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Abstract.

The use of agent-based simulations is becoming common and has been used to abstract complex concepts

through visual demonstrations. This has driven the emergence of platforms for developing these simulations. In this con-
text, GAMA stands out as an attractive option because of its wide range of features. However, GAMA still lacks materials
to guide beginner developers. In order to fill this gap, this paper presents a structured report on agent-based simulation
development with GAMA. The paper describes the main functionalities and the structure for developing a simulation
with GAMA. In addition to that, the paper exemplifies these elements through the development of the Sugarscape simu-
lation, known in the community. The combination of the structured report and the Sugarscape implementation provides
a introductory guide to developing agent-based simulation in GAMA. Finally, the paper presents the challenges that a
beginner developer may encounter and recommendations to address them.

Keywords: Agent-based simulation, GAMA, Sugarscape.

Received: 06 December 2024 e Accepted: 28 March 2025 e

Published: 15 April 2025

1 Introduction

Agent-based simulations (ABS) have been used to replicate
and study different phenomena. According to Wilensky and
Rand [2015], the adoption of ABS not only helps in visual-
izing complex scenarios but also in simplifying and abstract-
ing them. An example of this approach is illustrated by Costa
[2023], who developed an ABS to demonstrate some of the
main components of the complex Tupinambd society, allow-
ing the explanation of phenomena and demonstrating a tribal
society that lived in Brazilian territory. Another example is
the simulation of Covid-19 spread by Teixeira and Santos
[2020], which allowed to study the effects of isolation mea-
sures on the pandemic. ABSs were also used in the traffic
domain, i.e., to study adaptive traffic signal control [Santos
etal., 2017].

Kleiboer [1997] describes the different functions of
ABS, two of which are research and teaching support. This
highlights the need for learning concepts and programming
languages for ABS development. Although it is possible to
develop ABS using general-purpose programming languages
like Python or Java, the use of a specialized platform signifi-
cantly simplifies learning and makes it more intuitive. For
this reason, there are platforms that facilitate the develop-
ment of agent-based simulations, such as NetLogo Wilensky
[1999] and, especially, GAMA [Taillandier ef al., 2019].

The GAMA platform offers a programming language
called GAML (Gama Modeling Language). Through GMAL
it is possible to develop simple or complex simulations, such
as 3D models that provide control over various visual aspects
such as lighting, texture, and camera position or just 2D sim-
ple models. Additionally, the platform prioritizes the devel-
opment of intuitive interfaces and allows the provision of dif-
ferent visualizations that can be customized and updated dy-
namically to observe the simulation progress. GAMA also

allows specifying monitors to collect and display data about
the simulation during its execution. The presence of these
features illustrates how the GAMA platform can streamline
the development of ABS [Taillandier ef al., 2019].

Despite offering various elements, a beginner in ABS
interested in developing simulations on this platform may
face challenges. The available documentation' for GAMA
is extensive; however, the explanation of the essential ele-
ments for developing an ABS is dispersed across different
topics, which poses comprehension challenges, especially
for beginners. The learning curve can be steep for those who
do not have prior experience with ABS platforms, which re-
quires additional time and effort to familiarize themselves
with the necessary elements for implementation. Therefore,
there is a lack of an introductory guide that presents the es-
sential elements for implementing ABS in GAMA using a
simple and widely known simulation. Despite the fact that
the GAMA documentation offers a tutorial on implementing
the Predator-Prey simulation, it provides few explanations
about the platform, its organization, the reasons for its use,
and the functionality of each element used.

This paper investigates ABS development on
the GAMA platform by means of a qualitative re-
search [Creswell and Creswell, 2018]. The approach
was based on a case study, whose objective is to explore
ABS development in GAMA. The research question is:
what are the essential elements for the implementation
of ABS in GAMA? To answer that question, we focused
on the Sugarscape simulation, widely known in the ABS
community. The Sugarscape simulation was implemented in
GAMA and made available online’. The essential elements
revealed by the case study are described in this paper

'https://gama-platform.org/wiki/Home
2h‘ttps ://github.com/agentbasedsimulations/
sugarscape-gama-simulation
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through a structured report, as suggested by Wohlin ef al.
[2024]. The structured report and the implementation, when
combined, provide an introductory guide to developing
ABSs in GAMA. The paper also provides recommendations
for addressing some limitations of GAMA perceived during
the simulation development.

