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ABSTRACT

This study addresses disaster management within Multi-Agent System (MAS)
environments, focusing on two critical phases: evacuation and rescue. The study tackles two
primary challenges: the Emergency Route Planning (ERP) problem, which involves
determining optimal evacuation routes within capacity-constrained transportation networks,
and the Winner Determination Problem (WDP) in reverse combinatorial auctions, which
pertains to effective task allocation and coordination among rescue agents. The research
progresses through four stages: problem definition, approach design, implementation and
evaluation, and simulation. For the evacuation phase, a Dynamic Real-Time Capacity
Constrained Routing (DRTCCR) algorithm is introduced to address ERP challenges. The
algorithm aims to generate optimal evacuation routes considering the complexity, capacity
constraints, and scale of evacuees in the transportation network. Analytical evaluation
against existing algorithms, specifically Multiple-Route Capacity Constrained Planner
(MRCCP) and Max-Flow Rate Priority (MFRP), demonstrated that the DRTCCR
significantly improves performance in terms of Total Evacuation Time (TET) and Weighted
Average Time (WAT). Compared to MRCCP, DRTCCR reduced TET by 14.95% and WAT
by 1.7%, while against MFRP, it decreased TET by 17.25% and WAT by 9.18%. In the
rescue phase, two innovative approaches are proposed to enhance task allocation for WDP
in reverse combinatorial auctions. These approaches were rigorously evaluated against
Andrea’s algorithm and a Genetic Algorithm, revealing competitive advantages. Notably, as
the number of bidders increased, the execution time of competing approaches escalated
exponentially, while the proposed approaches exhibited a steady increase. Building on the
proposed algorithm and approaches, Agent-Based Simulation (ABS) models were developed
to evaluate both evacuation and rescue operations in Al-Agsa Mosque (AM) scenarios in
Palestine. The ABS evacuation model demonstrated superior performance compared to the
Random, Kasereka, and Nearest Neighbor Search (NNS) models, achieving a 0% Total
Deaths (TD) rate, outperforming Kasereka 1%, Random 5.5%, and NNS 14%. It also
achieved a 99.5% Total Alive Evacuees (TA) rate, compared to 98.7% for Kasereka, 94.9%
for Random, and 87.6% for NNS, along with an Average Health of Alive Agents (ATA)
improvement of 52.4% over Kasereka, 82.1% over Random, and 93% over NNS. Similarly,
the ABS rescue model outperformed both the Nearest Neighborhood Rescuing (NNR) model
and the Hooshangi and Alesheikh model, reducing the duration of rescue operations by
49.2% compared to NNR and 32.6% compared to the Hooshangi and Alesheikh model,
while also decreasing the number of casualties by 10.6% relative to NNR and 2.4% relative
to the Hooshangi and Alesheikh model. These results highlight the model's significant
improvements in both efficiency and effectiveness in managing evacuation and rescue
scenarios.



