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Abstract. The use of agent-based simulations is becoming common in the
research field, being employed to abstract complex concepts through visual
demonstrations. This has driven the emergence of platforms for developing
these simulations. In this context, GAMA stands out as a good option due to its
wide range of features. However, GAMA still lacks materials to guide beginner
developers. With the aim of filling this gap, this paper presents an introduc-
tory guide to simulation development in GAMA. The paper describes the main
functionalities and the structure for developing a simulation in GAMA. Beside
that, the paper exemplifies these elements through the development of the ’Sug-
arscape’ simulation, known in the community. Finally, the challenges that a
beginner developer may encounter are reported, along with recommendations
to address them.

2

1. introduction

Agent-based simulations (ABS) have been used to replicate and study different phenom-
ena. According to [Wilensky e Rand 2015], the adoption of ABS not only assists in visu-
alizing complex scenarios but also in simplifying and abstracting 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 Tupinambá society, allowing for 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 e Santos 2020], which allowed
for studying the effects of isolation measures on the pandemic.

[Kleiboer 1997] describes the different functions of ABS, two of which are re-
search and support in teaching. This highlight the need for learning concepts and pro-
gramming languages for ABS development. Although it is possible to develop ABS us-
ing general-purpose programming languages like Python or Java, the use of a specialized
platform significantly simplifies learning and makes it more intuitive. For this reason,
there are platforms that facilitate agent-based simulations development, such as NetLogo
[Wilensky 1999] and, especially, GAMA [Taillandier et al. 2019].

2Copyright © 2024 for this paper by its authors. Use permitted under Creative Commons License
Attribution 4.0 International (CC BY 4.0).
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The GAMA platform offers a programming language called GAML (Gama Mod-
eling Language). Through GMAIL it is possible to develop simple or complex simula-
tions, such as 3D models that provide control over various visual aspects such as lighting,
texture and camera position or just 2D simple models, like Sugarscape. Additionally, the
platform prioritizes the development of intuitive interfaces and allows for the provision
of different visualizations that can be customized and updated dynamically 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 et al. 2019].

Despite offering various elements, a beginner in ABS interested in developing
simulations on this platform may face challenges. The available documentation1 for
GAMA is extensive; however, the explanation of the essential elements for developing
an ABS is dispersed across different topics, which poses comprehension challenges, es-
pecially for beginners. The learning curve can be steep for those who do not have prior
experience with ABS platforms, requiring additional time and effort to familiarize them-
selves with the necessary elements for implementation. Therefore, there is a lack of an
introductory guide that presents the essential elements for implementing ABS in GAMA
using a simple and widely known simulation. Despite the GAMA documentation offer-
ing a tutorial on implementing the Predator-Prey simulation, it provides few explanations
about the platform, its organization, the reasons for use, and the functionality of each
element used.

This paper presents a guide to developing ABS in GAMA, which is based on the
development of the Sugarscape, simulation, widely known in the ABS community. It
explains the essential elements for implementing ABS in GAMA and exemplifies them
through the Sugarscape simulation. The paper also provides recommendations for ad-
dressing some limitations of GAMA perceived during the simulation development.

The remaining of this paper is organized as follows. Section 2 presents the re-
quired background on ABS, the GAMA platform, and the Sugarscape simulation. In
section 3 we present the introductory guide to the GAMA platform throghout the devel-
opment of the Sugarscape simulation. Next, section 4 points out recommendations for
beginners to start developing in GAMA. Finally, section 5 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 explained, 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
[Klügl e 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.

1https://gama-platform.org/wiki/Home
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According to [Klügl e Bazzan 2012], an ABS is composed of three elements: a set
of autonomous agents, endowed with rules governing their behavior; the specification of
interactions between agents and the environment, responsible for producing the overall
output of the system; and the simulated environment, which contains all other simula-
tion elements, such as resources and other objects without active behavior. The result
of an ABS can be observed through visualization of agents behavior or through graphs
presenting data collected during simulation execution.

Because they focus on individuals, ABSs offer researchers the ability to make spe-
cific adjustments to agent behavior so that they can respond adaptively to the environment
and other agents, influencing the observed results in the system under study. An example
of this is the ABS developed by [Pereira et al. 2011] to study human behavior in natural
disaster situations and how to improve the performance of rescue teams.