The remaining of this paper is organized as follows.
Section 2 presents the required background on ABS, the
GAMA platform, and the Sugarscape simulation. In section
3 we present the structured report on ABS development in
GAMA through the development of the Sugarscape simu-
lation. Finally, section 4 presents concluding remarks and
future work.

2 Background

This section introduces concepts used in this paper. Firstly,
it presents what ABS are. Then, the GAMA platform is ex-
plained, along with some of its various features. Later, the
Sugarscape simulation is described, highlighting the main
parts of its development.

2.1 Agent-based simulation

An agent-based simulation (ABS) is a practical approach to
studying complex systems [Kliigl and Bazzan, 2012]. This
approach allows researchers to predict and to optimize these
systems more effectively. Essentially, the simulation offers
a tangible way to represent and explore complex situations,
where agents play crucial roles, such as individuals, animals,
or entities, interacting with each other and with a predefined
environment.

According to Kliigl and Bazzan [2012], an ABS is com-
posed of three elements: a set of autonomous agents, en-
dowed with rules governing their behavior; the specification
of interactions between agents and the environment, respon-
sible for producing the overall output of the system; and the
simulated environment, which contains all other simulation
elements, such as resources and other objects without active
behavior. The result of an ABS can be observed through vi-
sualization of agents behavior or through graphs presenting
data collected during simulation execution.

ABS allows researchers to study a particular phe-
nomenon at both micro and macroscopic levels. Atthe micro-
scopic level, different agent traits and decision-making strate-
gies can be considered. Therefore, heterogeneity is easily in-
corporated in the simulation. That way, the ABS paradigm
offers researchers the ability to make specific adjustments
to agent behavior so that they can respond adaptively to the
environment and other agents, influencing the observed re-
sults in the system under study. An example of this is the
ABS developed by Pereira et al. [2011] to study human be-
havior in natural disaster situations and how to improve the
performance of rescue teams. At the macroscopic level, the
actions and interactions of agents can lead to emergent, of-
ten unpredicted, phenomena [Kliigl, 2008]. Thus, the ABS
paradigm is useful to provide insights at a global level, where
the aim is to observe the behavior of groups or even a popu-
lation [Eisinger and Thulke, 2008].

Additionally, ABSs are highly scalable and modular,
which means that models can be easily adapted and ex-
tended to include new elements or details [Macal, 2016].
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This makes this approach especially useful for simulating dy-
namic and evolving systems, such as ecosystems, financial
markets, or social networks.

2.2 GAMA platform

Agent-Based Modeling (ABM) platforms, like Cormas and
GAMA, are specialized tools for creating agent-based simu-
lations (ABSs), particularly focusing on explicit spatial rep-
resentation. Cormas, developed in 1998, stands as one of the
pioneering ABM platforms [Bousquet ef al., 1998]. Simi-
larly, GAMA, built in Java, is a prominent open-source ABM
platform. These platforms aim to offer a scientific approach
for modeling a wide range of scenarios, making them acces-
sible to both scientists and non-scientists alike [Taillandier
etal., 2019].

GAMA provide a programming language called Gama
Modeling Language (GAML). Through GAML, it is possible
to develop simple or complex simulations, including 2D and
3D models that provide control over aspects such as lighting,
texture, and cameras. Additionally, the platform prioritizes
the development of intuitive interfaces, enabling the provi-
sion of various customizable displays for the same model,
dynamically updated to visualize the simulation [Taillandier
etal., 2019].

