes are given default values at their creation, depending on their datatype: Default Value

int float bool string list matrix |point rgh graph geometr
0 0.0 false " [] nil nil black nil nil
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init or <-

When it is necessary to initialize the attribute with another value than its default value, the init (or <-)
facet can be used.

dat atype var_nane <- initial_expression [optional _attributes:...];

The initial_expression is expected to be of the same type as the attribute (otherwise it is casted to the
datatype). Its only (obvious) restriction is that it cannot refer to the attribute being declared. Examples
of valid declarations are:

int i < O0;
list ny list < [i + 1, i + 2, i + 3];
agent an_agent <- self;

const

If the value of the attribute is not intended to change over time, it is preferable to declare it as a
constant in order to avoid any surprise (and to optimize, a little bit, the compiler's work). This is done
with the const facet:

const var_nane type: datatype <- initial_expression
[optional attributes:...];

With this declaration, the attribute var_name will keep the result of initial_expression as its value for
the whole execution of the simulation.

update

What if, on the contrary, the value of the attribute is supposed to change over time and the modeler
wants to define this evolution? The update facet is precisely available for this purpose. Basically, its
contents is evaluated every time step and assigned to the variable. It means that, unless the contents
of this attribute refers to the attribute itself, every modification made in the model to the value of the
attribute will be lost and replaced with the evaluation of the expression.

dat at ype var_nane <- initial_expression update: val ue_expression
[optional _attributes:...];

All the attributes of all the agents are updated at the same time, before they are given a chance to
execute behaviors. Some examples of use for value:

e Automatically evolving attributes:
int my_int <- O update: my_int + 1: // -> my_int is increnented by 1 every
tinme step.
float ny float <- 100 update: ny float - (ny_float / 100); // -> ny_fl oat

is decrenented by 1% every tine step.

e Sticky attributes:
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int sticky_int update: 100; // -> whatever the changes nade in the nodel to
sticky int, its value returns to 100 at the begi nning of every step.

e Conditionally evolving attributes:

int cond_int update: (my_int < 100) ? O : my_int / 10; // -> the val ue of
cond_i nt depends on that of my_int.

float log nmy _int update: In (ny_int); // -> the value of "cond int" is

al ways coupled to that of my_int.

Special facets

function

The update facet is computed only every step. But sometimes, we need more accurate updates
(i.e. that the value of the attribute be evaluated each time we use it). The function facet has been
introduced to this purpose and has the following syntax:

typel varl function: {an_expression} [optional attributes:...];

Once a function is declared, whenever the attribute is used somewhere, the function is computed (so
the value of the attribute always remains accurate). The declaration of function is incompatible with
both init or update (an error will be raised). A shortcut has also been introduced:

typel varl -> {an_expression} [optional attributes:...];

max, min

These two facets are only available in the context of int or float attributes. They allow the modeler to
control the values of the attribute, by specifying a maximum and minimum value. The attribute will
never be allowed to be lower than the minimum or greater than the maximum.

int max_energy <- 300 min: 100 nax: 3000;

min and max combine gracefully with the parameter facet and allow to control what the user can
enter, or the limits between which exploring the values of variables.

<_ty pe >

Only defined in the context of containers: matrix, list, map and graph attributes. Allows to define the
type/species of values contained in the container. For instance, it can be handy, sometimes, to fix the
species of the agents in a list at once rather than having to use the of_species operator every time.
An example of that with the re-declaration of the built-in neighbours variable in a model with only one
species of agents:

i st <bug> nei ghbours;

Page 212 of Full Documentation of GAMA 1.6.1
658



GAMA Documentation

Doing so enables the use of neighbours, in the following expressions, without having to specify which
kind of agents are manipulated in it.

Temporary variable

A temporary variable (or local variable) is a variable that has an existence only in a statement block:
as soon as the end of the block, the variable is deleted from the computer memory. It is local to the
scope in which it is defined. The naming rules follow those of the variable declarations. In addition, a
temporary variable cannot be declared twice in the same scope. The generic syntax is:

dat atype tenp_varl <- an_expression;

After it has been declared this way, a temporary variable can be used like regular variables (for
instance, the <- statement should be used to assign it a new value within the same scope).

Naming variables
Reserved Keywords

In GAML, some keywords are already reserved with a specific meaning and cannot be used for
naming variables (and also species, actions, etc. ). They are :

¢ The names of the global built-in variables

¢ The names of the primitive data types and new species defined in the model.

¢ The special keywords used by the language.

e The names of the variables found in every species.

¢ The names of the variables defined in skills when a species declares their use.
¢ The names of the units that can attached to numeric values.

Naming conventions

A variable name can be sequence of alphanumeric characters (plus the underscore, " _"). It should
follow certain rules:

¢ it should not begin by a digit;
¢ it should not contain space characters.

By convention, it is recommended that:

¢ variable name begins by a lower case letter.

Full Documentation of GAMA 1.6.1 Page 213 of
658



GAMA
Documentation

3.9 Defining Actions
Defining Actions (Under Construction)

<font color="red"> todo :

e give more examples of various action calls and definitions
¢ make a complete section on primitives (and how they handle their arguments)

<[font>

An action is a capability available to the agents of a species (what they can do). It is a block of
statements that can be used and reused whenever needed. An action can accept arguments. An
action can return a result (statement return ).

Declaring Actions

From a general point of view, an action is declared with:

return_type action_nane (var_type arg nane,...) {
[ sequence_of _st at enent s]
[return val ue;]

}

If an action does not return a value, the keyword action is to be used instead of the return_type..

action dumry_void {
wite "dummy_void";
}
action dumry_void_arg(int c) {
wite "dummy_void: " + c;
}
//in this action, the argunent *a* could be onitted when calling the action
(and will have *100* for default val ue)
int dummy_return (int a <- 100, int b) {
return a + b;

}

Some actions, called primitives, are directly coded in Java : for instance, the write action defined for
all the agents.
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Calling Actions

There are two ways to call an action: using a statement or as part of an expression
¢ action that does not return a result:

do dummy_voi d;
do dummy_voi d_arg(10);

¢ action that returns a result:
ny_var <- dumy_return (10, 50);
my_var <- dummy_return (a: 10, b: 50);
ny_var <- dummy_return (b: 50);
It is possible to precise the agent that is calling the action:

nmy_var <- self dummy_return (10, 50);

The self keyword denotes the agent that will execute the action (the action must be defined in its
species).
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3.10 Defining Behaviors

Defining Behaviors (Under
Construction)

<font color="red"> todo :

¢ give some insight on the execution order of reflexes
¢ link to the built-in architectures

</font>

All agents (including the world and grid cells) are provided with a simple behavioral structure, based
on reflexes. Species can define any number of reflexes within their body. In addition, all agents are
provided with an init block that is activated at the creation of the agent is created.

reflex

A reflex is a sequence of statements that can be executed, at each time step, by the agent. If no
attribute when are defined, it will be executed every time step. If there is an facet when , it is executed
only if the boolean expression evaluates to true. It is a convenient way to specify the behavior of the
agents. Example:

reflex nmy_reflex { //Executed every time step
wite "Executing the unconditional reflex";

}

reflex ny_reflex when: flip (0.5){ //Only executed when flip returns true
wite "Executing the conditional reflex";

Init

A special form of reflex that is evaluated only once when the agent is created, after the initialization
of its variables, and before it executes any reflex. Only one instance of init is allowed in each species
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(except in case of inheritance, see this section). Useful for creating all the agents of a model in the
definition of the world, for instance. Example:
init {

color <- rnd_col or(255);
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3.11 Defining Equations

Defining equations (Under
Construction)

<font color="red"> todo :

¢ proofread the language (difficult to read sometime)
¢ give more examples and explain the meaning of the "built-in" equations
¢ link with the recipe on how to use equations

</font>

This extension of GAMA is some new statements that provides new way to write Math models
(System of equations) and new action to solve them with provided method (RK4, Dormand,...). This
extension is implemented in the ummisco.gaml.extensions.maths plug-in.

Equations
Define equation(s)

Example of declaration:

speci es Maths {

float t;

float S;

float I;

float R

equation SIR {
diff(S;t) = (- beta* S* 1 [/ N;
diff(l,t) = (beta* S* 1 [/ N - (alpha * 1);
diff(Rt) = (alpha * 1);

}

}

diff keyword, for instant, is a place-holder for a syntax more Mathematically. Its first parameter is the
variable, the second (variable t) will not change during solve process.
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Optional mode

simultaneoudly : [ list of agents]

¢ simultaneously mode which accept a list of agent contains equations. The Solve statement will
compute simultaneously at same time all the equations

Example of declaration:

species S Maths {

float S;

equation eq sinultaneously: [ | , first ( R) 1{
diff(self.S,t) = (- beta * self.S * first(l).size/ N);

}

}

This will take all equations in list of agents | and the first agent R, to make a complete system of
equations.

action

solve

solve all equations which matched the name, in list of agent with given method and step. there are 3
optional variable could be declared inside

e method : string, mandatory, method of integration : "rk4" (only one, for instant).
o step : float, mandatory, step of integration.

* t0 : float, optional, time initial of integration, default value: cycle-cycle_length.

o tf : float, optional, time final, default value: cycle.

e cycle_length : float, optional, length of simulation's cycle .

solve SIR met hod: "rk4" step:0.001{
float cycle_ Il ength<-1.0;
float tO<-cycle-cycle |ength;
float tf<-cycle;

Classical Equations

A set of classical ODEs is also provided (e.g. SIR, SI...).
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Model examples

Please find some toy models which are defined in the folder models of this plugin on SVN.
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3.12 Defining Aspects
Defining Aspects (Under Construction)

<font color="red"> todo :

e Explain that aspect can contain any other statements (not just draw) and give an example of a
complex aspect

* begin the examples progressively (i.e. with simple, evident aspects)

¢ link with °pixel somewhere (and explain its meaning in the context of an aspect)

</font>

The aspect statement allows to define how the agents will be displayed. It is possible to define
different displays (i.e. different aspect sections) for a same species. In this context, the user will be
able to change the display drawn during the simulation execution.

Draw Command

The command draw allows to draw a geometry (line, circle, square, agent geometry...), aicon or a
text:

e geometry: any arbitrary geometry, that will only be affected by the color facet.
e text: string, the text to draw.
* image: file, optional, path of the icon to draw (JPEG, PNG, GIF).

Several facets can be added:

e color :rgb, optional, the color to use to display the text/icon/geometry.

* size :float, size of the text/icon (not use in the context of the drawing of a geometry).

e at : point, location where the shape/text/icon is drawn.

e rotate :int, orientation of the shape/text/icon.

o depth : float, optional (only works if the type of the display is opengl). Add a depth to the
geometry previously defined (a point becomes a sphere, a line becomes a plan, a circle
becomes a cylinder, a square becomes a cube,a polygon becomes a polyhedron with depth
equal to the z value). Note: This only works if the agent geometry is not a point.

e border :rgb, optional, the color to use to display the envelope of the geometry.

For example, the following model defines three aspects for the agent: one named "info", another
named "icon" and the last one named "default".
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aspect info {

draw square(2) at: location rotate: headi ng;

draw square(2) rotated_by headi ng;

draw line([location, destination + (destination - location)]) to:
color:rgb("white") ;

draw circle(4) at: location enpty:true color:rgb("white") ;

draw headi ng color: rgb("white") size:1;

draw state color: rgb("white") size:1 at:my location + {1, 1};

aspect icon {
draw file_icon at: location size: 2 rotate: heading;

}

aspect default {

draw square(2) at: location enpty: !hasFood color:rgb("yellow') rotate:
headi ng;
}

Shape Primitive

GAMA provides several shape primitives to display agents.

Point Line Circle | Square | Polygon | Bitmap | GIS

2D+/ .'%@

3D
Object

P 8.

Examples of GAMA Shape Primitives with on [Gama3D16 opengl display]:

Sphere | Plan | Cylinder | Cube |Polyhedron 3D GIs

draw circle(10) color: rgb('red") at: {0,0,0};
draw cyl i nder (10,5) color: rgb('red') at: {25,0,0};
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draw sphere(10) color: rgb('red') at: {50,0,0};

draw square(20) color: rgb('blue') at: {0, 25, 0};

draw cube(20) color: rgb('blue') at: {25, 25, 0};

draw rectangl e(20, 15) color: rgb('green') at: {0, 50, 0};

draw rectangl e({20, 15}) color: rgh('green') at: {25,50,0};

draw box({20, 15 , 10}) color: rgb('green') at: {50, 50, 0};

draw pol ygon ([{O, 0}, {10, 0}, {10, 10}, {15, 15}, {10, 15}, {5, 10}, {0,0}]) col or
rgb('yellow) at: {0, 75, 0};

draw pol yhedron ([{O0, 0}, {10, 0}, {10, 10}, {15, 15}, {10, 15}, {5, 10}, {0, 0}], 10)
color: rgb('yellow ) at: {25,75, 0};

draw line ([{0O,0},{10,10}]) at: {0,100, 0};

draw plan ([{O, 0}, {10, 10}], 10) at: {25,100, 0};

draw polyline ([{O,0},{5,5},{10,0}]) at: {0,125, 0};

draw pol yplan ([{O0, 0}, {5, 5},{10,0}],10) at: {25,125, 0};
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3.13 Defining User Commands

Defining User Commands

Anywhere in the global block, in a species or in an (GUI) experiment, user_command statements
can be implemented. They can either call directly an existing action (with or without arguments) or be
followed by a block that describes what to do when this command is run.

Syntax

Their syntax can be (depending of the modeler needs) either:
user _command cnd_name action: action_w thout_arg_nane;
or

user _command cnd_nane action: action_nane with: [argl::vall,
arg2::val 2, ...];

or

user _command cnd_nane {
[ statement s]

}

For instance :
user_command kill _nyself action: die;
or

user _command kill _nyself action: sonme_action with: [argl::vall,
arg2::val 2, ...];

or

user_command kill _nysel f {
do die;
}

These commands (which belong to the "top-level” statements like actions, reflexes, etc.) are not
executed when an agent runs. Instead, they are collected and used as follows:
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¢ When defined in a GUI experiment, they appear as buttons above the parameters of the
simulation;
* When defined in the global block or in any species,
» when the agent is inspected, they appear as buttons above the agents' attributes
» when the agent is selected by a right-click in a display, these command appear under the
usual "Inspect”, "Focus" and "Highlight" commands in the pop-up menu.

Remark: The execution of a command obeys the following rules:

¢ when the command is called from right-click pop-menu, it is executed immediately,
¢ when the command is called from panels, its execution is postponed until the end of the current
step and then executed at that time.

user_location

In the special case when the user_command is called from the pop-up menu (from a right-click on an
agent in a display), the location chosen by the user (translated into the model coordinates) is passed
to the execution scope under the name user_location .

Example :

gl obal {
user _command "Create agents here" {
create ny_species nunber: 10 with: [l ocation::user_|ocation];

}

This will allow the user to click on a display, choose the world (always present now), and select the
menu item "Create agents here". Note that if the world is inspected (this user_command appears thus
as a button) and the user chooses to push the button, the agent will be created at a random location.

user_input operator

As it is also, sometimes, necessary to ask the user for some values (not defined as parameters),
the user_input unary operator has been introduced. This operator takes a map [string::value] as
argument, displays a dialog asking the user for these values, and returns the same map with the
modified values (if any). The dialog is modal and will interrupt the execution of the simulation until
the user has either dismissed or accepted it. It can be used, for instance, in an init section like
the following one to force the user to input new values instead of relying on the initial values of
parameters :

gl obal {
init {
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map val ues <- user _i nput (["Nunber" :: 100]);
create ny_speci es nunber : int(values at "Nunmber");
}
}
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4. Defining GUI Experiments

Defining Experiments (under
construction)

<font color="red"> todo :

¢ link to the Ul of experiments
e explain that behaviors, _step _, init _ are possible to define (and give examples)

</font>

A GUI experiment allows to display a graphical interface with input parameters and outputs (display,
file, monitor...). A GUI experiment is defined by:

experi ment exp_nane type: gui {

[ nput]
[ out put ]
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4.1 Defining Parameters

Defining Parameters (Under
Construction)

<font color="red"> todo :

¢ link with the Ul (Parameters View)

¢ improve this definition: add the different facets allowed (among, min, max, etc.)

¢ be more precise about the vocabulary used (i.e. not "global variable" but "attribute of the
simulation agent")

e give different examples and constraints (not 2 parameters with the same name, not 2 with the
same var).

</font>

Experiments can define input, i.e. parameters. Defining parameters allows to make the value of a
global variable definable by the user through the user graphic interface. A parameter is defined as
follow:

parameter title var: global _var category: cat;
With:

o title: string to display
* var: reference to a global variable (defined in the global section)
e category: string used to «store» the operators on the Ul (optional)

Example:

paraneter "Value of toto: var: toto;
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4.2 Defining Outputs
Defining Outputs (Under Construction)

<font color="red"> todo :

¢ explain that output can also contain file statements, monitors and inspectors (not only display)

¢ explain the difference between 'output' and ‘permanent’

e explain that the 'context', in output, is that of the simulation (i.e. no need to call "simulation.var"
each time)

</font>

Output blocks define how to visualize a simulation (with one or more display blocks that define
separate windows)

experi ment exp_nane type: gui {
[i nput]
out put {
[di spl ay statenent s]
[ moni t or statenents]
[file statenments]
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4.2.1 Defining Displays
Defining Displays

A display refers to a independent and mobile part of the interface that can display species, images,
texts or charts. The general syntax is:

di splay ny_display [additional options] { ... }
Additional options include:

e background (type = color): the color of the display background

e type (2 possible values: java2D or opengl): specify if the display will use the java 2D ou openGL
libraries. Note that the openGl display does not admit charts. The default value is java2D.

o refresh_every (type = int): the display will be refreshed every nb steps of the simulation

e autosave (type = boolean or location): if the value is true or is a location, GAMA will take
each a snapshot of the display every time the display is refreshed. The location will precise the
dimaension of the picture.

