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ABSTRACT.

Agent Based Simulation (ABS) differs from other kinds
of computer-based simulations in that (some of) the
simulated entities are modeled and implemented in
terms of agents. The agents’ capabilities make ABS an
attractive simulation concept. Several researchers pro-
posed methods and approaches to develop ABS appli-
cations. Unfortunately, none of these methods or ap-
proaches takes into account the spatial and geographic
aspects of the system to be simulated or those of the
simulation environment. In our research we are inter-
ested in Agent-Based geosimulation and we focus on
the use of the ABS paradigm to build simulations of
human behaviors in geographic environments. This
paper aims to present a new generic approach that can
be used to develop agent-based geosimulation applica-
tions which simulate various kinds of system or agents’
behaviors in georeferenced virtual environments. In
order to illustrate this approach, we present a practical
example of an agent-based geosimulation application
which simulates the shopping behaviors of customers in
a virtual georeferenced world representing a shopping
mall. We also show how mall managers can use this
type of simulation to make informed decisions about
mall’s configuration with the objective of making the
mall more comfortable to shoppers.

INTRODUCTION

“Agent-Based Simulation (ABS) differs from other
kinds of computer-based simulation in that (some of)
the simulated entities are modeled and implemented in
terms of agents (Davidsson, 2000). The agents’ capa-
bilities make ABS more attractive than traditional
simulation approaches such as Discrete Event Simula-
tion (DES), the Continuous Event Simulation (CES),
and the Object Oriented Simulation (OOS). Several

applications are created using the ABS paradigm. Our
research concentrates on the use of ABS to build simu-
lations of human behavior in virtual spatial environ-
ments. “The simulation of human behavior in space is
an extremely interesting and powerful research method
to advance our understanding of human spatial cogni-
tion and the interaction of human beings with the envi-
ronment” (Frank et al. 2001). Several researchers used
this paradigm to develop applications that simulate
different kinds of behaviors in spatial environments.
For example, (Raubal, 2001) and (Frank et al. 2001)
presented an application which simulates wayfinding
behaviors in an airport. (Dijkstra et al. 2001) used cel-
lular automata to simulate pedestrian movements in a
shopping mall. (Koch 2001) simulated people move-
ments in a large scale environment representing a town.
In these applications, the spatial features of the simula-
tion environment (SE) are represented using maps,
cellular automata, etc. Other researchers, like (Moulin
et al. 2003), (Mandl 2000) and (Koch 2001) empha-
sized the importance of using Geographic Information
Systems (GIS) to represent the spatial and geographic
features of the simulation environment. With a good
representation of the spatial features of the SE it is
possible to create more plausible simulations of agents'
behaviors in spatial or geographic environment such as
pedestrian movement, migrations, road traffic, etc.
With the multitude of applications that emphasize the
spatial features of the SE, some simulation sub-fields
appeared such as spatial simulation, urban simulation,
etc. (Benenson and Torrens 2004). Recently, a new
form of simulation called geosimulation became
popular in geography and social sciences in recent
years. It is a useful tool to integrate the spatial dimen-
sion in models of interactions of different types (eco-
nomics, political, social, etc.) (Mandl 2000). This form
is supported by advances both in geographical sciences
and in fields outside geography (Benenson and Torrens
2003). (Mandl 2000), (Koch 2001) and (Moulin et al.
2003) presented MultiAgent-Based Geo-Simulation as



a coupling of two technologies: The ABS technology
and the GIS one.

- Based on the ABS technology the simulated enti-
ties are represented by software agents which autono-
mously carry out their activities. They can interact and
communicate with other agents. They may be active,
reactive, mobile, social or cognitive (Koch 2001).

- Using the GIS technology, spatial features of geo-
graphic data can be introduced in the simulation. The
GIS plays an important role in the development of geo-
simulation models. New methodologies for manipulat-
ing and interpreting spatial data developed by geo-
graphic information science and implemented in GIS
have created added-value for these data (Benenson and
Torrens 2003).