ABSs for studying various phenomena have been re-
cently developed in GAMA. Gaudou ef al. [2020] present
the COMOKIT, an ABS developed in GAMA to analyze and
compare interventions to deal with the Covid-19 epidemic at
the scale of a city. Daudé et al. [2019] present the ESCAPE
ABS, to study mass evacuation strategies in crisis situations.
These simulations highlight the potential of the GAMA plat-
form.

2.3 Sugarscape

The Sugarscape is a model of an artificial society proposed by
Epstein and Axtell [1996]. It is widely used in the ABS com-
munity as an example of a simulation that exhibits emergent
phenomena. In essence, the Sugarscape model simulates a
population that depends on limited resources existing in the
environment. The population consists of ants searching for
food (sugar) present in the environment, which is composed
of different regions, some rich and others poor in sugar. Each
ant in the simulation is represented by an artificial agent with
distinct attributes, such as vision, energy, and metabolism.
These agents have the ability to move in the environment
and collect sugar. The objective of each ant is to identify
nearby regions with a higher quantity of sugar and that are
free (without another ant). When a region is identified, the
ant moves there. When an ant interacts with a sugar region,
it consumes the resource, and this sugar may or may not have
an immediate growth. The variation in resources allows for
exploring population dynamics and their concentration in dif-
ferent parts of the environment.

In the model created by Epstein and Axtell [1996], the
environment consists of a set of 2500 cells, representing the
regions, organized in a grid of dimensions 50 x 50. Each cell
has a certain amount of sugar and a maximum storage ca-
pacity. The initial amount of sugar in each cell is defined to
form two sugar peaks, in the northeast and southeast of the
grid. An external file provides the initial amount of sugar
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Figure 1. Overview of the essential elements of an ABS in GAMA

for each cell. As the simulation progresses, the sugar con-
sumed by the agents is replenished. Two replenishment rules
are considered: immediate replenishment, where the amount
of sugar consumed by an agent is fully replenished at each
simulation step, and partial replenishment, where only a per-
centage of the initial amount of sugar is replenished at each
simulation step.

Although simple, the Sugarscape simulation highlights,
for example, the emergent ecological phenomenon of carry-
ing capacity for a species—according to which a given envi-
ronment can only support a finite population [Epstein and Ax-
tell, 1996]. This ABS was chosen in this work due to its sim-
plicity and popularity. The NetLogo platform, for example,
provides well-documented implementation of Sugarscape
with the two mentioned sugar replenishment rules [Li and
Wilensky, 2009a,b].

3 Development of the Sugarscape
ABS in GAMA

This section presents a structured report on the development
of ABS with GAMA. To investigate the GAMA platform and
identify the essential elements for ABS implementation, we
conducted a case study in which the Sugarscape simulation
was developed. In the following we report these essential
elements.

Figure 1 presents an overview of the essential elements
required to develop an ABS in GAMA, in particular those
ABSs similar to the Sugarscape model. A GAMA simula-
tion is often composed of a global species (which plays the
role of the world agent, or the simulation controller), one or
many regular species, a grid species (to represent the envi-
ronment where agents are situated) and one or many experi-
ments to collect data and to visualize the simulation output.
The diagram was abstracted from both GAMA’s documenta-
tion® and simulations available in the GAMA platform. In
the following sections we detail these simulation elements.

It is worth noting that the diagram in Figure 1 and those
presented in the following sections are contributions of this
paper. Their simplified content, in comparison to the GAMA
documentation, intends to produce a straightforward view

3https://gama-platform.org/wiki/LearnGAMLStepByStep

of an ABS structure, making it easier to understand. The
GAMA documentation provides a learning tutorial that only
describes the general structure of the GAML language meta-
model, not offering a concrete view of the elements required
in the simulation and their components. GAML is still under
development, which may explain its documentation. This
can create difficulties for beginner developers to understand
the structure of ABSs on the platform.

In the following sections we describe the essential ele-
ments of ABSs in GAMA and how they were implemented
in Sugarscape. Examples included in the following diagrams
were either created by the authors or adapted from examples
available in the platform’s documentation. The goal of these
diagrams is to serve as a guide to the foundational structure of
ABSs in GAMA, bridging the gap between theoretical con-
cepts and practical application. The complete ABS imple-
mentation is provided online.?