Additionally, ABSs are highly scalable and modular, which means that models
can be easily adapted and extended to include new elements or details [Macal 2016]. This
makes this approach especially useful for simulating dynamic 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 simulations (ABSs), particularly focusing on explicit spatial rep-
resentation. Cormas, developed in 1998, stands as one of the pioneering ABM plat-
forms [Bousquet et al. 1998]. Similarly, 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 accessible to both scientists and non-scientists alike
[Taillandier et al. 2019].

GAMA provide a programming language called Gama Modeling Language
(GAML). Through GAML, it is possible to develop simple or complex simulations, in-
cluding 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 provision of various customizable displays for the same model, dynamically
updated to visualize the simulation [Taillandier et al. 2019].

ABSs for studying various phenomena have been recently developed in GAMA.
[Gaudou et 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 platform.

2.3. Sugarscape

The Sugarscape is a model of an artificial society proposed by [Epstein e Axtell 1996]. It
is widely used in the ABS community as an example of a simulation that exhibits emer-
gent phenomena. In essence, the Sugarscape model simulates a population that depends
on limited resources existing in the environment. The population consists of ants search-
ing 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 arti-
ficial agent with distinct attributes, such as vision, energy, and metabolism. These agents
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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 an-
other 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 different parts of the environment.

In the model created by [Epstein e 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 capacity. 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 for each cell. As the simulation
progresses, the sugar consumed 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 percentage 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 carrying capacity for a species—according to which a given
environment can only support a finite population [Epstein e Axtell 1996]. This ABS was
chosen in this work due to its simplicity and popularity. The NetLogo platform, for ex-
ample, provides well-documented implementation of Sugarscape with the two mentioned
sugar replenishment rules [Li e Wilensky 2009a, Li e Wilensky 2009b].

3. Development of ABS Sugarscape in GAMA
This section presents the development of the Sugarscape simulation on the GAMA plat-
form. The essential elements for developing ABSs are explained through the Sugarscape
simulation, making this section an introductory guide for ABS development in GAMA.

To develop an ABS in GAMA, it is essentially necessary to implement three el-
ements: the global species, the regular species, and an experiment. Figure 1 presents a
diagram with these elements, their relationships, and components.

It is worth noting that the diagram in Figure 1 is a contribution of this paper.
The GAMA documentation provides a learning tutorial2 that only describes the general
structure of the GAML language metamodel, 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. The following will detail the essential
elements of ABSs in GAMA and how they were implemented in Sugarscape. Due to
space limitations, code snippets are not included in this paper. However, we provide the
complete ABS implementation online3. We suggest that the reader download the ABS so
they can verify the implementation of the elements as they are described.

3.1. Global Species
The global species, represented by the red color in Figure 1, plays a fundamental role
in the simulation, being the main entity that defines the essential characteristics of the

2https://gama-platform.org/wiki/LearnGAMLStepByStep
3https://github.com/agentbasedsimulations/sugarscape-gama-simulation

99

Anais do XVIII Workshop-Escola de Sistemas de Agentes, seus Ambientes e Aplicações - WESAAC 2024



G
A

M
A

 
S

im
ul

at
io

n

S
pe

ci
es

E
xp

er
im

en
t

G
lo

ba
l S

pe
ci

es
(T

he
 w

or
ld

 
A

ge
nt

)
in

cl
ud

es

R
eg

ul
ar

 
S

pe
ci

es

G
rid

 
S

pe
ci

es

ha
s 

m
ap

 
at

tr
ib

ut
es

ag
en

t 
in

iti
at

io
n

fil
e 

up
lo

ad

S
im

ul
at

io
n 

at
tr

ib
ut

es

in
te

rr
up

tio
ns

in
cl

ud
es

P
au

se

S
to

p 
(d

ie
)

gl
ob

al
 {

 
...

   
 r

ef
le

x 
to

to
 w

he
n:

 ti
m

e 
=

 1
00

 {
do

 p
au

se
;}

 }

gl
ob

al
 {

   
 ..

