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Abstract. The agent-based modeling is now widely used to study complex
systems, Its ability to represent several levels of interaction along a detailed
(complex) environment representation favored such a development. However,
in many models, these capabilities are not fully used. Indeed, only simple,
usually discrete, environment representation and one level of interaction (rarely
two or three) are considered in most of the agent-based models. The major
reason behind this fact is the lack of simulation platforms assisting the work of
modelers in these domains. To tackle this problem, we developed a new
simulation platform, GAMA. This platform allows modelers to define spatially
explicit and multi-level models. In particular, it integrates powerful teols
coming from Geographic Information Systems (GIS) and Data Mining easing
the modeling and analysis efforts. In this paper, we present how this platform
addresses these issues and how such tools are available right out of the box to
modelers,

Keywords: Agent-based modeling, Geographic vector data, Multi-level
models

1 Introduction

The agent-based modeling has brought a new way to study the complex systems, It
allows to take into account different levels of interactions as well as the heterogeneity
of the entities composing the system.

Even if numerous simulation platforms exist, most of the complex models are still
developed from scratch. Indeed, very few platforms allow to directly work with
geographic vector data (series of coordinates defining geometries) and/or to define
multi-level models. 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.

In this paper, we present the last version of the GAMA multi-agent simulation
platform [1][2] and in particular the new capabilities concerning the integration of
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Remark that this kind of geographic data agentification was already used for other
application contexts such as cartographic generalization [8]. 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. Reciprocally, it is possible to go further
and to consider that every “spatialized” (localized and with a geomeiry) agents of the
simulation has a geometry and can be viewed as a geographic object in a geographic
dataset. In this way, the management of agents and geographic objects is equivalent
and trouble-free. Indeed, no difference is made anymore between agents and
geographic objects.

2.2 Geographic vector data in existing simulation platforms

Swarm [9] is a well-established simulation platform and inspiration for many others,
Its original version does not allow to integrate geographic vector data. However, a
library called Kenge [10] allows to load layers of geographic vector data. Practically,
this extension allows to create a cellular automata from a shapefile. In addition, an ad
hoc access to geographic data has been developed for specific models (e.g. [11]).
Unfortunately, they do not provide any spatial primitives neither the possibility to
store the resulied environment.

Netlogo [12] is also a well-established simulation platform. It is largely used for
educational purpose and for research, The GIS support has been added recently
through an extension [13]. It allows import and export of vector data and support the
projection system (the method used to represent the geographic data on a plane). The
attributes of the vector data are made accessible as well as their geometrical
characteristics (centroid, list of vertex, etc.). Some basic geometrical operations are
also available (bounding rectangles, union of pelygons, etc.). However, many more
advanced spatial analysis operation are not offered.

CORMAS [14] is a platform dedicated to the modeling in ecology and especially
the natural resources management where space representation and interaction is
essential. It proposes two environment modes: vector and raster. They share the same
organization of 3 classes «spatial entity», «agent», and «objects. This organization,
though being rigid, ease the development of model by abstracting the interaction with
environment, thus allows to switch from a discrete environment to a continuous (or
vector) one. Unfortunately, CORMAS provides only basic services for the discrete
environment, Moreover, GIS support is limited to loading and storing shapefiles (a
popular vector data format) and creating elementary areas. GIS primitives (union,
intersection, shortest path, etc.) and access to polygon attributes have to be
programmed. In 2008, Urbani proposed the SMAG (portmanteau word from SMA-
SIG or MAS-GIS in english) architecture linking a GIS and MABS simulator for
decision support system. The author implemented it over CORMAS, calling it
CORMGIS [15]. The integration is relatively basic as access to geo-referenced data is
done through a data-connection to ArcGIS. In addition, no GIS primitive (union,
intersection, etc) is available,

Repast J [16] is a modeling toolkit inspired by Swarm. As a toolkit, it provides a
structure with only basic services readily available, Different grids are implemented
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Example: the following GAML lines allow to save all the agents of the species
building in the shapefile shape_file_building.shp and to set the value of the attribute
NATURE of each geographic object according to the attribute nature of the agents:

5 species="building" to="shape file building.shp"
with="[nature:: ‘NATURE"]"/>
/_ Shapefile \

Bt . ( s;_rr!plq:tidﬁ_(eamg) \

=] Nature

1 Residential

2 Residential

3 Commercial

4 Residential /
/

Fig. 1. Example of geographic data agentification

In order to ease the manipulation of the vector geometries, GAMA integrates
different GIS features that are directly available through the GAML language. Thus,
GAMA allows to:

e Compute the area and the perimeter of a geometry.

Example: The following GAML line allows to compute the area of the geometry of the
agenl ag:
let name="the_area" value="ag.area" />
o Test if two geometries intersect, touch, cross, overlap each other.

Example: The following GAML lines allow to test if the geometry of the agent that is
applying the action intersects the geometry geom:
action="interection" return="is_true">
arg name="geomstry" value="geom"
da
* Compute the convex hull and the buffer geometry of a geometry.
Example: The following GAML line allows to compute the convex hull of the geometry of
the agent that is applying the action:

action="convex_hull" return="result"/>
e Apply translation, rotation and scaling operations on a geometry.