3.1 Global Species

The global species plays a fundamental role in the simulation,
being the main entity that defines the essential characteristics
of the environment and agents. Taillandier ef al. [2019] de-
fine it as a master species. Figure 2 shows the GAMA essen-
tial elements related to the global species. Only one instance
of the global species can exist, and it is where characteristics
such as values and methods accessible to all other species
and the experiment are defined.

The global species incorporates attributes that define
important aspects of the simulation, such as the size of the
map, as well as fundamental attributes like simulation inter-
ruptions, which can pause or terminate the simulation. These
simulation attributes can be accessed and modified by other
species and the experiment, acting as simulation parameters
that provide a flexible basis for configuring the simulation
(e.g., with user-defined data) Taillandier ef al. [2019].

In Sugarscape, the global species plays a fundamen-
tal role in defining key parameters that shape the simula-
tion. These parameters, specified as simulation attributes,
are implemented in the global section of the source code.
Listing 1 presents the source code of the global species
from the the Sugarscape simulation. As we can see, the
Sugarscape simulation specifies parameters to constraint the
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Figure 2. GAMA elements related to the global species

maximum vision range of agents (vision), the initial num-
ber of agents (nb__initial ant), and the metabolism rate of
agents (metabolism). These values set the limits for the be-
havior of agents in the simulation. An additional parameter,
the maximum value of energy (max__energy), ensures com-
patibility with graphical elements such as histograms. The
number of live ants is tracked in nb__ant, which is updated
dynamically based on the current state of the simulation.

global {
geometry shape <— rectangle(50#cm,50#cm);

int vision <— 6;
int nb initial ant <—400;
int metabolism <—4;

float max_energy <—200.0;

int nb_ant —> {length(ant)};

float average vision <— 6.0 update : calculate_average_vision();
float average metabolism <— 5.0 update : calculate_average_metabolism();

float calculate_average vision {
float total Vision <— 0.0;
ask ant {
total Vision <— total Vision + vision ant;
21 }
22 return totalVision / nb_ant;
23 }

25 float calculate_average_metabolism {

26 float totalmetabolism <— 0.0;

27 ask ant {

28 totalmetabolism <— totalmetabolism + metabolism_ant;
29 }

30 return totalmetabolism / nb_ant;

31 }

34 csv_file arquivo <— csv_file(”../includes/map.csv”);

36 init {

37 matrix data <— matrix(arquivo);

38 ask cell {

39 grid_value <— float(data[grid_x, grid y]);
40 sugar <— grid_value;

41 max_sugar <— grid_value;

42 }

43 create ant number: nb_initial ant;

Listing 1: Global Species source code

Whenever the required data aggregate values from
various agents, its gathering must be implemented in the
global species, which has access to all simulation ele-
ments. This is done by implementing functions to per-
form calculations and collect data from the population of
agents. In the case of the Sugarscape simulation, we
collect the average vision and metabolism of agents, as
implemented by Li and Wilensky [2009a]. Listing 1
lines 17-31 presents the calculate average vision and
calculate_average metabolism functions, which iterate
through all living ants to compute the averages. These func-
tions are used to update global attributes average vision
and average_ metabolism, as shown in Listing 1 lines 14—
15. That way it is possible to analyze the overall trends and
monitor changes in the population’s behavior over time.

In GAMA, the simulation environment is a cartesian
space that adopts a coordinate system to locate elements sit-
uated on it and may have its extent customized. GAMA al-
lows defining a particular environment topology to ease the
location of elements. Two topologies are supported: grid and
graph. The grid topology resembles a matrix formed by cells,
where it is possible to define specific values for particular re-
gions of the environment (details of the grid topology are de-
tailed later in section 3.3). The graph topology organizes the
environment elements as nodes and edges. The attributes of
cells, nodes, or edges can be defined manually or initialized
from files. When the simulation depends on external files to
initialize the environment, it is in the global species that such
files should be loaded. In the case of Sugarscape, we chose
to initialize the environment from a CSV file, which provides
the initial amount of sugar and the maximum storage capac-
ity for each cell.*. Listing 1 shows the source code that loads
the CSV file (map.csv, line 34) and initialize the simulation
environment with sugar levels to each cell based on data read
from the file (lines 37-42). The initialization process imple-
mented in the global species ensures the simulation is set up
before agents start to interact.