.
   

 r
ef

le
x 

ha
lti

ng
 w

he
n:

 e
m

pt
y 

(a
ge

nt
s)

 {
do

 d
ie

;}
}

D
ef

in
ed

 b
y

D
ef

in
ed

 b
y

C
ou

ld
 b

e

C
ou

ld
 b

e

in
cl

ud
es

in
cl

ud
es

 a
ll

A
ge

nt
s 

ar
e 

us
ua

lly
 

in
iti

al
iz

ed
 in

 th
e 

gl
ob

al
 

sp
ec

ie
s

gl
ob

al
 {

   
 in

it{
 c

re
at

e 
m

y_
sp

ec
ie

s_
na

m
e 

nu
m

be
r:

 3
 w

ith
: 

(lo
ca

tio
n:

{x
,y

})
; }

}
D

ef
in

ed
 b

y

ge
ne

ra
l 

at
tr

ib
ut

es
in

cl
ud

es

be
ha

vi
or

 
an

d 
in

te
ra

ct
io

ns

A
ttr

ib
ut

es
A

pp
ea

ra
nc

e

R
ef

le
xi

on

A
ct

io
n

as
k

A
ttr

ib
ut

es
F

ile
 

in
te

rp
re

ta
tio

n

ne
ig

hb
or

s

Ty
pe

Te
st

C
ha

rt
s

ha
s

C
an

 d
ef

in
ed

is ca
n 

de
fin

ed

ha
s

in
cl

ud
ed

up
da

te

in
cl

ud
es

in
cl

ud
es

in
cl

ud
es

in
cl

ud
es

C
an

 a
ce

ss
 a

ll 
th

e 
co

de
 p

ar
ts

, a
nd

 a
ll 

th
e 

co
de

s 
pa

rt
s 

ca
n 

ac
es

s

ha
s

de
fin

es

ca
n 

do

fil
e 

m
y_

fil
e 

<
- 

cs
v_

fil
e(

".
./i

nc
lu

de
s/

da
ta

.c
sv

")
;

D
ef

in
ed

 b
y

sp
ec

ie
s 

m
y_

sp
ec

ie
s 

{
   

 a
sp

ec
t s

ta
nd

ar
d_

as
pe

ct
 {

   
   

  d
ra

w
 c

irc
le

(1
) 

co
lo

r:
#b

lu
e 

bo
rd

er
: 

#b
la

ck
;}

}
D

ef
in

ed
 b

y

is
 a

 s
et

 o
f s

ta
te

m
en

ts
 w

hi
ch

 
is

 c
al

le
d 

au
to

m
at

ic
al

ly
 a

t e
ac

h 
tim

e 
st

ep
 b

y 
an

 a
ge

nt
.

is

re
fle

x 
m

y_
re

fle
x 

{
   

   
  /

/ 
st

at
em

en
ts

...
}

de
fin

ed
 b

y

is
 a

 s
et

 o
f s

ta
te

m
en

ts
 

w
hi

ch
 is

 c
al

le
d 

by
 a

 
"d

o"
.

sp
ec

ie
s 

m
y_

sp
ec

ie
s 

{
   

 in
t a

ct
io

n_
w

ith
_r

et
ur

n_
va

lu
e

 {
// 

st
at

em
en

ts
...

re
tu

rn
 1

;  
}

   
 a

ct
io

n 
ac

tio
n_

w
ith

ou
t_

re
tu

rn
_v

al
ue

 {
// 

st
at

em
en

ts
...

 
}}de

fin
ed

 b
y

D
o

do
 m

y_
ac

tio
n

de
fin

ed
 b

y
C

al
le

d 
by

ca
n 

be
 u

se
d 

in
 a

ny
 re

fle
x 

or
 a

ct
io

n 
sc

op
e.

 It
 is

 u
se

d 
to

 s
pe

ci
fy

 th
e 

in
te

ra
ct

io
n 

be
tw

ee
n 

th
e 

in
st

an
ce

s 
of

 
yo

ur
 s

pe
ci

es
 a

nd
 th

e 
ot

he
r 

ag
en

ts
.

sp
ec

ie
s 

m
y_

sp
ec

ie
s 

{
   

 a
ge

nt
 ta

rg
et

;
   

   
   

re
fle

x 
up

da
te

 {
as

k 
ta

rg
et

 {
   

 /
/ s

ta
te

m
en

ts
   

   
   

