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Abstract. Crowd stampedes and evacuation induced by panic caused by 
emergences often lead to fatalities as people are crushed, injured, trampled or 
even dead. Such phenomena may be triggered in life-threatening situations such 
as fires, explosions in crowded buildings. Emergency evacuation simulation has 
recently attracted the interest of a rapidly increasing number of scientists. This 
paper presents an Agent-Based Modeling and Simulation using Repast software 
to construct crowd evacuations for emergency response from an area under a 
fire. Various types of agents and different attributes of agents are designed in 
contrast to traditional modeling. The attributes that govern the characteristics of 
the people are studied and tested by iterative simulations. Simulations are also 
conducted to demonstrate the effect of various parameters of agents. Some 
interesting results were observed such as "faster is slower" and the ignorance of 
available exits. At last, simulation results suggest practical ways of minimizing 
the harmful consequences of such events and the existence of an optimal escape 
strategy. 

Keywords: Agent-Based Modeling and Simulation, Evacuation, Escape Panic, 
Repast Simphony. 

1   Introduction 

Emergency evacuation is the urgent movement of people from a dangerous place due 
to the threat or occurrence of a disastrous event [1]. Examples are the evacuation of a 
building due to fire and the evacuation of a district because of a flood. Evacuations 
may be carried out before, during or after natural disasters. Emergency evacuation can 
be a life or death situation, whether initiated by a natural disaster or a terrorist attack. 

Emergency evacuation will cause lots of casualties, as it often leads to the death of 
people who are either crushed or trampled down by others. And unfortunately, the 
frequency of such disasters is increasing. The ability to evacuate hundreds of 
thousands of people in a very short amount of time can save lives. But evacuation 
drills may present significant both practical and financial challenges to researchers. 
To conquer these challenges, several types of crowd simulation systems have been 
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developed, such as flow dynamics based simulations; cellular automata based 
simulations and agent-based simulations. Several essential types of emergence 
evacuation is widely studied especially after the famous “9.11” attack in USA., for 
example, evacuation from buildings [2], evacuation from ship [3], evacuation from 
station [4], evacuation in dark [5], evacuation for individuals with disabilities [6], 
evacuation caused by fire [7], crowd simulation of military [8] etc. The practical ways 
of minimizing the harmful consequences and the existence of an optimal escape 
strategy can be concluded via simulation results. 

Most computer models for emergency evacuation are developed by social 
psychologists and others. It is often stated that panicking people are obsessed by 
short-term personal interests or self-serving psychology uncontrolled by social and 
cultural constraints. As a result, lots of options like side exits are mostly ignored. 
These irrational phenomena are possibly a result of the intensive fear. Furthermore, 
individual panic will transmit to other neighboring him which will cause mass panic 
and often leads to bad overall results like dangerous overcrowding and slower escape. 
These psychology factors must be taken into account in an evacuation model which is 
supposed to be designed precisely. 

Most computer based simulation evacuation models are based on flow dynamics, 
cellular automata, activity, and multi-agent design. Flow based models are easy to 
construct while they lack social interaction between evacuees, human behavior in 
emergency conditions and hazards representation [9]. Cellular automata [10, 11] are a 
special kind of Multi-Agent System [12, 13] with very primitive agents similar to 
finite state machines (FSM), arranged on a rigid grid, and interacting with one another 
by very simple rules. MAS and CA are used today to explain complicated and 
complex systems, for example in economics, biology, history and conflict analysis, 
politics and political science, Sociology and social science [14]. 

MAS are particularly suitable for modeling human behavior, as human 
characteristics can be objectively mapped to agent behavior. So, the agent-based 
simulation for evacuation has become a key research field [15, 16, 17, 18], and lots 
valuable results are reached [19, 20]. Most of the research has been concentrated on 
two distinct problems, evacuation of buildings and evacuation of large areas, like 
entire cities or coastal plains. Some of the earliest research on building evacuation 
was done by Chamlet, Francis and Saunders [21]. Their paper describes three models 
they developed to analyze clearing time, bottleneck locations, and general 
performance of a building in the event of an evacuation. The most important of these 
models is the dynamic model that represents the evacuation of a building as it evolves 
over time. With these models they were able to make general estimates of clearing 
time for a specific building. This paper has played an important role in subsequent 
research as people have used this work to facilitate research of their own [22, 23, 24]. 
Another important and famous paper about evacuation simulation is written by Dirk 
Helbing et al. [25] which get lots meaningful results. 