4The CSV file used was adapted from Li and Wilensky [2009a]
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3.2 Regular Species

The regular species within the GAMA framework are consid-
ered a complement to the master species, each composed of
specific characteristics and values that serve as fundamental
parameters for the creation and manipulation of the neces-
sary instances during the simulation. Analogous to object-
oriented languages, we can understand regular species as
classes that define a set of properties and behaviors to be
shared by their agents Taillandier et al. [2019]. This orga-
nization is essential in GAMA to define and structure the en-
tities that compose the simulation, providing them with iden-
tity and functionality. Figure 3 presents the GAMA essential
elements related to the regular species.

When creating a species in GAMA, some attributes are
automatically integrated, such as the name (by default, the
same name by which the species was defined), location, and
shape. Attributes related to the context of the ABS under
development must be explicitly defined, such as the actions
and behavioral characteristics of each species. Actions, in
relation to object orientation, can be compared to methods,
and they enable the interaction and behavior of the agents.

The instantiation of species (agents) for the simulation
execution, as recommended by the language documentation,
should be implemented in the init block of the global species
Taillandier e al. [2019], as shown in Listing 1, line 43, which
creates a number of agents. However, a regular species can
also implement an init block to initialize particular attributes,
such as their locations.

As aplatform aimed at facilitating the creation of ABSs,
GAMA offers additional resources not found in traditional
object-oriented languages. This includes the availability of
ready-to-use abilities, such as the movement ability, which
provides predefined commands for agents to move and can
be adjusted to change the speed and direction of agents as nec-
essary. To implement interaction between agents, GAMA
provides the ask command. This command allows an agent
to interact with instances of its own species or other species.
For example, the ask command can be used to check which
agent is the closest in a specific situation. This flexibility al-
lows for greater adaptation and customization of simulations
according to the specific needs of each scenario.

In Sugarscape, the agents are ants. Therefore, it is nec-
essary to define a species ant to instantiate the agents in
the simulation execution. Listing 2 shows the source code
of the ant regular species from the Sugarscape simulation.
The ant species has three essential attributes: vision_ ant,
which determines the number of accessible regions for sugar
checking; metabolism__ant, which symbolizes the energy
expended to keep the ant alive; and initial__energy, which
defines the amount of energy with which the ant is born Ep-
stein and Axtell [1996]. In the ABS developed in this pa-
per, minimum and maximum limits for initializing these at-
tributes were specified, as previously described in the global
species. Upon creation, a random value is chosen between
these limits for each ant characteristic using the rnd() com-
mand in GAMA. Additionally, the ant species defines a
my__cell attribute to store its position on the grid environ-
ment (detailed later in section 3.3), which is initialized with
a random cell. An energy attribute represents the resource
that keeps the agent alive. This attribute is updated consider-
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ing the agent metabolism and the amount of sugar gathered.

species {

int min: 1 <— rnd( );

int min: 1 <— rnd( );
float min: 5.0 <— rnd( );
cell <—one_of(cell);

O 0NN AW —

float min : 0.0 <—

update : - +
max : 5

11 init {

18 cell {

19 list <cell> <- [

(empty(ant inside (each)));
<

1 where

20 cell with_max_of (each.sugar);
21 if( <= ){

22 return ;

23 } else {

24 return

25 }

26 }

28 aspect {
29 draw circle(1.0) color : #darkred;
30 }

32 reflex
33 do
34 }

3510 }

when : (

<=0){

Listing 2: Regular species source code

The ant species also implements the actions that the
agents must perform during the simulation. In GAMA, these
actions can be implemented in the following ways: through
the Reflexion command, which calls a method automatically
at each cycle; through the action command, a method that
can be activated from a do command; through the ask com-
mand, which refers to an interaction between agents; and fi-
nally, the update command, which updates an attribute at
each cycle. The reflexion and do commands are used in Sug-
arscape to define the condition that might cause the agents to
die, as shown in Listing 2 lines 32-33. The update com-
mand is used to update the agent energy, as shown in List-
ing 2 line 9. In addition to agents’ actions, the regular species
allows specifying the appearance of agents by means of the
aspect primitive, shown in lines 28-30.