There are several research works dealing with simu-
lation development methods and applications. For ex-
ample, we can cite (Zeigler 1979) (Fishwick 1991)
(Fishwick 1995) (Tuncer et al. 1984) (Curwood and
Balderston 1963) (Banks 1998) (Averill and Kelton
2000) (Anu 1997) (Groumpos and Merkuryev 2002)
who proposed various simulation methods and applica-
tions. As mentioned in (Drogoul et al., 2002), these
methods and approaches, although useful when it
comes to understand how to design a simulation, have
some major drawbacks: (1) they do not specifically
address MultiAgent Based Simulation, but rather com-
puter simulation in general; (2) they are mainly task-
oriented, rather than model-oriented, and make it diffi-
cult to understand the difficulties found in translating
conceptual to computational models. (Ramanath and
Gilbert, 2003), (Drogoul et al., 2002) presented generic
methods and applications for ABS but, unfortunately,
none of these methods or applications takes into ac-
count the spatial and geographic aspects of the system
to be simulated or those of the simulation environment.
In our work we are interested in agent-based geosimu-
lation which is a recent concept in the computer simula-
tion fields and especially in ABS. Based on our litera-
ture review we did not found any method to support the
development of agent-based geo-simulations involving
a large number of autonomous agents evolving in a
georeferenced or geographic virtual environment (Ali
and Moulin 2005).

In this paper we propose a generic approach to de-
velop agent-based geosimulations that simulate various
kinds of spatial agent behaviors in virtual geographic
environments. We mean by spatial behavior, a behav-
ior which is performed in a geographic environment
and relates to the spatial features of such an environ-
ment. In this paper, we illustrate our approach using an
application simulating customers’ shopping behavior in
a mall called Square One in Toronto. To simulate the
shopping behaviors, which take place in a geographic
environment, we need to use a multiagent geosimula-
tion approach in order to take into account the spatial
characteristics of hundreds of shoppers’ activities (per-

ception, displacements, etc.) in the virtual geographic
environment (Ali and Moulin 2005).

The paper is organized as follows. In Section 2 we
present the main steps of our generic approach for the
development of agent-based geosimulations. In Sec-
tions 3 and 4 and in order to illustrate our approach, we
show how it enabled us to simulate the shopping be-
havior of customers in a virtual shopping mall. In Sec-
tion 4 we present how shopping mall managers can use
our shopping behavior simulation prototype to make
informed decisions about their mall configuration in
order to make it more comfortable and attractive to
customers. In Section 5, we present related works and
we conclude the paper.

CREATION OF A 2D-3D MULTIAGENT
GEOSIMULATION

Figure 1 depicts the main steps of our approach. These
steps are illustrated using the shopping behavior simu-
lation application.
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Figure 1. The main steps of our approach to develop
multiagent geosimulation

The following sub-sections present the first steps that
we propose to follow in order to systematically create
geosimulations. The text presenting each step is printed
in italics.

Identify the Geo-Simulation users’ needs

Simulation applications are generally used to support
decision making. In geo-simulation applications deci-
sions are influenced by the spatial characteristics of
the simulated system and the geographic features of its
environment. Before developing a geo-simulation ap-
plication we must study in detail the needs and goals of
its future users. This step is very important because it
helps designers to identify future users, the goals and
limits of the system and the goals and limits of the
simulation.



In the case of our shopping behavior geosimulation
application the users (mall managers) wanted to use the
application to simulate and visualize in 2D and 3D
customers’ shopping behavior in a shopping mall and
to assess the influence of different shop locations on the
customers’ behavior. This evaluation of different mall
configurations would help them to make changes in the
mall in order to provide customers with a more attrac-
tive and comfortable shopping environment. Based on
these needs we can limit the context of the geosimula-
tion application to the spatialized shopping behavior of
customers in a shopping mall.

Specify the characteristics of the system to be
simulated

Based on the users' needs we must identify the charac-
teristics of the system to be simulated as well as its
environment, including all the relevant spatial and
non-spatial features within the limits that were defined
in the previous step. This step is important because it
prepares the ground for the following steps.

In our shopping behavior simulation case we studied
the shopping behavior (the system) of people in a mall
(the environment). After several months of study of the
literature from several disciplines (consumer behaviour,
marketing, social psychology, etc.) we got the follow-
ing results.

The shopping behavior is influenced by several fac-
tors:

- Internal factors: Demographic (gender, sex, mari-
tal status, life-cycle, sector of employment, etc.), per-
sonality, values, culture, attitudes, habits, preferences,
emotional factors. (Duhaime et al. 1996).

