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AGENT-BASED MODELING AND SIMULATION
FOR FOOD COURT SEATING DESIGN

M. EL-GOHARY?, O. TOLBA2? AND A. EL-ANTABLI 3

ABSTRACT

Designing a spacthat is functionally based n t he user s behav
executed accor di ng t.®heairh ef thia resedrahts ooexplore pr e
how using behavior simulations of the expected users could benefit the design process
and be used to evaluate the design propo3ais. paper proposesn experiment to
test the usage ofAgentBased Modeling and Simulation (ABMS) in the design
assessment of the seatiagangemenin a food court.The ABMS framework is
applied to a model of an existingfood court then develops a score during the
simulation that determines the turnover rate of cliefdtseating design variatictiat
proposesmprovementsto the original designs tested against the same behavioral
simulationfor comparisonThe simulaton of the proposed design showed an increase
in the turnover rate by 12%, its score v2&® versus the224 for the original design.

The framework was useful to the assessment of the design proposals although it still
needs some technical devetoent formore accurate results.

KEYWORDS. ABMS, architectural design assessment, behawmoulgtion.
1. INTRODUCTION

Designing a space requires that the architect should be able to predict how the
users would use it, but due to the complexity and the cost afoti&ruction process,
the assessment of such qualities are only available after the space is alreaatydbuilt
sometimes could even be unavilablhat, of course, is risky especially when the
project is ofa high cost and depends functionally on thes er s’ [b&bhavi or
Considering that # most important element of an environment is people, it is of great

and crucial importance that the professional designers of the built environment put into
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consideration how people respond to it. To examinerd#i@ionship betweerthe
environment and peopl e, the focus shoul ¢
stimuli or features affect the behavior of its ugérst].

Despite having various tools to help in predicting and evaluating various
characteristics obuilding performances such as cost, structure stability, and energy
consumption, architects have no way of predicting the performance of a building
before it iIs constructed and occupied fr
occurs between the pected behavior of users and how they actually behave. This
| eads to inefficiency and users’ di ssat.i
over [1]. Statistical analysisare usedto show that thanethodof human behavior
simulations helps in findi g unf oreseen probl ems, t est
functionality and validity, conducting a more efficient experimentation process, and

all ows relative ease [2,§6]lt he solution’s de
The approach used for simulating this human behavior is Afesed

Modeling and Simulation (ABMS). It is basically used to simulate and model systems

that are mainly composed of autonomous and interacting agents. It is a way of

model i ng ¢ o mynamisgs, tlogessetiganizing sybtems often create an

emergent order. It includes also models of behavior whether human or otherwise to

7

observe how the agent’s behaviors and i1
interactions cause the emergence afttgrns, behaviors, and structures that were not
explicitly programmed into the systej#, 8]. ABMS could thus be used to roughly
predict the performance of an unbuilt space in relation to the expected behavior of its
users.

This paper uses ABMS to ass¢le design of the seating arrangement in the
food court of a shopping mall. The main questions of the research are: 1) In what ways
can behavior simulations of users affect the design of the seating arrangement in food
courts? 2) Can ABMS be used to assd#ferent design proposals for food courts?
The following sections discuss the literature upon which this research is based, the

design and methodology of the experiment and the results respectively.
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2. BACKGROUND

This research relies on two maireas of study; environmental psychology and
ABMS. Each section discusses briefly the studies that were related and used to design

the process.

2.1 Environmental Psychology: The Behavior of People in Built Environments

Environmental psychology can ldefined as the relationship between the
behaviors and experiences of people and their built environf@gniThe way to
examine the relationship between the environment and people is by focusing on how
the behavior and emotions are affected by the amhimhpphysical stimifeatures of
the environmen{3, 4].

The literature suggestbat people choose to locate themselves in relation to
prominent architectural features, which have a significant effect on their desire to stay
in the place and alsaffect their emotional comforfl0, 11]. Meanwhile, some
scholars propose that people feel comfortable when they are located on the perimeter
of spaces or as they get closer to areas that provide psychological protection such as
sculptures or fountaing3, 12]. Other scholars showed that, in dining seating
arrangements, people are more likely to choose the tables that gave them a greater
sense of privacy. These tables are typically placed in close proximity to architectural
features like walls or windowd.0, 13]. Finally, scholarsvho studied the relationships
between meal duration, spending, and seat features, argue that tables that are placed
close to the kitchen or areas with high traffic where far less desirable than other tables.
More importantly, wHe people spend less time at those less desirable tables, they
spend the same amount of money that anyone would spend on more desirable ones
[13, 14].