   
} 

} 
}

de
fin

ed
 b

y

Is
 u

se
d 

to
 u

pd
at

e 
a 

st
at

em
en

t a
t e

ac
h 

tim
e 

st
ea

p

de
fin

ed
 b

y

V
on

 
N

eu
m

an
 

M
oo

re

H
ex

ag
on

ca
n 

be

ca
n 

be

ca
n 

be

ha
s 

an

M
em

or
is

e
G

U
I

B
at

ch

D
is

pl
ay

ha
s 

a

ca
n 

be

ca
n 

be

ha
s

ha
s

a 
G

U
I e

xp
er

im
en

t i
n 

w
hi

ch
 

th
e 

si
m

ul
at

io
n 

st
at

e 
is

 k
ep

t i
n 

m
em

or
y 

an
d 

th
e 

us
er

 c
an

 
ac

es
s 

an
y 

pr
ev

io
us

 s
te

p.

us
ed

 to
 p

la
y 

an
 

ex
pe

rim
en

t, 
   

di
sp

la
ys

 it
s 

ou
tp

ut
s 

al
so

 a
nd

 fo
r 

th
e 

us
er

 in
te

ra
ct

s 
w

ith
 th

e 
si

m
ul

at
io

n.

us
ed

 to
 p

la
y 

an
 

ex
pe

rim
en

t m
ut

ip
le

 ti
m

es
, 

us
ua

lly
 u

si
ng

 d
iff

er
en

t 
va

lu
es

.

 u
se

d 
to

 w
rit

e 
un

it 
te

st
s 

on
 a

 
m

od
el

is

is

is

is

th
e 

si
m

ul
at

io
n 

gr
ap

hi
ca

l 
ou

tp
ut

. S
ev

er
al

 d
is

pl
ay

s 
ca

n 
be

 d
ef

in
ed

 to
 r

ep
re

se
nt

 
si

m
ul

at
io

n 
in

fo
rm

at
io

n

is

-
P

ie
-

S
er

ie
-

H
is

to
gr

am
-

X
Y

-
H

ea
dm

ap
-

R
ad

ar
-

S
ca

tte
r

-
B

ox
 w

hi
sk

er

ca
n 

be

ca
n 

be
ca

n 
be

in
cl

ud
es

in
cl

ud
es

sp
ec

ie
s 

m
y_

sp
ec

ie
s 

{
   

 in
t s

ta
te

m
en

t u
pd

at
e:

 s
ta

te
m

en
t +

 1
;

   
   

   
   

}
S

ou
rc

e 
co

de

S
B

A
s 

E
le

m
en

ts

D
es

cr
ip

tio
n

Le
ge

nd

Figure 1. Essential elements of an ABS in GAMA
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environment and agents. [Taillandier et al. 2019] define it as a master 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.

In addition to user-defined data, the global species incorporates attributes that de-
fine vital aspects of the simulation, such as the size of the map, as well as fundamental at-
tributes like simulation interruptions, which can pause or terminate the simulation. These
attributes can be accessed and modified by other species and the experiment, providing a
flexible basis for configuring the simulation environment [Taillandier et al. 2019].

In Sugarscape, the global species plays an important role because it defines the
general parameters of the simulation, such as the minimum/maximum values for some
ants attributes. These parameters can be associated with visual components, allowing the
user to input their values when running the simulation. Considering the heterogeneity of
ants in the simulation, with frequently different attribute values among them (for exam-
ple each ant may have a different range of vision or metabolic rate), the use of global
parameters and their editing through visual components facilitates the execution of the
simulation.

It is in the global species that the type of simulated environment should be defined.
GAMA supports two types of environments: grid and graph. The grid environment re-
sembles a matrix formed by cells, where it is possible to define specific values for specific
regions of the environment. In GAMA, the attributes of each cell 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 capacity for each cell.4.

The visual aspect of the simulated environment is also defined in the global
species, where it is possible to implement which colors will be used for the elements
of the environment. 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
concentration of sugar. This visual representation facilitates the interpretation of simula-
tion results and provides important insights into the behavior of agents in relation to their
environment.

Finally, in the global species we can define which data will be collected during
the simulation. In Sugarscape, it is necessary to collect data on the average vision and
average metabolism of ants, as implemented by [Li e Wilensky 2009a]. The collected
data aggregate values from various agents, highlighting the importance of the collection
being performed in the global species, which has access to all elements of the simulation.