There exist several kinds of display:
e classical displays (without specific type) used to species, text, image, charts...
di splay nmy_display { ... }

e opengl displays (display with type: opengl ) used to display species, text or image. It allows to
display 3D models.

di splay my_display type: opengl { ... }

Each display can be refreshed independently by defining the facet refresh_every: nb (int) (the
display will be refreshed every nb steps of the simulation) Each display can include different layers
(like in a GIS). Although every combinaison of any nhumber of following layers are allowed in GAML, it
is recommended to distinguish displays with species, image and/or text and display with charts (and
text).
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4.2.1.1 Defining Chart Layers

Chart Layer (Under construction)

di splay chart _display [additional options] {
chart "chart name" type: series {
dat a datal val ue: mydatal color: rgb('blue') ;
dat a data2 val ue: mydata2 color: rgb('blue') ;

}

Chart type

chart allows modeler to display a chart: GAMA can display 3 main types of charts using the type
facet:

e histograms ( histogram )
e pie( pie )
* series/xy/scatter: both display series with lines or dots, with 3 subtypes :
» series ( series ) :to display the evolution of one/several variable (vs time or not).
* xy ( xy ):to specify both x and y value. To allow stacked plots, only one y value for each x
value.
» scatter ( scatter ) : free x and y values for each serie.

chart options include:

e axes optional, expects a rgb - the axis color

e background optional, expects a rgb - the background color

e position optional, expects a point - position of the upper-left corner of the layer. Note that if
coordinates are in [0,1], the position is relative to the size of the environment (e.g. {0.5,0.5} refers
to the middle of the display) whereas it is absolute when coordinates are greter than 1. The
position can only be a 3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the
layer.

e size optional, expects a point - the layer resize factor: {1,1} refers to the original size whereas
{0.5,0.5} divides by 2 the height and the width of the layer. In case of a 3D layer, a 3D point can
be used (note that {1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with
a 2D points will remove the elevation)

o style optional, expects an identifier, takes values in {stack, 3d, bar, exploded}. - No
documentation yet

e timexseries optional, expects a list - for series charts, change the default time serie (simulation
cycle) for an other value.
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e transparency optional, expects a float - the style of the chart

e Xx_range , optional, expects any type in [a float, a int, a point] - range of the x-axis. Can be a
number (which will set the axis total range) or a point (which will set the min and max of the
axis).

e x_tick_unit , optional, expects a float - the tick unit for the y-axis (distance between horyzontal
lines and values on the left of the axis).

e y range , optional, expects any type in [a float, a int, a point] - range of the y-axis. Can be a
number (which will set the axis total range) or a point (which will set the min and max of the
axis).

e y tick_unit , optional, expects a float - the tick unit for the x-axis (distance between vertical
lines and values bellow the axis).

Data definition

Data can be specified with:

e several data statements to specify each serie
e one datalist statement to give a list of series. It can be useful if the number of series is
unknown, variable or too high.

data statement

One data statement is used for one serie.

chart "DataBar" type: hi stogram

{
data "enpty_ants" value: (list(ant) count (!each. hasFood)) color: °red;
data "carry food ants" value:(list(ant) count (each.hasFood)) col or:
°green;
}

Only the value facet is required to provide the data value. It can be a single value (for histograms/
pies/temporal series), lists (for series), points (for xy/scatter) or list of points (for scatter). Other
options include:

e color , expectsargb

o fill , expects a bool, to specify is the marker is filled or not

e line_visible , expects a bool, to specify if the line is visible or not (set to false to get a classic
scatter plot)

e marker , expects a bool, to specify if the marker is visible or not

e marker_shape , takes values in {marker_square, marker_left_triangle, marker_right_triangle,
marker_diamond, marker_hor_rectangle, marker_hor_ellipse, marker_vert_rectangle,
marker_empty, marker_up_triangle, marker_sqaure, marker_down_triangle}.

e style , takes values in {exploded, dot, bar, step, area_stack, whisker, ring, line, 3d, spline, area,
stack}. Available styles depend on the chart style (see bellow for each chart style).
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datalist statement

One datalist statement is used for all the series.

chart "DatalistBar" type: hi stogram
{

datalist ["enpty","carry"] value:[(list(ant) count (!each.hasFood)),
(list(ant) count (each. hasFood))] color:[°red,°green];

}

Only the value facet is required to provide the data values. It can be:

¢ alist of numbers (for histograms/pies/temporal series)

¢ alist of list of numbers (for histograms/series)

¢ alist of points/list with two numbers (for temporal xy/scatter)
¢ alist of list of points/lists with two numbers (for xy/scatter)

The number of series and values per serie (categories) doesn't have to be fixed, and series/
categories names can change at each step. Series and categories names are set by :

e categoriesnames facet, with a list of string
¢ legend facet, with a list of string

Since you often have list of lists, it is possible to reverse categories and series using the
inverse_series_categories keyword. For example inverse_series_categories=true will transform a
value of [[1,2,3],[4,5,6]] to [[1,4],[2,5],[3,6]]. It May be useful when it is easier to construct one list over
the other. Other options include:

e color , expects a list of colors

o fill , optional, expects a bool - same as data statement

¢ line_visible , optional, expects a bool - same as data statement

e marker , optional, expects a bool - same as data statement

e style , optional, expects an identifier, takes values in {exploded, dot, bar, step, area_stack,
whisker, ring, line, 3d, spline, area, stack}. - same as data statement

Series/xy/scatter charts details

For series/xy/scatter charts

¢ With data statement, if each value is a single number, the value will be added to the chart at
each chart step. If the value is a list, the value will be replaced by the list at each step.

e With datalist statement, if each value is a list of numbers, the value will be added to the chart at
each chart step. If the value is a list of lists, the value will be replaced by the list at each step.

For example, this chart displays the positions of all the ants at each step (with two series):
di spl ay Chart ScatterList {

chart "DatalistScatter" type:scatter
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datalist ["enpty","carry"] value:[((list(ant) where (!
each. hasFood)) collect each.location), ((list(ant) where (each. hasFood))
col l ect each.location)] color:[°red, °green] line_visible:false;

}

This one will display the history of the "average" ant with and without food:

di splay ChartScatterHistory ({
chart "DatalListScatterHi story" type:scatter
{
datalist ["enpty","carry"] value:[mean((list(ant) where (!
each. hasFood)) coll ect each.location), nean((list(ant) where (each. hasFood))
col l ect each.location)]
color:[°red, °green] |ine_visible:true;
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4.2.1.2 Defining Other Layers
Defining Other Layers

agents layer

agents allows the modeler to display only the agents that fulfill a given condition.

di splay nmy_display {
agents | ayer_nane val ue: expression [additional options];

}

Additional options include:

¢ value (type = container) the set of agents to display

e aspect :the name of the aspect that should be used to display the species.

e transparency (type = float, from O to 1): the transparency rate of the agents (1 means no
transparancy)

e position (type = point, from {1,1} to {0,0}): position of the upper-left corner of the layer (note that
{0.5,0.5} refers to the middle of the display)

e size (type = point, from {1,1} to {0,0}): size of the layer ({1,1} refers to the original size whereas
{0.5,0.5} divides by 2 the height and the width of the layer)

¢ refresh (type = boolean, opengl only ): specify whether the display of the species is
refreshed. (usefull in case of agents that do not move)

o 7 (type =float, from 0 to 1, opengl only ): altitude of the layer displaying agents

o focus (type = agent)

For instance, in a segregation model, agents will only display happy agents:

di spl ay Segregation {
agent s agent Di sappear value : people as list where (each.is_happy =
fal se) aspect: w th_group_col or;

}
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species layer

species allows modeler to display all the agent of a given species in the current display. In particular,
modeler can choose the aspect used to display them. The general syntax is:

di spl ay di splay_nane {
speci es speci es_nane [additional options];

}

Additional options include:

e aspect :the name of the aspect that should be used to display the species.

e transparency (type = float, from 0 to 1): the transparency rate of the agents (1 means no
transparancy)

e position (type = point, from {1,1} to {0,0}): position of the upper-left corner of the layer (note that
{0.5,0.5} refers to the middle of the display)

e size (type = point, from {1,1} to {0,0}): size of the layer ({1,1} refers to the original size whereas
{0.5,0.5} divides by 2 the height and the width of the layer)

* refresh (type = boolean, opengl only ): specify whether the display of the species is
refreshed. (usefull in case of agents that do not move)

e 7 (type =float, from 0 to 1, opengl only ): altitude of the layer displaying agents

For instance it could be:

di spl ay my_di spl ay{
speci es agentl aspect: base ;

}

Species can be superposed on the same plan:

di spl ay my_di spl ay{
speci es agentl aspect: base;
speci es agent2 aspect: base;
speci es agent 3 aspect: base;

}

Species can be placed on different z values for each layer using the opengl display. z:0 means the
layer will be placed on the ground and z=1 means it will be placed at an height equal to the maximum
size of the environment.

di splay my_display type: opengl {
speci es agentl aspect: base z:0;
speci es agent 2 aspect: base z:0.5;
speci es agent 3 aspect: base z:1;

}
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image allows modeler to display an image (e.g. as background of a simulation). The general syntax is:

di spl ay di splay_name {
i mage |layer _nane file: inmage file [additional options];

}

Additional options include:

o file (type = string): the name/path of the image (in the case of a raster image)

e (gis (type = string): the name/path of the shape file (to display a shapefile as background,
without creating agents from it)

e color (type = color): in the case of a shapefile, this the color used to fill in geometries of the
shapefile

e transparency (type = float, from O to 1): the transparency rate (1 means no transparancy)

e position (type = point, from {1,1} to {0,0}): position of the upper-left corner of the layer (note that
{0.5,0.5} refers to the middle of the display)

e size (type = point, from {1,1} to {0,0}): size of the layer ({1,1} refers to the original size whereas
{0.5,0.5} divides by 2 the height and the width of the layer)

* refresh (type = boolean, opengl only ): specify whether the display of the image is refreshed.

e 7 (type =float, from O to 1, opengl only ): altitude of the layer displaying the image

For instance:

di spl ay nmy_di spl ay{
i mge background file:"../imges/ ny_backgound.jpg"

}

Or

display city display refresh_every: 1 {
image test@S gis: "../includes/building.shp" color: rgb('blue');
}

It is also possible to superpose images on different layers in the same way as for species using
opengl display.

di splay nmy_display type: opengl {
i mage i magel file:"../inages/imgel.|pg";
i mge i mage2 file:"../inages/imge2.jpg" z:0.5;
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text layer

text allows the modeler to display a string (that can change at each step) in a given position of the
display. The general syntax is:

di splay nmy_display {
text ny_text value: expression [additional options];

Additional options include:

¢ value (type = string) the string to display

e transparency (type = float, from O to 1): the transparency rate of the layer (1 means no
transparancy)

e position (type = point, from {1,1} to {0,0}): position of the upper-left corner of the layer (note that
{0.5,0.5} refers to the middle of the display)

e size (type = point, from {1,1} to {0,0}): size of the layer ({1,1} refers to the original size whereas
{0.5,0.5} divides by 2 the height and the width of the layer)

e font : the font used for the text

e color (type = color): the color used to display the text

* refresh (type = boolean, opengl only ): specify whether the layer is refreshed.

e 7 (type =float, from O to 1, opengl only ): altitude of the layer displaying text

For instance:

di splay nmy_display {
text agents value : 'Carrying ants : + string ( int ( ant as |ist
count (each . has food ) ) +int ( ant as list count ( each . state =
"followi ngRoad' ) ) ) position : { 0.5, 0.03 } color : rgb ( 'black' )
size: { 1, 0.02 };
}

graphics layer

graphics allows the modeler to freely draw shapes/geometries/texts without having to define a
species. The general syntax is:

di splay my_display {
graphics "nmy new | ayer" {
draw circle(5) at: {10,10} color: rgb("red");
draw "test" at: {10, 10} size: 20 color: rgb("black");
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4.2.1.3 3D Specific
| nstructions

3D Specific Instructions (Under
construction)

OpenGL display

¢ Define the attribute type of the display with type:opengl in the output of your model (or use the
preferences- > display windows to use it by default):

out put {
di spl ay Di spl ayNane type: opengl {
speci es nmySpeci es;

}

The opengl display share most of the feature that the java2D offers and that are described here Using
3D display offers many way to represent a simulation. A layer can be positioned and scaled in a 3D
world. It is possible to superpose layer on different z value and display different information on the
model at different position on the screen.

Position

Layer can be drawn on different position (x,y and z) value using the position facet

Size

Layer can be drawn with different size (x,y and z) using the size facet Here is an example of display

using all the previous facet. You can also dynamically change those value by showing the side bar in
the display.

di splay city_display type: opengl{
speci es road aspect: base refresh:fal se;
speci es buil di ng aspect: base transparency: 0.5
speci es peopl e aspect: base position:{0,0,0.2};
speci es road aspect: base size:{0.3,0.3,0.3};
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a Properties Show/hide side bar

Background | |

Highlight | Emm— |

Camera

[G__ArcBallCamera Arcball Camera] [G__ FreeFlyCamera FreeFly Camera]

Dynamic camera

User have the possibility to set dynamically the parameter of the camera (observer). The basic
camera properties are its position , the direction in which is pointing, and its orientation . Those 3
parameters can be set dynamically at each iteration of the simulation.

Camera position

camera_pos(x,y,z) places the camera at the given position. The default camera positon is
_ (world.width/2,world/height/2,world.maxDim * 1.5) to place the camera at the middle of the
environement at an altitude that enables to see the entire environment.

Cameradirection (Look Position)

camera_look pos(x,y,z) points the camera toward the given position. The default look position is
_ (world.width/2,world/height/2,0) to look at the center of the environment.
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Camera orientation (Up Vector)

camera_up_vector(x,y,z) sets the up vector of the camera. The up vector_ direction in your scene is
the _up direction on your display screen. The default value is (0,1,0) Here are some examples that
can be done using those 3 parameters. You can test it by running the following model: <wiki:video
url=" http://www.youtube.com/watch?v=IQVGD8aDKZY &feature=youtu.be"> Boids 3D Visualization

Default view

di spl ay Real Boi ds t ype: opengl {

}

First person view

You can set the position as a first person shooter video game using:

di splay FirstPerson type:opengl

canera_pos: {boi ds(1).location.x, -boids(1).!ocation.y, 10}
canera_| ook _pos: {cos(boi ds(1). headi ng) *wor| d. shape. wi dt h, -

si n(boi ds(1) . headi ng) *wor | d. shape. hei ght, 0}
canera_up_vector:{0.0,0.0, 1. 0}{

2
Third Person view

You can follow an agent during a simulation by positioning the camera above it using:

di spl ay ThirdPerson type:opengl camera_pos: {boids(1l).!|ocation.x,-
boi ds(1) .l ocation.y, 250} canera_| ook pos:{boids(1).!|ocation.x,-
boi ds(1) .l ocation.y, boids(1).|ocation.z}{

Lighting

In a 3D scene once can define light sources. The way how light sources and 3D object interact is
called lighting. Lighting is an important factor to render realistic scenes. In a real world, the color that
we see depend on the interaction between color material surfaces, the light sources and the position
of the viewer. The are four kinds of lighting called ambient , diffuse , specular_ and _emissive . Gama
handle ambient_ and _diffuse light.
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e ambient_light : Allows to define the value of the ambient light either using an int (ambient_light:
(125)) or a rgb color ((ambient_light:rgh(255,255,255)). default is rgb(125,125,125).

o diffuse_light : Allows to define the value of the diffuse light either using an int (diffuse_light:
(125)) or a rgb color ((diffuse_light:rgb(255,255,255)). default is rgb(125,125,125).

o diffuse_light_pos : Allows to define the position of the diffuse
light either using an point (diffuse_light _pos:{x,y,z}). default is
{world.shape.width/2,world.shape.height/2,world.shape.width * 2}.

e is_light_on : Allows to enable/disable the light. Default is true.

o draw_diffuse_light : Allows to enable/disable the drawing of the diffuse light. Default is false")),

Here is an example using all the available facet to define a diffuse light that rotate around the world.
<wiki:video url=" http://www.youtube.com/watch?v=op56elmEEY s&feature=youtu.be">

di splay Viewl type:opengl draw diffuse_|light:true
anmbient light:(0) diffuse |ight:(255) diffuse |ight pos: {50+
150*si n(ti ne*2), 50, 150*cos(ti me*2) {
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4.2.2 Defining Inspectors and
Monitors

Defining Inspectors and Monitors
(Under Construction)

Monitors

A monitor allows to follow the value of an arbitrary expression in GAML. It will appear, in the User
Interface, in a small window on its own and be recomputed every time step (or according to its
'refresh_every' facet). Definition of a monitor:

noni tor nmoni tor_nane val ue: an_expression refresh_every: nb_steps;
with:

¢ value: mandatory, the expression whose value will be displayed by the monitor.
¢ refresh_every: int, optional : the number of simulation steps between two evaluations of the
expression (default is 1).

Example:

nmoni tor "nb preys" value: length(prey as list);

| nspectors
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4.2.3 Defining Files
Defining Files

Saving data to a file during an experiment can be achieved in several ways, depending on the needs
of the modeler. One way is provided by the 'save' statement , which can be used everywhere in a
model or a species. The other way, described here, is to include a file (or *output_file* statement in
the output section.

file name: "file_nane" type: file_ type data: data to wite;
with:

o file_type: text, csv or xml
¢ file_name: string
e data to_write: string

Example:

file name: "results" type: text data: tine + "; + nb_preys + ";" +
nb_predators refresh _every: 2;

Each time step (or according to the frequency defined in the 'refresh_every' facet of the file output), a
new line will be added at the end of the file. If "rewrite: false" is defined in its facets, a new file will be
created for each simulation (identified by a timestamp in its name). Optionally, a footer and a header
can also be described with the corresponding facets (of type string).
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5. Defining Batch Experiments
Defining Batch Experiments

Batch experiments allow to execute numerous successive simulation runs.They are used to explore
the parameter space of a model or to optimize a set of model parameters. A Batch experiment is
defined by:

experiment exp_ title type: batch {
[ paraneter to expl ore]
[ expl oration met hod]
[reflex]
[ per manent ]

The batch experiment facets

Batch experiment have the following three facets:

* until: (expression) Specifies when to stop each simulations. Its value is a condition on variables
defined in the model. The run will stop when the condition is evaluated to true. If omitted, the
first simulation run will go forever, preventing any subsequent run to take place (unless a halt
command is used in the model itself).

e repeat: (integer) A parameter configuration corresponds to a set of values assigned to each
parameter. The attribute repeat specifies the number of times each configuration will be
repeated, meaning that as many simulations will be run with the same parameter values.
Different random seeds are given to the pseudo-random number generator. This allows to get
some statistical power from the experiments conducted. Default value is 1.

* keep_seed: (boolean) If true, the same series of random seeds will be used from one parameter
configuration to another. Default value is false.

experiment my_batch_experinent type: batch repeat: 5 keep_seed: true until:
time = 300 {

[ paraneter to expl ore]

[ expl oration met hod]
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Action _step

The step action of an experiment is called at the end of a simulation. It is possible to override this
action to apply a specific action at the end of each simulation. Note that at the experiment level, you
have access to all the species and all the global variables. For instance, the following experiment runs
the simulation 5 times, and, at the end of each simulation, saves the people agents in a shapefile

experiment 'Run 5 sinulations' type: batch repeat: 5 keep_seed: true until:
( time > 1000 ) {
int cpt <- O;
action _step_ {
save people type:"shp" to:"peopl e shape" + cpt + ".shp" with:
[is_infected:: "I NFECTED",is_immune:: "1 MMUNE"];
cpt <- cpt + 1;

}

A second solution to achieve the same result is to use reflexes (see
bel ow) .

Reflexes

It is possible to write reflexes inside a batch experiment. This reflex will be executed at the end of
each simulation. For instance, the following reflex writes at the end of each simulation the value of the
variable food_gathered :

reflex info_sim|{
wite "Running a new simulation " + simulation + " ->" +
f ood_gat her ed;

}

Permanent

The permanent section allows to define a output block that will not be re-initialized at the beginning of
each simulation but will be filled at the end of each simulation. For instance, this permanent section
will allows to display for each simulation the end value of the food_gathered variable.

per manent {
di spl ay Ants background: rgb('white') refresh_every: 1 {
chart "Food Gathered" type: series {
data "Food" val ue: food_gat hered;
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5.1 Parameter Space

Parameter Space

Parameter definition

The parameter elements specifies which model parameters will change through the successive
simulations. A parameter is defined as follows:

parameter title var: global _variable + possible_val ues
There are 2 ways to describe the range in which the value of the parameter will be explored :
e Explicit list: among : values_list

paranmeter "Value of toto:" var: toto anmong: [1, 3, 7, 15, 100];

e Range: min :min_value max :max_value step :increment_step

paraneter "Value of toto:" var: toto min: 1 max: 100 step: 2;

For Strings and Booleans, you can only use the Explicit List. Each Batch methods may accept only
some kind of definitions and parameter types. See the description of each of them for details.