The scenario considered in this paper is the management of crowd evacuation 
under emergence of a fire accident using Repast whose purpose was to explore how to 
evacuate from a building on fire more effectively and whether the building convenient 
for evacuation during emergency evacuations. The character of the model, including 
character of the agent (people) and environment (both fire and the building), is 
discussed. In this paper, various types of agents and different attributes are designed 
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and the interactions of them are concerned in contrast to traditional models which 
consider the total populations are consisted of identical individuals and omit their 
interactions. Lots of interesting and valuable results was gained via doing experiments 
many times. 

Briefly then, the outline of this paper is as follows. In Sec. 2 we discuses the 
benefits of agent-based modeling and simulation (ABMS) and introduce the ABMS 
software Repast, Sec. 3 discuss the detail and techniques of emergency evacuation 
modeling and simulation using Repast, Sec 4 discuses the experiments and its results, 
Sec 5 gives the conclusion and future work to do at last. 

2   ABMS and Repast 

Currently, there is no reliable and valid way to wholly delineate and model the 
complex systems, including the complex adaptive systems (CAS). Our current work 
hones in on the emergency evacuation management, but what we are learning about 
system modeling has implications for modeling any complex system that involves 
many human interactions and where the actors work with some degree of autonomy.  

Within lots of fields such as economics, social science, psychology, retail, 
marketing, artificial intelligence, and computer science, a wide variety of approaches 
are used which can be classified into three main categories: analytical approaches, 
heuristic approaches, and simulation [29]. Simulation introduces the possibility of a 
new way of thinking about social and economic processes, based on ideas about the 
emergence of complex behavior from relatively simple activities [30]. Among these 
three approaches, simulation is competent for study the emergency evacuation 
management. 

Modeling and simulation technique is helpful for clarification, implementation, 
proving, and validation of a theory. The accuracy and effectiveness of a simulation 
model depends upon the right level of abstraction and precision of the accurate model. 
There are several widely used paradigms in simulation modeling. The most popular 
ones include discrete event simulation (DES), system dynamics simulation (SDS), 
and agent based simulation (ABS) [31] which focus on and dedicated to different 
fields of simulation. For example, SDS deals mostly with continuous processes 
whereas DES and ABS operate mostly in discrete time steps, ABS deals mostly with 
the system that composed of autonomy individuals. 

The choice of the most suitable approach always depends on the characteristics of 
the system to be investigated. Generally speaking, ABS is more suit for modeling the 
complex system. They are complex because they are made up of a large number of 
multiple mutually interacting and interwoven parts. Examples include: neural and 
social networks, nervous and immune systems, ancient and modern cultures, 
economics, ecosystems, sociology and society science, politics and political science. 

Agent-Based Modeling and Simulation (ABMS) is a powerful simulation modeling 
technique, and there are a number of applications in the last few years, including 
applications to real-world business problems. In ABMS, a system is modeled as a 
collection of autonomous decision-making entities called agents. Each agent 
individually apperceives the states of him and environment, and interacts with other 
agents, then makes decisions on the basis of a set of given rules. Advanced agents can 
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even change their action rules as they gained experience. Even a simple ABMS can 
exhibit complex behaviors and provide valuable information about the dynamics of 
the real-world system that it emulates. Sophisticated ABMS sometimes incorporates 
neural networks, evolutionary algorithms, or other learning techniques to allow 
realistic learning and adaptation. ABMS is still a relatively new simulation 
technology, which only became popular in the early 1990s, although computer 
simulation has been widely used since the 1960s. 

ABMS can be used to study how micro-level processes affect macro level 
outcomes. Macro behavior is not explicitly modeled; it emerges from the micro-
decisions of individual agents [29]. Based on some simple types of rules, ABMS can 
be used to study how system-level and individual-level patterns emerge from rules at 
the individual level. Due to the characteristics of the agents, ABMS approach appears 
to be more suitable for modeling human-based systems, especially for Complex 
Adaptive Systems (CAS) which is made up of agents that interact and reproduce 
while adapting to a changing environment. There are many examples of systems 
comprised of interacting individuals: (1) Economic markets with producers, 
distributors, and consumers (2) Social systems with people, groups, factions, and 
countries (3) Ecosystems with species, individuals, hives, and flocks. 