3.2. Regular Species

The regular species, represented by the orange color in Figure 1, within the GAMA
framework, are considered as a complement to the master species, each composed of
specific characteristics and values that will serve as fundamental parameters for the cre-
ation and manipulation of the necessary instances during the simulation. Analogous to
object-oriented languages, we can understand regular species as classes that define a set

4The CSV file used was adapted from [Li e Wilensky 2009a]
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of properties and behaviors to be shared by their agents [Taillandier et al. 2019]. This
organization is essential in GAMA to define and structure the entities that compose the
simulation, providing them with identity and functionality.

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 ex-
plicitly defined, such as actions and behavioral characteristics of each species. Actions,
in relation to object orientation, can be compared to methods, and they are what enable
the interaction and behavior of the agents.

The instantiation of species (agents) for the simulation execution, as recom-
mended by the language documentation, should be implemented in the init block of
the global species [Taillandier et al. 2019]. This block is responsible for determining the
quantity of agents to be created and, optionally, their initial location. To implement in-
teraction 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.

As a platform aimed at facilitating the creation of ABSs, GAMA offers additional
resources that are not found in traditional object-oriented languages. This includes the
availability of ready-to-use abilities, such as the movement ability, which provides prede-
fined commands for agents to move and can be adjusted to change the speed and direction
of agents as necessary. This flexibility allows for greater adaptation and customization of
simulations according to the specific needs of each scenario.

In Sugarscape, the agents are ants. Therefore, it is necessary to define a species
ant to instantiate the agents in the simulation execution. In the Sugarscape model, the ant
species has three essential attributes: vision, which determines the number of accessible
regions for sugar checking; metabolism, 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 [Epstein e Axtell 1996]. In the ABS developed in this paper, minimum and maxi-
mum limits for initializing these attributes were specified. These limits are implemented
in the global species. Upon creation, a random value is chosen between these limits for
each characteristic of the ant using the rnd() command in GAMA.

In the ant species, the actions that the agents must perform during the simulation
are also implemented. 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 command, which refers to an interaction between agents; and finally, the
update command, which updates an attribute at each cycle.

Another important method, is the movement in the environment. For this to occur,
the map must be imagined as a matrix with several squares, each with a values. The ant
must be able to check in each of these squares both the availability of sugar and the spatial
availability, using the empty command.

Figure 2 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 customized ABSs, while a green button initiates the simulation. In the right
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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 <- operator for
value assignment. Additionally, the use of commands like update and reflex is evident,
as mentioned earlier. Furthermore, there is the definition of agent appearance and the
termination of their life.

Figure 2. The SugarScape code on the GAMA platform

3.3. Grid Species

The Grid species, represented by the green color in Figure 1, is unique compared to other
species, as it has unique attributes and behaviors that are essential for defining the envi-
ronment where the simulation takes place. Unlike conventional species, it is automatically
generated and is present in all simulations. The Grid is responsible for defining the char-
acteristics of the map. In general, it is 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, where
each cell can contain different attributes, such as the amount of available 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 predefined color. However, all these characteristics can be
modified if we define the species in the code. When manipulating the Grid, we are ac-
tually altering a matrix that, by default, has dimensions of 100x100. In other words,
all changes will permeate every value of the matrix. Additionally, when defining the
Grid species, it is necessary to specify which neighbor rule will be adopted for the cells.
GAMA supports the following neighbor rules: Von Neumann, where each cell perceives
4 neighbor cells (horizontally and vertically); Hexagon, perceiving 6 neighbor cells; and
Moore, perceiving 8 neighbor cells.
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In Sugarscape, the grid species is defined with dimensions of 50x50. Each cell has
attributes representing the current amount of sugar and the maximum amount of sugar it
can hold. Depending on the version of the implemented simulation, the sugar growth rate
can be added as an attribute, which varies based on both consumption and progressive
recovery. This feature is implemented using the update command, providing greater
dynamism 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 neighboring cells are
considered by the agent when searching for cells with sugar to move to.

3.4. Experiment

For an ABS to be effective and representative, it’s desirable that it’s visual and encom-
passes all the characteristics defined in the various species of the simulation. This requires
a precise definition of the experiment, represented by the purple color in Figure 1, where
the user has the ability to configure inputs, outputs, and behaviors as needed for the sim-
ulation. In GAMA, there are four main types of experiment that can be implemented to
meet different needs and contexts [Taillandier et al. 2019].