The method e ement

The optional method element controls the algorithm which drives the batch. If this element is omitted,
the batch will run in a classical way, changing one parameter value at each step until all the possible
combinations of parameter values have been covered. See the Exhaustive exploration of the
parameter space for more details. When used, this element must contain at least a name attribute to
specify the algorithm to use. It has theses facets:

¢ minimize or a maximize (mandatory for optimization method): a attribute defining the expression
to be optimized.

e aggregation (optional): possible values ("min”, "max"). Each combination of parameter values
is tested repeat times. The aggregated fithess of one combination is by default the average of
fitness values obtained with those repetitions. This facet can be used to tune this aggregation
function and to choose to compute the aggregated fithess value as the minimum or the
maximum of the obtained fithess values.

o other parameters linked to exploration method (optional) : see below for a description of these
parameters.
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Exemples of use of the method elements:

nmet hod exhaustive nminimze: nb_infected ;
met hod genetic pop_dim 3 crossover_prob: 0.7 rmutation_prob: 0.1
nb_prelimgen: 1 max_gen: 5 minimze: nb_infected aggregation:

max" ;
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5.2 Exploration Methods
Exploration Methods

Several batch methods are currently available. Each is described below.

Exhaustive exploration of the parameter space

Parameter definitions accepted: List with step and Explicit List. Parameter type accepted: all. This
is the standard batch method. The exhaustive mode is defined by default when there is no method
element present in the batch section. It explores all the combination of parameter values in a
sequential way. Example (models/ants/batch/ant_exhaustive_batch.xml)

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food gathered = food placed ) or ( time > 400 ) {

par aneter 'Evaporation:' var: evaporation_rate anmong: [ 0.1, 0.2,
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 nmeans 100% "' ;

paraneter 'Diffusion:' var: diffusion rate min: 0.1 max: 1.0 unit:
‘'rate every cycle (1.0 neans 100% ' step: O.3;

}

The order of the simulations depends on the order of the param. In our example, the first
combinations will be the followings:

e evaporation_rate = 0.1, diffusion_rate = 0.1, (2 times)
e evaporation_rate = 0.1, diffusion_rate = 0.4, (2 times)
e evaporation_rate = 0.1, diffusion_rate = 0.7, (2 times)
e evaporation_rate = 0.1, diffusion_rate = 1.0, (2 times)
e evaporation_rate = 0.2, diffusion_rate = 0.1, (2 times)

Note: this method can also be used for optimization by adding an method element with maximize or a
minimize attribute:

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food_gathered = food _placed ) or ( time > 400 ) {

paraneter 'Evaporation:' var: evaporation_ rate among: [ 0.1, 0.2 ,
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 nmeans 100% ' ;

paraneter 'Diffusion:' var: diffusion_rate min: 0.1 max: 1.0 unit:
'rate every cycle (1.0 neans 100%' step: O.3;

nmet hod exhaustive nmaxi m ze: food_gat hered;
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Hill Climbing

Name: hill_climbing Parameter definitions accepted: List with step and Explicit List. Parameter type
accepted: all. This algorithm is an implementation of the Hill Climbing algorithm. See the wikipedia
article. Algorithm:

Initialization of an initial solution s
iter =0
Wiile iter <= iter_max, do:
Choi ce of the solution s' in the nei ghborhood of s that naxim ze the
fitness function
If f(s') > f(s)
s = s’
El se
end of the search process
Endl f
iter =iter + 1
EndWhi | e

Method parameters:
e jter_max: number of iterations
Example (models/ants/batch/ant_hill_climbing_batch.xml):

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food_gathered = food _placed ) or ( time > 400 ) {

paraneter 'Evaporation:' var: evaporation_rate anong: [ 0.1, 0.2 ,
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 neans 100% "' ;

paranmeter 'Diffusion:' var: diffusion_rate min: 0.1 max: 1.0 unit:
‘rate every cycle (1.0 neans 100%' step: O.3;

nmethod hill _clinbing iter_max: 50 maxi m ze : food_gat hered;

Simulated Annealing

Name: annealing Parameter definitions accepted: List with step and Explicit List. Parameter type
accepted: all. This algorithm is an implementation of the Simulated Annealing algorithm. See the
wikipedia article. Algorithm:

Initialization of an initial solution s

tenmp = tenp_init
Wiile tenp > tenp_end, do:
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iter =0
Wiile iter < nb_iter _cst_tenp, do:
Random choi ce of a solution s2 in the nei ghborhood of s
df = f(s2)-f(s)
If df >0
S = s2
El se,
rand = random nunber between 0 and 1
If rand < exp(df/T)
S = 82
Endl f
Endl f
iter = iter + 1
EndWhi | e
tenp = tenp * nb_iter_cst_tenp
EndWi | e

Method parameters:

e temp_init: Initial temperature

e temp_end: Final temperature

e temp_decrease: Temperature decrease coefficient

e nb_iter_cst_temp: Number of iterations per level of temperature

Example (models/ants/batch/ant_simulated_annealing_batch.xml):

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food _gathered = food placed ) or ( time > 400 ) {

par anmeter 'Evaporation:' var: evaporation_rate anmong: [ 0.1, 0.2,
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 nmeans 100% "' ;

paraneter 'Diffusion:' var: diffusion rate min: 0.1 max: 1.0 unit:
‘'rate every cycle (1.0 neans 100% ' step: O.3;

met hod annealing tenp_init: 100 tenp_end: 1 tenp_decrease: 0.5
nb_iter _cst _tenp: 5 maxim ze: food_gat hered;

}

Tabu Search

Name: tabu Parameter definitions accepted: List with step and Explicit List. Parameter type accepted:
all. This algorithm is an implementation of the Tabu Search algorithm. See the wikipedia article.
Algorithm:

Initialization of an initial solution s
tabuList = {}

iter =0

While iter <= iter_nmax, do:
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Choi ce of the solution s2 in the nei ghborhood of s such that:
s2 is not in tabuLi st
the fitness function is maxi mal for s2

S = s2

If size of tabuList = tabu |ist_size
renovi ng of the ol dest solution in tabulLi st

Endl f

tabulLi st = tabulList + s

iter = iter + 1
EndWhi | e

Method parameters:

e iter_max: number of iterations
e tabu_list_size: size of the tabu list

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food_gathered = food _placed ) or ( time > 400 ) {

paraneter 'Evaporation:' var: evaporation_ rate among: [ 0.1, 0.2 ,
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 nmeans 100% ' ;

paraneter 'Diffusion:' var: diffusion_rate min: 0.1 max: 1.0 unit:
'rate every cycle (1.0 neans 100%' step: O.3;

met hod tabu iter_max: 50 tabu list_size: 5 maxi m ze: food_gat hered;

Reactive Tabu Search

Name: reactive_tabu Parameter definitions accepted: List with step and Explicit List. Parameter
type accepted: all. This algorithm is a simple implementation of the Reactive Tabu Search algorithm
((Battiti et al., 1993)). This Reactive Tabu Search is an enhance version of the Tabu search. It adds
two new elements to the classic Tabu Search. The first one concerns the size of the tabu list: in

the Reactive Tabu Search, this one is not constant anymore but it dynamically evolves according
to the context. Thus, when the exploration process visits too often the same solutions, the tabu

list is extended in order to favor the diversification of the search process. On the other hand, when
the process has not visited an already known solution for a high number of iterations, the tabu list
is shortened in order to favor the intensification of the search process. The second new element
concerns the adding of cycle detection capacities. Thus, when a cycle is detected, the process
applies random movements in order to break the cycle. Method parameters:

e iter_max: number of iterations

e tabu_list_size_init: initial size of the tabu list

e tabu_list_size_min: minimal size of the tabu list

e tabu_list_size_max: maximal size of the tabu list

* nb_tests wthout_col_max: number of movements without collision before shortening the tabu list
e cycle_size_min: minimal size of the considered cycles
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e cycle_size_max: maximal size of the considered cycles

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food gathered = food placed ) or ( time > 400 ) {

par aneter 'Evaporation:' var: evaporation_rate anmong: [ 0.1, 0.2,
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 nmeans 100% "' ;

paraneter 'Diffusion:' var: diffusion rate min: 0.1 max: 1.0 unit:
‘'rate every cycle (1.0 neans 100% ' step: O.3;

net hod reactive_tabu iter_max: 50 tabu_list_size_ init: 5
tabu list _size min: 2 tabu |ist_size max: 10 nb_tests wthout col max: 20
cycle_size mn: 2 cycle_size max: 20 maxi m ze: food_gat her ed;

}

Genetic Algorithm

Name: genetic Parameter definitions accepted: List with step and Explicit List. Parameter type
accepted: all. This is a simple implementation of Genetic Algorithms (GA). See the wikipedia article.
The principle of GA is to search an optimal solution by applying evolution operators on an initial
population of solutions There are three types of evolution operators:

e Crossover: Two solutions are combined in order to produce new solutions

e Mutation: a solution is modified

e Selection: only a part of the population is kept. Different techniques can be applied for this
selection. Most of them are based on the solution quality (fithess).

Representation of the solutions:

¢ Individual solution: {Paraml = vall; Param2 =val2; ...}
e Gene: Parami = vali

Initial population building: the system builds nb_prelim_gen random initial populations composed

of pop_dim individual solutions. Then, the best pop_dim solutions are selected to be part of the
initial population. Selection operator: roulette-wheel selection: the probability to choose a solution is
equals to: fitness(solution)/ Sum of the population fitness. A solution can be selected several times.
Ex: population composed of 3 solutions with fitness (that we want to maximize) 1, 4 and 5. Their
probability to be chosen is equals to 0.1, 0.4 and 0.5. Mutation operator: The value of one parameter
is modified. Ex: The solution {Paraml = 3; Param2 = 2} can mute to {Paraml = 3; Param2 = 4}
Crossover operator: A cut point is randomly selected and two new solutions are built by taking the
half of each parent solution. Ex: let {Param1 = 4; Param2 = 1} and {Param1 = 2; Param?2 = 3} be two
solutions. The crossover operator builds two new solutions: {Paraml = 2; Param2 = 1} and {Param1 =
4; Param2 = 3}. Method parameters:

e pop_dim: size of the population (number of individual solutions)

e crossover_prob: crossover probability between two individual solutions

e mutation_prob: mutation probability for an individual solution

e nb_prelim_gen: number of random populations used to build the initial population
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e max_gen: number of generations

experiment Batch type: batch repeat: 2 keep_seed: true until:
(food gathered = food placed ) or ( time > 400 ) {

par amet er ' Evaporation:' var: evaporation_rate among: [ 0.1, 0.2
0.5, 0.8, 1.0] unit: 'rate every cycle (1.0 nmeans 100% "' ;

paraneter 'Diffusion:' var: diffusion rate min: 0.1 max: 1.0 unit:
‘'rate every cycle (1.0 neans 100% ' step: O.3;

met hod genetic nmaxini ze: food_gathered pop_dim 5 crossover_prob: 0.7
nmutation_prob: 0.1 nb_prelimgen: 1 nax_gen: 20;

}
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6. GAML Reference

Gaml Reference

The following pages introduce the various constructs that are made available to the modelers in
GAML. All these constructs are built-in , i.e. defined in Java, either in the core of GAMA or in its
extensions. They include species , skills , control architectures , statements , data types , and
various types of expressions , including a long and quite exhaustive list of operators . This set of
pages is to be used as a reference , which means its role is not to explain how to properly use these
constructs but to detail their structures and components. It is, in that respect, to be used as a support
for following the explanations provided in the sections dedicated to the organization of a model , the
definition of species , the definition of GUI or batch experiments, and the various recipes or how-
to's provided here . It also serves as a precious guide for the various constructs introduced in the
[G__Tutorials tutorials].
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6.1 Built-in Species

Built-in Species

<font color="red"> This file is automatically generated from java files. Do Not Edit It. </font>

It is possible to use in the models a set of built-in agents. These agents allow to directly use some
advance features like clustering, multi-criteria analysis, etc. The creation of these agents are similar

as for other kinds of agents:

create species: my_built_in_agent returns: the_agent;
So, for instance, to be able to use clustering techniques in the model:
create cluster_builder returns: clusterer;

The list of available built-in agents in GAMA is:

e cluster_builder: allows to use clustering techniques on a set of agents.

e multicriteria_analyzer: allows to use multi-criteria analysis methods.

Top of the page

Table of Contents

agent
Actions
*init_*

e returns: unknown

*Stw*

e returns: unknown
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Top of the page

AgentDB

Actions
* close*

e returns: unknown

* connect*

¢ returns: unknown
e _ params (map): Connection parameters

* executeUpdate*

e returns: int
e _ updateComm (string): SQL commands such as Create, Update, Delete, Drop with question

mark
e _ values (list): List of values that are used to replace question mark
* getParameter*

e returns: unknown

*helloworld*

e returns: unknown
*nsert*

e returns: int

e _ into (string): Table name

e _ columns (list): List of column name of table

e _ values (list): List of values that are used to insert into table. Columns and values must have
same size

*sConnected*

e returns: bool
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e returns: list
e _ select (string): select string

GAMA Documentation

o values (list): List of values that are used to replace question marks

—

* setParameter*

¢ returns: unknown
e _ params (map): Connection parameters

*testConnection*

e returns: bool
e _ params (map): Connection parameters

*timeStamp*
e returns: float

Top of the page

base edge

Actions

Top of the page

experiment

Actions

Top of the page
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graph_edge
Actions

Top of the page

graph_node
Actions
*related _to*

e returns: bool
e _ other (agent):

Top of the page

model

Actions
*halt*

Allows to stop the current simulation so that cannot be continued after. All the behaviors and updates
are stopped.

e returns: unknown

* pause*

Allows to pause the current simulation ACTUALLY EXPERIMENT FOR THE MOMENT . It can be
set to continue with the manual intervention of the user.

e returns: unknown

Top of the page
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Actions
*electre DM*

e returns: int

*evidence theory DM*

e returns: int

*promethee DM*

e returns:int
*weighted means DM*
e returns: int

Top of the page

Physical3DWorld

Actions

* computeForces*

e returns: unknown

Top of the page
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6.1.1 'agent

The 'agent’ built-in species (Under
Construction)

As described in the presentation of GAML , the hierarchy of species derives from a single built-in
species called agent . All its components (attributes, actions) will then be inherited by all direct or
indirect children species (including "‘model” and “experiment’ ), with the exception of species that
explicitly mention use_minimal_agents: true as a facet, which inherit from a stripped-down version of
agent (see below).

“agent” attributes

agent defines several attributes, which form the minimal set of knowledge any agent will have in a
model.

‘agent” actions
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6.1.2 'model’

The 'modél’ built-in species (Under
Construction)

As described in the presentation of GAML , any model in GAMA is a species (introduced by the
keyword “global” ) which directly inherits from an abstract species called model . This abstract species
(sub-species of "agent’ ) defines several attributes and actions that can then be used in any global
section of any model.

‘model” attributes

model defines several attributes, which, in addition to the attributes inherited from “agent™ , form the
minimal set of knowledge a model can manipulate.

‘model” actions
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6.1.3 'experiment’

The 'experiment’ built-in species (Under
Construction)

As described in the presentation of GAML , any experiment attached to a model is a species
(introduced by the keyword [G__ExperimentSpecies "experiment’]) which directly or indirectly inherits
from an abstract species called experiment itself. This abstract species (sub-species of “agent™ )
defines several attributes and actions that can then be used in any experiment.

“experiment attributes

experiment defines several attributes, which, in addition to the attributes inherited from “agent’ , form
the minimal set of knowledge any experiment will have access to.

“experiment” actions
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6.2 Built-in Skills
Built-1n Skills

<font color="red"> This file is automatically generated from java files. Do Not Edit It. </font>

Skills are built-in modules, written in Java, that provide a set of related built-in variables and built-
in actions (in addition to those already provided by GAMA) to the species that declare them. A
declaration of skill is done by filling the skills attribute in the species definition:

species ny_species skills: [skilll, skill2] {

}

Skills have been designed to be mutually compatible so that any combination of them will result in a
functional species. The list of available skills in GAMA is:

¢ moving: for agents that need to move.
So, for instance, if a species is declared as:

species foo skills: [noving]{

}

its agents will automatically be provided with the following variables : "speed, heading, destination
(r/0)" and the following actions: "move, goto, wander, follow" in addition to those built-in in species
and declared by the modeller. Most of these variables, except the ones marked read-only, can be
customized and modified like normal variables by the modeller. For instance, one could want to set a
maximum for the speed; this would be done by redeclaring it like this:

fl oat speed max: 100 m n: O;

Or, to obtain a speed increasing at each simulation step:

float speed max: 100 nmin:0 <- 1 update: speed * 1.01;
Or, to change the speed in a behavior:

if speed = 5 {
speed <- 10;
}

Top of the page
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Table of Contents

advanced driving
Variables

e current_index (int): the current index of the agent target (according to the targets list)

e current_lane (int): the current lane on which the agent is

e current_path (path): the current path that tha agent follow

e current_road (agent): current road on which the agent is

e current_target (point): the current target of the agent

e distance_to_goal (float): euclidean distance to the next point of the current segment

o final_target (point): the final target of the agent

¢ max_acceleration (float): maximum acceleration of the car for a cycle

e max_speed (float): maximal speed of the vehicle

e on_linked_road (boolean): is the agent on the linked road?

e proba_block_node (float): probability to block a node (do not let other driver cross the
crossroad)

e proba_lane_change_down (float): probability to change lane to a lower lane (right lane if right
side driving) if necessary

e proba_lane_change up (float): probability to change lane to a upper lane (left lane if right side
driving) if necessary

e proba_respect_priorities (float): probability to respect priority (right or left) laws

e proba_respect_stops (list): probability to respect stop laws - one value for each type of stop

e proba_use_linked_road (float): probability to change lane to a linked road lane if necessary

* real_speed (float): real speed of the agent (in meter/second)

e right_side_driving (boolean): are drivers driving on the right size of the road?

e security_distance_coeff (float): the coefficient for the computation of the the min
distance between two drivers (according to the vehicle speed - security_distance = 1#m +
security_distance_coeff * real_speed )

e segment_index_on_road (int): current segment index of the agent on the current road

e speed (float): the speed of the agent (in meter/second)

* speed_coeff (float): speed coefficient for the speed that the driver want to reach (according to
the max speed of the road)

e targets (list): the current list of points that the agent has to reach (path)

¢ vehicle_length (float): the length of the vehicle (in meters)
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Actions

*advanced_follow_driving*

moves the agent towards along the path passed in the arguments while considering the other agents
in the network (only for graph topology)

¢ returns: float

e path (path): a path to be followed.

e target (point): the target to reach

e speed (float): the speed to use for this move (replaces the current value of speed)
e time (float): time to travel

*compute_path*

action to compute a path to a target location according to a given graph
e returns: path
e graph (graph): the graph on wich compute the path

e target (agent): the target node to reach
e source (agent): the source node (optional, if not defined, closest node to the agent location)

*drive*

action to drive toward the final target

e returns: void

*external _factor_impact*
action that allows to define how the remaining time is impacted by external factor

¢ returns: float
e new_road (agent): the road on which to the driver wants to go
e remaining_time (float): the remaining time

*Is_ready next road*
action to test if the driver can take the given road at the given lane

e returns: bool
e new_road (agent): the road to test
¢ lane (int): the lane to test

*|ane_choice*
action to choose a lane
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e returns: int
e new_road (agent): the road on which to choose the lane

*gpeed choice*
action to choose a speed

¢ returns: float
e new_road (agent): the road on which to choose the speed

Top of the page

busT ransportation
Variables

e filePath (string):

¢ individualGraph (graph):

e isTemporalGraph (boolean):

¢ stationID (string): DB identificator of the station

Actions
*|oadFile*

moves the agent towards the target passed in the arguments.

