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1. Introduction

These last years has seen an important spreading of the agent-based simulations. If the early
models proposed a very basic representation of the spatial environment --usually a grid-- the
newest models tend to propose a very precise one that integrates geographic vector data,

Unfortunately, if all of the existing agent-based simulation platforms allow to use a grid as
environment, rare of the ones that allow to integrate geographic vector data. Moreover, these
platforms are often complex to use and their understanding can require a time investment
from the modeler that can be similar to the one needed to develop a model from scratch. Thus,
today, most of the models that integrate complex vector data are developed from scratch.

The GAMA agent-based simulation platform [1]{2] was developed to address these issues.
This platform, which is under GPL license, provides a complete modeling and simulation
development environment for building spatially explicit multi-agent simulations. Its main
advantages come from its versatility (domain independent) and the simplicity to define a
model with it. Indeed, GAMA provides a rich, yet accessible, modeling language, the GAML,
that allows to define complex models integrating grids and geographic vector data. In this
paper, we present the spatial capabilities of the new version of GAMA (v1.3) and we illustrate
its utilization by case study concerning the classic Shelling model [3]. In this case study, we
show how to build different kinds of models, from the simplest (grid environment) to the
more complex (geographic vector agents) with the GAMA platform.

The paper is organized as follows. In Section 2, we present the GAMA platform, in
particular its capabilities concerning the environment representation. Section 3 is dedicated to
the presentation of the case study. At last, Section 4 concludes.

2. The GAMA platform

In this section, we briefly introduce some of the major agent-based simulation platforms.
Then, we present the GAMA simulation platform, in particular its capacities concerning the
environment representation.

2.1. Existing simulation platforms

As mention in Section 1, there are numerous agent-based simulation platforms, however
very few allow to directly manipulate a complex environment integrating geographic vector
data.
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2.2.The GAMA simulation platform

In order to address these shortcomings, we developed the GAMA platform [1][2], which
goes much further by making available many more GIS services and operations and especially
an advance management of geographic vector data and provide a complete modeling and
simulation development environment. Actually, GAMA provides a rich, yet accessible,
modeling language based on XML, the GAML, that allows to define complex models
integrating grids and geographic vector data.

The idea of GAMA concerning the management of environment is to locate the agent in a
continuous environment, which serves as a reference. In this environment, all of the agents are
provided with a geometry. This geometry, which is based on vector representation, can be
simple (point, polyline or polygon) or complex (composed of several sub-geometries). The
geometry of the agents can be defined by the modeler (a list of points) or directly loaded from
a shapefile. Indeed, GAMA allows to use geographic vector data to create agents of a specific
species (a prototype of agents that defines both the agent internal state and their behavior):
each object of the geographical data will be automatically used to instantiate an agent, GAMA
taking care of managing the spatial projection of the data and, if necessary, of reading the
values of the attributes. Remark that this kind of geographic data agentification was already
used for other application contexts such as cartographic generalization [15]. In the context of
simulation, the advantage of this approach is to give the possibility to manage geographic
objects exactly like other agents in the simulation: it will be possible to give them an internal
state and a behavior. Figure 1 gives an example of the agentification of 4 buildings from a

shapefile.
/ Shapefile \
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Fig. 1. Example of geographic data agentification
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All of the computations related to spatial relationships are made refer to the reference
environment. Thus, the distance between two agents, the overlapping of geometries, etc., are
directly computed from it. In addition, the role of the reference environment is to adapt all the
situated actions of agents (movement, action, interaction) to all registered environments.
Thus, for example, when an agent moves, the reference environment manages itself the
movement of the agent on the potential grids. This operation is totally transparent for the
modeler, who does not have to manage the synchronization of the different environments.
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Fig. 3. Example of graph computation

3. Modeling with GAMA: the Schelling Model

In this section, we propose to illustrate how building a model with GAMA by presenting
two models derived from the classic Schelling model. The first model, in which the
environment is represented by a grid, is close to the original Schelling model. The second
model, more realistic, proposes to agentify real geographic vector data.

3.1. The Schelling model

In 1969, Schelling introduced a model of segregation in which individuals of two different
colors, positioned on a grid (abstract representation of a district), choose where to live based
on a preferred percentage of neighbors of the same color [3]. Using coins on a board, he
showed that a small preference for one's neighbors to be of the same color could lead to total
segregation. This model is a good example of generative model, where the emergence of a
phenomenon (here, segregation) is not directly predictable from the knowledge of individual
preferences.