In the Sugarscape simulation, ant agents move on the
environment looking for places with sugar. The movement is
obtained by updating the current position of agents, as shown
in Listing 2 line 14. The choose__cell function finds and re-
turns the position with maximum sugar among the neighbor-
ing positions that are not occupied with ants (lines 18-26).

Figure 4 presents a portion of the Sugarscape simulation
implemented in the GAMA platform. In the left section, we
find the Users Models, which allows developers to create cus-
tomized ABSs, while a green button initiates the simulation.
In the right section, there is the code where agent attributes
can be configured, such as the random values for vision and
metabolism of each agent, illustrating the use of the <- opera-
tor for value assignment. Additionally, the use of commands
like update and reflex is evident, as mentioned earlier. Fur-
thermore, there is the definition of agents appearance and the
termination of their life.
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Figure 4. The SugarScape code on the GAMA platform

3.3 Grid Species

The Grid species, whose essential elements are shown in Fig-
ure 5, is unique compared to other species, as it has unique
attributes and behaviors that are essential for defining the
grid environment topology where the Sugarscape simulation
takes place. Unlike conventional species, it is automatically
generated and is present in all simulations. The Grid is re-
sponsible for organizing the map as a structure that represents
a grid or spatial mesh on which agents can move and interact
in a simulation. This grid is composed of cells, and each cell

can contain different attributes, such as the amount of avail-
able resources, the presence of obstacles, or other relevant
information to the ABS.

By default, the Grid species has a series of attributes,
such as the number of rows and columns, as well as the pre-
defined color. However, all these characteristics can be mod-
ified if we define the species in the code. When manipulating
the Grid, we are altering a matrix that, by default, has dimen-
sions of 100x100. In other words, all changes will permeate
every value of the matrix. Additionally, when defining the
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Grid species, it is necessary to specify which neighbor rule is
adopted for the cells. GAMA supports the following neigh-
bor rules: Von Neumann, where each cell perceives 4 neigh-
bor cells (horizontally and vertically); Hexagon, perceiving
6 neighbor cells; and Moore, perceiving 8 neighbor cells.

In Sugarscape, the grid species is defined with dimen-
sions of 50x50, as shown in Listing 3. Each cell has attributes
representing the current amount of sugar and the maximum
amount of sugar it can hold. A sugar growth rate can be
added as a cell attribute, which varies based on both con-
sumption and progressive recovery. This feature is imple-
mented using the update command, providing greater dy-
namism to the simulation. The maximum sugar amount is
initialized from the CSV file loaded in the global species.
A value of zero indicates the absence of sugar in the cell.
The adopted neighborhood rule is the Von Neumann, where
4 neighboring cells are considered by the agent when search-
ing for cells with sugar to move to.

1| grid cell width: 50 height: 50 neighbors: 4 {
2 float max_sugar;
3 float sugar_growth_rate <— 1.0;
4 float sugar update: sugar + sugar_growth rate max: max_sugar;
5 map<int, list<cell>> neighbours;
6
7 init {
8 loop i from: 1 to: vision {
9 neighbours[i] <— self neighbors_at i;
10
11 }
12
13 reflex updateColor {
14 if (sugar=1) {
15 color <— rgb(250, 250, 210);
16 } else if (sugar = 2) {
17 color <— rgb(247, 246, 167);
18 } else if (sugar = 3) {
19 color <—rgb(243, 242, 126);
20 } else if (sugar=4) {
21 color <— rgb(240, 241, 50);
22 } else if (sugar = 0) {
23 color <—rgb(254, 254, 251);
24
25 }
26| }

Listing 3: Grid species source code

The visual aspect of the simulated grid environment is
also defined in the Grid species, where it is possible to imple-
ment which colors will be used for its cells, as shown in List-
ing 3 lines 13-25. In Sugarscape, darker shades of yellow
were defined to represent cells with a higher concentration
of sugar and lighter ones to represent cells with a low con-
centration of sugar. This visual representation facilitates the

interpretation of simulation results and provides important
insights into the behavior of agents and the environment.