The literature thus suggests that the most desirable tables in a dining seating
arrangement are located the perimeter of the dining area, or near architectural
features that provide them with privacy and security, and away from the kitchen and

high traffic areas. This paper uses ABMS to simulate the above behavior in a food
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court inside a shopping mall. €hfollowing section explores the theoretical

foundations of ABMS that relate to the proposed simulation.

2.2 ABMS

The virtual Si mul a whether theyfare peoptewordnst’ beh:
an active scope of research in ABMS. The methods for anglyaiowd simulations
could be classified into two categories: The first is the macroscopic method which
focuses on the simulated crowd as a whole rather than each agent on its own. The
second category is the microscopic method which concentrates on thierdeand
behaviors of each agent separately as we
[15].

One example of the latter method is behavioral models (of humans er non
humans) typically used for the observation of the major effects of the behawbrs
interactions of agents. These interactions cause the emergence of patterns and
behaviors that were not explicitly programmed in the mpded]. Based on the same
study[7], the structure of a typical agelshsed model has three elements; 1) a group
of agents programmed to simulate certain behaviors and attributes, Ajefuedd
relationships and methods of interaction between agents, and 3) an environment for the

agentsa interact withThe authorar gue t hat the agent’s mos

characteristic is its ability to act autonomously, which means that it can act on its own

without any external guidance. They describe the essential characteristics of agents a

follows:

1) Each agent is a unique individual that should be easily identified, recognized and
distinguished from other agents.

2) Any agent should be able to make decisions and reactions based on its interaction
with the environment and other agents as well (as long as those interactions are
related to situations that are interesting to the model).

3) The agent must have a stater(gar to the state of a system); this state consists of

7

the needed variables to the agent’s curr
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4) Each agent interacts with other agents and consequentlynnflles t he ot her
behavior. his interaction has several protocols for esav behaviors such as
communications, movement, and response to the agents and environment. The

agents can recognize and differentiate the traits of each other.

3. METHODOLOGY

This research uses ABMS in the assessment of seating arrangements id the foo
court of a shopping mallThe behavior of the expected users of the space is fed to a
designed behavioral model then tested against the existing food court. During the
simulation a score system is applied to track the turnover rate of tables and tise agen
are closely observed for emergent behaviors. Afterwards the food court design is
improved according to the results of the simulation to test the validity of the behavioral
model.

To implement the process of the simulation described ablogee aire twanain
featuresthat required developmeri) the physical space, and 2) the agents. The first
step was to acquire the floor plan of the food court and produce a 3D model for it. The
second step was to encode the behavior of the agents to perform spskgicTthe
final step was to run the simulation against the 3D mdktelthoroughly explain the
design of the simulatigreach of the following subsections will discuss a separate

feature

3.1 The Agents

The agents in this simulation represent the actual customers of the food court.
They are divided intohreeroles; the group leader, the shopper and the followers. The
leader is the decision makavho picks the table awrding to the options in Tablke
S behavi orpredentpdefigils on the fl ow

The followers follow the leader to their seats on the same table, the number of

The agent
followers change according to the number of agents in the group; a group of four

would have a leader, a sh@ppand two followers while a group of six would have a

leade, a shopper and four follower§he meal duration of each group depends on the
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location of their table. Thduration clock starts counting dovirom the moment they
arrive at the table. After thieme is up the group leaves the laland exits the food
court area

Tablel. Criteria forpreference
(AF = Proximity to Architectural Features, SH = Distance to Shops)

Most Preferred Preferred Intermediate Less Preferred Least Preferrec

. : Preferance : -
(Optionl) (Option 2) (Option 3) (Option 4) (Option 5)

AF1l and SH1 AFl1land SH2 AF2and SH2 AF2and SH3 AF3 and SH3

AF2 and SH1 AF1 and SH3 AF3 and SH2

AF3 and SH1

The choice of tabl es depends on t wo
architectural features (AF) and its distance to shops (SHE proximity to
architectural features also has a point scale of 1, 2, and 3 but this time 1 is the closest
(best for the cknt) while 3 is the farthest from the architectural features (worst for the
client). On the other hanthedistanceto food outlets is assigned a point scale of 1, 2,
and 3 where 1 is the farthest from the shops (best for the client) and 3 is thetolosest
the shops (worst for the client).