In this model, a grid of cells is inhabited by entities of two different colors. Each entity is
able to compute the number of neighbors of the same color it has around (i.e. placed the 8
adjacent cells if we consider a Moore neighborhood). Each entity has the same "degree of
tolerance" as the others, expressed as a minimum ratio of entities of the same color around. At
each time step, if the actual ratio computed is less than its preferred ratio, it moves to another
free cell, chosen randomly; otherwise, it stays put.

3.2.Generality on the GAMA models

In GAMA, defining a model means defining four sections:

 global: describes the global variables, the parameters, the global dynamics and the
initialization of the model

* entities: describes the species of agents

» environment: describes the environment (the continuous environment and eventually
grids)

* output: describe the output (displays, files,...) of the model

The skeleton of a GAMA model is defined as follows:
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In the same way as the parameters, we define four global variables that will be used in the

models:

*  number_of people: integer
e all_people: list of the people agents
 all_places: list of the places that are available for the people agents. In the context of

the first model where the environment is represented by a grid, a place will be cell of
the grid; in the context of the second model where geographic vector data are used, a
place will be a space agent (a building from the geographic vector data that has been
agentified).

* sum_happy_people: number of people agents that are happy, computed at each

simulation step.

In GAML, These four parameters are defined as follows:

<var type="int" name="number of people" init="0" />

<var type="int" name="sum happy people" init="0" value="all people count

type="1list" name="dll_peopje" init="[]" of="people" />
var type="list" of="space" name="all places" init="[]" value="shuffle
all places"/>

(each.is happy)" />

Remark that GAML integrates numerous operators concerning the list (e.g. collect, count,
max_of, ...) that simplify their use.

The last part of the global section concerns the initialization of the model. In the context of
our models, this one consists in initializing the places, in computing the number of people
agents according to the number of places and the density of people chosen and in initializing
the people agents. As the initialization of the people agents and places depend on the model,
we choose to define two actions: initialize_places and initialize_people that will be
specifically defined for each model:

<

<jinit>

<set name="number of people"” value="length all nlaces * density of people" V&

<do action="initialize places" />

action="initialize people"” />

3.3.2. Entities section

As introduced in Section 3.2, another section of a GAMA model consists in defining the

entities composing the model. In our context, we define one species of agents: the people
agents that are situated:

5 name="people” skills="situated">

;-

Remark that GAMA offers the possibility to add skills to species of agents. A skill is a set

of attributes and primitives that the agents of the considered species will be able to use. For
example, the situated skill gives to the agents a geometry, a location, an area, ... In the same
way it gives the agents the possibility to apply numerous geometric or spatial analysis actions
(scaling, rotation, computation of distance between two geomeltries, ...).
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<output>
<display name="Chart">
<chart type="series" name="Global happiness and similarity"
background="rgb 'lightGray'" axes="rgb 'white'">
<data name="happy" color="rgb 'blue'" value=" (sum happy people /
number of people) * 100" style="spline" />
</chart>
</display>
</output>

3.4.Model based on a grid environment

The first model proposed is very close to the original Schelling model. In this model, the
environment is represented by a grid on which each people agent is localized. Figure 5 shows
the model implemented.
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Fig. 5. Implementation of the model based on a grid environment

As mentioned in Section 3.3, we use the schelling common.xml file as a base. This
possibility is enabled by the use of the include instruction, which allows a GAML model to
"load" definitions located in other files. The include instruction basically does a copy of the
included definitions, but also allows to override attributes, actions and even behaviors defined
in the global section. Thus, our model is defined as follows:

<model name="segregation grid">
<include file="../include/schelling common.xml"/>

</model>

34.1. Global section
Concerning the global section, we define one new parameter:

* Distance of perception: given by a number of cells
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Cana s
<remove item="space location" from="free places"/>
SFANEES

We have to define a behavior for the people agents. This one is very simple: when a people
agent is not happy, it moves to one of the free places, and then updates the free place list. In
GAMA, the simplest way of defining such behaviour consists in defining a reflex. A reflex is
an action that is triggered when a condition is checked. In our context, the reflex is triggered
when the agent is not be happy:

<reflex name="migrate" when="!is happy">
add item="space location" to="free places"/>
et name="location" value="any free places" />

remove item="space location" from="free places"/>

3.4.4. Output section
Concerning the output section, we define the main display: in this one, the people agents
are displayed using their simple aspect (the one defined in the schelling_common xml file):

<output>
<display name="Segregation" >
<species name="people" aspect="simple"/>
</display>
</output>

3.5.Model based on geographic vector agents

The first model showed how building the classic Schelling model. In this section, we
propose to modify this model in order to make it more realistic. Indeed, as shown in [18],
passing from a grid representation of the environment to a vector one has deep impact on the
result and the realism of the model. In this context, we show that GAMA allows to easily
define a model integrating geographic vector data. Actually, passing from the classic
Schelling model to a vector one requires very few changes.