- External factors: Family, reference groups, social
class, etc. (Duhaime et al. 1996).

- Situational and contextual factors: The environ-
ment ambiance (music, odors, temperatures, etc.)
(Deborah et al. 1991), the spatial and geographic
configuration of the environment (layout of the stores,
textures, color, etc.), and the social aspect of the
environment (the attendance of other people, staff, etc.)
(Eroglu and Gilbert 1986).

- Other factors: The temporal factor (period of time
in the day, in the week, in the month, in the year, etc.),
expected duration of shopping.

The shopping behavior can be thought of as composed
of several processes such as (Petrof et al.,1978): 1)
recognizing shopping motivations, 2) information
retrieval used to search for stores where to shop
(internal search from the memory or memorization
process; and external search in the environment or
perception process), 3) evaluating of alternatives
(choose a particular store), 4) decision making before
visiting a shop, 5) post-decision process (evaluation of
the experience after visiting a shop).

The presentation of the details of these factors and
processes is not in the scope of this paper. For more
details refer to (Duhaime et al. 1996), (Petrof et al.
1978) and (Deborah et al. 1991).

Create the geosimulation models

In order to be able to simulate the studied system

using a computer, we must model it as well as its
environment, taking into account their spatial and non-
spatial aspects. Since our simulation approach is based
on the agent technology, we use an agent-oriented
design method to create the models and represent the
entities of the simulation. The Agent-Based Unified
Modeling Language (AUML) (http://www.auml.org/) is
an example of such a method. In a simulation we can
distinguish two categories of entities: passive and
active agents.
The Passive Agent model (PA) is used to specify
entities which do not have behaviors. Usually, the most
important elements of the simulation environment
belong to this category. We must characterize the
spatial and non-spatial structures of the passive agents.
In the shopping behavior simulation case the majority
of the shopping mall entities such as stores, kiosks,
toilets, doors, entertainment areas, rest areas, smoking
areas and parking lots are represented by this category
of agents.

- Non-spatial structure (The Store PA): The non-
spatial structure of a Store PA contains the information
which is specific of a particular store in the virtual SE.
For  example this structure  contains  the
Store_Identification, the Store_Name, the
Store_Speciality, etc. The details of the non-spatial
structure of the others PA are not given in this paper.

- Spatial structure (The PA of the spatial
environment): The 2D spatial (geographic) structure of
the spatial environment PA is modeled using the GIS
software  GeoMedia  (http://www.intergraph.com/).
Figure 2.a presents the 2D spatial structure (GIS) of the
first floor of the Square One Mall. To create the 3D
spatial structure of the PA, we use the software
3DStudioMax (http://www.techanim.com/). A portion
of the 3D spatial structure of the first floor of the
Square One Shopping Mall is displayed in Figure 2.b.
To make our simulation environment more realistic we
used pictures of stores windows as textures that were
put on the facades of the stores in the virtual

Figure.2.a: The 2D spatial
structure of the simulation
environment agents

Figure.2.b: The 3D spatial
structure of the simulation
environment agents



The Active Agent model (AA) is used to specify entities
having behaviors. These entities actively participate in
the simulation. In this model we specify the data
structures of the entities (spatial and non-spatial
structures) and their behaviors (spatial and non-spatial
behaviors). In the shopping behavior case we only
consider one category of agents which represent the
shoppesnon-spatial structure (The Shopper AA): In the
non-spatial structure of the Shopper agent we take into
account the shopper’s characteristics which can
influence the shopping behavior in a shopping mall. We
specify the agent’s demographic profile (identification,
name, gender, age group, etc.), preferences, habits,
shopping goals, emotional states, as well as dynamic
variables (hunger, thirst, etc.), possession state (what
the agent owns), agent’s knowledge (what the agent
knows in the mall: the stores, the toilets, etc.), etc. A
dynamic variable is a variable whose values change
during the course of the simulation. Dynamic variables
can be used to activate certain behaviors. For example,
when the need to go to the toilet reaches a certain
threshold, the goal of finding a toilet becomes a priority
(Moulin et al. 2003))

- The spatial structure (The Shopper AA): The
spatial structure of the Shopper AA depicts the spatial
representation of the agent in the simulation
environment. For example, in the 2D simulation, the
spatial structure of the Shopper AA can be a point, a
circle or a square. In the 3D simulation, we represent
the agents’ spatial structure using a 3D shape (a 3D
mesh) which represents a young man/woman, an old
man/woman; we can choose the colors of clothes.