PENDEKATAN PELBAGAI AGEN YANG DIPERTINGKATKAN UNTUK OPERASI
PEMINDAHAN DAN MENYELAMAT YANG CEKAP DALAM MENGURUS
BENCANA

ABSTRAK

Kajian ini menangani pengurusan bencana dalam persekitaran Sistem Pelbagai-Agen
(MAS), dengan memberi tumpuan kepada dua fasa kritikal: pemindahan dan penyelamatan.
Kajian ini mengatasi dua cabaran utama: masalah Perancangan Laluan Kecemasan (ERP),
yang melibatkan penentuan laluan pemindahan yang optimum dalam rangkaian
pengangkutan yang terhad kapasitinya, dan Masalah Penentuan Pemenang (WDP) dalam
lelongan kombinatorial terbalik, yang berkaitan dengan peruntukan tugas yang berkesan
dan koordinasi antara agen penyelamat. Penyelidikan ini melalui empat peringkat: definisi
masalah, reka bentuk pendekatan, pelaksanaan dan penilaian, serta simulasi. Untuk fasa
pemindahan, algoritma Penghalaan Terhad Kapasiti Masa Nyata Dinamik (DRTCCR)
diperkenalkan untuk menangani cabaran ERP. Algoritma ini bertujuan untuk menghasilkan
laluan pemindahan yang optimum dengan mengambil kira kerumitan, kekangan kapasiti,
dan skala penghuni dalam rangkaian pengangkutan. Penilaian analitik terhadap algoritma
yang sedia ada, khususnya Perancang Terhad Kapasiti Laluan-Pelbagai (MRCCP) dan
Keutamaan Kadar Arus-Maksimum (MFRP), menunjukkan bahawa algoritma DRTCCR
meningkatkan prestasi secara signifikan dari segi Jumlah Masa Pemindahan (TET) dan
Purata Masa Tertimbang (WAT). Dalam fasa penyelamatan, dua pendekatan inovatif
dicadangkan untuk meningkatkan peruntukan tugas bagi WDP dalam lelongan
kombinatorial terbalik. Pendekatan ini dinilai secara teliti berbanding dengan algoritma
Andrea dan Algoritma Genetik, menunjukkan kelebihan kompetitif. Terutama, apabila
bilangan pembida meningkat, masa pelaksanaan pendekatan tersebut meningkat secara
eksponen, manakala pendekatan yang dicadangkan menunjukkan peningkatan yang stabil.
Berdasarkan algoritma dan pendekatan yang dicadangkan, model Simulasi Berasaskan
Agen (ABS) telah dibangunkan untuk kedua-dua operasi pemindahan dan penyelamatan.
Model pemindahan ABS, yang berpandukan algoritma DRTCCR, dinilai secara kritikal
berbanding dengan model Rawak, Kasereka, dan Pencarian Jiran Terdekat (NNS).
Keputusan menunjukkan hasil yang lebih baik dari segi Jumlah Penghuni Hidup (TA),
Jumlah Kematian (TD), Purata Kesihatan Penghuni Hidup (ATA), Purata Masa
Pemindahan (ATE), dan Diagram Kepadatan. Begitu juga, berdasarkan pendekatan
peruntukan tugas yang dipertingkatkan, model ABS untuk operasi penyelamatan telah
dibangunkan dan dinilai berbanding model Penyelamatan Jiran Terdekat (NNR) dan model
Hooshangi dan Alesheikh. Keputusan adalah memuaskan, menunjukkan penambahbaikan
yang ketara dalam tempoh operasi penyelamatan dan bilangan korban.



ACKNOWLEDGEMENTS

Firstly, and foremost, all thanks and gratitude to Allah Almighty, the Most Gracious, and the
Most Merciful who gave me the strength and the ability to complete my study. My sincere
thanks also go to my beloved family: my parents, my wife, sons, brothers, and sister for their
concern and support to my life and all through my study. They always make me happy.
Thanks for your (Du’aa’) that I feel every time and everywhere. Indeed, | would like to
express my sincere gratitude to my supervisor Ts. Dr. Sazalinsyah Razali for the continuous
support in my PhD study and related research, for his motivation, patience, and immense
knowledge. His guidance helped me throughout my research and writing of this thesis. A
special thanks go to my co-supervisor, Associate Professor Dr. Choo Yun-Huoy. Also, my
deepest appreciation is extended to Professor Ts. Dr. Sazilah Salam, Associate Professor Ts.
Dr. Zeratul 1zzah Mohd Yusoh, Dr. Noor Fazilla Binti Abd Yusof, Ts. Dr. Ngo Hea Choon,
the Deputy Dean (Research) FTMK, the Dean of FTMK, the Faculty of Information and
Communication Technology and Universiti Teknikal Malaysia Melaka for their great
support. Finally, | extend my heartfelt gratitude to the internal examiner, Ts. Dr. Abdul
Syukor Mohamad Jaya, and the external examiner, Associate Professor Ts. Dr. Amelia
Ritahani Bt. Ismail from the International Islamic University Malaysia (IIUM), for their
invaluable insights, thoughtful feedback, and dedicated effort in the VIVA session, their
expertise and constructive critiques have significantly contributed to enhancing the quality

of this research.