¢ returns: void

e source (string): Path of the source file

e datatype (string): determine file datatype: OD - > it is an Origin Destination Matrix; busline - >
official timetable of the transportation service

*|oadV ehicleGraph*

e returns: unknown
e source (graph):

*travel _arrival*
moves the agent towards the target passed in the arguments.

e returns: map
e from (string): departure station ID
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e to (string): arrival Station ID

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent
moves inside this geometry)

e departureDate (int): date of the departure

Top of the page

communicating

The communicating skill offers some primitives and built-in variables which enable agent to
communicate with each other using the FIPA interaction protocol.

Variables

e accept_proposals (list): A list of 'accept_proposal' performative messages of the agent's
mailbox having .

e agrees (list): A list of 'accept_proposal' performative messages.

e cancels (list): A list of 'cancel' performative messages.

o cfps (list): Alist of 'cfp’ (call for proposal) performative messages.

e conversations (list): A list containing the current conversations of agent. Ended conversations
are automatically removed from this list.

o failures (list): A list of 'failure' performative messages.

e informs (list): A list of 'inform' performative messages.

* messages (list): The mailbox of the agent, a list of messages of all types of performatives.

e proposes (list): A list of 'propose’ performative messages .

e queries (list): A list of 'query' performative messages.

o refuses (list): A list of 'propose’ performative messages.

* reject_proposals (list): A list of 'reject_proposals' performative messages.

e requests (list): A list of 'request’ performative messages.

* requestWhens (list): A list of 'request-when' performative messages.

e subscribes (list): A list of 'subscribe' performative messages.

Actions

*accept_proposal*
Replies a message with an 'accept_proposal' performative message.

¢ returns: unknown
* message (message): The message to be replied
e content (list): The content of the replying message
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*agree*
Replies a message with an 'agree' performative message.

e returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

* cancel*

Replies a message with a 'cancel' peformative message.

e returns: unknown
* message (message): The message to be replied
e content (list): The content of the replying message

* Cf p*
Replies a message with a 'cfp' performative message.

e returns: unknown
* message (message): The message to be replied
e content (list): The content of the replying message

*end conversation*

Reply a message with an 'end_conversation' peprformative message. This message marks the end
of a conversation. In a 'no-protocol' conversation, it is the responsible of the modeler to explicitly send

this message to mark the end of a conversation/interaction protocol.

¢ returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

*failure

Replies a message with a 'failure' performative message.

e returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

*inform*

Replies a message with an 'inform' performative message.

e returns: unknown
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¢ message (message): The message to be replied
e content (list): The content of the replying message

* propose*
Replies a message with a 'propose’ performative message.

e returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

* query*
Replies a message with a 'query' performative message.

e returns: unknown
* message (message): The message to be replied
e content (list): The content of the replying message

* refuse*

Replies a message with a 'refuse’ performative message.

e returns: unknown
* message (message): The message to be replied
e content (list): The content of the replying message

*regject_proposal*
Replies a message with a 'reject_proposal' performative message.

e returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

* rep| y*

Replies a message. This action should be only used to reply a message in a 'no-protocol’
conversation and with a 'user defined performative'. For performatives supported by GAMA (i.e.,
standard FIPA performatives), please use the 'action' with the same name of ‘performative’. For
example, to reply a message with a 'request’ performative message, the modeller should use the
'request’ action.

e returns: unknown

* message (message): The message to be replied

o performative (string): The performative of the replying message
e content (list): The content of the replying message
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*request*
Replies a message with a 'request' performative message.

e returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

*send*
Starts a conversation/interaction protocol.

e returns: msi.gaml.extensions.fipa.Message

o receivers (list): A list of receiver agents

e content (list): The content of the message. A list of any GAML type

o performative (string): A string, representing the message performative
e protocol (string): A string representing the name of interaction protocol

*start_conversation*

Starts a conversation/interaction protocol.

¢ returns: msi.gaml.extensions.fipa.Message

¢ receivers (list): A list of receiver agents

e content (list): The content of the message. A list of any GAML type

e performative (string): A string, representing the message performative
e protocol (string): A string representing the name of interaction protocol

* subscribe*

Replies a message with a 'subscribe’ performative message.

e returns: unknown
¢ message (message): The message to be replied
e content (list): The content of the replying message

Top of the page

driving
Variables

e lanes_attribute (string): the name of the attribut of the road agent that determine the number of
road lanes

Page 272 of Full Documentation of GAMA 1.6.1
658



GAMA Documentation

¢ living_space (float): the min distance between the agent and an obstacle (in meter)
e obstacle_species (list): the list of species that are considered as obstacles

e speed (float): the speed of the agent (in meter/second)

e tolerance (float): the tolerance distance used for the computation (in meter)

Actions

*follow_driving*

moves the agent along a given path passed in the arguments while considering the other agents in
the network.

e returns: path

e speed (float): the speed to use for this move (replaces the current value of speed)

e path (path): a path to be followed.

e return_path (boolean): if true, return the path followed (by default: false)

¢ move_weights (map): Weigths used for the moving.

¢ living_space (float): min distance between the agent and an obstacle (replaces the current
value of living_space)

¢ tolerance (float): tolerance distance used for the computation (replaces the current value of
tolerance)

e lanes_attribute (string): the name of the attribut of the road agent that determine the number of
road lanes (replaces the current value of lanes_attribute)

*goto_driving*

moves the agent towards the target passed in the arguments while considering the other agents in the
network (only for graph topology)

e returns: path

e target (point,geometry,agent): the location or entity towards which to move.

e speed (float): the speed to use for this move (replaces the current value of speed)

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent
moves inside this geometry)

e return_path (boolean): if true, return the path followed (by default: false)

¢ move_weights (map): Weigths used for the moving.

¢ living_space (float): min distance between the agent and an obstacle (replaces the current
value of living_space)

* tolerance (float): tolerance distance used for the computation (replaces the current value of
tolerance)

e lanes_attribute (string): the name of the attribut of the road agent that determine the number of
road lanes (replaces the current value of lanes_attribute)

Top of the page
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driving2d
Variables

e background_species (list):

e considering_range (int):

e currentDistance (float):

e currentPerimeter (float):

e isCalculatedPerimeter (boolean):
e isPassedFalseTarget (boolean):
e obstacle_species (list):

e speed (float):

Actions

*pedestrian_goto*

moves the agent towards the target passed in the arguments.

e returns: int

e target (point,geometry,agent): the location or entity towards which to move.
¢ speed (float): the speed to use for this move (replaces the current value of speed)
e background (list,agent,graph,geometry): list, agent, graph, geometry on which the agent moves

(the agent moves inside this geometry)

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent

moves inside this geometry)
*read _replay*

e returns: list
¢ file_name (string): File name.

*read replay file*

e returns: list
o file_name (string): File name.

*save replay*
e returns: unknown

¢ file_name (string): File name.
e agent_information (list): list of position
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*vehicle goto*

moves the agent towards the target passed in the arguments.

e returns: int
e target (point,geometry,agent): the location or entity towards which to move.
¢ speed (float): the speed to use for this move (replaces the current value of speed)

e background (list,agent,graph,geometry): list, agent, graph, geometry on which the agent moves

(the agent moves inside this geometry)

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent

moves inside this geometry)

Top of the page

graphic

The graphic skill is intended to define the minimal set of behaviours required from a graphical agent

Variables

e transparency (float): the transparency of the agent (between 0.0 and 1.0)

Actions

*prewer_color*

e returns: rgb

e type (string): Palette Type (Sequential, Diverging, Qualitative)
e class (int): Number of class

e index (int): index

*pbrewer_palette*

¢ returns: msi.gama.util. [GamalList]< java.awt.Color >
e type (string): Palette Type (Sequential, Diverging, Qualitative)

*twinkle*

e returns: void
e period (int): make the agent twinkle with a given period

Top of the page
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grid
Variables

e color (rgh):
e grid_value (float):
e grid_x (int):
e grid_y (int):

Actions

Top of the page

humanmoving
Variables

Actions

* approach*

e returns: point

e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e target (agent):

* approachAvoidPassedPosition*

e returns: point

e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

* background (agent):

e target (agent):

e passedList (list):

* approachAvoidPassedPosition2*

e returns: point
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¢ speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e target (agent):

e passedList (list):

*blindStraightWander*

e returns: point

¢ speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e direction (int):

e target (agent):

* blindStraightWander2*

e returns: point

¢ speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e direction (int):

e target (agent):

*blindwWall Tracking*

e returns: point

e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e passedList (list):

e target (agent):

*pblindWall Tracking2*

e returns: point

e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e passedList (list):

e target (agent):

*blindWander*

e returns: point
e speed (float): the speed to use for this move (replaces the current value of speed)
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e agent_size (int): specifiaction of size of the agent
e background (agent):
e target (agent):

* pblindWander2*

e returns: point

e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background (agent):

e target (agent):

*wanderAbove*

e returns: point
e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

*wanderAndAvoid*

e returns: point

e speed (float): the speed to use for this move (replaces the current value of speed)
e agent_size (int): specifiaction of size of the agent

e background ():

e ignore_type ():

Top of the page

MAELIA
Variables

Actions
*maelialimeStamp*

e returns: float

Top of the page
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MDXSKILL
Variables

Actions
*helloworld*

e returns: unknown
* oel ect*

e returns: msi.gama.util. [GamalList]< java.lang.Object >

e params (map): Connection parameters

e onColumns (string): select string with question marks

* onRows (list): List of values that are used to replace question marks
o from (list): List of values that are used to replace question marks

* where (list): List of values that are used to replace question marks

o values (list): List of values that are used to replace question marks

*testConnection*

¢ returns: bool
e params (map): Connection parameters

*timeStamp*
e returns: float

Top of the page

moving

The moving skill is intended to define the minimal set of behaviours required for agents that are able
to move on different topologies

Variables

e destination (point): continuously updated destination of the agent with respect to its speed and
heading (read-only)
e heading (int): the absolute heading of the agent in degrees (in the range 0-359)
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e location (point):
e speed (float): the speed of the agent (in meter/second)

Actions

*follow*

moves the agent along a given path passed in the arguments.

e returns: path

¢ speed (float): the speed to use for this move (replaces the current value of speed)
e path (path): a path to be followed.

¢ move_weights (map): Weights used for the moving.

e return_path (boolean): if true, return the path followed (by default: false)

*goto*
moves the agent towards the target passed in the arguments.

e returns: path

e target (agent,point,geometry): the location or entity towards which to move.

e speed (float): the speed to use for this move (replaces the current value of speed)

e on (graph): graph that restrains this move

e recompute_path (boolean): if false, the path is not recompute even if the graph is modified (by
default: true)

e return_path (boolean): if true, return the path followed (by default: false)

e move_weights (map): Weights used for the moving.

*move*

moves the agent forward, the distance being computed with respect to its speed and heading. The
value of the corresponding variables are used unless arguments are passed.

e returns: path

¢ speed (float): the speed to use for this move (replaces the current value of speed)

e heading (int): a restriction placed on the random heading choice. The new heading is chosen in
the range (heading - amplitude/2, heading+amplitude/2)

e bounds (geometry,agent): the geometry (the localized entity geometry) that restrains this move
(the agent moves inside this geometry

*wander*

Moves the agent towards a random location at the maximum distance (with respect to its speed). The
heading of the agent is chosen randomly if no amplitude is specified. This action changes the value of
heading.

e returns: void

Page 280 of Full Documentation of GAMA 1.6.1
658



GAMA Documentation

¢ speed (float): the speed to use for this move (replaces the current value of speed)

e amplitude (int): a restriction placed on the random heading choice. The new heading is chosen
in the range (heading - amplitude/2, heading+amplitude/2)

* bounds (agent,geometry): the geometry (the localized entity geometry) that restrains this move
(the agent moves inside this geometry

*wander_3D*

Moves the agent towards a random location (3D point) at the maximum distance (with respect to its
speed). The heading of the agent is chosen randomly if no amplitude is specified. This action changes
the value of heading.

e returns: path

¢ speed (float): the speed to use for this move (replaces the current value of speed)

e amplitude (int): a restriction placed on the random heading choice. The new heading is chosen
in the range (heading - amplitude/2, heading+amplitude/2)

e 7z max (int): the maximum alltitude (z) the geometry can reach

* bounds (agent,geometry): the geometry (the localized entity geometry) that restrains this move
(the agent moves inside this geometry

Top of the page

moving3D

The moving skill 3D is intended to define the minimal set of behaviours required for agents that are
able to move on different topologies

Variables

e destination (point): continuously updated destination of the agent with respect to its speed and
heading (read-only)

e heading (int): the absolute heading of the agent in degrees (in the range 0-359)

e pitch (int): the absolute pitch of the agent in degrees (in the range 0-359)

¢ roll (int): the absolute roll of the agent in degrees (in the range 0-359)

e speed (float): the speed of the agent (in meter/second)

Actions

*move*

moves the agent forward, the distance being computed with respect to its speed and heading. The
value of the corresponding variables are used unless arguments are passed.

e returns: path
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¢ speed (float): the speed to use for this move (replaces the current value of speed)
e heading (int): int, optional, the direction to take for this move (replaces the current value of

heading)

e pitch (int): int, optional, the direction to take for this move (replaces the current value of pitch)

e heading (int): int, optional, the direction to take for this move (replaces the current value of roll)

¢ bounds (geometry,agent): the geometry (the localized entity geometry) that restrains this move

(the agent moves inside this geometry

Top of the page

network
Variables

* netAgtName (string): Net ID of the agent

Actions

* connectM essenger*

moves the agent towards the target passed in the arguments.

e returns: void

e to (string): server URL

e at (string): server URL

* withName (string): agent Name

*emptyM essageBox*

moves the agent towards the target passed in the arguments.

e returns: bool

*fetchM essage*

moves the agent towards the target passed in the arguments.

e returns: map < string,unknown >
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*sendM essage*
Send a message to a destination.

e returns: void
e dest (string): The network ID of the agent who receive the message
e content (any type): The content of the message

Top of the page

optimizing
Variables

Actions

*computeAverageEvacuationTime*

e returns: unknown

*doTest*

e returns: unknown
*optimizeDirection*
e returns: unknown
* optimizeSigns*
e returns: unknown

Top of the page

physical 3D
Variables

¢ collisionBound (map):
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e density (float):

e mass (float):

e motor (point):

¢ physical_3D world (agent):
e velocity (list):

Actions

Top of the page

road TrafficM anagement
Variables

¢ nbVehicle (int):
e speed (float):

Actions

Top of the page

skill_road
Variables

e agents_on (list): for each lane of the road, the list of agents for each segment

e all_agents (list): the list of agents on the road
¢ lanes (int): the number of lanes

¢ linked_road (agent): the linked road: the lanes of this linked road will be usable by drivers on

the road

maxspeed (float): the maximal speed on the road
source_node (agent): the source node of the road
target_node (agent): the target node of the road
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Actions
*register*
register the agent on the road at the given lane

e returns: void

e agent (agent): the agent to register on the road.

¢ lane (int): the lane index on which to register; if lane index > = number of lanes, then register on
the linked road

*unregister*
unregister the agent on the road

e returns: void
e agent (agent): the agent to unregister on the road.

Top of the page

skill road_node
Variables

¢ block (map): define the list of agents blocking the node, and for each agent, the list of
concerned roads

e roads_in (list): the list of input roads

e roads_out (list): the list of output roads

e stop (list): define for each type of stop, the list of concerned roads

Actions

Top of the page

socket
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Variables

e ip (string): cs
e msg (string):
e port (int): 1)

Actions

*|listen client*

e returns: void

*listen_server*

e returns: void

*open_socket*

e returns: void
*send to_client*
M.

e returns: void
e msg (string): td)

*send_to_server*
M.

e returns: void
e msg (string): td)

Top of the page
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SOQLSKILL
Variables

Actions
* executeUpdate*

e returns: int

e params (map): Connection parameters

e updateComm (string): SQL commands such as Create, Update, Delete, Drop with question
mark

e values (list): List of values that are used to replace question mark

*getCurrentDateTime*

e returns: string
e dateFormat (string): date format examples: 'yyyy-MM-dd' , 'yyyy-MM-dd HH:mm:ss'

*getDateOffset*

e returns: string

e dateFormat (string): date format examples: 'yyyy-MM-dd' , 'yyyy-MM-dd HH:mm:ss'
e dateStr (string): Start date

o offset (string): number on day to increase or decrease

*helloWorld*

e returns: unknown
*nsert*

e returns: int

e params (map): Connection parameters

e into (string): Table name

e columns (list): List of column name of table

o values (list): List of values that are used to insert into table. Columns and values must have
same size

*list2Matrix*

e returns: matrix
e param (list): Param: a list of records and metadata
¢ getName (boolean): getType: a boolean value, optional parameter
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e getType (boolean): getType: a boolean value, optional parameter
*select*

e returns: list

e params (map): Connection parameters

e select (string): select string with question marks

e values (list): List of values that are used to replace question marks

*testConnection*

e returns: bool
e params (map): Connection parameters

*timeStamp*
¢ returns: float

Top of the page

trafficMoving
Variables

Actions
*goto_traffic*

moves the agent towards the target passed in the arguments while considering the other agents in the
network (only for graph topology)

¢ returns: void

e target (point,geometry,agent): the location or entity towards which to move.

o speed (float): the speed to use for this move (replaces the current value of speed)

* on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent
moves inside this geometry)

e duration (float): duration of the moving

e max_speed (float): speedMoving

e return_path (boolean): if true, return the path followed (by default: false)
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*theorical _duration*

moves the agent towards the target passed in the arguments while considering the other agents in the
network (only for graph topology)

¢ returns: java.lang.Float

e from (point,geometry,agent): the location or entity towards which to move.

¢ to (point,geometry,agent): the location or entity towards which to move.

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent
moves inside this geometry)

e max_speed (float): speedMoving

Top of the page

trafficMoving
Variables

Actions

*goto_traffic*

moves the agent towards the target passed in the arguments while considering the other agents in the
network (only for graph topology)

e returns: void

e target (point,geometry,agent): the location or entity towards which to move.