- The non-spatial behavior: In the non-spatial
behavior of the Shopper AA are included the main
processes of the shopping behavior which are not
related to the external environment such as the needs
detection process, the internal information retrieval
procd¥se egpatial behavior: The spatial behavior of the
shopper agent depicts the agent’s interactions with the
simulation environment (movement, obstacle
avoidance, path finding, etc.). For example, in a 2D
spatial behavior we can see the agent move from one
location to another. In a 3D spatial behavior, and using
a 3D mesh animation, the agent “walks” in the 3D
model of the shopping mall.

Select a geosimulation tool/platform/language

During this step the designer must choose the simu-
lation tool, platform or language that will be used to
execute the simulation models. Several simulation
tools, platforms and languages can be used to simulate
systems or behaviors. Naturally, a question arises:
How to select the appropriate simulation platform or
tool for a given application? Metrics to evaluate simu-
lation tools include modeling flexibility, ease of use,

modeling structure (objects, agents, etc.), code reus-
ability, graphic user interface, animation, hardware
and software requirements, output reports, customer
support, and documentation.

For our shopping behavior simulation we used a
generic platform called MAGS (Multi-Agent Geo-
Simulation) (Moulin et al. 2003) which can be used to
develop agent-based geosimulations that involve a
large number (thousands) of autonomous software
agents interacting in virtual geographic environments
(VGE). In MAGS the agents are capable to perform
“cognitive” and spatial activities in the VGE because
they perceive the objects contained in the virtual spatial
environment, the features of the ground, paths, roads,
buildings and other static objects as well as the other
moving agents (Moulin et al. 2003). They are also able
to navigate autonomously in the simulation
environment based on their perception and
memorization mechanism (Perron and Moulin 2004).
They also make decisions based on their goals and sub-
goals whose priority varies in function of their needs
(physiological, social, emotional, etc.) represented by
dynamic variables. The needs may be prioritized
according to Maslow’s classification (Maslow, 1970).

Collect and analyse the data used as input to the
Geo-Simulation

In this step we collect data and transform it in order
to feed the simulation models. If it is acceptable to
input random data in the simulation models, this step
can be very simple but the simulation may be
unrealistic. But, if we want to use real data we must
collect and analyse it before feeding it in the system.
Since we deal with geosimulations, we must collect and
analyse both non-spatial and spatial data. In our
approach we use OLAP and SOLAP techniques to
analyse the input data.

For the shopping behavior simulation case and in
order to have a realistic simulation we used real data
that our team collected in the Square One shopping
mall. In this section we briefly explain how we
collected the data and which techniques we used to
analyse it.

The data collection: The data characterizing the spa-
tial environment is recorded in a GIS and obtained after
processing different documents: maps, descriptions of
stores, etc. For the creation of the shopper agents we
did not have any data. Consequently, we decided to
build a survey to collect data about real shoppers visit-
ing the shopping mall. Thanks to this survey that was
conducted in the Square One mall during October
2003, we collected about 390 filled questionnaires. In
these thirty-pages questionnaires we collected a lot of
non-spatial data (customer’s demographic profile, hab-
its, interests and preferences) and spatial data about the
shopper spatial knowledge (preferred entrance doors,



preferred parking lots, usual paths followed during the
shopping trip, the shopping areas which are best known
in the shopping mall). The data has been collected on
paper questionnaires. In order to digitalize this data,
and using Microsoft Visual Basic, we programmed a
software that is used to input non-spatial and spatial
data about the shoppers into a Microsoft Access data-
base.

The data analysis: OLAP and SOLAP analysis: The
survey provided lots of non-spatial and spatial data
which must be analysed. To do this analysis we used a
multidimensional analysis approach based on On Line
Analysis Processing (OLAP) for the non-spatial data
and on Spatial On Line Analysis Processing (SOLAP)
to analyse the collected spatial data (Bédard and al.
2001). OLAP-SOLAP approach is geared towards
decision-support as it is designed from the start to be
easy and rapid (Rivest et al. 2001).

For the shopping behavior simulation case, an example
for the OLAP and SOLAP analysis results is presented
in the two following points.