This model is similar to the classic Schelling model, but the entities do not anymore inhabit
a grid but a set of buildings. The neighborhood of the entities is directly computed from the
real distance between the different entities. Each building has a max capacity of entities that
represents the maximum number of entities that can stay in the building at the same time.

Figure 6 shows the model implemented.
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e Initialize_people: this action creates the people agents and initializes the all_people
list. The number of people agents is computed according to the total capacity of the
building (i.e. the sum of the building capacity) and the density_of_people
parameter. For each people agent created, the action move_to_new_place is called.
This action is described in Section 3.5.3. In GAML, the Initialize_people action is

defined as follows:

tion name="initialize people'">

<set name="number of pecople" value="density of people * sum (all places collect
( (space each) .capacity))" /> B

<create species="people”" number="number of people" return="created people"” />

<ask target="created people™> =il =

<do action="move to new place" />

3.5.2. Environment section
The next section that we have to define concerns the environment. In this model where no

grid is used, we just have to specify the size of the environment. GAMA allows to directly
compute the size of the environment from a shapefile. In our model, we propose to use the
building shapefile to compute the size of the environment:

<environment bounds="shape file name"/>

3.5.3. Entities section

People agents
For the people agent, we have to define several new attributes:

e red: value of the red component of the agent color (RGB : [0, 255])

* green: value of the green component of the agent color

* blue: value of the blue component of the agent color

e current_building : building on which the agent is localized

smy_neighbours: list of the people agents located in distance lower than
neighbours_distance (a distance in meters) to the agent.

<var type="int" name="size" init="5" const="true" />

<var type="int" name="red" init="1list color at 0" const="true" />
<var type="int" name="green" init="1list color at 1" const="true" />
<var type="int" name="blue" init="1ist color at 2" const="true" />
<var type="space" name="current building" init="nil" />

<var type="1list" name="my_neighbours" value="(self neighbours at

neighbours distance) of species people" />

We have to define the move_to_new_place action. This action moves the agent to the first
space agent (i.e. building) of which the capacity is higher than 0. Then, the people agent asks
the selected space agent to trigger its accept action. This action is described below. The

move_to_new_place action is defined as follows:
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<action name="remcve">

<arg name="one people" />

we item="one people" from="the agents of self"/>
name="capacity" value="capacity + 1" />
</actiond

We define as well an aspect for the space agents consisting in drawing the geometry of the
agent (a polygon) with a color that depends on the people agents on the building: the color of
the space agent is the mean of the color of the people agents:
<aspect name="gis">

<draw shape="gsometry" color="empty agents ? 'white' : [mean (self.agents collect
each.red), mean (self.agents collect each.green), mean (self.agents collect

/

edch. . bHlue) ™ /=

</aspect>
3.54. Output

Concerning the output section, we define a new display: in this one, the people and space
agents are displayed:

<display name="Town display" refresh every="1">
s name="space" aspect="gis" />
= name="people" aspect="simple"/>

4. Conclusion

In this paper, we present the last version of the GAMA platform (version 1.3) [2]. We
illustrated the capacities of this platform by a case study concerning the Schelling model. In
particular, we showed that GAMA allows by just changing few lines of code to pass from a
grid representation of the environment to geographic vector agents.

This version of GAMA is already used in several projects related to different application
domains such as the avian flu local propagation in North Vietnam [19], the rift valley fever in
Senegal, the brown hopper invasion in South Vietnam [20], the effect of emotions on waves
of panic [21] and emergency response in Hanoi [22].

The next version of GAMA, version 1.4, is going to include a new integrated development
environment (IDE) with a new modeling language. The goal is to ease the work of the
modelers by providing a less extensive and easier to learn language. This version will also
include all the classic features provide by most of the modern IDE (auto-completion,
automatic detection of errors, etc.).
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