¢ speed (float): the speed to use for this move (replaces the current value of speed)

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent
moves inside this geometry)

e duration (float): duration of the moving

* max_speed (float): speedMoving

e return_path (boolean): if true, return the path followed (by default: false)

*theorical _duration*

moves the agent towards the target passed in the arguments while considering the other agents in the
network (only for graph topology)

¢ returns: java.lang.Float
e from (point,geometry,agent): the location or entity towards which to move.
e to (point,geometry,agent): the location or entity towards which to move.

Full Documentation of GAMA 1.6.1 Page 289 of
658



GAMA
Documentation

¢ on (list,agent,graph,geometry): list, agent, graph, geometry that restrains this move (the agent
moves inside this geometry)
* max_speed (float): speedMoving

Top of the page
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6.3 Built-in Control
Architectures

Built-in Control Architectures

GAMA allows to attach built-in control architecture to agents. These control architectures will give the
possibility to the modeler to use for a species a specific control architecture in addition to the common
behavior structure . Note that only one control architecture can be used per species.

Attachment of Control Architecture

The attachment of a control architecture yo a species is done through the facets control . For
example, the given code allows to attach the fsm control architecture to the dummy species.

speci es dumy control: fsm{

}

List of Control Architectures

GAMA integrates several agent control architectures that can be used in addition to the common
behavior structure:

o fsm: finite state machine based behavior model. During its life cycle, the agent can be in several
states. At any given time step, it is in one single state. Such an agent needs to have one initial
state (the state in which it will be at its initialization)

* weighted_tasks : task-based control architecture. At any given time, only the task only the task
with the maximal weight is executed.

e sorted_tasks : task-based control architecture. At any given time, the tasks are all executed in
the order specified by their weights (highest first).

e probabilistic_tasks : task-based control architecture. This architecture uses the weights as a
support for making a weighted probabilistic choice among the different tasks. If all tasks have the
same weight, one is randomly chosen at each step.

e user_only : allows users to take control over an agent during the course of the simulation. With
this architecture, only the user control the agents (no reflexes).
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e user_first : allows users to take control over an agent during the course of the simulation. With
this architecture, the user actions are executed before the agent reflexes.

e user_last: allows users to take control over an agent during the course of the simulation. With
this architecture, the user actions are executed after the agent reflexes.
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6.3.1 Finite State Machine
Finite State Machine

FSM (Finite State Machine) is a finite state machine based behavior model. During its life cycle, the
agent can be in several states. At any given time step, it is in one single state. Such an agent needs
to have one initial state (the state in which it will be at its initialization). At each time step, the agent

will:

o first (only if he just entered in its current state) execute statement embedded in the enter
statement,

¢ then all the statements in the state statement

¢ it will evaluate the condition of each embedded transition statements. If one condition is fulfilled,
the agent execute the embedded statements

Note that an agent executes only one state at each step.

Declaration

Using the FSM architecture for a species require to use the control facet:

speci es dumy control: fsm{

State
Attributes

¢ initial: a boolean expression, indicates the initial state of agent.
* final: a boolean expression, indicates the final state of agent.

Sub Statements

e enter: a sequence of statements to execute upon entering the state.
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e exit: a sequence of statements to execute right before exiting the state. Note that the exit
statement will be executed even if the fired transition points to the same state (the FSM
architecture in GAMA does not implement 'internal transitions' like the ones found in UML state
charts: all transitions, even "self-transitions”, follow the same rules).

¢ transition: allows to define a condition that, when evaluated to true, will designate the next
state of the life cycle. Note that the evaluation of transitions is short-circuited: the first one that
evaluates to true, in the order in which they have been defined, will be followed. l.e., if two
transitions evaluate to true during the same time step, only the first one will be triggered.

Things worth to be mentioned regarding these sub-statements:

¢ Obviously, only one definition of exit and enter is accepted in a given state

¢ Transition statements written in the middle of the state statements will only be evaluated at the
end, so, even if it evaluates to true, the remaining of the statements found after the definition
of the transition will be nevertheless executed. So, despite the appearance, a transition written
somewhere in the sequence will "not stop” the state at that point (but only at the end).

Definition

A state can contain several statements that will be executed, at each time step, by the agent. There
are three exceptions to this rule;

1. statements enclosed in enter will only be executed when the state is entered (after a
transition, or because it is the initial state).

2. Those enclosed in exit will be executed when leaving the state as a result of a successful
transition (and before the statements enclosed in the transition).

3. Those enclosed in a transition will be executed when performing this transition (but after
the exit sequence has been executed).

For example, consider the following example:

speci es dummy control: fsm/{
state statel initial: true {
wite string(cycle) + ":" + pname + "->" + "statel";
transition to: state2 when: flip(0.5) {
wite string(cycle) + ":" + name + "->" + "transition to

statel";
}
transition to: state3 when: flip(0.2) ;
}
state state2 {
wite string(cycle) + ":" + pname + "->" + "state2";
transition to: statel when: flip(0.5) {
wite string(cycle) + ":" + name + "->" + "transition to
statel";
}
exit {
wite string(cycle) + ":" + pame + "->" + "|eave state2";
}
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state state3 {
wite string(cycle) + ":" + pname + "->" + "state3";
transition to: statel when: flip(0.5) {
wite string(cycle) + ":" + name + "->" + "transition to
statel";

}
transition to: state2 when: flip(0.2) ;

}

the dummy agents start at statel . At each simulation step they have a probability of 0.5 to change
their state to state? . If they do not change their state to state2 , they have a probability of 0.2 to
change their state to state3 . In state2 , at each simulation step, they have a probability of 0.5 to
change their state to statel . At last, in step3, at each simulation step they have a probability of 0.5 to
change their state to statel . If they do not change their state to statel , they have a probability of 0.2
to change their state to state2 . Here a possible result that can be obtained with one dummy agent:

: dummyO0- >statel
:dummyO->transition to statel
: dunmy0- >st at e2

: dummy0- >st at e2

: dumyO- >l eave state2
:dunmyO->transition to statel
: dummyO0- >statel
:dummyO->transition to statel
: dunmy0- >st at e2

: dummy0- >st at e2

: dumyO- >l eave state2
:dunmyO->transition to statel
: dummyO0- >statel

: dunmmy0- >st at e3

: dunmy0- >st at e2
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6.3.2 Task Based
Task Based

GAMA integrated several task-based control architectures. Species can define any number of
tasks within their body. At any given time, only one or several tasks are executed according to the
architecture chosen:

 weighted_tasks : in this architecture, only the task with the maximal weight is executed.

e sorted_tasks :in this architecture, the tasks are all executed in the order specified by their
weights (biggest first)

e probabilistic_tasks : this architecture uses the weights as a support for making a weighted
probabilistic choice among the different tasks. If all tasks have the same weight, one is randomly
chosen each step.

Declaration

Using the Task architectures for a species require to use the control facet:

speci es dummy control: weighted tasks {

}

speci es dummy control: sorted_ tasks {

}

speci es dummy control: probabilistic tasks {

Task
Sub elements

Besides a sequence of statements like reflex, a task contains the following sub elements:
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¢ weight: Mandatory. The priority level of the task.
Definition

As reflex, a task is a sequence of statements that can be executed, at each time step, by the agent.
If an agent owns several tasks, the scheduler chooses a task to execute based on its current priority
weight value. For example, consider the following example:

speci es dunmy control: weighted_tasks {
task taskl weight: cycle nmod 3 {
wite string(cycle) + ":" + pame + "->" + "taskl";
}
task task2 weight: 2 {
wite string(cycle) +

+ pname + D0 o ntaskzn;

}

As the weighted_tasks control architecture was chosen, at each simulation step, the dummy agents
execute only the task with the highest behavior. Thus, when cycle modulo 3 is higher to 2, taskl

is executed; when cycle modulo 3 is lower than 2, task2 is executed. In case when cycle modulo 3

is equal 2 (at cycle 2, 5, ...), the only the first task defined (here taskl) is executed. Here the result
obtained with one dummy agent:

: dunmy0- >t ask?2
: dumyO0- >t ask?2
: dunmy0- >t askl
: dunmy0- >t ask?2
: dumyO0- >t ask?2
: dunmy0- >t askl
: dunmy0- >t ask?2
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6.3.3 User Controlled
User Controlled

User controlled architecture has been introduced to allow users to take control over an agent during
the course of the simulation. It can be invoked using three different keywords: user_only , user_first,
user_last .

Declaration

Using the Task architectures for a species require to use the control facet:

speci es user control: user_only {

}

speci es user control: user_first {

}

speci es user control: user_last {

}

If the control chosen is user_first, it means that the user controled panel is opened first, and then
the agent has a chance to run its "own" behaviors (reflexes, essentially, or "init" in the case of a
"user_init" panel). If the control chosen is user_last , it is the contrary.

User Pandl

This control architecture is a specialization of the Finite State Machine Architecture where the
"behaviors" of agents can be defined by using new constructs called user_panel (and one user_init),
mixed with "states" or "reflexes". This user_panel translates, in the interface, in a semi-modal
view that awaits the user to choose action buttons, change attributes of the controlled agent, etc.
Each user_panel, like a state in FSM, can have a enter and exit sections, but it is only defined in
terms of a set of user_command s which describe the different action buttons present in the panel.
user_commands can also accept inputs, in order to create more interesting commands for the user.
This uses the user_input statement (and not operator), which is basically the same as a temporary
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variable declaration whose value is asked to the user. Example: As user_panel# is a specialization
of state , the modeler has the possibility to describe several panels and choose the one to open
depending on some condition, using the same syntax than for finite state machines :

¢ either adding transitions to the user_panels,
e or setting the state attribute to a new value, from inside or from another agent.

This ensures a great flexibility for the design of the user interface proposed to the user, as it can
be adapted to the different stages of the simulation, etc.. Follows a simple example, where, every
10 steps, and depending on the value of an attribute called « advanced », either the basic or the
advanced panel is proposed.

speci es user control:user_only {
user _panel default initial: true {
transition to: "Basic Control" when: every (10) and
advanced_user _control
transition to: "Advanced Control" when: every(10) and
advanced_user _control

}
user _panel "Basic Control" {
user_command "Kill one cell" {
ask (one_of (cell)){
do die;
}
}
user_command "Create one cell" {
create cell ;
}
transition to: default when: true;
}
user _panel "Advanced Control " {
user _command "Kill cells" {
user i nput "Nunber" returns: nunber type: int <- 10;
ask (nunber anmong list(cell)){
do die;
}
}
user _command "Create cells" {
user i nput "Nunber" returns: nunber type: int <- 10;
create cell nunber: nunber ;
}
transition to: default when: true;
}

}

The panel marked with the « initial: true » facet will be the one run first when the agent is supposed
to run. If none is marked, the first panel (in their definition order) is chosen. A special panel called
user_init will be invoked only once when initializing the agent if it is defined. If no panel is described or
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if all panels are empty (ie. no user_commands), the control view is never invoked. If the control is said
to be "user_only", the agent will then not run any of its behaviors.

Usar Controlled

Finally, each agent provided with this architecture inherits a boolean attribute called user_controlled .
If this attribute becomes false, no panels will be displayed and the agent will run "normally” unless its
species is defined with a user_only control.
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6.4 Statements

Statements

<font color="red"> This file is automatically generated from java files. Do Not Edit It. </font>

Table of Contents

Statements by kinds

e Batch method
* annealing, exhaustive, genetic, hill_climbing, reactive_tabu, save_batch, tabu,
e Behavior
e aspect, plan, reflex, state, task, test, user_init, user panel,
e Experiment
* experiment,
e Layer
e agents, chart, display_grid, display_population, event, graphics, image, overlay,
quadtree , text,
e Output
» display, inspect, monitor, output, output_file , permanent,
e Parameter
* parameter,
e Sequence of statements or action
e action, ask, capture, create, default, else, enter, equation, exit, if, loop,
match , migrate , pause_sound, release, resume_sound, run, setup, start sound,
stop_sound, switch, trace, transition, user_command, using,
e Single statement

e =, add, assert, break, data, datalist, diffusion, do, draw, error, export, let, put,
remove, return, save, set, simulate, solve, user_input, warn, write ,
e Species
* species,
e Variable (container)
© [#],
e Variable (number)
« [#],

e Variable (regular)
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© [#],

e Variable (signal)
e signal,

Statements by embedment

¢ Behavior
 add, ask, capture, create, diffusion, do, error, if, let, loop, migrate,
pause_sound, put, release, remove, resume_sound, return, run, save, set,
simulate , solve, start_sound, stop_sound, switch, trace, transition, using, warn,

write ,
e Environment
e species,

e Experiment
« [#], [#] [#] action, annealing, exhaustive, export, genetic, hill_climbing, output,
parameter , permanent, reactive_tabu, reflex, save batch, setup, simulate, state,
tabu, task, test, user_command, user_init, user_panel,

e Layer
e draw, error, if, let, loop, switch, trace, warn, write,
¢ Model

« [#], [#] [#], action, aspect, equation, experiment, output, reflex, run, setup,
species, state, task, test, user_command, user_init, user_panel,
e Sequence of statements or action
e add, ask, break, capture, create, data, datalist, diffusion, do, draw, error, if,
let, loop, migrate, pause_sound, put, release, remove, resume_sound, return,
save , set, simulate, solve, start sound, stop_sound, switch, trace, transition,
using , warn, write ,
e Single statement
e run,
e Species
« [#], [#] [#], action, aspect, equation, plan, reflex, run, setup, signal, simulate ,
species, state, task, test, user_command, user_init, user_panel,

e action
* return,
e aspect
+ draw,
e chart
e add, ask, data, datalist, do, put, remove, set, simulate, using,
e display

e agents, chart, display grid, display_population, event, graphics, image, overlay,
quadtree , text,
e display_population
» display_population ,
e equation
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e fsm

» state, user_panel,
o if

* else,
e output

« display, inspect, monitor, output_file,
e permanent
» display, inspect, monitor, output file,
e state
* enter, exit,
e switch
» default, match,
e test
» assert,
e user_command
e user_input,
e user_panel
e user_command ,
e weighted_tasks
o task,

General syntax

A statement represents either a declaration or an imperative command. It consists in a keyword,
followed by specific facets, some of them mandatory (in bold), some of them optional. One of the
facet names can be ommitted (the one denoted as omissible). It has to be the first one.

st at ement _keyword expressionl facet2: expression2 ... ;
or
statement _keyword facet1: expressionl facet2: expression2 ...;

If the statement encloses other statements, it is called a sequence statement , and its sub-
statements (either sequence statements or single statements) are declared between curly brakets, as
in:

st at ement _keywordl expressionl facet2: expression2... { // a sequence
st at enent

st at ement _keywor d2 expressionl facet2: expression2...; [/ a single
st at enent

st at ement _keywor d3 expressionl facet?2: expression2...;

}

Top of the page
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Facets

* name (anew identifier), (omissible) : The name of the attribute

e among (list): A list of constant values among which the attribute can take its value

e category (a label): Soon to be deprecated. Declare the parameter in an experiment instead

¢ const (boolean): Indicates whether this attribute can be subsequently modified or not

o function (any type in [int, float] ): Used to specify an expression that will be evaluated each time
the attribute is accessed. This facet is incompatible with both 'init:' and 'update:'

e init (any type in [int, float] ): The initial value of the attribute

e max (any type in [int, float] ): The maximum value this attribute can take.

e min (any type in [int, float] ): The minimum value this attribute can take

e parameter (a label): Soon to be deprecated. Declare the parameter in an experiment instead

e step (int):

¢ type (a datatype identifier): The type of the attribute, either 'int' or 'float'

e update (any type in [int, float] ): An expression that will be evaluated each cycle to compute a
new value for the attribute

¢ value (any type in [int, float] ):

Embedments

e The statementis of type: Variable (humber)
e The statement can be embedded into: Species, Experiment, Model,
e The statement embeds statements:
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Facets

e name (a new identifier), (omissible) : The name of the attribute

e among (list): A list of constant values among which the attribute can take its value

e category (a label): Soon to be deprecated. Declare the parameter in an experiment instead

e const (boolean): Indicates whether this attribute can be subsequently modified or not

¢ function (any type): Used to specify an expression that will be evaluated each time the attribute
is accessed. This facet is incompatible with both 'init:' and 'update:’

¢ index (a datatype identifier):

¢ init (any type): The initial value of the attribute

e of (a datatype identifier):

e parameter (a label): Soon to be deprecated. Declare the parameter in an experiment instead

¢ type (a datatype identifier):

e update (any type): An expression that will be evaluated each cycle to compute a new value for
the attribute

¢ value (any type):
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Embedments

e The statementis of type: Variable (regular)
* The statement can be embedded into: Species, Experiment, Model,
e The statement embeds statements:

Top of the page

Facets

¢ name (a new identifier), (omissible) : The name of the attribute

e category (a label): Soon to be deprecated. Declare the parameter in an experiment instead

¢ const (boolean): Indicates whether this attribute can be subsequently modified or not

o fill_with (any type):

¢ function (any type): Used to specify an expression that will be evaluated each time the attribute
is accessed. This facet is incompatible with both 'init:' and 'update:’

¢ index (a datatype identifier):

¢ init (any type): The initial value of the attribute

o of (a datatype identifier):

e parameter (a label): Soon to be deprecated. Declare the parameter in an experiment instead

e size (any type in [int, point] ):

¢ type (a datatype identifier):

e update (any type): An expression that will be evaluated each cycle to compute a new value for
the attribute

¢ value (any type):

Embedments

e The statementis of type: Variable (container)
e The statement can be embedded into: Species, Experiment, Model,
e The statement embeds statements:

Top of the page

Facets

e right (float), (omissible) : the right part of the equation (it is mandatory that it can be evaluate
to a float
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o left (any type): the left part of the equation (it should be a variable or a call to the diff() or diff2()
operators)

Embedments

e The = statement is of type: Single statement
e The = statement can be embedded into: equation,
¢ The = statement embeds statements:

Definition

Allows to implement an equation in the form function(n, t) = expression. The left function is only here
as a placeholder for enabling a simpler syntax and grabbing the variable as its left member.

Usages

¢ The syntax of the = statement is a bit different from the other statements. It hase to be used as
follows (in an equation):

float t;

float S;

float I;

equation SI {

diff(S;t) = (- 0.3 * S* | / 100);
diff(l,t) = (0.3 * S* 1| / 100);
}

e See also: equation , solve ,
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action
Facets

e name (an identifier), (omissible) : identifier of the action

* index (a datatype identifier): if the action returns a map, the type of its keys

o of (a datatype identifier): if the action returns a container, the type of its elements

* type (a datatype identifier): the action returned type

* virtual (boolean): whether the action is virtual (defined without a set of instructions) (false by
default)
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Embedments

* The action statement is of type: Sequence of statements or action
¢ The action statement can be embedded into: Species, Experiment, Model,
e The action statement embeds statements: return ,

Definition
Allows to define in a species, model or experiment a new action that can be called elsewhere.