- OLAP analysis: Using OLAP analysis we can
analyse non-spatial variables which are called
Dimensions. We can also determine the influence of
one dimension on another. For example, we can
determine the influence of the gender dimension on the
color or music preferences dimensions. Actually, we
analysed results about all the dimensions of our model
of the Shopper agent. We can further analyse the data
by combining dimensions together.

- SOLAP analysis: Using a SOLAP analysis we can
determine the relationship between a spatial dimension
of the environment and the non-spatial dimension of the
Shopper agent. For example, we can determine the
relationship between the Gender dimension of a
shopper and the choice of the shopping corridor or the
shopping floor in a shopping mall. Figure 3.a presents
the entrance doors of the first floor of the Square One
shopping mall and Figure 3.b presents the graphical
representation of the distribution of the participants on
the dimension Floor_Entrance_Door in the shopping
mall. We can see in Figure 3.b that the most frequented
mall’s doors are Door 0 (97 shoppers) and Door 10
(125 shoppers).

Figure. 3.a: The entrance doors of the first floor
(Square One Mall)
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RUN & VALIDATE THE GEOSIMULATION

In this section we present the steps of our method
which consist in running the geosimulation, collecting
relevant data generated by the simulation, and
validating the geosimulation models, and using the
geosimulation for decision making.

Execute the geosimulation models

During this step we implement the simulation
models on the selected simulation
tool/platform/language using the data characterizing
the system and its environment. During this step we
must respect the constraints and limits of the selected
tool/platform/language such as the input data
structures.

To develop our shopping behavior simulation, we
used the MAGS platform. For each simulation we must
prepare a simulation scenario. In such a scenario, we
must indicate for example which percentage of shopper
agents (with specific characteristics) enter at each door
at given times. To create this scenario we use a
dedicated interface that belongs to the MAGS platform.

After the simulation scenario preparation we can
execute the simulation models in the MAGS simulation
engine. Figures 4.a and 4.b present respectively 2D and
3D screen of the simulation execution using MAGS. In
this figure we can see the shopper agents who navigate
in the environment and visit stores to achieve their
shopping goals.

B Clients number




dynamic variable reaching a given threshold). Since
these needs have a bigger priority than the need to shop
or to play, the agent temporarily suspends its shopping
trip and goes to the locations where it can eat some-
thing or to the restrooms. In our geosimulation proto-
type the priorities of the activities of the shopping be-
havior are defined on the basis of Maslow’s hierarchy
of needs (Maslow 1970).

s‘

4

'Figure.4.b: A 3D simulation
execution: The shopping

! Figure.4.a: A 2D simula-
tion execution: The shop-
ping behavior in the Square

behavior in the Square One
One shopping mall (To- shopping mall (Toronto)

ronto)

In the simulation prototype the Shopper agent comes to
the mall to visit a list of specific stores or kiosks (by
name or type) that are chosen on the basis of the
agent’s characteristics and of the data collected during
the survey. It enters by a particular door and starts its
shopping trip. Based on its position in the mall, on its
spatial knowledge (memorization process) and on what
it perceives in the mall (perception process), it makes
decision about the next store or kiosk to visit (decision
making process). When it chooses a store or kiosk, it
moves in its direction (navigation process). Sometimes,
when it is moving toward the chosen store or kiosk, the
agent can perceive another store or kiosk (perception
process) that is in its shopping list and that whose loca-
tion was not in its memory. In this case, the Shopper
agent moves to this store or kiosk and memorizes it
(memorization process) for its next shopping trips. The
shopper agent accomplishes this behavior continually
until it visits all the stores or kiosks which were on its
visit list or until it runs out of time for its shopping trip.
If the shopper agent has still time for shopping and
some stores or kiosks of its list are in locations un-
known by the agent, it starts to explore the shopping
mall to search for stores or kiosks (exploration mode).
When the shopper agent reaches the maximum time
allowed to the shopping trip, it leaves the mall.

