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This study aims to analyze relationships of users and spatial configurations
using agent-based simulation systems under certain circumstances in a virtual
environment with agents that represent users of a shopping mall. Multi-agent
simulation methods are used to study emergent behavior patterns. A computer
model is generated to simulate user movements in a shopping mall. Today, it is
feasible to simulate the movement patterns of human societies at catastrophes
like fire and earthquake within the buildings. In this study, exposing the dynamics
of user-space relationship will help both students in architectural design
education and professionals in practice, to observe and solve design problems
before the construction of malls.
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Introduction
Today, computer aided architectural design (CAAD)
has more possibilities than before, because of the
developments in information, communication and
knowledge technologies (ICKT). The Use of artificial
intelligence (AI), particularly genetic algorithms (GA)
and agents in design, provide unlimited opportunities for designers. In architectural design, both in city
scale and building scale, agent simulations are being used for testing user behaviors in various disaster circumstances, and testing the building itself for
its resistance to cover the necessities in these situations. Ability of testing the interactions between
users and building before construction is especially
important for solving problems in early phases of

design. Therefore, to design a building that interacts
better with its users becomes easier and loss of time
decreases in the design process.
In recent years, some computer models about
traffic flows have been generated, but simulations of
user flows in public spaces and buildings are also important for architecture. There are some important
related studies such as UCL Depthmap (http://www.
vr.ucl.ac.uk/depthmap/: Jan 2007; Turner, 2001) and
EVAS (http://www.vr.ucl.ac.uk/research/evas/evas.
html: Jan 2007), Repast (http://repast.sourceforge.
net/: April 2006), PEDSIM (http://pedsim.silmaril.
org/: Jan 2007), curating an art exhibition with social
force model studies (Saunders and Gero, 2004), ecomorphic art gallery model (Turner, 2002), an agentbased model for London shopping streets; “Space
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layout affects search efficiency for agents with vision”
(Penn and Turner, 2003).
Simulation is a method used since a very long
time to express and evaluate the designers’ ideas.
Perspective drawings, 3D physical models and
3D computer models are used for generating the
simulation of designs from the conceptual phase
to the construction phase. The advent of powerful computer graphics software has provided new
technologies for producing visual representations
of designs; polygonal modeling, raytracing, radiosity
and virtual reality have allowed designers to generate increasingly realistic and immersive simulations
of their work (Saunders and Gero, 2004). Therefore,
more realistic and effective visual simulations can be
generated.
AI is a very important part of an agent-based
system. The utilization of AI is not only limited to
robots; it is also about understanding the origin of
intelligent ideas and using computers as investigational devices. The concept of AI was first derived
from a question “can machines think?” in the paper
“Computing Machinery and Intelligence” by Alan M.
Turing (Turing, 1950). AI aims to perform some accepted operations such as reasoning, explaining,
generalization and learning from experiences by a
computer.
In this paper, first the definition of an agent and
characteristics of agents are explained. Next, the
computer implementation – MallSim, which is developed to simulate movements of users of a shopping
mall, is described.

Agents and their characteristics
Today, there are various definitions in different studies used for explaining the word “agent” (Brazier
and Wijngaards, 2001; Janca and Gilbert, 1998; Jennings and Wooldridge, 1998; Nwana, 1996). Briefly,
agents are computer systems situated in an environment which can act autonomously to achieve their
goals. Every agent has an environment that consists
of other agents and the physical world. Agents can
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Figure 1
Agent model (adapted from
Gero),http://www.arch.
usyd.edu.au/%7Emary/
DECO2603/AgentModels.ppt:
March 2006

experience the environment by their sensors and
play an act with their effectors like living organisms
(figure 1).
According to Wooldridge and Jennings, agents
are software based computer systems, which have
the following important characteristics (Wooldridge
and Jennings, 1995):
• Autonomy: Agents operate without the direct intervention of humans or others, and have some
kind of control over their actions and internal
state (Castelfranchi, 1995).
• Social ability: Agents interact with other agents
and humans via some kind of agent-communication language (Genesereth and Ketchpel,
1994).
• Reactivity: Agents perceive their environment,
(which may be the physical world, a user via a
graphical user interface, a collection of other
agents, the Internet, or combination of all), and
respond in a timely fashion to changes that occur in it.
• Pro-activeness: Agents do not simply act in response to their environment; they are able to
exhibit goal-directed behavior by taking the
initiative.
• Mobility: It is the ability of an agent to move
around an electronic network (White, 1994);
• Veracity: It is the assumption that an agent will
not knowingly communicate false information
(Galliers, 1988).
• Benevolence: It is the assumption that agents do
not have conflicting goals, and that every agent
will therefore always try to do what is asked of it
(Rosenschein and Genesereth, 1985).

•

Rationality: It is the assumption that an agent
will act in order to achieve its goals, and will not
act in such a way as to prevent its goals being
achieved (Galliers, 1988).
According to these characteristics, the agents in
this study are mobile, veracious, benevolent and
rational.