Usages

¢ The simplest syntax to define an action that does not take any parameter and does not return
anything is:

action sinple_action {
/1 [set of statenents]

* |f the action needs some parameters, they can be specified betwee, braquets after the identifier
of the action:

action action_paranmeters(int i, string s){
/1 [set of statenents using i and s]

¢ If the action returns any value, the returned type should be used instead of the "action" keyword.
A return statement inside the body of the action statement is mandatory.

int action_return_val (int i, string s){
/1 [set of statenents using i and s]
return i + i;

e |If virtual: is true, then the action is abstract, which means that the action is defined without body.
A species containing at least one abstract action is abstract. Agents of this species cannot be
created. The common use of an abstract action is to define an action that can be used by all its
sub-species, which should redefine all abstract actions and implements its body.

speci es parent _species {

int virtual _action(int i, string s);

}

speci es children parent: parent _species {
int virtual _action(int i, string s) {

returni + i;
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e Seealso: do,
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add
Facets

e to (any type in [container, species, agent, geometry] ): an expression that evaluates to a
container

¢ item (any type), (omissible) : any expression to add in the container

¢ all (any type): Allows to either pass a container so as to add all its element, or 'true’, if the item to
add is already a container.

e at (any type): position in the container of added element

¢ edge (any type): a pair that will be added to a graph as an edge (if nodes do not exist, they are
also added). Soon to be deprecated, please use ‘add edge(..)' instead

e node (any type): an expression that will be added to a graph as a node. Soon to be deprecated,
please use 'add node(...)" instead

e vertex (any type):

¢ weight (float):

Embedments

e The add statement is of type: Single statement
¢ The add statement can be embedded into: chart, Behavior, Sequence of statements or action,
¢ The add statement embeds statements:

Definition

Allows to add, i.e. to insert, a new element in a container (a list, matrix, map, ...).Incorrect use: The
addition of a new element at a position out of the bounds of the container will produce a warning and
let the container unmodified. If all: is specified, it has no effect if its argument is not a container, or if
its argument is ‘true’ and the item to add is not a container. In that latter case

Usages

* The new element can be added either at the end of the container or at a particular position.

add expr to: expr_container; /! Add at the end
add expr at: expr to: expr_container; /1 Add at position expr
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e Case of a list, the expression in the facet at: should be an integer.

[ist<int> workingList <- [];

add 0 at: O to: workingList ; /1 wor ki ngLi st equals [0]

add 10 at: 0O to: workingList ; /1 wor ki ngLi st equal s [10, 0]
add 20 at: 2 to: workingList ; /1 wor ki ngLi st equals [10, 0, 20]
add 50 to: worKkinglList; /1 workingLi st equals [10, 0, 20, 50]

add [60,70] all: true to: workingList; /1 wor ki ngLi st equal s

[ 10, 0, 20, 50, 60, 70]

e Case of a map: As a map is basically a list of pairs key::value , we can also use the add
statement on it. It is important to note that the behavior of the statement is slightly different, in
particular in the use of the at facet, which denotes the key of the pair.

map<string, string> worki ngvap <- [];

add "val 1" at: "x" to: worki nghap; /1 workingMap equals ["x"::"val 1"]

e If the at facet is ommitted, a pair expr_item::expr_item will be added to the map. An important
exception is the case where the expr_item is a pair: in this case the pair is added.

add "val 2" to: worki nghap; /1 workingMap equals ["x"::"val 1",

"val 2"::"val 2"]

add "5"::"val 4" to: worki nghap; /1 workingMap equals ["x"::"val 1",
"val 2"::"val 2", "5"::"val 4"]

¢ Notice that, as the key should be unique, the addition of an item at an existing position (i.e.
existing key) will only modify the value associated with the given key.

add "val 3" at: "x" to: workinghap; /1 workingMap equals ["x"::"val 3",
"val 2"::"val 2", "5"::"val 4"]

¢ On a map, the all facet will add all value of a container in the map (so as pair
val_cont::val_cont)

add ["val 4","val 5"] all: true at: "x" to: workinghap;
/1 workingMap equals ["x"::"val 3", "val 2"::"val 2",
"5"::"val 4","val 4"::"val 4", "val 5":: "val 5"]

¢ In case of a graph, we can use the facets node , edge and weight to add a node, an edge or
weights to the graph. However, these facets are now considered as deprecated, and it is advised
to use the various edge(), node(), edges(), nodes() operators, which can build the correct objects
to add to the graph

graph g <- as_edge _graph([{1,5}::{12,45}]);
add edge: {1,5}::{2,3} to: g;
list var <- g.vertices; /1 var equals [{1,5},{12,45},{2, 3}]
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[ist var <- g.edges; /1 var equals [polyline({1.0,5.0}::
{12.0,45.0}), polyline({1.0,5.0}::{2.0,3.0})]
add node: {5,5} to: g;

list var <- g.vertices; /1 var equals [{1.0,5.0},{12.0,45.0},{2.0, 3.0},
{5.0,5.0}]
list var <- g.edges; /1 var equals [polyline({1.0,5.0}::

{12.0,45.0}), polyline({1.0,5.0}::{2.0,3.0})]

e Case of a matrix: this statement can not be used on matrix. Please refer to the statement put.
e See also: put, remove ,
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agents
Facets

e name (a label), (omissible) : identifier of the layer

e value (container): the set of agents to display

e aspect (an identifier): the name of the aspect that should be used to display the species

¢ fading (boolean): Used in conjunction with ‘trace:', allows to apply a fading effect to the previous
traces. Default is false

o focus (agent): the agent on with will be focus the camera (it is dynamically computed)

¢ position (point): position of the upper-left corner of the layer. Note that if coordinates are in [0,1],
the position is relative to the size of the environment (e.g. {0.5,0.5} refers to the middle of the
display) whereas it is absolute when coordinates are greter than 1. The position can only be a
3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the layer.

¢ refresh (boolean): (openGL only) specify whether the display of the species is refreshed. (true by
default, usefull in case of agents that do not move)

¢ size (point): the layer resize factor: {1,1} refers to the original size whereas {0.5,0.5} divides by
2 the height and the width of the layer. In case of a 3D layer, a 3D point can be used (note that
{1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with a 2D points will
remove the elevation)

e trace (any type in [boolean, int] ): Allows to aggregate the visualization of agents at each
timestep on the display. Default is false. If set to an int value, only the last n-th steps will be
visualized. If set to true, no limit of timesteps is applied.

e transparency (float): the transparency rate of the agents (between 0 and 1, 1 means no
transparency)

Embedments

¢ The agents statement is of type: Layer
¢ The agents statement can be embedded into: display,
e The agents statement embeds statements:
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Definition
agents allows the modeler to display only the agents that fulfill a given condition.

Usages
e The general syntax is:

di splay nmy_display {
agents | ayer_nane val ue: expression [additional options];

¢ For instance, in a segregation model, agents will only display unhappy agents:

di spl ay Segregation {
agent s agent Di sappear val ue: people as |list where (each.is_happy = fal se)
aspect: w th_group_col or;

}

e See also: display , chart, event, graphics , display_grid , image , overlay , quadtree ,
display_population , text ,

Top of the page

annealing
Facets

e name (an identifier), (omissible) :

e aggregation (a label), takes values in: {min, max}: the agregation method
¢ maximize (float): the value the algorithm tries to maximize

e minimize (float): the value the algorithm tries to minimize

e nb_iter_cst_temp (int): number of iterations per level of temperature

e temp_decrease (float): temperature decrease coefficient

¢ temp_end (float): final temperature

e temp_init (float): initial temperature

Embedments

¢ The annealing statement is of type: Batch method
* The annealing statement can be embedded into: Experiment,
¢ The annealing statement embeds statements:
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Definition

This algorithm is an implementation of the Simulated Annealing algorithm. See the wikipedia article
and [batch161 the batch dedicated page].

Usages

¢ As other batch methods, the basic syntax of the annealing statement uses method annealing
instead of the expected annealing name: id :

nmet hod anneal i ng [facet: val ue];

e For example:

met hod annealing tenp_init: 100 tenp_end: 1 tenp_decrease: 0.5
nb_iter_cst_tenp: 5 naxinm ze: food_gathered;

Top of the page

ask
Facets

e target (any type in [container, agent] ), (omissible) : an expression that evaluates to an agent
or a list of agents
e as (species): an expression that evaluates to a species

Embedments

¢ The ask statement is of type: Sequence of statements or action
¢ The ask statement can be embedded into: chart, Behavior, Sequence of statements or action,
¢ The ask statement embeds statements:

Definition
Allows an agent, the sender agent (that can be the [Sections161 world agent]), to ask another (or

other) agent(s) to perform a set of statements. If the value of the target facet is nil or empty, the
statement is ignored.

Usages

* |t obeys the following syntax, where the target facet denotes the receiver agent(s):
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ask receiver_agent (s) {
[ st at ement s]

¢ The species of the receiver agents must be known in advance for this statement to compile. If
not, it is possible to cast them using the as facet. If the receiver_agent(s) is not instance(s) of
the species a_species_expression, the execution will return a class cast exception in the set of
statement:

ask receiver_agent (s) as: a_speci es_expression {
[statenment _set]

¢ As alternative form for the castin, if there is only a single receiver agent:

ask speci es_nane (receiver_agent) {
[statenment _set]

¢ As alternative form for the castin, if receiver_agent(s) is a list of agents:

ask receiver_agents of speci es speci es_nane {
[statenment _set]

¢ Any statement can be declared in the block statements. All the statements will be evaluated in
the context of the receiver agent(s), as if they were defined in their species, which means that an
expression like self will represent the receiver agent and not the sender. If the sender needs to
refer to itself, some of its own attributes (or temporary variables) within the block statements, it
has to use the keyword myself .

speci es ani mal {
float energy <- rnd (1000) nmin: 0.0 {
refl ex when: energy > 500 { // executed when the energy is above the
gi ven threshol d
i st<animal > others <- (aninmal at_distance 5); // find all the
nei ghbouring animals in a radius of 5 neters
float shared_energy <- (energy - 500) / length (others); //
conpute the anmount of energy to share with each of them
ask others { // no need to cast, since others has al ready been
filtered to only include aninmals
if (energy < 500) { // refers to the energy of each animal in
ot hers
energy <- energy + nyself.shared_energy; // increases the
ener gy of each ani nmal
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nysel f.energy <- nyself.energy - nyself.shared_energy; //
decreases the energy of the sender

}

}

Top of the page

aspect
Facets

¢ name (an identifier), (omissible) : identifier of the aspect (it can be used in a display to identify
which aspect should be used for the given species)

Embedments

¢ The aspect statement is of type: Behavior
¢ The aspect statement can be embedded into: Species, Model,
¢ The aspect statement embeds statements: draw ,

Definition

Aspect statement is used to define a way to draw the current agent. Several aspects can be defined
in one species. It can use attributes to customize each agent's aspect. The aspect is evaluate for
each agent each time it has to be displayed.

Usages
¢ An example of use of the aspect statement:

speci es one_speci es {
int a <- rnd(10);
aspect aspect1 {
if(anmd 2 =0) { drawcircle(a);}
el se {draw square(a);}
draw text: "a= " + a color: #black size: 5;

}

Top of the page
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assert
Facets

* value (anytype), (omissible) : the value that is evaluated and compared to other facets

e equals (any type): an expresion, assert tests whether the value is equals to this expression

e is_not (any type): an expression, assert tests whether the value is not equals to this expression

¢ raises (an identifier): "error" or "warning", used in testing what raises the evaluation of the value:
expresion

Embedments

* The assert statement is of type: Single statement
¢ The assert statement can be embedded into: test,
¢ The assert statement embeds statements:

Definition

Allows to check whether the evaluation of a given expression fulfils a given condition. If it is not
fulfilled, an exception is raised.

Usages

¢ if the equals: facet is used, the equality between the evaluation of expressions in the value: and
in the equals: facets is tested

assert (2+2) equal s: 4;
o if the is_not: facet is used, the inequality between the evaluation of expressions in the value: and
in the equals: facets is tested
assert self is_not: nil;
¢ if the raises: facet is used with either "warning" or "error", the statement tests whether the
evaluation of the value: expression raises an error (resp. a warning)
int z <- O;
assert (3/z) raises: "error";
e See also: test, setup,
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break
Facets
Embedments

¢ The break statement is of type: Single statement
¢ The break statement can be embedded into: Sequence of statements or action,
e The break statement embeds statements:

Definition
break allows to interrupt the current sequence of statements.

Usages
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capture
Facets

e target (any type in [agent, container] ), (omissible) : an expression that is evaluated as an
agent or a list of the agent to be captured

¢ as (species): the species that the captured agent(s) will become, this is a micro-species of the
calling agent's species

¢ returns (a new identifier): a list of the newly captured agent(s)

Embedments

¢ The capture statement is of type: Sequence of statements or action
¢ The capture statement can be embedded into: Behavior, Sequence of statements or action,
¢ The capture statement embeds statements:

Definition

Allows an agent to capture other agent(s) as its micro-agent(s).
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Usages

¢ The preliminary for an agent A to capture an agent B as its micro-agent is that the A's species
must defined a micro-species which is a sub-species of B's species (cf. [Species161 Nesting
species] ).

species A {

}

species B {

species C parent: A {

e To capture all "A" agents as "C" agents, we can ask an "B" agent to execute the following
statement:

capture list(B) as: C

e Deprecated writing:

capture target: list (B) as: C

e See also: release
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chart
Facets

e name (alabel), (omissible) : the identifier of the chart layer

e axes (rgb): the axis color

¢ background (rgb): the background color

e color (rgb):

e gap (float):

¢ position (point): position of the upper-left corner of the layer. Note that if coordinates are in [0,1],
the position is relative to the size of the environment (e.g. {0.5,0.5} refers to the middle of the
display) whereas it is absolute when coordinates are greter than 1. The position can only be a
3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the layer.
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¢ size (point): the layer resize factor: {1,1} refers to the original size whereas {0.5,0.5} divides by
2 the height and the width of the layer. In case of a 3D layer, a 3D point can be used (note that
{1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with a 2D points will
remove the elevation)

¢ style (an identifier), takes values in: {exploded, 3d, stack, bar}:

o timexseries (list): for series charts, change the default time serie (simulation cycle) for an other
value.

¢ transparency (float): the style of the chart

¢ type (an identifier), takes values in: {xy, scatter, histogram, series, pie, box_whisker}: the type of
chart. It could be histogram, series, xy or pie. The difference between series and xy is that the
former adds an implicit x-axis that refers to the numbers of cycles, while the latter considers the
first declaration of data to be its x-axis.

e X_range (any type in [float, int, point] ): range of the x-axis. Can be a number (which will set the
axis total range) or a point (which will set the min and max of the axis).

e x_tick_unit (float): the tick unit for the y-axis (distance between horyzontal lines and values on
the left of the axis).

* y range (any type in [float, int, point] ): range of the y-axis. Can be a number (which will set the
axis total range) or a point (which will set the min and max of the axis).

e vy tick_unit (float): the tick unit for the x-axis (distance between vertical lines and values bellow
the axis).

Embedments

e The chart statement is of type: Layer

¢ The chart statement can be embedded into: display,

¢ The chart statement embeds statements: add , ask, data, datalist, do, put, remove, set,
simulate , using ,

Definition

chart allows modeler to display a chart: this enables to display specific values of the model at each
iteration. GAMA can display various chart types: time series (series), pie charts (pie) and histograms
(histogram).

Usages
e The general syntax is:
di spl ay chart display {

chart "chart nane" type: series [additional options] {
[ Set of data, datalists statements]

e See also: display , agents , event , graphics , display_grid , image , overlay , quadtree ,
display_population , text ,
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create
Facets

e species (species), (omissible) : an expression that evaluates to a species, the species of created
agents

e as (species):

¢ from (any type): an expression that evaluates to a localized entity, a list of localized entities, a
string (the path of a shapefile, a .csv, a .asc or a OSM file) or a container returned by a request
to a database

¢ header (boolean): an expression that evaluates to a boolean, when creating agents from csv file,
specify whether the file header is loaded

e number (int): an expression that evaluates to an int, the number of created agents

¢ returns (a new identifier): a new temporary variable name containing the list of created agents (a
Isit even if only one agent has been created)

¢ with (map): an expression that evaluates to a map, for each pair the key is a species attribute
and the value the assigned value

Embedments

¢ The create statement is of type: Sequence of statements or action
¢ The create statement can be embedded into: Behavior, Sequence of statements or action,
e The create statement embeds statements:

Definition

Allows an agent to create number agents of species species , to create agents of species species
from a shapefile or to create agents of species species from one or several localized entities
(discretization of the localized entity geometries).

Usages
¢ |ts simple syntax to create an_int agents of species a_species is:

create a_speci es number: an_int;
create species_of(self) nunber: 5 returns: |ist5Agents;
5

¢ In GAML modelers can create agents of species a_species (with two attributes type and
nature with types corresponding to the types of the shapefile attributes) from a shapefile
the_shapefile” while reading attributes 'TYPE_OCC' and 'NATURE' of the shapefile. One agent
will be created by object contained in the shapefile:
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create a_species from the_shapefile with: [type:: 'TYPE OCC ,
nature::' NATURE' ] ;

¢ In order to create agents from a .csv file, facet header can be used to specified whether we can
use columns header:

create toto from "toto.csv" header: true with:[attl::read("NAME"),
att2::read("TYPE")];

or

create toto from "toto.csv' with:[attl::read(0), att2::read(1)]; //wth
read(int), the index of the colum

¢ Similarly to the creation from shapefile, modelers can create agents from a set of geometries. In
this case, one agent per geometry will be created (with the geometry as shape)

create species_of(self) from [square(4),circle(4)]; /1 2 agents have
been created, with shapes respectively square(4) and circle(4)

¢ Created agents are initialized following the rules of their species. If one wants to refer to them
after the statement is executed, the returns keyword has to be defined: the agents created will
then be referred to by the temporary variable it declares. For instance, the following statement
creates 0 to 4 agents of the same species as the sender, and puts them in the temporary
variable children for later use.

create species (self) number: rnd (4) returns: children;
ask children {
/1

¢ If one wants to specify a special initialization sequence for the agents created, create provides
the same possibilities as ask. This extended syntax is:

Create a_species nunber: an_int {
[ st at ement s]

e The same rules as in ask apply. The only difference is that, for the agents created, the
assignments of variables will bypass the initialization defined in species. For instance:

create species(self) nunmber: rnd (4) returns: children {

set location <- nyself.location + {rnd (2), rnd (2)}; // tells the
children to be initially |ocated close to ne

set parent <- nyself; // tells the children that their parent is me
(provided the variable parent is declared in this species)

}
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¢ Desprecated uses:

/1 Sinple syntax
create species: a_species nunber: an_int;

¢ If number equals O or species is not a species, the statement is ignored.

Top of the page

data
Facets

e value (anytype in [float, point, list]):

¢ legend (string), (omissible) :

e color (rgb):

o fill (boolean):

¢ line_visible (boolean):

¢ marker (boolean):

* marker_shape (an identifier), takes values in: {marker_empty, marker_sqgaure, marker_square,
marker_up_triangle, marker_diamond, marker_hor_rectangle, marker_down_triangle,
marker_hor_ellipse, marker_right_triangle, marker_vert_rectangle, marker_left_triangle}:

e name (an identifier):

¢ style (an identifier), takes values in: {line, whisker, area, bar, dot, step, spline, stack, 3d, ring,
exploded}:

Embedments

e The data statement is of type: Single statement
* The data statement can be embedded into: chart, Sequence of statements or action,
¢ The data statement embeds statements:

Top of the page

datalist
Facets

e value (list): the values to display. Has to be a List of List. Each element can be a number
(series/histogram) or a list with two values (XY chart)
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¢ legend (list), (omissible) : the name of the series: a list of strings (can be a variable with dynamic
names)

* categoriesnames (list): the name of categories (can be a variable with dynamic names)

o color (list): list of colors

o fill (boolean):

* inverse_series_categories (boolean): reverse the order of series/categories ( [[1,2] , [3,4] , [5,6] ]
-->1[1,3,5], [2,4,6] ]. May be useful when it is easier to construct one list over the other.