The benefits of ABMS over other modeling techniques are: it’s flexible, captures 
emergent phenomena, and provides a natural description of a system [26]. So, ABMS 
is ideally suited to provide valuable insights into the mechanisms of and preconditions 
for panic and jamming.  

ABMS is a field that in the past 10 years has seen not only rapid growth in 
applications, but also development of several platforms, toolkits and frameworks for 
assisting multi-agent model designers thanking to lots of public research and 
development investments. The celebrated open-source software environments include 
Swarm, Repast (Recursive Porous Agent Simulation Toolkit), MASON (Multi-Agent 
Simulator of Neighborhoods), and NetLogo. By using these toolkits or platforms 
(except for NetLogo), Multi-agent model developers can design their models using 
Java, C++, or other similar languages [33]. 

These toolkits and frameworks all provide tools for designing agents as well as 
provide tools for developing an environment in which the agents interact. However, 
none of these toolkits and frameworks has provided an infrastructure that supports 
highly modular sets of behaviors and relationships. By factoring agents, relationships, 
and behaviors into separate components, the Repast intends to provide tools to create 
more modular and expressive models [33]. 

The Repast has been used extensively in social simulation applications. The latest 
version of Repast is Repast Simphony. Models can created with the visual designer 
(e.g., visual point-and-click tools are provided for designing agent model, specifying 
agent behavior, executing model, and examining results), or written in Java or any 
language that runs on the Java virtual machine. For example, users can design the 
logical structure, spatial structure (e.g., geographic maps and networks) and behaviors 
of their agent models by point-and-click. The simulation is visual and results are 
stored. In addition, Repast includes automated results analysis connections to a 
variety of spreadsheet, visualization, data mining, and statistical analysis tools [26]. 
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3   Crowd Simulation Model and Simulation 

One common deficiency of traditional models is that the differences in characteristics 
and behaviors of individual evacuees are not taken into account even though such 
differences are quite obvious, e.g., the people are regarded as equally the same 
individuals and evacuation crowds as flows in the flow-based model and Cellular 
Automata simulation methods. One main reason for this deficiency is that such 
differences are extremely difficult to convert into physical models. 

It is useful to think of evacuation behavior during emergency egress having three 
distinct analytical dimensions: the environment and its configuration of the evacuation; 
the managerial policies, procedures, and controls deployed at evacuation; and the 
social psychological and social organizational characteristics impacting the response of 
persons and collectivities that participate in the evacuation. Much more studies of the 
first two are found than of the third. So, the third dimensions are emphasized in the 
agent-based models designed in this paper, and the following 5 hypothesis or facts are 
considered in the fire emergency evacuation [20]: 

 In situations of emergency evacuation, individuals are getting panic and 
nervous, so as to tend to develop blind and irrational actions. 

 People try to move as fast as they could, which considerably faster than 
normal. 

 People are getting eyes hurt and hard to breathe as the smoke is toxic. 
Situations become worse when the smoke getting thicker, in this case, people 
may could not see the floor and find the exit available. 

 Individuals start pushing as well as are pushed by others, so there are 
pressures in evacuation crowds by physical interactions. 

 Evacuation crowds are slowed down by fallen or injured (even dead) people 
turning into "obstacles". 

In our agent-based models, several types of people are explored (e.g., men, women, 
children, security guards and evacuation leaders if necessary), as well as the various 
attributes (shown in Table 1) of agents are taken into account. 

The scenario used in this paper is the real-world experiment conducted by Sugiman 
[27], as shown in Fig. 1. We adopt the place structure of Fig.1 which is a basement 
that is roughly four meters wide by nine meters long with three exits. The attributes of 
people and the place configuration can be easily designed in Repast in which person 
is regarded as agent and place as “network” and “Grid”. 

In addition, the environmental characteristics that this model considered are as 
follows [28]:  

 The total number of people in the area 
 The number of exits 
 The number of policeman in the area 
 The number of security guard in the area 
 The intensity of the fire 
 The velocity of the spread of the fire 
 The toxicity of the fire 
 The distribution of policeman and  
 The distribution of security guard 
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Table 1. The attributes of agents that considered in the model 

Attributes Type Explanation 
age int [18, 55] 
sex int 0: mail;  

1: female 
knowledge of the area float [0, 1] 
leadership int 1: leader;  

0: member 
independence int 0: follow leader from the same group 

1: not follow leader 
injury scale float ≥0.6 : can’t move;  

1: dead 
positions (x, y)  
fatigue or 
physical exertion 

float ≥1 : can’t move; 
fatigue will slow down the velocity 

panic scale float panic will slow down the velocity 
initial velocity float depends on sex and age 
max velocity float depends on sex and age 
nervousness float influences fluctuation strengths, desired 

speeds and so on 

Environmental characteristics above have a significant effect on the behavior of 
individuals and the result of the evacuation. So, it is necessary to incorporate them for 
the inclusion of individuals in an evacuation simulation. 

