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ABSTRACT
This paper outlines the possible uses of agent-based and agent-based participatory simulation in various aspects of disaster management and emergency response. While the ideas discussed here build on the capabilities of an existing toolset developed by the authors and on their expertise in agent-based simulation, the paper is mainly a statement of the authors’ position with respect to the applicability of agent-based simulation in the subject field.
Categories and Subject Descriptors
I.6, J.4., J.7, K.3, K.4
General Terms
Design, Experimentation, Human Factors
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1. INTRODUCTION

A series of recent unfortunate events draw attention to the paramount importance of the ability to organize and manage rescue efforts effectively and efficiently. This paper intends to provide a quick overview of the ways agent-based and agent-based participatory simulation may contribute to achieving this goal.
Agent-based modeling is a new branch of computer simulation, especially suited for the modeling of complex social systems. Its main tenet is to model the individual, together with its imperfections (e.g., limited cognitive or computational abilities), its idiosyncrasies, and personal interactions. Thus, the approach builds the model from ‘the bottom-up’, focusing mostly on micro rules and seeking the understanding of the emergence of macro behavior. ‎[1]
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‎[7] Participatory simulation is a methodology building on the synergy of human actors and artificial agents, excelling in the training and decision-making support domains. ‎[8] In such simulations some agents are controlled by users, while others are directed by programmed rules. 
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The scenarios outlined below are based on the capabilities of the Multi-Agent Simulation Suite (MASS), developed at the authors’ organization. ‎[9] MASS is a solution candidate for modeling and simulation of complex social systems. It provides the means for rapid development and efficient execution of agent-based computational models. The aim of the Multi-Agent Simulation Suite project is to create a general, web-enabled environment for versatile multi-agent based simulations. The suite consists of reusable core components that can be combined to form the base of both multi-agent and participatory multi-agent simulations. The project also aims at providing a comfortable modeling environment for rapid simulation development. To this end, the suite offers a high-level programming language dedicated to agent-based simulations, and a development environment with a number of interactive functions that help experimentation with and the finalization of the model
2. SIMULATION IN DISASTER MANAGEMENT
In our view the methodology of agent-based simulation may help in preparing for the task of disaster management or emergency response. There are two major areas of this applicability: experimentation (optimization) and training.

	Figure 1 Fire evacuation simulation in MASS[image: image3.jpg]





2.1  Experimentation and Optimization

Simulations may be used to experiment with and to optimize the installation of structures and allocation of various resources. For example, the consequences of design- or installation-time decisions or evacuation rules and procedures can be studied and evaluated in cases of hypothetical floods, school fires, stadium stampedes. ‎[4]
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‎[5] This way, agent-based simulation can help decision makers in reaching more safe and more solid decisions. Obviously, we can never prepare for the unpredictable, and human behavior, especially under the stress of an emergency situation is typically hard to predict. Yet, the benefit of agent-based simulation is that it can provide dependable patterns of collective behavior, even if the actions of the individual are hard or impossible to predict exactly. In our view, this is a major contribution of the agent approach.
Figure 1 shows a screenshot from a fire evacuation simulation in MASS. The little dots are simulated individuals (agents) trying to escape from an office building under fire. (The bird eye view map depicts the layout of the authors’ workplace.) The dark lines represent office walls, which slow down, but cannot prevent the spread of fire. The main exit is located near the bottom-right corner of the main hallway.
2.2 Training Applications

In disaster management both in internal and public education/training applications could be of great use. Agent-based simulation may also help in developing highly usable, cost-effective training applications. Such trainings can take the form of computer ‘games’ that simulate real life situations with both real and artificial players. Here the trainee can take control of one or other simulated individual. This area is especially suited for participatory simulation and the application may also be derived from experimentation-type simulations of the previous section. For example, Figure 2 shows a screen capture from the participatory version of the simulation on Figure 1.
	Figure 2 A participatory simulation derived from the simulation on Figure 1.