¢ line_visible (boolean):

¢ marker (boolean):

¢ style (an identifier), takes values in: {line, whisker, area, bar, dot, step, spline, stack, 3d, ring,
exploded}: series style

Embedments

¢ The datalist statement is of type: Single statement
* The datalist statement can be embedded into: chart, Sequence of statements or action,
¢ The datalist statement embeds statements:
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default
Facets
Embedments

¢ The default statement is of type: Sequence of statements or action
e The default statement can be embedded into: switch,
* The default statement embeds statements:

Definition

Used in a switch match structure, the block prefixed by default is executed only if no other block has
matched (otherwise it is not).

Usages
e See also: switch , match ,

Top of the page
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diffusion
Facets

e var (an identifier), (omissible) : the variable to be diffused

e on (an identifier): the species (in general a grid), on which the diffusion will occur

e cycle_length (int): the number of diffusion operation applied in one simulation step

¢ mask (matrix): a matrix masking the diffusion (matrix created from a image for example)
e mat_diffu (matrix): the diffusion matrix (can have any size)

* method (an identifier), takes values in: {convolution, dot_product}: the diffusion method
e proportion (float): a diffusion rate

¢ radius (int): a diffusion radius

Embedments

¢ The diffusion statement is of type: Single statement
¢ The diffusion statement can be embedded into: Behavior, Sequence of statements or action,
e The diffusion statement embeds statements:

Definition

This statements allows a value to diffuse among a species on agents (generally on a grid) depending
on a given diffusion matrix.

Usages

* A basic example of diffusion of the variable phero defined in the species cells, given a diffusion
matrix math_diff is:

matri x<float> math _di ff < matrix([[1/9,1/9,1/9],[1/9,1/9,1/9],
[1/9,1/9,1/9]1);
di f fusion var: phero on: cells mat_diffu: math_diff;
¢ The diffusion can be masked by obstacles, created from a bitmap image:
di ffusion var: phero on: cells mat _diffu: math_di ff mask: mymask;
e A convenient way to have an uniform diffusion in a given radius is (which is equivalent to the
above diffusion):

di ffusion var: phero on: cells proportion: 1/9 radius: 1;

Top of the page
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display
Facets

* name (alabel), (omissible) : the identifier of the display

e ambient_light (any type in [int, rgb] ): Allows to define the value of the ambient light either
using an int (ambient_light:(125)) or a rgb color ((ambient_light:rgh(255,255,255)). default is
rgb(125,125,125)

e autosave (any type in [boolean, point] ): Allows to save this display on disk. A value of true/false
will save it at a resolution of 500x500. A point can be passed to personalize these dimensions

¢ background (rgb): Allows to fill the background of the display with a specific color

e camera_look_pos (point): Allows to define the direction of the camera

e camera_pos (any type in [point, agent] ): Allows to define the position of the camera

e camera_up_vector (point): Allows to define the orientation of the camera

o (diffuse_light (any type in [int, rgb] ): Allows to define the value of the diffuse light either
using an int (diffuse_light:(125)) or a rgb color ((diffuse_light:rgh(255,255,255)). default is
rgb(125,125,125)

o diffuse_light_pos (point): Allows to define the position of the diffuse
light either using an point (diffuse_light pos:{x,y,z}). default is
{world.shape.width/2,world.shape.height/2,world.shape.width * 2}

e draw_diffuse_light (boolean): Allows to enable/disable the drawing of the diffuse light. Default is
false

e draw_env (boolean): Allows to enable/disable the drawing of the world shape and the ordinate
axes. Default can be configured in Preferences

o focus (geometry): the geometry (or agent) on which the displau will (dynamically) focus

¢ light (boolean): Allows to enable/disable the light. Default is true

* orthographic_projection (boolean): Allows to enable/disable the orthographic projection. Default
can be configured in Preferences

e output3D (any type in [boolean, point] ):

¢ polygonmode (boolean):

¢ refresh (boolean): Indicates the condition under which this output should be refreshed (default is
true)

o refresh_every (int): Allows to refresh the display every n time steps (default is 1)

e scale (any type in [boolean, float] ): Allows to display a scale bar in the overlay. Accepts true/
false or an unit name

¢ show_fps (boolean): Allows to enable/disable the drawing of the number of frames per second

¢ tesselation (boolean):

e trace (any type in [boolean, int] ): Allows to aggregate the visualization of agents at each
timestep on the display. Default is false. If set to an int value, only the last n-th steps will be
visualized. If set to true, no limit of timesteps is applied. This facet can also be applied to
individual layers

¢ type (alabel): Allows to use either Java2D (for planar models) or OpenGL (for 3D models) as the
rendering subsystem

o z fighting (boolean): Allows to alleviate a problem where agents at the same z would overlap
each other in random ways
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Embedments

¢ The display statement is of type: Output

¢ The display statement can be embedded into: output, permanent,

¢ The display statement embeds statements: agents , chart, display grid , display_population ,
event, graphics, image, overlay, quadtree, text,

Definition

A display refers to a independent and mobile part of the interface that can display species, images,
texts or charts.

Usages
¢ The general syntax is:

di splay nmy_display [additional options] { ... }

e Each display can include different layers (like in a GIS).

di splay gri dWthEl evati onTri angul ated type: opengl amnbient |ight: 100 {
grid cell elevation: true triangulation: true;
speci es peopl e aspect: base;

}

Top of the page

display grid
Facets

e species (species), (omissible) : the species of the agents in the grid

e dem (matrix):

e draw_as _dem (boolean):

e elevation (any type in [matrix, float, int, boolean] ): Allows to specify the elevation of each cell, if
any. Can be a matrix of float (provided it has the same size than the grid), an int or float variable
of the grid species, or simply true (in which case, the variable called 'grid_value' is used to
compute the elevation of each cell)

e grayscale (boolean): if true, givse a grey value to each polygon depending on its elevation (false
by default)

¢ lines (rgb): the color to draw lines (borders of cells)

e position (point): position of the upper-left corner of the layer. Note that if coordinates are in [0,1],
the position is relative to the size of the environment (e.g. {0.5,0.5} refers to the middle of the
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display) whereas it is absolute when coordinates are greter than 1. The position can only be a
3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the layer.

* refresh (boolean): (openGL only) specify whether the display of the species is refreshed. (true by
default, usefull in case of agents that do not move)

e size (point): the layer resize factor: {1,1} refers to the original size whereas {0.5,0.5} divides by
2 the height and the width of the layer. In case of a 3D layer, a 3D point can be used (note that
{1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with a 2D points will
remove the elevation)

o text (boolean): specify whether the attribute used to compute the elevation is displayed on each
cells (false by default)

e texture (any type in [boolean, file] ): the file object containing the texture image to be applied on
the grid

e transparency (float): the transparency rate of the agents (between 0 and 1, 1 means no
transparency)

* triangulation (boolean): specifies whther the cells will be triangulated: if it is false, they will
be displayed as horizontal squares at a given elevation, whereas if it is true, cells will be
triangulated and linked to neighbors in order to have a continuous surface (false by default)

Embedments

e The display_grid statement is of type: Layer
e The display_grid statement can be embedded into: display,
e The display_grid statement embeds statements:

Definition

display_grid is used using the grid keyword. It allows the modeler to display in an optimized way all
cell agents of a grid (i.e. all agents of a species having a grid topology).

Usages
¢ The general syntax is:

di splay my_display {
grid ant _grid lines: #black position: { 0.5, 0} size: {0.5,0.5};

e Todisplay a grid as a DEM:

di splay my_display {
grid cell texture: texture_file text: false triangulation: true
el evation: true;

}

e See also: display , agents , chart, event, graphics , image , overlay , quadtree ,
display_population , text ,
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display population
Facets

e species (species), (omissible) : the species to be displayed

e aspect (an identifier): the name of the aspect that should be used to display the species

¢ fading (boolean): Used in conjunction with ‘trace:’, allows to apply a fading effect to the previous
traces. Default is false

e position (point): position of the upper-left corner of the layer. Note that if coordinates are in [0,1],
the position is relative to the size of the environment (e.g. {0.5,0.5} refers to the middle of the
display) whereas it is absolute when coordinates are greter than 1. The position can only be a
3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the layer.

¢ refresh (boolean): (openGL only) specify whether the display of the species is refreshed. (true by
default, usefull in case of agents that do not move)

¢ size (point): the layer resize factor: {1,1} refers to the original size whereas {0.5,0.5} divides by
2 the height and the width of the layer. In case of a 3D layer, a 3D point can be used (note that
{1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with a 2D points will
remove the elevation)

e trace (any type in [boolean, int] ): Allows to aggregate the visualization of agents at each
timestep on the display. Default is false. If set to an int value, only the last n-th steps will be
visualized. If set to true, no limit of timesteps is applied.

¢ transparency (float): the transparency rate of the agents (between 0 and 1, 1 means no
transparency)

Embedments

e The display_population statement is of type: Layer
e The display_population statement can be embedded into: display, display_population,
e The display_population statement embeds statements: display_population ,

Definition

The display_population statement is used using the species keyword . It allows modeler to display all
the agent of a given species in the current display. In particular, modeler can choose the aspect used
to display them.

Usages
e The general syntax is:

di splay nmy_display {
speci es speci es_nane [additional options];
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e Species can be superposed on the same plan (be careful with the order, the last one will be
above all the others):

di splay my_display {
speci es agentl aspect: base;
speci es agent2 aspect: base;
speci es agent 3 aspect: base;

e Each species layer can be placed at a different z value using the opengl display. position:{0,0,0}
means the layer will be placed on the ground and position:{0,0,1} means it will be placed at an
height equal to the maximum size of the environment.

di splay my_display type: opengl {
speci es agentl aspect: base ;
speci es agent2 aspect: base position:{0,0,0.5};
speci es agent 3 aspect: base position:{0,0, 1};

e See also: display , agents , chart , event , graphics , display_grid , image , overlay , quadtree ,
text,
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do
Facets

e action (an identifier), (omissible) : the name of an action or a primitive

¢ internal_function (any type):

¢ returns (a new identifier): create a new variable and assign to it the result of the action
e with (map): a map expression containing the parameters of the action

Embedments

e The do statement is of type: Single statement
¢ The do statement can be embedded into: chart, Behavior, Sequence of statements or action,
¢ The do statement embeds statements:
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Definition

Allows the agent to execute an action or a primitive. For a list of primitives available in every species,
see this [Builtin161 page]; for the list of primitives defined by the different skills, see this [Skills161
page]. Finally, see this [Species161 page] to know how to declare custom actions.

Usages

¢ The simple syntax (when the action does not expect any argument and the result is not to be
kept) is:

do name_of _action_or_primtive;

¢ In case the action expects one or more arguments to be passed, they are defined by using
facets (enclosed tags or a map are now deprecated):

do name_of action_or_primtive argl: expressionl arg2: expression2;

¢ In case the result of the action needs to be made available to the agent, the action can be called
with the agent calling the action ( self when the agent itself calls the action) instead of do ; the
result should be assigned to a temporary variable:

type_returned_by action result <- self name_of action_or _primtive [];

¢ In case of an action expecting arguments and returning a value, the following syntax is used:

type returned by action result <- self nanme_of action_or _primtive
[argl:: expressionl, arg2::expression2];

¢ Deprecated uses: following uses of the do statement (still accepted) are now deprecated:

/1 Sinple syntax:

do action: nanme_of action_or_primtive;

/1 In case the result of the action needs to be nmade available to the
agent, the “returns’ keyword can be defined; the result will then be
referred to by the tenporary variable declared in this attribute:

do name_of _action_or_primtive returns: result;

do name_of _action_or_primtive argl: expressionl arg2: expression2 returns:
result;

type_returned_by action result <- name_of action_or_primtive(self,
[argl::expressionl, arg2::expression2]);

/1 In case the result of the action needs to be nmde available to the agent
let result <- name_of action_or_primtive(self, []);

/1 In case the action expects one or nore argunents to be passed, they can
al so be defined by using enclosed "arg” statenents, or the "with® facet
with a map of paraneters:
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do nanme_of action_or_primtive with: [argl::expressionl,
arg2: : expressi on2];

or

do name_of _action_or_primtive {

}

arg argl val ue: expressionil;
arg arg2 val ue: expression2;
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draw

Facets

geometry (any type), (omissible) : any type of data (it can be geometry, image, text)

at (point): location where the shape/text/icon is drawn

begin_arrow (any type in [int, float] ): the size of the arrow, located at the beginning of the drawn
geometry

bitmap (boolean):

border (rgb): the colors of the geometry border

color (rgb): the color to use to display the text/icon/geometry

depth (float): (only if the display type is opengl) Add a depth to the geometry previously defined
(a line becomes a plan, a circle becomes a cylinder, a square becomes a cube, a polygon
becomes a polyhedron with height equal to the depth value). Note: This only works if a the agent
has not a point geometry

empty (boolean): a condition specifying whether the geometry is empty or full

end_arrow (any type in [int, float] ): the size of the arrow, located at the end of the drawn
geometry

font (string): the font used to draw the text

image (string): path of the icon to draw (JPEG, PNG, GIF)

rotate (any type in [float, int] ): orientation of the shape/text/icon

rounded (boolean): specify whether the geometry have to be rounded (e.g. for squares)

scale (float):

shape (any type): the shape to display

size (float): size of the text/icon (not use in the context of the drawing of a geometry)

style (an identifier), takes values in: {plain, bold, italic}: the style used to display text

text (string): the text to draw

texture (any type in [string, list] ): the texture that should be applied to the geometry

to (point):

Embedments

The draw statement is of type: Single statement
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¢ The draw statement can be embedded into: aspect, Sequence of statements or action, Layer,
e The draw statement embeds statements:

Definition

draw is used in an aspect block to expresse how agents of the species will be drawn. It is evaluated
each time the agent has to be drawn. It can also be used in the graphics block.

Usages

* Any kind of geometry as any location can be drawn when displaying an agent (independently of
his shape)

aspect geomnetryAspect {
draw circle(1.0) enmpty: !hasFood col or: #orange ;

¢ Image or text can also be drawn

aspect arrowAspect {

draw "Current state= "+state at: location + {-3,1.5} color: #white
size: 0.8 ;

draw fil e(ant _shape full) rotate: heading at: |ocation size: 5

e Arrows can be drawn with any kind of geometry, using begin_arrow and end_arrow facets,
combined with the empty: facet to specify whether it is plain or empty

aspect arrowAspect {

draw line([{20, 20}, {40, 40}]) color: #black begin_arrow 5;

draw | ine([{10, 10},{20, 50}, {40, 70}]) color: #green end arrow. 2
begin_arrow. 2 enpty: true;

draw square(10) at: {80, 20} color: #purple begin_arrow 2 enpty: true;
}
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else
Facets
Embedments

¢ The else statement is of type: Sequence of statements or action
* The else statement can be embedded into: if,
e The else statement embeds statements:

Definition
This statement cannot be used alone
Usages

e See also: if
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enter
Facets
Embedments

* The enter statement is of type: Sequence of statements or action
¢ The enter statement can be embedded into: state,
¢ The enter statement embeds statements:

Definition
In an FSM architecture, enter introduces a sequence of statements to execute upon entering a state.

Usages

¢ In the following example, at the step it enters into the state s_init, the message 'Enter in s_init' is
displayed followed by the display of the state name:

state s_init {
enter { wite "Enter in" + state; }
wite "Enter in" + state;
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}

wite state;

e See also: state , exit, transition ,
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eguation
Facets

e name (an identifier), (omissible) : the equation identifier

e params (list): the list of pramameters used in predefined equation systems

¢ simultaneously (list): a list of agents containing a system of equations (all systems will be solved
simultaneously)

¢ type (an identifier), takes values in: {Sl, SIS, SIR, SIRS, SEIR, LV}: the choice of one among
classical models (SI, SIS, SIR, SIRS, SEIR, LV)

¢ vars (list): the list of variables used in predefined equation systems

Embedments

* The equation statement is of type: Sequence of statements or action
* The equation statement can be embedded into: Species, Model,
* The equation statement embeds statements: =,

Definition
The equation statement is used to create an equation system from several single equations.

Usages

¢ The basic syntax to define an equation system is:

float t;

float S;

float I;

equation SI {

diff(s,t) = (- 0.3 * S* 1 / 100);
diff(l,t) = (0.3 * S* 1| / 100);
}
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¢ If the type: facet is used, a predefined equation system is defined using variables vars: and
parameters params: in the right order. All possible predefined equation systems are the following
ones (see [EquationPresentation161] for precise definition of each classical equation system):

equation eqSl type: SI vars: [S,I,t] paranms: [N, beta];

equation eqSIS type: SIS vars: [S/|,t] parans: [N, beta, gamm] ;

equation eqSIR type: SIR vars:[S,|,R t] parans: [N, beta, ganma] ;

equation eqSIRS type: SIRS vars: [S,1,R t] paranms: [N, beta, gamm, onega, mi] ;
equation eqSEIR type: SEIR vars: [S,E |I,R t] parans:

[N, bet a, gammg, si gma, mu] ;

equation eqLV type: LV vars: [x,y,t] parans: [al pha, beta, delta, gamma] ;

o |If the simultaneously: facet is used, system of all the agents will be solved simultaneously.
e See also: =, solve,
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error
Facets

e message (string), (omissible) : the message to display in the error.

Embedments

e The error statement is of type: Single statement
* The error statement can be embedded into: Behavior, Sequence of statements or action, Layer,
¢ The error statement embeds statements:

Definition

The statement makes the agent output an error dialog (if the simulation contains a user interface).
Otherwise displays the error in the console.

Usages
e Other examples of use:

error 'This is an error raised by + sel f;
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event
Facets

e name (an identifier), (omissible) , takes values in: {mouse_up, mouse_down, mouse_drag}: the
type of event captured

e action (string): the identifier of the action to be executed. It has to be an action
written in the global block. This action have to follow the following specification:
action myAction (point location, list selected_agents)

e mouse_location (string):

e selected_agents (string):

Embedments

e The event statement is of type: Layer
* The event statement can be embedded into: display,
¢ The event statement embeds statements:

Definition

event allows to interact with the simulation by capturing mouse event and doing an action. This action
could apply a change on environment or on agents, according to the goal.