• GUI: It offers a graphical user interface that allows interaction with the simula-
tion. This facilitates parameter manipulation and real-time observation of results,
providing 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 various 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 robust-
ness of the model, identifying any potential flaws or inconsistencies that could
compromise the results.

• Memorize: It maintains a detailed record of each step taken during the simulation.
This allows the user to review and modify any stage of the process as needed,
providing greater control and flexibility in conducting the simulation.

When defining the experiment, it’s necessary to specify the type of simulation
adopted. Additionally, the visual and interactive configurations of the simulation are also
defined. 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.

In Sugarscape, the type of simulation adopted is the GUI. Through the graphical
interface generated by GAMA, it is possible to explore and analyze the behavior of the
ants in the environment. This choice allows for direct interaction with the simulation
through display elements. The displays, which are graphical representations of some
elements of the simulation, facilitate understanding and experimentation with different
configurations to investigate various aspects of the phenomenon under study.

In the experimental species of Sugarscape, four display elements are defined. The
first display, is called display grid, is a visual representation of the simulation’s grid,
showing the cells and agents. The other three displays specify graph elements that
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Figure 3. SugarScape simulation made on GAMA

display aggregated data from the various agents collected through the definition in the
global species: population is a line graph that shows the number of ants in the simulation
over time; vision is a line graph showing the average vision of the ants over time; and
metabolism is also a line graph, displaying the average metabolism of the ants.

Besides display elements, the experimental species also allows for the definition
of monitoring elements. These elements show values throughout the execution of the sim-
ulation, 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.

Figure 3 show us a visual representation of the ongoing simulation is presented,
comprising four distinct monitors. The first monitor, labeled Display grid, graphically
displays the distribution of ants on the map grid, accompanied by a histogram that as-
sesses the energy distribution among live ants. Subsequent monitors, Population, Average
Metabolism, and Average Vision, provide the variation in the population of live agents, av-
erage metabolism, and average vision of ants over time. Additionally, the figure 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 quantity of live ants in
the simulation, providing an instant view of the current population status.

4. Recommendations for Beginners in GAMA

Developing on the GAMA platform can present a significant challenge, even for those fa-
miliar with ABMs. This is partly because the platform is still under development and may
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exhibit errors in executing its commands. Additionally, the available documentation can
be confusing for beginners, lacking in information and organization, which contributes to
an inadequate understanding for the developer.

During the development process of Sugarscape, it was necessary to find
workarounds for some issues. One such issue involved the neighbours command, which
was supposed to return the neighboring cells to the agent’s current position. However, this
command did not worked as expected, ignoring the predefined configuration specified for
the grid. This issue was reported to the GAMA developers5 through the platform’s mailing
list, and they acknowledged the problem with the command and suggested an alternative
method to achieve the desired execution. Another problem reported to the developers6 but
still unresolved is the use of a histogram graph, which cannot be configured to adapt to
the constantly varying energy levels of the agents.

Given this, 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. For example, the query regarding the histogram
took three months to receive an inconclusive response about its application.

The scarcity of tutorials and explanatory articles about the functionality and de-
velopment within the platform hinders the initial access for people interested in using
GAMA for their simulations. Therefore, it is recommended to organize your questions
and seek out forum discussions with other users of the platform. Often, these users are
helpful and share their own experiences, which facilitates understanding and reduces the
learning curve.

5. Conclusion

This work presented the elements of the GAMA platform that are essential for developing
an ABS. To this end, the development of Sugarscape, a simple and widely known ABS,
was reported. A diagram was built to highlight the essential structure of an ABM in
GAMA, so that beginners on this platform can use this paper as an introductory guide to
develop simulations.

Indeed, while the GAMA platform facilitates the development of ABMs, espe-
cially when compared to object-oriented languages, it does require dedication and study
from the developer to understand its elements and perform basic operations. The absence
of materials that assist the beginner developer in GAMA contributes to the difficulty of ac-
cessibility of the platform for those developing their first ABM. Therefore, works like this
are relevant to contribute to the popularization, accessibility, and development of GAMA.
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