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Abstract. Agent-based modeling is now widely used to investigate com-
plex systems but still lacks integrated and generic tools to support the
representation of features usually associated with real complex systems,
namely rich, dynamic and realistic environments or multiple levels of
agency. The GAMA platform has been developed to address such issues
and allow modelers, thanks to the use of a high-level modeling language,
to build, couple and reuse complex models combining various agent ar-
chitectures, environment representations and levels of abstraction.

Keywords: Simulation platform, Agent-based modeling, GIS data, Multi-
level model

1 Introduction

Agent-based modeling (ABM) has brought a new way to study complex sys-
tems by allowing to repregent multiple heterogeneous entities interacting in a
non-linear fashion in a shared environment. Although it is now used in different
domains, ABM still struggles with two issues, First the lack of a comprchen-
sive and common representation of the environment(s) in which agents interact,
which limits its usefulness for models where the environment itself is to be rep-
resented as a complex entity. Secondly a difficulty to go beyond the classical
Object-Oriented Paradigm to express interactions between agents at different
levels of abstractions (e.g. agents composed of agents). Even though tools have
been proposed in the recent years, they are too complex for domain experts to
build their models without a strong support from computer scientists. For in-
stance, building a realistic model that relies on GIS data at different geographical
scales still involves complicated coding tasks in most ABM environments.

The GAMA (GIS & Agent-bascd Modeling Architecture) modeling and sim-
ulation platform has heen proposed to address such shortcomings. On one hand,
this open source platform allows the definition of agent-based models with com-
plex environment representations and generic multi-level capabilities. On the
other hand, it provides field experts, modelers, and computer scientists with a
complete modeling and simulation environment for building gpatially explicit
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A particularly interesting feature of GAMA iy the possibility to create agents
and to define their atfributes {in particular their shape) from real data using
shapcfiles. Conversely, this allows the modeler to integrate geographical data
into models under the form of active agents (one agents is crcated by geome-
try of a shapefile). In addition, GAMA manages the spatial projection of the
data (to get a spatially coherent model) and the reading of attribute values. In
order to cage geometries use and manipulation, high-level geometry transforma-
tions (e.g. buffer, convex-hull, etc.) and movement, primitives {e.g, shortest path
computation} are readily available in GAML.

3 Demonstration

GAMA can be used for lots of purposes including teaching, conceptual modeling
and applied research, We illustrate its power with applied and abstract uses'.

Applied models. GAMA has already been used in various large scale applica-
tions that share a strong focus on the interactions between agents and complex
environments. Epidemiological models have been developed to study avian flu
persistence in North Vietnam and rift valley fever propagation in Senegal. It has
been used to asscss the effectivencss of control policies on the recurrent invasions
of insects in the Mekong delta, to simulate rescue management in Hanoi afier
an earthquake or evacuabion organisation in case of a tsunami in Nha Trang
(Vietnam). The MAELIA project [3] uses it to study socio-ecological impacts of
water management policy in the Adour-Garonne Bagin (France).

GAMA can manage a large number of agents for real-scale applications,
for example, nearby 200 000 for the MIRO model (Figure 1) [1]. This model
addresses the issue of sustainable cities by focusing on one of its very central
components, daily mobility. Therefore, improving urban accessibility merely re-
sulis in increasing the traffic and its negative externalities (congestion, accidents,
pollution, noise...), while reducing at the end the accessibility of people to the
city. For that, an ABM has heen developed and applied to Dijon and Greno-
ble, two mid-sized cities (nearby 120 000 inhabitant) in France. The simulator is
used to realise scenarios determined by geographers for quantifying, for example,
gervice accegsibility and to organise serious game sessions for identifying cities
management strategies.

Abstract models. As presented in previous section, GAMA offers several mod-
eling capabilities, like multi-level simulation, seamless integration of GIS Data
or extensible architecture with plugin. Very simple conceptual models can be
developed and used for demongtration or conceptual proof. For example, the
multi-level architecture can be illustrated by a flocking example with Flock agent
dynamically created when nearby boids converge (an illustration can be watched

! Link to a video: http://code.google.com/p/gama-platform/wiki/VideosPresentation




wodapoosBoos wwoye|d-ewed/ /:dyy .

(666T) "II ‘uoisueAf] ‘AJISISAIU[) WIAISeMIIION ‘SUIPPOIN peseg-1ajnduo))
pue Suluwiwer] pejoeuuoy) Ioj Iejus)) ‘qiodel [eoruyds], ‘oSo[jaN ') ‘ANSUS[IA\ 'O
(z107) "sueg ‘eumny) N2y d 2WsIdAIU) 'Sisay} (JUd "S[epouwt paseq-juage
ur uoryejuaseadal Jo s[aAa] a[dijnur s[puURY 0 9IN3081IR [RUOljRIado Uy Y-( ‘OA G
(2102) 'JU02 ET.VINTHA 81 JO 001 "[01ju0d
a[eds-IjNwI pue Sulepou paseq-jusfe ‘ejep uoryeuriojul earydeiSosd sajeisajur jeyy
waojye(d woljRINIS © (YY) 'Y ‘[NoFoad " ‘Xnomoury “y- ‘0A “d I9Ipue|[Ie],
(2102) "911-207 "dd ‘Auewien ‘SPHT JO
‘0014 ‘Sunjew-uoisep ueld Suiddoid jo Burepow ay) o} uoryrolddy -A10ay} jerjaq
9Y} U0 paseq al1190s11ole Jusde [(J¢ MaU Y :'g nopnes) "Q ‘puomyJ, ' J ‘ISIpUe[E], ¢
(L007) sseasuo)
PI0AA ST UOIB[NUIG [BID0G SUDUBADPY JO "001J "UOIJEPI[EA PUB UOIIEBIYLISA 10] 2a1n)
-ONI)SBIUT A[UISSSE [9POUI AAIJRIB[08D Y [ 'SOA "N ‘I81[[0D) “ I ‘Mol “N YMON T
(z10g) "seqexnag ‘gHOH Jo oo1d ‘yoroidde Suljepow paseq-jusafe ue ‘A0
a3 03 ANqIqrssaooe [enpiarpul Sulaordua] (ures) QYN PUR "N ‘MEs[[IIey "y ‘soueqg

SeouaIajoy
surSnid umo xo) yim uopye(d o) pusixe 07 s1adojassp I0] ApINS v s [[om S8
‘aoma1a]el agendur] TV 911 ‘S[RIIOIN] [RI2ADS ‘0pIng Jafepowt aja[dwod © [jim

s30sT 59p1A0Id OS[R 9IS OTT, ,OIIS(PM §)1 UIOI] PAPRO[UMOD aq UED ‘ap0d 32IN0S
811 € (M SB ‘S[apot a7dUIRXa JO JOs B YA PO[PUN ‘YY) JO UOISIOA 18978 Ay ],

uoisnpuo) J

aepIay noRInUIE OHIN T *S1d

ﬁ"’:/m‘-é o, 8E
B A

¥ g

‘(a19®18q0 e pIEMO)] saAow A1 uoym) Jeoddesip
[[I4 320] O} UDIM pased[al 9q [[LM SPIOYH “BIBP [RNPIATPUI J19Y) WO A1jowo
-08 umo sy sandwod pue sjuaSe sproq saanjded juade ooy ay T, "(0apla a1y ul