There are several uses participatory training applications can be put to. They can train professional emergency support personnel   in the emergency response team (where trainees may take the role of i.e., a top, middle or ground level decision makers), the voluntary fireman squad or workers of a building with a high risk. Such solutions are a cost-effective and easy means to deepen the trainees’ knowledge of rare situations and help developing the proper natural responses in them. Figure 3 shows a screenshot from a demonstrational educational emergency management application. The upper-left panel of the screen shows the map of Hungary with the main transport routes and icons for events requiring emergency response. The bottom-left panel lists related (simulated) news items, while the upper-right panel summarizes the status of various emergency response vehicles (firefighter and rescue helicopters, ambulances, etc.) The bottom-right panel is for detailed information on the selected items (pictured as downloading information on the selected item from the upper-right panel).
In addition to the previously described internal training use participatory training simulations may also be helpful in external training. External trainings are a sort of public relations operations, helping to explain the difficulty and communicate the difficulties and challenges of emergency response or disaster management to the greater, general public. This aspect is gaining extreme importance due to inherent conflicts between the drastically increased government attention to disaster management and the need for public control over government spending, especially as the actual, deployed emergency management applications are very sensitive with respect to security.

	[image: image1.jpg]AITIA CataTrain vO.1
Fajl Gyorsparancsok Nézet Beallitasok Segitség

Térkép 2006.02.02 10:42

R

=

PeSvoRm—

Hircenter 2006.02.02

10:41:33 Kbz(Gti baleset a 6-0s féiiton, legkevesebb 3 halott...
0 £g6 gyarépiilet Szolnokon, mentés folyamatban...
1/M7 bevezeté szakaszan...

P

0 Torlédas az MO-as korgyiri dél-pesti szakaszan.

2 Kozt baleset a 6-0s foton...

5 Tizeset Szolnokon...

2 Kzt baleset a 4-es fdiiton, mentés foylamatban.
iasztas a Hernadon, megerd:

pillet Budapesten, téves

4 Kozati baleset az M5-on, két halott...

14.33 Eq6 raktarépillet Budapesten.

13:44 Vegyvédelmi riasztas a Hernadon...
2 Kozti baleset az M5-6n, mentés folyamatban...

5 Eltdint kiskord a Velencai ténal, mentés befelyez6ds...

3 Koziiti baleset az MS-6n...

8 Erddtiz Bicske mellett, mentés folyamatban.

7 Eltiint kisrepil Baranya megyében, keresés folyam.

122 Eltiint kiskord Velencén, mentés folyamatban.

8882238322888 555E58

Mentd és tamogatoé egységek

e N Megnevezés Stétusz Pozici
Sy — HL” mentShelikopter  Kiildetésen  6-0s it, 47-es km
d “§ M2 menthelikopter  Kildetésen  d-es it, 26-0s km
3 e H3” mentGhel Szolgalatkész
51" szallito Kiildetésen
51" sz Nagyjavitason
“T1” tartalékhelikopter  Inaktiv
AL tizol. lé Szolgalatkész  Debreceni légibazis
“B1" tobbf. Iégiedység  Javitasalatt  Debreceni légibazis
i "M1” mentdegység Kildetésen  4-es t, 26-05 km
M2 mentdegység  Meghibasodott  Miskolc belterillet
M3” mentéegység Kildetésen  d-es t, 26-0s km
“M4” mentéegység Budapesti bazis
“M5" ment6eaység Soproni
“MG” mentdegység 6-05 it, 26-05 km
"M7” mentéegység Klldetésen Szolnok
M8” mentéegység Javitésalatt  Budapesti bazis
“M9” mentbegység Kiildetésen Szolnok
Egységinformacio - "M6"”
Bovebben | a
Bévebben
Bévebben
Bovebben
Bovebben
svebben
Bévebben Lekérdezés. '
Bévebben
Ky
Bévebben
Bévebben
Bovebben
Bovebben
svebben
Bévebben
Bévebben v




Figure 3 Educational Emergency Management Software (in Hungarian). The map on the upper-left panel of the screen is that of Hungary.


3. CONCLUSIONS
This paper discussed the applicability of agent-based simulation and that of its extension participatory agent-based simulation to disaster management. Our position is these methods could be very helpful in preparing for the task of disaster management or emergency response. In particular, we identified two application areas: experimentation (optimization) and training. We also mentioned a special possible use of the latter in public relations, i.e., in explaining and communicating to the greater public the immense difficulty and importance of disaster management efforts.
The ideas discussed in this paper build on the capabilities of MASS, an existing toolset developed by the authors, as demonstrated by screen captures from existing simulation applications.
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