Leaders and evacuees use different rules to find the exits available. Leaders have 
the higher Knowledge of the area than the evacuees so they can find the exits faster. 
The evacuees follow the direction of the leader who belongs to the same group. There 
are directed lines connecting evacuees and their leaders in the Repast model, so as to 
make evacuees know their leaders’ direction. 

Except for the graphical agent editor which is aim mainly at the primary users, 
Repast Simphony allows users to design their multi-agent models by program 
languages to devise more sophisticated models. Obviously, the first choice is Java by 
which users can design behaviors, properties, tasks, and display styles of agents as 
well as the environment, parameters and configurations of the model. Lots of build-in 
Java classes are available too, which can be used to assist model designing. Another 
frequently used language supported by Repast Simphony is Groovy which is a 
dynamically typed programming language very well integrated with Java [34]. The 
graphical agent editor generates Groovy agent classes automatically after every 
change on the agent design, making the use of Groovy completely optional. 

We wrote several Java classes to design our model, which are four agent classes: 
“Child” class, “Man” class, “Woman” class and “People” class, one display style class: 
“AgentStyle2D” class, and one context class: “MyContextCreator” class, as shown in 
Fig.1. The “People” class is the base class of “Child”, “Man”, “Woman” classes which 
defined the common properties and behaviors. The “MyContextCreator” class 
constructs the main context and returns it to the Repast run environment. In detail, we 
add a Grid projection to the context to model the world using a discrete Cartesian grid. 
Next, we add the agents (i.e., the Child, Man, and Woman) to the context. 
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Fig. 1. The model designed by Repast Simphony 

The model properties are designed in the score file, such as the initial number of 
agents and other model parameters as shown in Fig.1. With deferent attributes set, 
many different simulations can be run and various results are obtained. 

4   Experimentation and Results 

With different parameters (Attributes in Fig.1), such as, people distribution, the total 
population, the attributes of people, environmental characteristics, the proportion of 
evacuee and leader, the number of policeman, the number of security guard and the 
number of exits as well as their distribution, this experiment was run several times. 

Fig. 2, Fig. 3 and Fig. 4 as follows are parts of our simulation results which 
demonstrate the effect of population, number of guards and leaders and the initial 
velocity. The base model is setup with 500 people, 3 security guards, 3 leaders, 3 
exits, medium fire intensity and the leaders have the full knowledge of the area which 
means the leaders know where the nearest exit is and the shortest route to get there.  

As the population gets bigger, the evacuation time increases rapidly meanwhile the 
number of casualties increase slowly as shown in Fig. 2. A reason for this is that the 
increased number of casualties slow down the others’ movement, and bigger 
population may cause bigger panic scale which will make them can’t response 
rapidly.  
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Effec of Population On Casualities & Evacuation Time
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Fig. 2. Effect of Population 
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Fig. 3. Effect of Number of Guards & Leaders 

The number of security guards and number of exits don’t affect the number of 
casualties remarkable, i.e., the number of security guards and exit have no major 
relation to the number of casualties as shown in Fig. 3. Surprisingly, Fig.2 also 
indicates that leaders play a more important role than the security guards which 
perhaps means the leaders are more trustful or the leaders have a whole knowledge of 
the area.  

The increase of the number of exits can not reduce the evacuation time 
significantly partly because alternative exits are often overlooked or not efficiently 
used which indicates that people don’t know all the exits available or the 
configuration of the environment, or perhaps they follow others’ direction as they are 
too nervous to make rational decision, or perhaps they cannot move where they want 
to as there are much pressure in crowd. Any way, it is helpful and suggested that 
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finding out as many safe exits available as one can at prime tense after entering 
buildings. Similarly, the increase of the number of exits reduce the number of 
casualties quite slowly which perhaps indicates the number of casualties is mainly 
effect by the panic scale and the population scale.  