3.4 Experiment

For an ABS to be effective and representative, its visual
should encompass all the characteristics specified in the var-
ious species in the simulation. This requires a precise defini-
tion of the experiment where the user can configure inputs,
outputs, and behaviors as needed for the simulation. Figure 6
presents the essential element of experiments. In GAMA,
four main types of experiments can be implemented to meet
different needs and contexts Taillandier ez al. [2019].

* GUI: 1t offers a graphical user interface that allows in-
teraction with the simulation. This facilitates parameter
manipulation and real-time observation of results, pro-
viding a more intuitive and immersive experience.

* Batch: It allows running the simulation multiple times,
with the possibility of pre-changing parameter values
for each run. This approach is useful for comparative
analyses and evaluating results in different scenarios,
providing insights into the model’s behavior under var-
ious conditions.

* Test: It focuses on performing utility tests to ensure the
quality and integrity of the simulation. This approach is
essential for validating the accuracy and robustness of
the model, identifying any potential flaws or inconsis-
tencies that could compromise the results.

* Memorize: It maintains a detailed record of each step
taken during the simulation. This allows the user to re-
view and modify any stage of the process as needed, pro-
viding greater control and flexibility in conducting the
simulation.

When defining the experiment, it is necessary to spec-
ify the type of simulation adopted. The visual and interac-
tive configurations of the simulation should be also specified.
This includes determining how relevant information will be
presented through graphs and monitors, which play a role in
interpreting the data and making informed decisions based
on the results obtained.

Listing 4 presents the experiment source code for the
Sugarscape simulation. As we can see, the GUI simulation
type is adopted. Visual interface components can be assigned
to global parameters, as shown in lines 2—3. That way users
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Figure 6. GAMA elements related to experiments

can easily set up parameters such as the initial number of
ants or energy limits. This flexibility streamlines the setup
process, enabling diverse simulation scenarios and fostering
deeper insights into the complex behaviors of agents in the
Sugarscape environment.

1| experiment simulation type: gui {
2 parameter "Max values of vision: ” var : vision min : 1 max: 25 category :
”Ant”;
3 parameter “Initial number of ants: ” var : nb_initial ant min : 1 max : 2500
category : "Ant”;
4 output {
5 display display_grid {
6 grid cell;
7 species ant aspect : default;
8 }
9 display Population refresh : every(S #cycles) type : 2d {
10 chart ”Population” type : series size : {1, 0.5} position : {0, 0} {
11 data "Number of ants” value : nb_ant color : #black;
12 }
13 }
14 display Vision refresh : every(5 #cycles) type : 2d {
15 chart ”Vision” type : series size : {1, 0.5} position : {0, 0} {
16 data ”Vision average” value : average vision color : #black;
17 }
18
19 display Metabolism refresh : every(5 #cycles) type : 2d {
20 chart "Metabolism” type : series size : {1, 0.5} position : {0, 0} {
21 data "Metabolism average” value : average metabolism color :
#black;
2 }
23 }
24
25 monitor "number of ant” value : nb_ant;
26
27 display “my_display” {
28 chart ”my_chart” type : histogram {
29 datalist (distribution_of(ant collect each.energy, 10, 0, 200) at
“legend”) value : (distribution_of(ant collect each.energy,
10, 0, 200) at "values™);
30 }
31 }
32 }
33|}

Listing 4: Experiment source code

With the GUI generated by GAMA, it is possible to ex-
plore and analyze the behavior of agents in the environment.
This choice allows for direct interaction with the simulation
through display elements. Displays, which are graphical rep-
resentations of simulation elements, facilitate understanding
and experimentation with different configurations to investi-
gate various aspects of the phenomenon under study.