The tables are categorized as five options. Option 1 includes the most preferred
tables that are the closest to any architectural features (AF1) and the farthest from the
shops (SH1). Option 2 includes the tables thratether the closest to architectural
features (AF1) and of intermediate distance to the shops (SH2) or those who are of
intermediate distance to the architectural features (AF2) and are farthest from the
shops (SH1). The same logic applies to options &)d 550 as per Tablé the agent
in this simulation checks if any table in option 1 is emptgot he proceeds to option

2 and so on.
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The behavior of each agent is technically appliealgames enginespic games
unreal egine 4 (UE4)version 4.1 through behavior trees. A spawner is placed in
the environment that spawns agents periodically. Each agent behaves according to its
own behavior tree which is made up of a sequence of tasksuhs its role in the
simulation. Those behavior trees are all controlled by the spawners in the level
blueprint. The behavior tree is designed in reference to the flow chart.ifh. Fighen
the simulation runs, all agents start spawning and inhabhmdobd court where each
table has a trigger volume that adds a point to the score each time acragsatit,

this score is basically the turnover rate of agents within the duration of the simulation.

3.2 The Environment

This section describes the rationale used in encoding the behavior models in the
3D model. It starts by describing tbeginal seating arrangement of the food coast
it exists in the shopping malk then classifies the tables according to their dbita
Last, it shows the diagram upon which the agents pick their tables in the simulation.

The first step to understand the environment is analyzing the existing plan as
shown in Fig. 2Unlike mostfood courts, the one chosen for this research idlytota
enclosed from three sides, this, to a certain limit, restricts the use of thaspatiag
activities most of its occupancy timédhe plan shows the location of shops, columns,
the entry and exit zones for the food court, the boundaries of the, dpactypes of
tables and their distribution and the circulation paths for the users of the space.

Figure 2 shows a horizontal projection of the 3D model of the food court. The
food outlets surround the seating area from all sides and are only sepgraisis
The two zones for entry and exit are both on the east side of the court. There are four
types of tables in the court, which are differentiated according to the number of seats
each table affords as shown in the above figure. The food courtreod@itables for
single seats, each table has 10 seats. It also contains 8 tables with two seats, 66 tables
with four seats and 36 tables with eight seats. All seats and tables are anchored to the
ground and distributed as illustrated in F&j Those seat and tables have different

proximity to the existing architectural features as shown in Fig. 3.
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Fig. 2. The plan of thexistingfood court

Figure 3 illustrates the proximity of tables to the existing architectural features

(the columns and the backside of the central shops). TheMefrredtables are the

closest to any of the architectural features, the Intermediate onlessti®se and the

Least Preferredones are the farthest from any of those architectural features. The

classification of the tables is based on the relative proximity from the architectural

features.The other classification of tables depends on their proximity to the stsops

shown in Fig. 4.
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Figure 5 illustrates the overlaying of the proximity of tables to architectural
features and fad outlets. S@s described inThe Agent$ section, the agents check
the Most Preferred tables at first.there are no tables availapteey check the next

option and so on.
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Fig. 5. The proximity of tables to both architectural features and food outlets.
3.3 The Design of the Simulation

The folowing design builds heavily on ABMS$heoreticalwork [7]. The
simulation is used to experiment with the possibility of using behavioral simulation in
the assessment of seating arrangements in food courts. The ABM8ach was
chosen because the problem is related to human behavior so feeding the virtual agents
with those exact human behaviors allows designers to assess those arrangements
virtually.

The agents in this experiment act like human beings who visfodtecourt to

have a meal. The behavior of agents can be broadly described as entering the food
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court, choosing a food outlet, ordering food, picking a table, eating, then leaving. All
of the attributes of agents are static; this means that no variabhgeshauring
runtime. The attributes include a special ID for each agent, a group state (how many
agents are there in the group entering the space) and whether this agent buys food or
just waits for another one to get it for him/her.

The seating area is saunded from three sides by food outlets. The tables are
anchoredcome in four variationsand are distributed as shown in Fy20 columns
interrupt the sequence of tables and act as a permanent architectures feathee
space. The only exit or entry is from the east side of the food court. Mobility of agents
is the most important aspect of the simulation since each behavior assigned to the
agents includes motion except for the time they wait at the table fog eatiat the
shops for getting food.

The agents behave differently according to their role. 1) The group leader
chooses a table that has enough seats for the whole group and that is not occupied by
another agent. The leader then gets to decide the locattitime table. The most
preferable location is the one closest to the architectural features and farthest from the
outlets. If none of the tables with those specs is empty the agent gets to compromise on
one of those qualities step by step till he reachesnorst location which is closest to
the outlets and farthest from the architectural features. The leader then decides the
duration of eating based on how good the location is (the better the location, the longer
the duration would be). 2) The shopper abes a random shop and stays there for a
while then joins the rest of the group to eat. 3) The followers are simply the rest of the
agents in the group that follow the leader in and out of the food court. Afterward, all
the agents leave the table and éx& food court.

The agents avoid the seats that are being occupied by other agents while the
interaction with the environment is apparent in behaviors such as: standing in front of
an outlet for a reasonable time to order food, avoiding collision with igdlys
elements, sitting only on chairs and determining the duration of the meal based on the

table’s | ocati on.
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The agents’ behavior i n relation to
literature discussed above. However, the duration of staying at eaclantdbilee rate
of accessing the space by agents is based on field observations of the actual space.