TABLE OF CONTENTS

DECLARATION
DEDICATION

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS
LIST OF PUBLICATIONS

CHAPTER
1. INTRODUCTION
1.1 Introduction

1.2 Research background
1.3 Research problem
1.4 Research questions
15 Research objectives
1.6 Structure of the thesis

2. LITERATURE REVIEW
2.1 Introduction
2.2 Phase one: Evacuation operations phase
2.2.1  Emergencies
2.2.2  Emergency evacuation

2.2.3  Emergency Route Planning (ERP)
2.2.4  Emergency Route Planning (ERP) approaches
2.2.4.1 Decision  Support

approach

22472 Mathematical-based model

iv

PAGE

viii
Xi
XVi
XVii

0O ~NDNR R

10
11
12
15
17
21

22
24



2.2.4.3 Meta-heuristic model
2.2.4.4 problem in heuristic model
2.3 Phase two: Rescuing operations phase
2.3.1 Introduction
2.3.2  Disaster management based on MAS
2.3.3  Multi-agent cooperation and coordination
2.3.4  Task allocation and coordination approaches
2.3.5  Task allocation and coordination processes
2.3.6  Market-based mechanisms for task allocation and
coordination
2.3.6.1 Combinatorial ~ Auctions in  task
allocation
2.3.6.2 Winner determination problem (WDP)
in combinatorial auctions
2.3.6.3 WDP Algorithms
2.3.6.4 WDRP in reverse combinatorial auction
2.4 Chapter summary

RESEARCH METHODOLOGY
3.1 Introduction
3.2 Research flow
3.2.1  Problem formulation stage
3.2.2  Designing algorithm and approaches stage
3221 Evacuation algorithm design
3.2.2.2 Rescuing approaches design
3.2.3  Implementation and evaluation stage
3.23.1 Hardware and software requirements
3.2.3.2 Algorithm and approaches validation
and evaluation
3.2.4  Simulation stage
3.24.1 Evacuation agent-based simulation
model
3.24.2 Rescuing agent-based simulation model
3.3 Chapter summary

DYNAMIC REAL-TIME CAPACITY CONSTRAINED
ROUTING ALGORITHM FOR EVACUATION PLANNING
PROBLEM

4.1 Introduction
4.2 Dynamic Real-Time Capacity Constrained Routing
(DRTCCR) algorithm

27
30
39
40
42
44
45
50

53

57

59
60
67
74

76
76
76
78
78
78
81
84
85

85
90

91

100
107

108
108

111



4.2.1  The transportation network model
4.2.2  The DRTCCR algorithm
4221 Algorithm notations
4.2.2.2 Dynamic Real-Time Capacity
Constrained  Routing  (DRTCCR)
algorithm
4.2.2.3 DRTCCR performance measures and
validation
4224 DRTCCR evaluation
4.3 Chapter summary

TASKS ALLOCATION APPROACHES FOR RESCUE
AGENTS IN REVERSE COMBINATORIAL AUCTIONS
N Introduction
5.2 Proposed Tasks allocation approach for rescue agents in
reverse combinatorial auction (Approach I)
5.2.1  Complexity analysis
5.2.2  Approach | validation
5.2.3  Approach I evaluation
5.2.4  Approach | remarked
5.3 An enhanced approach for solving WDP in reverse
combinatorial auctions (Approach I1)
5.3.1  Approach Il validation
5.3.2  Approach Il evaluation
5.3.3  Approach Il remarked
5.4 Chapter summary

DEVELOPING AGENT-BASED SIMULATION MODELS
FOR EVACUATION AND RESCUE OPERATIONS IN
CROWD MASS DISASTERS: AL-AQSA MOSQUE
SCENARIO

6.1 Introduction

6.2 Agent-Based Simulation model for evacuation operations
6.2.1  Introduction
6.2.2  Proposed navigation model
6.2.2.1 Proposed  evacuation  agent-based
simulation model
6.2.2.2 Methodology of the proposed model
6.2.3  Case study
6.2.3.1 Environment
6.2.3.2 Input data collection and model
parameters
Vi