Example: The following GAML lines allow to rotate the geometry of the agent that is
applying the action with an angle of 90°:
action="rotation ">
arg name="angle" value="30"

e Compute the geometry resulting from the union, intersection or difference of two
geometries.
Example: The following GAML lines allow to compute the difference between the geometry
geom, and the geometry geom,:
<do action="difference" return="result">

arg name=" metryl" wvalue="geoml" /
_n

arg name="geometry2" value="geom2"




Juosh,=anTea ,Axjswoasb,=sweu Die
<,3Tnsa1,=uInjal ,uoT :LEZTL."]aj: §,=U0TJ0E Op

woa8 (uodLod)
Answoad oy Jo uojepEys oyl amdwod 0) MO[E SAUT] TINVD Summo[[o) syl :2jdwwxy
‘Anowoas e Jo uoia[ays 2yl Andwo) e

*(aj8ureLy pue arenbs) suoneassa ], jo ajdwexy -7 81

uonenbuel ]
Asunejsg

(%2eiq un
M]awoaﬁ =0

ALL it =2
uar.eusssai

"\‘

Wwoab,=antea ,Airjauosb,=sweu bHie
,1T0sS231,=uinisi ,uorjeTnbueTi],=U0TI0E Op
w028 (uo3k[od) Ansmoad
a1 jo uonemiueLy Arune[a( 2yl Indwod 0) MO[E s3ul] TINVD Juimoljo] oy, :9jdunxy

*(z 281]) Anawoad v uo (s[8ueLy 10 arenbs) uoneado uoneessal v A[ddy

Juosh,=snTen ,Axjswocsb,=2weu Hiex
Z3I0SaI,=uIniax "u‘g*qU*GQ 3158807 0,=UcTl0E OpP>
:uonor 213 Surkidde st ey jusde a1y 0] 18350[2 2Y) SL
1By woad Anawoad oy jo jurod ay) anduros 01 moffe saur] TAYD SUIMo[[o] sy, :2pdwwxy
‘uoreoo] Juafe oy} 0} 159500 2} ST 1By} A1owoasd e Jo jurod a1y andwio) e
op />
Juosh,=antea ,Axjswosb,=sweu bir
L.3TNSaI,=uanialx ,ut =0e[d,=U0T30E COp
woad
Ansuwoad oy apisur jutod wopuel e ndwod 03 MO[E saul] TINYD Suimor[oy sy, :2jduwxy

‘Anowos3 e apisur urod wopuel e anduwio) e

. Ailpwosh sancgubrau be,=anTesa ,pooyioqybrau,=awueu

:8p yuade a1 Jo pooytoqySiou ayy andwod 0] moffe saut] TIYD Sulmol[o] ayy, :ajduxy
"juafe oY) 0] SPJOYSAIL] UDAIT € UBY) J2MO] 20UBISIp
® e PazZI[Eoo] I8 jeyl siuafe o) [ o1 ‘jusfe ue jo pooyloqusdeu ay) aandwio) e
Jwoab,=antea ,Axjswesh,=sweu Hie ”
,,:n,'Lng-aJu_Lunan JAIjowoab T @0uelsSIpP,=U0TID® Of
‘w028 Anawoad o pue uonoe ay) Suikjdde st jeyy juasde ay Jo
Anowoad oy usamiaq oouelsip 2y} 2ndwod 01 Moj[e saul] TNYD Sulmo[[of ay], 2jdupxy

*(90UEISIP [BUIIUIU) SALIJAW02T OM) U22M]3q 20URISIP A Andwio)) e



e Compute the shortest path (or the distance) inside a geometry (line network or
polygon) between two points located in the geometry. For this computation, our
approach consists in modeling the geometry as a graph, and in computing from it
the shortest path linking the two points. In the context of a line network, the
modeling as a graph is trivial. In the context of a polygon, this one is based on a
Delaunay triangulation of the geometry: each triangle resulting from the
triangulation is modeled as a node and an edge represents the fact that two triangles
are adjacent. Figure 4 shows an example of graph computation. Two algorithms are
implemented for the shortest path computation: Dijkstra [18] and Floyd Warshall
[19].

Example: the following GAML lines allow to move the agent that is applying the action
toward the point the_target, at a speed of 5 km/h, inside the geometry geom (which can be a
graph or a polygon):

io action="goto"

arg name="target" value="the_target"

<arg name="speed" value="5 km/s"
‘arg name="geometry" value="geom"

Initial geometry Resulting graph

b eh |
»e il §
LA

Initial geometry Triangulation Resultinggraph

Fig. 3. Example of graph computation

3 Multi-scale Modeling

3.1 Context

Another advantage of the agent-based modeling approach is its representation
versatility. Indeed, an “agent” can represent any individual or aggregation/structure of
individuals of the reference system, at any spatial scale and across different time
horizons. Thus the modeler is free in her/his choice of the entities of the reference
system that will be represented by agents. This choice will depend on the level of
abstraction of the reference system the modeler is working with. This, in turn,
depends on the question he/she wants to answer with the model, on the data available
at hand, on the scale at which this data is described, etc.