The Shopper agent can also come to the mall without a
specific list of stores or kiosks in order to explore it. In
this exploration mode the Shopper agent follows its
preferred paths in the shopping mall. In this mode the
moving action of the Shopper agent to the stores, ki-
osks, music zones, odor zones, lighting zones, is di-
rected by its habits and preferences. For example, if the
Shopper agent likes cars and it passes in front of a car
exhibition, it can move and stop to attend this exhibi-
tion. To extend our simulation prototype we can simu-
late the shopper reactions to the mall’s atmosphere. We
can insert special agents that broadcast music, lighting
or odor in specific areas. When the shopper agent is in
the exploration mode; if it perceives and likes the music
or the lighting or the odor broadcasted in these areas, it
can move toward them and possibly enter the store
increasing its level of satisfaction.

During its shopping trip the Shopper agent can feel the
need to eat or to go to the restroom (simulated by a

Collect and analyse the data generated by the Geo-
Simulation

To be useful, the simulation application must return
meaningful results. Based on these results and on the
analysis of these results, the users can make decisions.
In our approach and in order to analyse the simulation
output data, we use the same OLAP and SOLAP analy-
sis techniques that are used to analyse the simulation
input data. It is important to indicate that the simula-
tion output data is generated by a specific type of soft-
ware agents: Observer agents.

In the example of the shopping behavior simulation
we collect data from the models execution thanks to
special software agents called Observer Agents. The
role of an observer agent is to collect data from the
shopper agents which come nearby (in the observer
agent’s perception range) and to store this data in files
or databases. When the simulation execution ends, we
can analyse the contents of these files or databases in
order to make a report about the simulation results. We
can collect non-spatial and spatial results during the
simulation. Using again our OLAP and SOLAP tech-
niques and tools we can analyse these results. For the
shopping behavior simulation example, we designed
the structure of the Observer Agents that collect the
simulation results and then we worked on the analysis
of these results. For example, Observer agents located
at the entrances of the virtual shopping mall record the
number of Shopper Agents entering and exiting the
shopping mall. Other Observer Agents count the num-
ber of Shopper Agents going through specific areas.
Other Observer Agents collect different data such as
the Shopper Agents’ satisfaction when exiting the
shopping mall. This Observer agents’ activity is similar
to conducting a survey in the virtual environment of the
same kind as the one we conducted in 2003 in the real
shopping mall. Hence, we are able to use the same
OLAP and SOLAP analyses that we used to analyze the
data of the survey conducted with real shoppers.

Verify and Validate the Geo-simulation models

During this step we can compare the simulationmodels
under known conditions with the system that we simu-
late. This step not only ensures that the model assump-
tions are correct and consistent, but also enhances the
users' confidence in the simulation models (Anu 1997).



Based on the simulation input data and the simulation
results we can verify and validate our simulation mod-
els.

In the case of shopping behavior simulation, we did
not perform this step yet. To this end, we are investigat-
ing various verification and validation techniques to
verify and validate simulation systems. These tech-
niques have to be customized for geo-simulations.
Currently, we plan to use the technique of validation by
comparison between the simulation models and the real
system which is simulated. We plan to collect data
about real shoppers in another mall and compare them
with the Agent-Based Geo-Simulation output results in
order to validate the shopping behavior models.

Test and document the Geo-Simulation

During this step we document and test the simula-
tion. In the documentation we present the results of the
system analysis, the simulation models, the selected
tool/platform/language, a guide to use the simulation
interface, the input/output data analysis results, etc.

Currently, we have documented a large part of our
shopping behavior Geo-Simulator. We hope to com-
plete this documentation and to deliver it to the final
users (the Square One shopping mall managers) in the
coming months.

Use the geosimulation for decision making

The last step of our approach is to exploit the results of
the multi-agent Geo-Simulations in order to for exam-
ple:

- Understand the system to be simulated by observ-
ing various simulations carried out over long periods
of time using the Geo-Simulation platform.

- Compress time to observe a system over long peri-
ods or expand time to observe it in details. To this end,
the user can control the simulation time step.

- Experiment the system in new situations or con-
texts in order to assess the influence of different deci-
sions.

Our shopping behavior simulation can be used by
shopping mall managers to make decisions related to
the spatial configuration of the shopping mall. The
shopping mall manager can change the spatial configu-
ration of the virtual mall (change a store features or
position, close a door or a corridor, etc.). For each
change he runs the simulation and collects the results.
By comparing these results he can make decisions
about the best spatial change or configuration for the
shopping mall. How to propose a systematic way to
carry out these comparisons is still an open research
area.