112
114
114

115

117
131
141

142
142

145
146
148
151
153

154
158
166
173
174

175

175
178
178
180

180
183
185
185

187



6.2.4  Model Translation
6.2.4.1 Simulation tool
6.2.4.2 Scenarios Simulation
6.2.5  Simulation results
6.2.5.1 Comparison studies
6.2.5.2 Sensitivity analysis
6.3 Agent-Based Simulation model for rescuing operations
6.3.1 Introduction
6.3.2  The proposed model and methodology
6.3.2.1 Proposed dynamic agent-based
simulation model
6.3.2.2 Methodology of the proposed model
6.3.3  Case study
6.3.3.1 Environment
6.3.3.2 Simulation setting of considered case
study
6.3.3.3 Results and discussions
6.3.4  Chapter summary

7. CONCLUSION AND FUTURE WORKS
7.1 Research conclusion
7.2 Research contributions
7.3 Recommendation for Future Work

REFERENCES

vii

192
192
193
197
198
214
217
217
219

219
222
233
233

236
244
254

256
256
259
263

265



TABLE

2.1

2.2

2.3

2.4

2.5

2.6

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.1

LIST OF TABLES

TITLE
ERP approaches based on
Some properties of agents

Summarize studies of the task allocation and coordination
approaches

Advantages and disadvantages of centralized and decentralized
approaches

WNDP algorithms

WDP in reverse combinatorial auctions

Evacuation phase experiments

The first approach experiments

The second approach experiments

Agents description of ABS evacuation model

The conducted experiments of comparison studies
The conducted experiments of sensitivity analysis
Agent’s description of ABS model CSAR operations

Performances summary of the proposed ABS model for CSAR
operations

Effectiveness summary of the proposed ABS model for CSAR
operations

Generated Evacuation Routes

viii

PAGE

35

40

48

52

62

69

87

89

90

92

99

100

102

105

106

114



4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

414

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

The DRTCCR algorithm notations

Selected paths for all nodes

The values of Cp, Tp and wp for each path in iteration 1
The values of Cp, Tp and wp for each path in iteration 2
The values of Tp and wp for each path in iteration 3
The total evacuation time for N1

Overall time for selected transportation network model

DRTCCR and MFRP comparison results for Guo et al.
transportation network
Lu et al. (2003) Scenario results

BJ case study initial evacuee distribution on the source nodes

The total evacuation time, and the total number of paths of BJ
case study

The total evacuation time of DRTCCR algorithm compared to
CCRP algorithm for BJ case study

Comparison results of DRTCCR algorithm, SA, TS-HC and
CCREP algorithm for BJ case study

The generated array

All possible solutions for remaining bids based on “Approach |
The formulated array of illustrative example

The re-ordered array of illustrative example

Formulated array of the working example

The re-ordered array according to appearing tasks

The re-ordered array according to bids

The combination of B9 U B1

115

120

120

121

122

122

123

127

132

137

137

138

139

149

150

156

156

159

160

160

162



5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

The combination of ((B9 U B1) U B2)
The combination of ((B9 U B1) U B6)
The combination of (B9 U B2)

The combination of ((B9 U B2) U B6)
The combination of ((B7 U B8) U B1)
The combination of ((B7 U B8) U B2)
The combination of ((B7 U B8) U B6)
The combination of ((B7 U B4) U B6)
The combination of ((B7 U B10) U B2)
The combination of (((B7 U B3) U B2) U B6)
Agent's features of evacuation ABS model

Summary of key parameters and variables in the evacuation
model

Edges traveling time and edges capacities for scenarios
transportation network

Nodes capacities for Scenarios | transportation network
TA, TD and ATA performance measures

Defined agents statistics

Parameters and values of Muslim Quarter environment

Description of parameters and variables for each agent
developed in AnyLogic

Description of methods and communication protocols between
agents developed in AnyLogic

Comparison of the proposed model with the NNR method and
Hooshangi and Alesheikh model

162

162

163

163

165

165

165

165

166

166

182

191

194

195

204

230

238

241

242

252



FIGURE

2.1

2.2

2.3

2.4

2.5

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.1

4.2

4.3

4.4

LIST OF FIGURES

TITLE
The contents of literature review for evacuation phase
Evacuation Route Planning (ERP) problem description
The contents of literature review for rescuing phase
Task allocation and coordination classification
Typical combinatorial auction process
Research flow Transportation network model
Transportation network model
The general steps of the first designed approach
The general steps of the enhanced approach
Design steps of ABS evacuation model processes
Architectural map of Al-Agsa Mosque
Al-Agsa Mosque Spatial Model
Pedestrian Library Control Blocks
Design steps of ABS rescuing model processes
DRTCCR framework
Transportation network model explanation
DRTCCR algorithm flowchart

Transportation network of Lu et al.