In addition to the agent representing entities of the reference system, the modeler
can need to explicitly represent emergent structures. Indeed, during the simulation
stage (execution of the model), some structure can emerge: appearance of pheromone
trail built by ant [20], evolution of social group within a population [21], formation of
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Q& Q

| Update

.
@ building agent

@ ouilding block agent

Fig. 5. Update of an emergent agent (building block agent)

Figure 6 illustrates the “update” operation. It follows the example of city dynamic
simulation presented Figure 5. We consider that a building block agent composes of
three building agents. One building agent doesn’t satisfy the condition to belong to
the building block agent anymore. A free building agent satisfies the condition to
become a member of the building block agent. This operation helps the modeler to
remove one building agent from the building block agent and add one building agent
to the building block agent.

The “merge” operation allows the modeler to specify how several emergent
agents representing different structures can be merged into one unique emergent
agent. The fusion of their respective components then becomes the components of the
new unique emergent agent.

Figure 7 illustrates the “merge” operation using the same example as Figure 5 and
6. We consider a new building block agent (in yellow) has been created. This agent is
close enough to the existing building block agent (in green) to merge with it. The
resulting agent will be composed of the 5 building agents composing the two building
block agents.

@ building agent
. building block agent

Fig. 6. Fusion of different emergent agents

The purpose of the ‘““disposal” operation is to express when an emerging
structure should not consider to be an agent in the simulation anymore. The emergent
agent representing the structure is cleared out of the simulation and its components
become free.

Figure 8 illustrates the “disposal” operation. Following the example presented
Figure 7, we consider that three of the building agents composing the building block
agent died. Now, the remaining building agents are too far from each other to
compose a building block agent. Then, the building block agent is going to die.
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To manipulate the five specific operations in the lifecycle of an emergent agent
(create, update, merge, disposal, top-down constraint control), six GAML commands
are defined: creation, update, merge, disposal, enable and disable.

e The creation command allows to specify when emergent agents are created in the
simulation.

Example: the following GAML lines create a building block agent which has for
components the building agent contained in the list list_buildings:
e ELDN
reate with="[components::list_buildings]"
species="building"

e The update command allows the modeler to define how the constituent micro-
agents are added and removed from an emergent agent.

Example: the following GAML lines update the components of the building block agent that
is applying this command by adding the building agents contained in added_buildings and
removing the ones contained in removed_buildings:
<update
7 t name="components" value ="components + added_buildings -
removed_buildings"
</updates

e The merge command allows the modeler to define how several emergent agents are
merged.

Example: the following GAML lines allow to merge several building block agents (the ones
contained in the nearby_bb list) with the building block agent applying this command. All
the constituent building agents of the building block agents contained in the nearby_bb list
are added to the component list of the one applying the command. Then, the other building
block agents die (i.e. are removed from the simulation):
nerge

> over="nearby_kb" var="one_bb">
2t name="
one_bb.components" />

k target="cne_hb">

omponents" value ="components

do action="die">

</merge

e The disposal command allows the modeler to specify when an emergent agent is
cleared out of the simulation.
Example: the following GAML line specifies that a building block agent will be removed
from the simulation if it contains less than two building agents:
<disposal when="{length components) < 2"
e The disable command allows the modeler to disable certain behavior units
“appropriately. While the enable command allows the modeler to enable the
inactive behavior units.
Example: the following GAML lines enable the behavior “expansion” and disable the
behavior “destruction” of the building agent one_building_agent:

k target="one_buildi
2nable behavior=""'
e2naple behavior="'destruction

ng_agent"
"

xpansion
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macro-agent. This new modeling of the agents will allow to give more complex
behaviors to the agents and thus to improve the realism of the model.

Fig. 9. GAMAVI model

4.2 AROUND/ISSUE

The problem of emergency responses to disasters is a very serious and complex
social issue. It involves a large number of heterogeneous actors that have to work
together in a hostile environment. In particular the decision-making process of each
stakeholder and the coordination between them are quite hard to model precisely.

The aim of the ISSUE model is to simulate the relief effort and to learn human
strategies from various disaster scenarios. The devastated infrastructures and human
casualties are input GIS data for the rescue simulation. Rescue teams, such as
ambulances, fire-fighters or policemen are modeled and as agents. These agents are
moving along the road network and can communicate with each other to define a
rescue strategy. In the same way, the roads and the buildings are modeled as agents.
This agentification allows to give a dynamic behavior to the roads and buildings
during the simulation: e.g. a building impacted by an earthquake can collapse during
the simulation and block a road. Figure 5 shows a snapshot of the model implemented
with the GAMA platform. More details about the model can be found in [5]. In the
next version of the model, the multi-level modeling capabilities of GAMA will be
used to create dynamic groups of rescuers able to organize themselves to improve
their efficiency.

Fig. 10. ISSUE model
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