Usages
e The general syntax is:

event [event type] action: nyAction;

¢ For instance:

gl obal {
/1
action nyAction (point |ocation, |ist selected agents) {

/1 location: contains le |location of the click in the environnent
/1 sel ected_agents: contains agents clicked by the event

[/l code written by nodel ers

}
experinment Sinple type:gui {
di splay my_display {
event nmouse_up action: nyAction;
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e See also: display , agents , chart , graphics , display_grid , image , overlay , quadtree ,
display_population , text,
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exhaustive
Facets

¢ name (an identifier), (omissible) :

e aggregation (a label), takes values in: {min, max}: the agregation method
¢ maximize (float): the value the algorithm tries to maximize

¢ minimize (float): the value the algorithm tries to minimize

Embedments

¢ The exhaustive statement is of type: Batch method
¢ The exhaustive statement can be embedded into: Experiment,
¢ The exhaustive statement embeds statements:

Definition

This is the standard batch method. The exhaustive mode is defined by default when there is no
method element present in the batch section. It explores all the combination of parameter values in a
sequential way. See [batch161 the batch dedicated page].

Usages

e As other batch methods, the basic syntax of the exhaustive statement uses method exhaustive
instead of the expected exhaustive name: id :

net hod exhaustive [facet: val ue];

e For example:
net hod exhaustive naxim ze: food _gat hered;

Top of the page
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exit
Facets
Embedments

¢ The exit statement is of type: Sequence of statements or action
* The exit statement can be embedded into: state,
* The exit statement embeds statements:

Definition

In an FSM architecture, exit introduces a sequence of statements to execute right before exiting the
state.

Usages

¢ In the following example, at the state it leaves the state s_init, he will display the message 'EXIT
from s_init":

state s_init initial: true {
wite state;
transition to: sl when: (cycle > 2) {
wite "transition s_init -> sl1";

}
exit {

wite "EXIT from " +st at e;
}

e See also: enter , state , transition ,
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experiment
Facets

e name (alabel), (omissible) : identifier of the experiment

o title (alabel):

e type (alabel), takes values in: {batch, gui}: the type of the experiment (either 'gui' or 'batch’
e control (an identifier):
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¢ frequency (int): the execution frequence of the experiment (default value: 1). If frequency: 10, the

experiment is executed only each 10 steps.
* keep_seed (boolean):
¢ multicore (boolean):

e parent (an identifier): the parent experiment (in case of inheritance between experiments)
* repeat (int): In case of a batch experiment, expresses hom many times the simulations must be

repeated

¢ schedules (container): an ordered list of agents giving the order of their execution

o skills (list):

¢ until (boolean): In case of a batch experiment, an expression that will be evaluated to know when

a simulation should be terminated

Embedments

¢ The experiment statement is of type: Experiment
* The experiment statement can be embedded into: Model,
* The experiment statement embeds statements:
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export
Facets

e var (an identifier), (omissible) :
e framerate (int):
e name (string):

Embedments

e The export statement is of type: Single statement
¢ The export statement can be embedded into: Experiment,
¢ The export statement embeds statements:

Top of the page

genetic
Facets
e name (an identifier), (omissible) :
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e aggregation (a label), takes values in: {min, max}: the agregation method

e crossover_prob (float): crossover probability between two individual solutions

e max_gen (int): number of generations

¢ maximize (float): the value the algorithm tries to maximize

¢ minimize (float): the value the algorithm tries to minimize

e mutation_prob (float): mutation probability for an individual solution

e nb_prelim_gen (int): number of random populations used to build the initial population
e pop_dim (int): size of the population (number of individual solutions)

Embedments

¢ The genetic statement is of type: Batch method
* The genetic statement can be embedded into: Experiment,
¢ The genetic statement embeds statements:

Definition

This is a simple implementation of Genetic Algorithms (GA). See the wikipedia article and [batch161
the batch dedicated page]. The principle of the GA is to search an optimal solution by applying
evolution operators on an initial population of solutions. There are three types of evolution operators:
crossover, mutation and selection. Different techniques can be applied for this selection. Most of them
are based on the solution quality (fithess).

Usages

¢ As other batch methods, the basic syntax of the genetic statement uses method genetic instead
of the expected genetic name: id :

nmet hod genetic [facet: val ue];

e For example:

met hod genetic nmaxin ze: food gathered pop_dim 5 crossover prob: 0.7
nmutation_prob: 0.1 nb_prelimgen: 1 nax_gen: 20;
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graphics
Facets

e name (alabel), (omissible) : the identifier of the graphics
o fading (boolean): Used in conjunction with ‘trace:', allows to apply a fading effect to the previous
traces. Default is false
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¢ position (point): position of the upper-left corner of the layer. Note that if coordinates are in [0,1],
the position is relative to the size of the environment (e.g. {0.5,0.5} refers to the middle of the
display) whereas it is absolute when coordinates are greter than 1. The position can only be a
3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the layer.

¢ refresh (boolean): (openGL only) specify whether the display of the species is refreshed. (true by
default, usefull in case of agents that do not move)

¢ size (point): the layer resize factor: {1,1} refers to the original size whereas {0.5,0.5} divides by
2 the height and the width of the layer. In case of a 3D layer, a 3D point can be used (note that
{1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with a 2D points will
remove the elevation)

e trace (any type in [boolean, int] ): Allows to aggregate the visualization at each timestep on the
display. Default is false. If set to an int value, only the last n-th steps will be visualized. If set to
true, no limit of timesteps is applied.

e transparency (float): the transparency rate of the agents (between 0 and 1, 1 means no
transparency)

Embedments

¢ The graphics statement is of type: Layer
* The graphics statement can be embedded into: display,
¢ The graphics statement embeds statements:

Definition

graphics allows the modeler to freely draw shapes/geometries/texts without having to define a
species. It works exactly like a species [Aspect161 aspect]: the draw statement can be used in the
same way.

Usages
¢ The general syntax is:

di splay nmy_display {
graphics "nmy new | ayer" {
draw circle(5) at: {10, 10} col or: #red;
draw "test" at: {10, 10} size: 20 col or: #bl ack;

e See also: display , agents, chart , event , graphics , display_grid , image , overlay , quadtree ,
display_population , text ,
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hill_climbing
Facets

e name (an identifier), (omissible) :

e aggregation (a label), takes values in: {min, max}: the agregation method
e iter_max (int): number of iterations

* maximize (float): the value the algorithm tries to maximize

¢ minimize (float): the value the algorithm tries to minimize

Embedments

¢ The hill_climbing statement is of type: Batch method
¢ The hill_climbing statement can be embedded into: Experiment,
¢ The hill_climbing statement embeds statements:

Definition

This algorithm is an implementation of the Hill Climbing algorithm. See the wikipedia article and
[batch161 the batch dedicated page].

Usages

e As other batch methods, the basic syntax of the hill_climbing statement uses
method hill_climbing instead of the expected hill_climbing name: id :

met hod hill _clinbing [facet: val ue];

e For example:
met hod hill _clinbing iter_max: 50 maxi m ze : food_gat hered;
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If
Facets
e condition (boolean), (omissible) : A boolean expression: the condition that is evaluated.

Embedments

¢ The if statement is of type: Sequence of statements or action
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¢ The if statement can be embedded into: Behavior, Sequence of statements or action, Layer,
e The if statement embeds statements: else ,

Definition
Allows the agent to execute a sequence of statements if and only if the condition evaluates to true.
Usages

¢ The generic syntax is:

i f bool expr {
[ stat ement s]

¢ Optionally, the statements to execute when the condition evaluates to false can be defined in a
following statement else. The syntax then becomes:

i f bool _expr {
[ st at ement s]

}
el se {

[ st at ement s]
}
string val True <- "";
if true {

val True <- "true";
}
el se {

val True <- "fal se";
}

/1 val True equals "true"
string val Fal se <- "";
if false {

val Fal se <- "true";

}
el se {

val Fal se <- "fal se";
}

/1 val Fal se equals "fal se"

¢ fs and elses can be imbricated as needed. For instance:

i f bool expr {
[ statement s]

}

el se if bool expr2 {
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[ st at ement s]

}
el se {

[ st at ement s]
}
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Image
Facets

* name (string), (omissible) : the identifier of the image layer

e color (rgh): in the case of a shapefile, this the color used to fill in geometries of the shapefile

* file (any type in [string, file] ): the name/path of the image (in the case of a raster image)

e gis (any type in [file, string] ): the name/path of the shape file (to display a shapefile as
background, without creating agents from it)

e position (point): position of the upper-left corner of the layer. Note that if coordinates are in [0,1],
the position is relative to the size of the environment (e.g. {0.5,0.5} refers to the middle of the
display) whereas it is absolute when coordinates are greter than 1. The position can only be a
3D point {0.5, 0.5, 0.5}, the last coordinate specifying the elevation of the layer.

* refresh (boolean): (openGL only) specify whether the image display is refreshed. (true by default,
usefull in case of images that is not modified over the simulation)

¢ size (point): the layer resize factor: {1,1} refers to the original size whereas {0.5,0.5} divides by
2 the height and the width of the layer. In case of a 3D layer, a 3D point can be used (note that
{1,1} is equivalent to {1,1,0}, so a resize of a layer containing 3D objects with a 2D points will
remove the elevation)

e transparency (float): the transparency rate of the agents (between 0 and 1, 1 means no
transparency)

Embedments

¢ The image statement is of type: Layer
* The image statement can be embedded into: display,
* The image statement embeds statements:

Definition
image allows modeler to display an image (e.g. as background of a simulation).

Usages

e The general syntax is:
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di splay my_display {
i mage |layer _nane file: inmage file [additional options];

¢ For instance, in the case of a bitmap image

di splay nmy_display {
i mage background file:"../inmges/ nmy_ backgound.jpg";

¢ Orinthe case of a shapefile:

di splay my_display {
image test@S gis: "../includes/building.shp" color: rgb('blue');

e ltis also possible to superpose images on different layers in the same way as for species using
opengl display:

di splay nmy_display {
i mage inmagel file:"../inmages/imagel.jpg";
i mage i mage2 file:"../inages/imge2.|pg";
i mage i mage3 file:"../inmages/imge3.jpg" position: {0,0,0.5};

e See also: display , agents, chart , event , graphics , display_grid , overlay , quadtree ,
display_population , text,
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Inspect
Facets

e name (any type), (omissible) : the identifier of the inspector

e attributes (list): the list of attributes to inspect

¢ refresh (boolean): Indicates the condition under which this output should be refreshed (default is
true)

* refresh_every (int): Allows to refresh the inspector every n time steps (default is 1)

¢ type (an identifier), takes values in: {agent, species, display_population, table}: the way to
inspect agents: in a table, or a set of inspectors

¢ value (any type): the set of agents to inspect, could be a species, a list of agents or an agent
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Embedments

¢ The inspect statement is of type: Output
¢ The inspect statement can be embedded into: output, permanent,
¢ The inspect statement embeds statements:

Definition

inspect (and browse ) statements allows modeler to inspect a set of agents, in a table with agents
and all their attributes or an agent inspector per agent, depending on the type: chosen. Modeler can
choose which attributes to display. When browse is used, type: default value is table, whereas when
inspect is used, type: default value is agent.

Usages
e An example of syntax is:

i nspect "my_inspector" value: ant attributes: ["name", "location"];
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let
Facets

e name (anew identifier), (omissible) :
e value (anytype):

¢ index (a datatype identifier):

o of (a datatype identifier):

¢ type (a datatype identifier):

Embedments

¢ The let statement is of type: Single statement
* The let statement can be embedded into: Behavior, Sequence of statements or action, Layer,
¢ The let statement embeds statements:

Top of the page
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loop
Facets

* name (a new identifier), (omissible) : a temporary variable name

¢ from (int): an int expression

e over (any type in [container, point] ): a list, point, matrix or map expression
e step (int): an int expression

¢ times (int): an int expression

e to (int): an int expression

¢ while (boolean): a boolean expression

Embedments

¢ The loop statement is of type: Sequence of statements or action
¢ The loop statement can be embedded into: Behavior, Sequence of statements or action, Layer,
¢ The loop statement embeds statements:

Definition
Allows the agent to perform the same set of statements either a fixed number of times, or while a
condition is true, or by progressing in a collection of elements or along an interval of integers. Be

aware that there are no prevention of infinite loops. As a consequence, open loops should be used
with caution, as one agent may block the execution of the whole model.

Usages
e The basic syntax for repeating a fixed number of times a set of statements is:

| oop tines: an_int_expression {
[l [statements]

¢ The basic syntax for repeating a set of statements while a condition holds is:

| oop while: a_bool expression {
/] [statements]

¢ The basic syntax for repeating a set of statements by progressing over a container of a point is:

| oop a_tenmp_var over: a_collection_expression {
[l [statements]
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¢ The basic syntax for repeating a set of statements while an index iterates over a range of values
with a fixed step of 1 is:

| oop a_tenp_var from int_expression_1 to: int_expression_2 {
/1 [statements]

* The incrementation step of the index can also be chosen:

| oop a tenp_var from int_expression_1 to: int_expression_2 step:
i nt _expression3 {
/1 [statenents]

¢ Inthese latter three cases, the name facet designates the name of a temporary variable, whose
scope is the loop, and that takes, in turn, the value of each of the element of the list (or each
value in the interval). For example, in the first instance of the "loop over" syntax :

int a<- 0;
loop i over: [10, 20, 30] {
a<-a+ti;

} // a now equals 60

e The second (quite common) case of the loop syntax allows one to use an interval of integers.
The from and to facets take an integer expression as arguments, with the first (resp. the last)
specifying the beginning (resp. end) of the inclusive interval (i.e. [to, from] ). If the step is not
defined, it is assumed to be equal to 1.

list the list <-list (species_of (self));
loop i from O to: length (the_list) - 1 {

ask the list at i {
/1

}

} // every agent of the list is asked to do sonething

Top of the page

match
Facets

¢ value (any type), (omissible) :
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Embedments

¢ The match statement is of type: Sequence of statements or action
* The match statement can be embedded into: switch,
¢ The match statement embeds statements:

Definition

In a switch...match structure, the value of each match block is compared to the value in the switch. If
they match, the embedded statement set is executed. Three kinds of match can be used

Usages
e match block is executed if the switch value is equals to the value of the match:

switch 3 {
match 1 {wite "Match 1"; }
match 3 {wite "Match 2"; }

¢ match_between block is executed if the switch value is in the interval given in value of the
match_between:

switch 3 {
mat ch_between [1,2] {wite "Match OK between [1,2]"; }
mat ch_between [2,5] {wite "Match OK between [2,5]"; }

¢ match_one block is executed if the switch value is equals to one of the values of the match_one:
switch 3 {

match_one [0,1,2] {wite "Match OK with one of [0,1,2]"; }
mat ch_between [2,3,4,5] {wite "Match OK with one of [2,3,4,5]"; }

e See also: switch , default,
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migrate
Facets

e source (an identifier), (omissible) : can be an agent, a list of agents, a agent's population to be
migrated

e target (an identifier): target species/population that source agent(s) migrate to.

¢ returns (a new identifier): the list of returned agents in a new local variable

Embedments

* The migrate statement is of type: Sequence of statements or action
* The migrate statement can be embedded into: Behavior, Sequence of statements or action,
* The migrate statement embeds statements:

Definition

This command permits agents to migrate from one population/species to another population/species
and stay in the same host after the migration. Species of source agents and target species respect
the following constraints: (i) they are "peer” species (sharing the same direct macro-species), (ii) they
have sub-species vs. parent-species relationship.

Usages

¢ It can be used in a 3-levels model, in case where individual agents can be captured into group
meso agents and groups into clouds macro agents. migrate is used to allows agents captured by
groups to migrate into clouds. See the model 'Balls, Groups and Clouds.gaml' in the library.

mgrate ball _in_group target: ball_in_cloud;

e See also: capture , release ,
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monitor
Facets

e name (a label), (omissible) : identifier of the monitor

e value (any type): expression that will be evaluated to be displayed in the monitor

¢ refresh (boolean): Indicates the condition under which this output should be refreshed (default is
true)

¢ refresh_every (int): Allows to refresh the monitor every n time steps (default is 1)
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Embedments

¢ The monitor statement is of type: Output
¢ The monitor statement can be embedded into: output, permanent,
e The monitor statement embeds statements:

Definition
A monitor allows to follow the value of an arbitrary expression in GAML.
Usages

e Anexample of use is:

nmoni tor "nb preys" value: length(prey as list) refresh_every: 5;
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output
Facets
Embedments

¢ The output statement is of type: Output
¢ The output statement can be embedded into: Model, Experiment,
¢ The output statement embeds statements: display , inspect, monitor , output_file ,

Definition

output blocks define how to visualize a simulation (with one or more display blocks that define
separate windows). It will include a set of displays, monitors and files statements. It will be taken into
account only if the experiment type is gui .

Usages
e |ts basic syntax is:

experi ment exp_nane type: gui {
/1 [inputs]
out put {
/1 [display, file or nobnitor statenents]
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e See also: display , monitor , inspect , output_file ,
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output_file
Facets

¢ name (an identifier), (omissible) :

e data (string):

o footer (string):

¢ header (string):

¢ refresh (boolean): Indicates the condition under which this file should be saved (default is true)
¢ refresh_every (int): Allows to save the file every n time steps (default is 1)

¢ rewrite (boolean):

¢ type (an identifier), takes values in: {csv, text, xml}:

Embedments

e The output_file statement is of type: Output
e The output_file statement can be embedded into: output, permanent,
e The output_file statement embeds statements:
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overlay
Facets

o left (any type), (omissible) : an expression that will be evaluated and displayed in the left section
of the overlay

e center (any type): an expression that will be evaluated and displayed in the center section of the
overlay

e color (any type in [list, rgb] ): the color(s) used to display the expressions given in other facets

¢ right (any type): an expression that will be evaluated and displayed in the right section of the
overlay

Embedments

* The overlay statement is of type: Layer
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¢ The overlay statement can be embedded into: display,
¢ The overlay statement embeds statements:

Definition

overlay allows the modeler to display a line to the already existing overlay, where the results of 'left,
‘center' and 'right' facets, when they are defined, are displayed with the corresponding color if defined.

Usages
e The general syntax is:

overlay "Cycle:
"ms" right: "Model tinme: " + as_date(tine,

#yel | ow ;

+ (cycle) center: "Duration: + total duration +
"") color: [#yellow, #orange,

e See also: display , agents, chart , event , graphics , display_grid , image , quadtree ,
display_population , text ,
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parameter
Facets

e var (an identifier): the name of the variable (that should be declared in the global)

¢ name (a label), (omissible) : The message displayed in the interface

e among (list): the list of possible values

e category (a label): a category label, used to group parameters in the interface

e init (any type): the init value

e max (any type): the maximum value

e min (any type): the minimum value

¢ step (float): the increment step (mainly used in batch mode to express the variation step between
simulation)

¢ type (a datatype identifier): the variable type

¢ unit (a label): the variable unit

Embedments

e The parameter statement is of type: Parameter
e The parameter statement can be embedded into: Experiment,
e The parameter statement embeds statements:
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Definition
The parameter statement specifies which global attributes (i) will change through the successive

simulations (in batch experiments), (ii) can be modified by user via the interface (in gui experiments).
In GUI experiments, parameters are displayed depending on their type.

Usages
¢ In gui experiment, the general syntax is the following:

parameter title var: global _var category: cat;

¢ In batch experiment, the two following syntaxes can be used to describe the possible values of a
parameter:

paranmeter 'Value of toto:' var: toto among: [1, 3, 7, 15, 100];
paraneter '