Xi

PAGE

11

17

39

50

58

77

79

83

84

91

93

97

98

101

112

113

117

119



4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

4.14

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

The results of MRCCP algorithm

DRTCCR and MRCCP comparison results of WAT for each

Transportation network model of Guo et al. (2017)
Evacuation Plan result of Guo et al. (2017) algorithm

DRTCCR, MFRP and MRCCP comparison results of WAT for
each

Comparison results of total evacuation time for DRTCCR, SA
and TS-HC

Comparison results of total number of paths that was used for
DRTCCR, SA and TS-HC

The logical map of the Bukit Jambul shopping complex (denoted
as BJ case study). The data consists of 21 nodes (16 area nodes,
6 source nodes, and 5 exit nodes) and 28 edges

Comparison results of total evacuation time for DRTCCR and
CCRP for BJ Scenario

Comparison results of total number of paths that used in
DRTCCR algorithm, SA, TS-HC and CCRP algorithm for BJ
Scenario

Auctioning example of bidders by the auctioneer

Processing time for tasks and bidders

Processing time for varied bidders and constant tasks (m = 10)
An illustrative example for

Flowchart of the proposed

A working example for

The global best solution for n=5 and m=5

The global best solution for n=20 and m=10

The global best solution for n=100 and m=30

Xii

124

125

126

126

130

133

134

136

139

140

148

152

153

155

158

159

167

168

168



5.10

5.11

5.12

5.13

5.14

5.15

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

Time vs. Number of bidders (for fixed no. of tasks =10)
Time vs. Number of bidders (for fixed no. of tasks =8)
Time vs. Number of bidders (for fixed no. of tasks =6)
Time vs. Number of tasks (for fixed no. of bidders =10)
Time vs. Number of tasks (for fixed no. of bidders =8)
Time vs. Number of tasks (for fixed no. of bidders =6)

Proposed a Navigation model of the agent evacuee on the
environment to get out and be safe

The gates of Al-Agsa Mosque in Palestine
Al-Agsa Mosque nodes

The transportation networks of Al-Agsa Mosque (denoted as
AM case study). The data consists of 28 nodes (16 area nodes, 2
source nodes, and 10 exit nodes) and 35 edges

All calculated Nodes and Edges for AM transportation network

Navigation of the agent evacuee on the environment to get out
and be safe of Kasereka et al. (2018)
The Time variation for NNS approach in scenario |

The Time variation for NNS approach in scenario Il

The Time variation for Random approach in scenario |

The Time variation for Random approach in scenario 11

The Time variation for Kasereka et al. approach in scenario |
The Time variation for Kasereka et al. approach in scenario 11
The Time variation for the DRTCCR approach in scenario |
The Time variation for the DRTCCR approach in scenario Il

Duration of evacuation operations for NNS approach

Xiii

170

170

171

172

172

173

181

186

188

189

197

199

200

201

201

202

202

203

203

204

205



6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

6.26

6.27

6.28

6.29

6.30

6.31

6.32

6.33

6.34

6.35

6.36

6.37

Duration of evacuation operations for Random approach

Duration of evacuation operations for the Kasereka et al.
approach

Duration of evacuation operations for the DRTCCR approach
Density diagram of the Al-Agsa Mosque

Density diagram for NNS approach in scenario |

Density diagram for NNS approach in scenario 11

Density diagram for Random approach in scenario |
Density diagram for Random approach in scenario 11
Density diagram for Kasereka et al. approach in scenario |
Density diagram for Kasereka et al. approach in scenario 11
Density diagram for the DRTCCR approach in scenario |
Density diagram for the DRTCCR approach in scenario Il
Variation of ATE as a function of worshiper’s number
Variation of ATE as a function of worshiper’s speed

The proposed dynamic agent-based simulation model
Implementation parts of the proposed simulation model
Task allocation using approach Il