To illustrate the use of the Shopping behavior geo-
simulation tool we used 2 simulation scenarios. In the

first one we launch a simulation with a population of
390 shoppers similar to the population of customers
interviewed during the October 2003 survey (Figure.
5.a). This first scenario generates for us output data
about the routes that the Shoppers Agents follow in the
shopping mall. In the second scenario we exchange the
location of two department stores: Wal-Mart and
Zellers (Figure. 5.b). We launch the simulation again
and we generate the output data about the routes of the
same population of Shopper Agents. By comparing the
output data of the two scenarios we notice the differ-
ence of the paths that the Shopper Agents followed to
attend Wal-Mart and Zellers stores (Figures 5.a and
5.b). In these figures the flow of the Shopper Agents
which pass through a corridor is represented by a line
which is drawn in the middle of this corridor. The
width and the color of this line are proportional to the
flow of Shoppers agents that pass through the corridor.
If this flow grows, the width of the line grows and its
color becomes darker. The simulation output analysis
shows that corridor X is less frequented in scenario 2
than in scenario 1 (Figure. 5.a). However, corridor Y is
more frequented in scenario 2 than in scenario 1 (Fig-
ure. 5.b). By a data analysis on the characteristics’
dimension of the Shopper Agent we can see that in
scenario 2, most of the Shopper Agents that go through
corridor Y are female and they come to the mall to visit
female cloth stores. If the mall manager chooses the
mall configuration of scenario 2, he may think of rent-
ing the spaces along corridor Y to female cloth stores.
The data analysis of the geosimulation output (non-
spatial and spatial data) is implemented in an analysis
tool that we developed using Microsoft Visual basic
6.0. This user-friendly tool uses the data generated in
“Output files” by the Observer Agents. Then, based on
a “Dimension file” which contains a hierarchy of di-
mensions, it computes measures for one dimension
(i.e.. Gender or Age group) or for a combination of
dimensions (i.e. Gender and Age group) using an
OLAP (On Line Analytical Processing) analysis ap-
proach. These measures are recorded in “Analysis
files”. Then, the tool’s interface uses the data contained
in the analysis files in order to display multidimen-
sional non-spatial and spatial results. Non-spatial
analysis is the result of crossing non-spatial dimensions
related to shopper agents. Spatial analysis is the result
of crossing non-spatial dimensions with the position of
each Observer Agent (corridor) which represents a
spatial dimension.
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Figure. 5.a: The spatial data analysis in Scenario 2

RELATED WORKS AND CONCLUSION

Some systems such as as traffic systems, urban sys-
tems are spatially explicit (objects are associated with
locations in geographic space) and exhibit mobility
(they move around in the environment). It is relevant to
simulate them using the ABS paradigm. Unfortunately,
we cannot follow one of the methods or approaches
proposed by (Zeigler 1979) (Fishwick 1991) (Banks
1998) (Anu 1997) (Groumpos and Merkuryev 2002)
(Ramanath and Gilbert, 2003) (Drogoul et al., 2002) to
simulate them. The reason is that these methods do not
take into account the spatial and geographic aspects of
the system to be simulated or those of the simulation
environment. In our work, we are restricted to a recent
simulation concept called geosimulation and we pro-
pose a generic approach which can be followed to de-
velop 2D-3D Agent-Based applications that simulate
some behaviors which are performed in geographic
environments. What distinguish our approach is that we
take into account the geographic characteristics of the
agents and their virtual environment when we develop
the simulation. These characteristics are not taken into
account (or at best only partially) by existing methods
despite their importance in the system to be simulated.

To illustrate this approach we presented an Agent-
Based geosimulation application in which we simulate
the customers' shopping behavior in a virtual mall. Our
simulation prototype is still under development. Conse-
quently, we did not illustrate some of steps of the pro-
posed approach, but this will be done in the near future.

In few months we hope to go through the two final
steps (verify/validate our Agent-Based geosimulation
models and test/document the geo-simulation) of our
approach and to apply them to our simulation prototype
in order to deliver a final simulator to its future users.

In conclusion, our research has a very good poten-
tial for innovation. To our knowledge it is one of the
most elaborated existing simulations of shoppers be-
havior in a mall because it takes into account both the
agent’s cognitive abilities (perception, memorization,
decision making) and the spatial behaviors of shoppers
when moving in a georeferenced environment.
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