In the experiment species of Sugarscape, four display
elements are defined, shown in Listing 4 lines 5-23. The
first display, called display_ grid, is a visual representation

of the simulation’s grid, showing cells and agents. The other
three displays specify plot elements that display aggregated
data from the various agents collected through the definition
in the global species: Population is a line plot that shows
the number of ants in the simulation over time; Vision is a
line plot showing the average vision of the ants over time;
and Metabolism is also a line plot, displaying the average
metabolism of ants.

Besides display elements, the experiment species also
allows the definition of monitoring elements. These ele-
ments show values throughout the execution of the simula-
tion, providing the user with a quick and convenient way to
monitor the simulation’s progress and make decisions based
on the presented data. In Sugarscape, a monitor is defined
to display the number of ants in the simulation (line 25). Fi-
nally, a histogram display is used in the Sugarscape simu-
lation to show the distribution of agents according to their
energy levels (lines 27-31).

Figure 7 shows how the visual representation of the on-
going simulation is presented, comprising four distinct mon-
itors. The first monitor, labeled Display grid, graphically
displays the distribution of ants on the map grid, accom-
panied by a histogram that assesses the energy distribution
among live ants. Subsequent monitors, Population, Average
Metabolism, and Average Vision, provide the variation in the
population of live agents, average metabolism, and average
vision of ants over time. Additionally, the simulation view
includes interactive parameters allowing users to adjust the
agents’ vision range and modify the initial quantity of ants,
alongside a real-time monitor showing the number of live
ants in the simulation, providing an instant view of the cur-
rent population status.

4 Conclusion

This work presented a structured report on ABS develop-
ment with the GAMA platform. To reveal the essential el-
ements for implementing ABS in GAMA, a case study was
conducted, in which Sugarscape, a simple and widely known
ABS, was developed. A set of diagrams was created to high-
light the essential structure of an ABS in GAMA. The com-
plete Sugarscape implementation is available online. To-
gether, the structured report and implementation provide an
introductory guide for beginners on the GAMA platform.
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Figure 7. SugarScape simulation made on GAMA

Developing on the GAMA platform can be a significant
challenge, even for those familiar with ABS. This is partly be-
cause the platform is still under development and may exhibit
errors in executing its commands. Some issues in GAMA
require workarounds. One such issue involves the neigh-
bours command, which was supposed to return the neighbor-
ing cells to the agent’s current position. However, this com-
mand did not worked as expected, ignoring the predefined
configuration specified for the grid. This issue is reported
to the GAMA developers®, through the platform’s mailing
list. The GAMA developers acknowledge the problem with
the command and suggest an alternative method to achieve
the desired execution. An issue with the histogram graph is
also observed®, which prevents configuring the histogram to
adapt to the constantly varying energy levels of the agents.

The available documentation can be confusing for be-
ginners, lacking in information and organization, which con-
tributes to an inadequate understanding for the developer.
Therefore, a recommendation for beginners on the GAMA
platform is to interact and post questions on the mailing list.
However, it is important to note that responses from the
GAMA developers often take a significant amount of time,
and the answers may be insufficient for problem resolution.

To conclude, the GAMA platform facilitates the de-
velopment of ABMs, especially when compared to object-
oriented languages. However, it does require dedication and

5 https://groups.google.com/g/gama-platform/c/jOFr9ju7sS4/m/LekjUGQnAAAT
https://groups.google.com/g/gama-platform/c/£SDZzeQjs_E/m/wSAQZUVHAgAJ

study from the developer to understand its elements and per-
form basic operations. The absence of materials that assist
the beginner developer in GAMA contributes to the diffi-
culty of accessibility of the platform for those developing
their first ABM. Therefore, works like this are relevant to
contribute to the popularization, accessibility, and develop-
ment of GAMA.
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