The nearest nodes that are not yet visited by the rescuers

Location of the case study: (a) Map of the Old City's quarters,
(b) location of Muslim Quarter
Built environment before the earthquake in Muslim Quarter

Built environment after the earthquake in Muslim Quarter

State chart of searcher and rescuer agents

Xiv

206

207

207

208

209

210

210

211

212

212

213

213

214

216

220

223

226

233

234

239

240

244



6.38

6.39

6.40

6.41

6.42

6.43

7.1

Key performance indicators for Experiment No.1
Key performance indicators for Experiment No.2
Key performance indicators for Experiment No.3
Damage assessment regarding population for each experiment

Average distance travelled by searchers and rescuers for each
experiment
Average duration of tasks of searching and rescuing for each
experiment

Research summary

XV

245

247

248

250

250

251

260



MAS

ERP

WDP

ABS

CCRP

GA

MFRP

DRTCCR

MRCCP

AM

CSAR

LIST OF ABBREVIATIONS

Multi-Agent System

Emergency Route Planning

Winner Determination Problem

Agent-Based Simulation

Capacity Constraint Route Planner

Genetic Algorithm

Max-Flow Rate Priority

Dynamic Real-Time Capacity Constrained Routing
Multiple-Route Capacity Constrained Planner
Al-Agsa Mosque

Crowd Search and Rescue

XVi



LIST OF PUBLICATIONS

1. Abusalama, J., Razali, S. and Choo, Y. H., 2022. An enhanced approach for solving
winner determination problem in reverse combinatorial auctions. Indonesian Journal
of Electrical Engineering and Computer Science, 28(2), pp. 934-945.
DOI: 10.11591/ijeecs.v28.i2.pp934-945

2. Abusalama, J., Razali, S., Choo, Y.H., Momani, L. and Alkharabsheh, A., 2020.
Dynamic real-time capacity constrained routing algorithm for evacuation planning
problem. Indonesian Journal of Electrical Engineering and Computer Science,
20(3), pp. 1388-1396.
DOI: 10.11591/ijeecs.v20.i3.pp1388-1396

3. Abusalama, J., Alkharabsheh, A.R., Momani, L. and Razali, S., 2020. Multi-agents
system for early disaster detection, evacuation and rescuing. Advances in Science and

Engineering Technology International Conferences, ASET 2020, art. no. 9118322.

DOI: 10.1109/ASET48392.2020.9118322

Publications in progress
1. Abusalama, J., Razali, S. and Choo, Y. H. and Ali, Ahmad, 2025. Tasks Allocation
Approach for Winner Determination Problem in Reverse Combinatorial Auctions.

Bulletin of Electrical Engineering and Informatics.

Xvii



2. Abusalama, J., Razali, S. and Choo, Y. H. and Ali, Attajer, 2025. Agent-Based
Simulation Model for Evacuation Operations in Crowd Mass Disasters. International
Journal of Simulation and Process Modelling.

3. Abusalama, J., Razali, S. and Choo, Y. H. and Ali, Attajer, 2025. Agent-Based
Simulation Model for Rescuing Operations in Crowd Mass Disasters. Modelling and

Simulation in Materials Science and Engineering.

Xviii



CHAPTER 1

INTRODUCTION

1.1.  Introduction

This chapter gives an overview of the research conducted in this study. The explanations
include research background, problem statement, research questions, research objectives and thesis
outlines. The research background introduced the most issues related to the research phases in
general. Moreover, the gap analysis and research motivation have been discussed. Research
problem described the research problem and the suggested solving methods in this study, followed
by research questions and objectives, and finally the thesis structure has been introduced at the end
of this chapter.
1.2.  Research background

Disaster management has become an important issue in the last few years due to the large
number of disasters occurring and other recent catastrophes (Huang et al., 2022), and these
catastrophes result in the death of many people in crowded mass area. Managing the disaster
involves coordinating a large number of emergency responders to evacuate and rescue victims in
possibly hazardous environments where ambiguity about events is prevalent (Masys, 2015). In this
study, the aim was targeted at coping with managing the disaster, specially managing the
evacuation and rescuing operations during the disaster in Multi-Agent System (MAS)

environments. Whereas, MAS are dynamic environments, which are composed of intelligent