This is elaborated thoroughly in the Data section.

3.4 The Data

As mentioned abové h e a g e n taldata idderivexd ¥ronoliterature and
observations. The data derived from the literature (as discussed in the Background

section) is that the agents preference |
fixed architectural features and food outlefhie best table location would be the
closest to the architectural feature and the farthest from the shops.

Another source of data is observations conducted at the actual food court. The
methodology and findings of the observations cannot be fully detiamlédis paper
due to space limitations. The observations included the meal duration, frequency of
people entering the food court and the average number of agents in a group. A total of
97 groups were observed. The average time spent per table turned teat t
approximately 31 minutes while the frequency of groups entering the food court was
approximately 38 seconds. Also, the groups comprising 4 to 5 persons represented the

majority of the entering groups.

3.5 The Simulation

The simulation is developed in a game engine: Epic Games Unreal Engine
4.19.2. This engine affords full cust omi z
Due to optimization purposes, the simulation time is 1/8 of the standard time, this
means that me minute in the simulation equals 8 minutes in real time. Consequently,
the speed of the agents is eight times faster than the average human speed. Various
fractions were tried but when the speed of the agents is multiplied by a number greater
than eightjt becomes harder to track the agents.

The scoring system of the simulation counts the number of hits on each table

during the two hours of the experiment. As explained above, agents spend more time
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on tables according to their location in relation te tixed architectural features and

the shops. Since the average time for meal duration is approximately 31 minutes
according to observation, the better options are assumed to have ten extra minutes per
option. This means that option 1 (as shown in Tableat)51 minutes meal duration,
option 2 gets 41 minutes, option 3 gets 31 minutes, etc. The bigger the number of the

score the higher is the turnover rate for the food court.

3.6 The Validation Design

After comparingthe simulation against the existingasing arrangement in the
actual food court, the simulation is used to evaluate alternate seating arrangements
against the same behavior moé®l vlidation. An example of ammproveddesign is
shown in Fig 6. The simulation for the existing model showtbat groups of 5 and 6
needed more tables while there were extra tables for groups of 3 and 4. So in the new
design fourteen 4 seats tables are removed and replaced by seven 8 seats tables. The
tables have a different proximity setting compared to thetiegi®ne; most of the
tables that had high proximity to architectural features are set further than their former
location at the existing design.

This replacement of tablefiowed an improvement in the turnover rate by 12%
compared to the original design. The scores for the alternative and existing designs
were 250 and 224 respectively. Each score represents the number of occupied tables

during the two hours of the simulatiper each design.

4. DISCUSSION

Using ABMS to assess the seating arrangements in food courts showed to be of
great assisstancd@he existing food court was tested against a behavioral model of
which its agents represented the expected users of the space; the simulation showed
that groups of 3 and 4 had extra empty tables while grotipsand 6 at some point
could na enter thefood court because there weret remough empty tables. This
outcome was the base upon which the food court was altered and retested against the

same behavioral moderhe simulations that lasted for two hours per design showed
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that the alternative desigrsedfor validationhad a higher®re for the turnover rate

by 12%. The score for the original design was 224 while for the alternative one was
250. The process included some trials and errors but the presence of a system
(simulation) that tests each proposahde it more convenient. The behavior used in
this simulation could easily be altered to test different design purposes. In this paper
the main testing criteria for the assessment was the turnover rate of the foodcourt. The

use of this approach in desigould be used for different functions and behaviors.
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Fig. 6. Thevalidationdesign for the food court.
5. CONCLUSION AND FUTURE WORK

The ABMS framework is widely used in dérent fields and it could beseful

for architects. This paper experimemigh the use of ABMS in the design of seating
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arrangements in a food court. The agents, who were programmed to enter the food
court and pick tables based on preferences related to proximity to the shopg and th
architectural features, are the main judge for the assessment process. The main target
of the experiment was to find the most suitable design with respect to thedurate

of tables using ABMS.he use of ABMS in design assessment has manicappns;

this paper proposeame of them.

Further studies could focus more on the detailed accuracy of the behavior
system. The agents would have less generic features and would be totally based on
actual observations for each behavior with the insertionfattar of randomness. The
simulation would focus more on mimicking the real behavior of people in the real
world and that includes social factors. By then the simulation would produce more

accurate results and would be more beneficial to the evaluaticegsrof the design

1

proposals.Moreover, the simulations also affotbe tracing oft he agent s m

paths, since they are programmed to find the shambese to their destinationshis

could possibly pave the road for studying the circulation desigved.
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