 

Effect of The Initial Velocity
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Fig. 4. Effect of The Initial Velocity 

The interesting phenomenon “faster is slower” is visualized as shown in Fig.4. As 
everyone of the crowd wants and tries to move fast, the evacuation time is not always 
reduced after the velocity exceeded a certain value, and the casualties increase 
rapidly. This perhaps because the physical interactions in the jammed crowd add up 
and cause dangerous pressures and the faster velocity cause bigger pressure as well as 
bigger panic scale. So, as casualties’ numbers increasing, evacuation crowds are 
slowed down by fallen or injured (even dead) people turning into "obstacles". 

5   Conclusion and Future Work 

Emergency evacuation will cause lots of casualties, as it often leads to the death of 
people who are either crushed or trampled down by others. And unfortunately, the 
frequency of such disasters is increasing. But evacuation drills may present significant 
both practical and financial challenges to researchers, so emergency evacuation 
simulation has recently attracted the interest of a rapidly increasing number of 
scientists. 

ABMS can easily define the attributes and behaviors of the individuals in contrast 
to conditional simulation methods. This paper presents an ABMS method using 
Repast Simphony toolkits to construct crowd evacuations model for emergency 
response from an area under a fire accident which is paid close attention to and has 
been of interest to many researchers such as psychologists, computer scientists, safety 
engineers, risk managers, and architects. Several Java classes are written to specify 
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properties and behaviors of the agent as well as the environment of the evacuation. 
Various types of agents (i.e., man, woman and child) and different attributes (such as 
age, velocity, panic scale, etc.) of agents are designed in contrast to traditional 
modeling. The attributes that govern the characteristics of the people are studied and 
tested by iterative simulations. Simulations are also conducted to demonstrate the 
effect of various parameters of agents, and some interesting results were observed. 

Our future work involves addressing system issues such computational cost and 
memory efficiency because the more accurate model with tremendous number agents 
maybe is a system challenge. The second one is the reuse of the map, i.e., the model 
can use different scenarios, such as theater, hall, and supermarket. The combination of 
GIS which is supported by Repast maybe is an ideal choice. At last, we will validate 
the models we designed. 

References 

1. Bonabeau, E.: Agent-based modeling: Methods and techniques for simulating human 
systems. Proceedings of the National Academy of Sciences of the United States of 
America 99, 7280–7287 (2002) 

2. Pelechano, N., Malkawi, A.: Evacuation Simulation Models: Challenges in Modeling High 
Rise Building Evacuation With Cellular Automata Approaches. Automation in 
construction 17(4), 377–385 (2008) 

3. Glen, I.F., Galea, E.R., Kiefer Kevin, C.: Ship evacuation simulation: Challenges and 
solutions, Discussion. Society of Naval Architects and Marine Engineers 109, 121–139 
(2001) 

4. Neumann, C., Neunteufel, R.J.: Evacuation Simulation at Linz Central Station–Usefulness 
during design, approval and start-up. Pedestrian and Evacuation Dynamics, pp. 333–339 
(2005) 

5. Park, H., Kim, H., Whang, H., Park, J., Lee, D.: Development of an Agent-based Behavior 
Module for Evacuation Models — Focused on the Behaviors in the Dark. Pedestrian and 
Evacuation Dynamics, pp. 347–356 (2005) 

6. Christensen, K., Sasaki, Y.: Agent-Based Emergency Evacuation Simulation with 
Individuals with Disabilities in the Population. Journal of Artificial Societies and Social 
Simulation 11(3), 9–21 (2008) 

7. Santos, G., Aguirre, B.E.: A Critical Review of Emergency Evacuation Simulation 
Models. In: Workshop on Building Occupant Movement during Fire Emergencies, pp. 25–
50 (2004) 

8. Bowen Loftin, R., Petty, M.D., Gaskins III, R.C., McKenzie, F.D.: Modeling Crowd 
Behavior for Military Simulation Applications. Organizational Simulation, 124–131 
(2005) 

9. Muhdi, R.A.: Evacuation Modeling: Development, Characteristic, and Limitations. In: 
Proceedings of the IEEE CEC, Vancouver, BC, Canada, pp. 87–92 (2006) 

10. Fromm, J.: The Emergence of Complexity. Kassel university press, GmbH, Kassel (2004) 
11. Wolfram, S.: A new kind of science. Wolfram Media, Inc. (2002) 
12. Wooldridge, M.: An introduction to multiagent systems. John Wiley & Sons, Inc., 

Chichester (2002) 
13. Weiss, G.: Multiagent systems: a modern approach to distributed artificial intelligence. 