Implementation of the agent-based
model: MallSim
The agent-based model developed in this research
aims to analyze relationships of users and spatial configurations using agent-based simulation systems,
under certain circumstances in a virtual environment
with agents that represent users of a shopping mall.
Target groups of this study are architects and special
design groups for interior designs of shopping malls.
These specialized groups design the interior relationships of shopping malls. In Turkey, such firms do

not exist, therefore, architectural firms often prefer
to hire such design groups from abroad. Thus, we expect that in the near future, this computer model will
be a useful resource for national architects.
The utilization area of the agent-based model is
the conceptual phase of design, before the application phase but no later than completing the entire
design decisions. Using the model on this gap will
help the designers to see the problems and change
the design according to the results from the model.
“Alexandrium I-II-III” Shopping Mall is selected
as case study. It is situated in Rotterdam, The Netherlands and it is very easy to reach by car, metro
or train. Because of its location, the mall became
a reference point and it is very commonly used.
Alexandrium Mall consists of three sections. “Alexandrium I” has a well known shopping concept.
“Alexandrium II” is composed of mega stores and
these utilize the street shopping concept. These
also form the link between I and III. “Alexandrium

Figure 2
Alexandrium I-II-III Shopping
Mall

Session 12: Pervasive Computing - eCAADe 25

561

Figure 3
First row: Alexandrium II;
second row: Alexandrium I
(March, 2007)

III” has specialized stores on furniture and interior
design (figure 2 and figure 3). First of all, some examinations such as the most preferred itineraries
of users, how and where they spend their time
inside the mall are made on the mall. Then, data
gathered from these analyses are transferred to the
computer model.

The third resource is studies about AI. As a result of
these studies, rules and limitations for agents are
developed and an agent-based model is generated
(figure 4).
This study can be briefly explained by a
function:
RE = f (T, R, E)

Developing agents
In this study, three resources are used for behavioral
modeling of users. The first resource is environment
and behavior studies gained by literature research.
The second resource is the factors that affect behavior patterns and itineraries of users. These data
are obtained from case studies on shopping malls
and related academic studies about similar subjects.
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RE: Basic relationships between environment
and behavior of agents.
T: Targets (the highest level goals)
R: Rules (rules are based on social and cultural
factors and every agent has to obey these rules)
E: Environment (agents are situated in this
environment)

Figure 4
MallSim – screenshot

Seeing
People try to avoid collisions and obstacles. Also,
they maintain a safe distance from objects and other
people. These data are adapted to the agents based
on Hall’s study (Hall, 1966). On every step each agent
controls its safe distance, if there is a problem the
agent makes necessary adjustments (figure 6).

Counting
Counting defines the duration of a certain activity.
Every agent (with or without a shopping list) has a

Figure 5
MallSim – flow chart of an
agent

The starting point of agents’ itineraries is the entrance door of the shopping mall and the finishing
point is the exit door. After an agent enters the mall,
it starts to walk towards its target. If it encounters an
obstacle, it walks through sideway of the obstacle.
When it reaches the target shop, it starts touring inside of the shop until it fills up the time. Then it walks
to the next target. After finishing all of the targets,
the agent leaves the system (figure 5).

Perception of agents
Perception of agents is inspired from Yan and Kalay’s
study and has four parts; Knowing, finding, seeing
and counting (Yan and Kalay, 2006).

Knowing
Agents enter the mall, knowing the entrances and
exits of the mall and also locations of all shops. Furthermore, they can perceive the environment so
they can avoid collision by detouring.

Finding
People prefer to use shortcuts to reach their targets
if the targets are in their field of vision. Only people
with vehicles use preset ways (e.g. bicycle, car, stroller, wheel chair) (Gehl, 1987). In this study, users are
constant customers. For this reason, agents calculate
the shortest way to their targets by shortest path algorithm (A* algorithm).
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•
•

preset touring time. Agents control their touring
time and occupancy rate of shops.

Conclusion and future work
MallSim is still in progress. However, the current version implies the main goal; a designer will be able to
see the user flow in a shopping mall to examine the
areas with high/low user rate.
In conclusion, high and low user density areas of
shopping malls can be observed by this simulation
model. In this way, poor locations (low user areas),
rich locations (high user areas), problem areas which
limit users’ movements and do not cover high user
rates can be determined and modifications can be
made before the construction phase. Today, because
most of the shopping malls are built without these
kinds of preliminary studies, users encounter different problems on disaster situations and even on
regular days. Some of the shops can not reach an
optimum user rate because of their poor location
or some parts of malls can not respond to high user
rate. This model will help designers to design more
efficient interior organizations.
In the future, the model will have these features:
• Avoid/desire crowded places
• Memory for agents (remembering past experiences)
• Using the system with dwg files
• Sitting action (beside walking)
• Indoor activities for users (inside of shops)
• Using the system with multiple floor plans
• Analyzing different days and hours (user-time
rate)
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Analysis and results with space syntax methods
Architect friendly interface (to make real time
changes on implementation)
Such a study can be implemented for all public
spaces, especially for traffic buildings like airports,
train stations, public transport, cultural centres
(cinemas, theatres, museums). In this study, exposing the dynamics of user-space relationship will
help both students in architectural design education and professionals in practice, to observe and
solve the design problems before the construction
of shopping malls. Also, this research can help designers to think about the users of buildings and to
incorporate users’ needs in the design phase more
than ever.
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