MIT Press, Cambridge (1999) 
14. Flake, G.W.: The computational beauty of nature. MIT Press, Cambridge (1998) 



 Agent-Based Modeling and Simulation on Emergency Evacuation 1461 

15. Ji, Q., Gao, C.: Simulating Crowd Evacuation with a Leader-Follower Model. International 
Journal of Computer Sciences and Engineering Systems 1(4), 27–30 (2007) 

16. Murakami, Y., Minami, K., Kawasoe, T., Ishida, T.: Multi-Agent Simulation for Crisis 
Management. In: Proceedings of the IEEE Workshop on Knowledge Media Networking, 
Washington DC, USA, pp. 135–139 (2002) 

17. Helbing, D.: Agent-Based Simulation of Traffic Jams, Crowds, and Supply Networks. In: 
Proceeding of the IMA ‘Hot Topics’ Workshop, IMA, Minneapolis, MN, pp. 213–223 
(2003) 

18. Kota, R., Bansal, V., Karlapalem, K.: System Issues in Crowd Simulation using Massively 
Multi-Agent Systems. In: Workshop on Massively Multi Agent Systems, pp. 251–257 
(2006) 

19. Lightfoot, T.J., Milne, G.J.: Modeling Emergent Crowd Behavior. In: Proc. of the 1st 
Australian Conf. on Artificial Life, Canberra (2003)  

20. Helbing, D., Farkas, I.J., Molnar, P., Vicsek, T.: Simulation of pedestrian crowds in 
normal and evacuation situations. In: Pedestrian and Evacuation Dynamics, pp. 21–58. 
Springer, Berlin (2001) 

21. Chamlet, L.G., Francis, Saunders: Network Models for Building evacuation. Management 
Science 28(1), 86–105 (1982) 

22. Choi, W., Hamacher, Tufecki: Modeling of Building Evacuation Problems by network 
flows with side constraints. European Journal of Operational Research 35, 98–110 (1988) 

23. Choi, W., Francis, Hamacher, Tufecki: Network Models of Building Evacuation Problems 
with Flow Dependent Exit Capacities. Operational Research, 1047–1059 (1984) 

24. Lovas, G.G.: On the Importance of Building Evacuation System Components. IEEE 
Transactions on Engineering Management 45(2), 181–191 (1998) 

25. Helbing, D., Farkas, I., Vicsek, T.: Simulating dynamical features of escape panic. 
Nature 407, 487–490 (2000) 

26. Macal, C.M., North, M.J.: Agent-Based Modeling and Simulation: Desktop ABMS. In: 
Proceedings of the 2007 Winter Simulation Conference, USA, pp. 95–106 (2007) 

27. Sugiman, T., Misumi, J.: Development of a New Evacuation Method for Emergencies: 
Control of Collective Behavior by Emergent Small Groups. Journal of Applied 
Psychology 73(1), 3–10 (1988) 

28. Shendarkar, A., Vasudevan, K.: Crowd Simulation for emergency Response using BDI 
Agent Based on Virtual Reality. In: Proceedings of the 2006 Winter Simulation 
Conference, Monterey, California, USA, pp. 545–553 (2006) 

29. Peer-Olaf, S., Aickelin, U., Celia, H., Clegg, C.: A Multi-Agent Simulation of Retail 
Management Practices. In: SCSC 2007, pp. 959–966 (2007) 

30. Simon, H.A.: The Sciences of the Artificial, 3rd edn. MIT Press, Cambridge (1996) 
31. Borshchev, A., Filippov, A.: From System Dynamics and Discrete Event to Practical 

Agent Based Modeling: Reasons, Techniques, Tools. In: Proceedings of the 22nd 
International Conference of the System Dynamics Society, Oxford, England, pp. 25–29 
(July 2004) 

32. Epstein, J.M., Axtell, R.: Growing Artificial Societies: Social Science from the Bottom 
Up. MIT Press, Cambridge (1996) 

33. http://repast.sourceforge.net/ 
34. http://groovy.codehaus.org/ 


	Agent-Based Modeling and Simulation on Emergency Evacuation
	Introduction
	ABMS and Repast
	Crowd Simulation Model and Simulation
	Experimentation and Results
	Conclusion and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




