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Tsakalidis Athanasios

(1) Professor and Chairman

Computer Engineering and Informatics Department of the University of Patras

(2) R&D-Coordinator

R.A. Computer Technology Institute

Prof. Tsakalidis Athanasios, born in 1950, obtained his Diploma in Mathematics from the University of

Thessaloniki, Greece, in 1973, his Diploma in Computer Science (1981) and his Ph.D. (1983) from the

University of Saarland, Saarbuecken, Germany (in computer science; advisor: Prof. K. Mehlhorn, who was

the director of MAX PLANCK INSTITUTE of INFORMATICS in Germany). He is currently the R&D-
Coordinator of the Computer Technology Institute (CTI, Patras-Greece) and a Full Professor in the

Department of Computer Engineering and Informatics, University of Partas, Greece. Since 1995, he has

been the head of the Laboratory of Graphics, Multimedia and GIS of the Department of Computer

Engineering and Informatics. Starting from 2002, he is also a visiting professor of the King College,

University of London. His research interests include Data Structures, Graph Algorithms, Computational

Geometry, Expert Systems, GIS, Medical Informatics, Databases, Multimedia, Information Retrieval, and

Bioinformatics.

Prof. Tsakalidis Athanasios has been one of the co-authors to one of the most significant books of

Computer Science, titled "Handbook of Theoretical Computer Science", published by Elsevier Science

Publishers and MIT-Press. During the last years he has been evolved in several research projects under the

framework of the EC programmes: ESPRIT, RACE, AIM, STRIDE, Basic Research Actions in ESPRIT,

ESPRIT special Actions, Telematics Applications, ADAPT, HORIZON, INTERREG II, as well as

projects funded by the General Secretariat For Research & Technology, Ministry of Development. He is
the author of four books: Computational Geometry, Data Structures, Advanced Data Structures and

Computer-Graphics and e-Commerce. He has published about 50 referred research articles in international

journals and more than 160 referred papers in international conferences. He has been the thesis supervisor

of more than 200 students.
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Research Director at Finland Futures Research Centre (FFRC)

Turku School of Economics and Business Administration (TSEBA)
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Dr Jari Kaivo-oja has worked for the University of Helsinki, Tampere University of Technology and

University of Tampere. In the field of international foresight research he has done work for the European

Commission (Terra2000, co-ordinator RAND Europe, Leiden, the Netherlands), the European Foundation

(EUFORIA, co-ordinator PREST, Manchester, UK), Eurostat (Ecostat, co-ordinator Pantheon University,

Athens, Greece) and Nordic Innovations Center (NIC, co-ordinator RISOE, Roskilde) as a researcher and
research co-ordinator.

Dr Kaivo-oja is an expert member of Finnish National Futures Sparring Forum, European COST Activity

A22 Network (Foresight methodologies), Nordic Foresight Network (Nordic Innovation Area), and

European Sustainability Strategy Network. At the FFRC he is a research director responsible for foresight
research field and team management. Dr Kaivo-oja is full member of the Association of Professional

Futurists (APF).

He is author or co-author of 22 books and 65 refereed articles on topics such as foresight tools, futures
thinking studies, knowledge society development, innovation management, integrated knowledge

management of foresight research, sustainability analysis and evaluation methods, global energy markets and

environmental management systems.

Recently in 2005 he has been working with the following foresight projects:

- The Long Run Infrastructures in Finland/Ministry of Environment;

- Changes in the Decision Environment of Traffic Infrastructures in Finland, Ministry of Traffic and
Communications; 

- Nordic Technology Options and Radical Innovations, Nordic Innovation Centre and 15 partners from the

Nordic countries; 

- Education Intelligence Foresight, Confederation of Finnish Industries; 

- Globalisation and Employment (GLOBE), Finland Futures Research Centre and the Club of Rome

- Satakunta County Foresight System, TE-Centre, Satakunta.

- European COST Activity A22 Network (Foresight methodologies), CORDIS, Tekes.

Majid Sarrafzadeh

Professor, Computer Science Department

The University of California, Los Angeles (UCLA)

Majid Sarrafzadeh received his B.S., M.S. and Ph.D. in 1982, 1984, and 1987 respectively from the

University of Illinois at Urbana-Champaign in Electrical and Computer Engineering. He joined Northwestern

University as an Assistant Professor in 1987. In 2000, he joined the Computer Science Department at

University of California at Los Angeles (UCLA). His recent research interests lie in the area of Embedded

and Reconfigurable Computing, VLSI CAD, and design and analysis of algorithms. He is a Fellow of IEEE

for his contribution to "Theory and Practice of VLSI Design". He received an NSF Engineering Initiation

award, two distinguished paper awards in ICCAD, and the best paper award in DAC. He has served on

the technical program committee of numerous conferences in the area of VLSI Design and CAD, including

ICCAD, DAC, EDAC, ISPD, FPGA, and DesignCon. He has served as committee chairs of a number of

these conferences. He is on the executive committee/steering committee of several conferences such as
ICCAD, ISPD, and ISQED.

Professor Sarrafzadeh has published approximately 250 papers, is a co-editor of the book "Algorithmic

Aspects of VLSI Layout" (1994 by World Scientific), and co-author of the books "An Introduction to
VLSI Physical Design" (1996 by McGraw Hill) and "Modern Placement Techniques" (2003, Kluwer). He

is also on the editorial board of the VLSI Design Journal, an Associate Editor of ACM Transaction on

Design Automation (TODAES) and an Associate Editor of IEEE Transactions on Computer-Aided Design

(TCAD).

Professor Sarrafzadeh has collaborated with many industries in the past fifteen years including IBM and

Motorola and many CAD industries and was the architect of the physical design subsystem of Monterey
Design Systems' main product. He is a co-founder of Hier Design, Inc, and he is the director of the

Embedded & Reconfigurable Systems Lab of UCLA Computer Science Department.

Prof. Hamid R. Arabnia

Department of Computer Science

The University of Georgia
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Prof. Hamid R. Arabnia received a Ph.D. degree in Computer Science from the University of Kent
(Canterbury, England) in 1987. In 1987, he worked as a Consultant for Caplin Cybernetics Corporation

(London, England), where he helped in the design of a number of image processing algorithms that were
targeted at a transputer-based machine architecture. Prof. Arabnia is currently a faculty of Computer

Science at University of Georgia (Georgia, USA), where he has been since 1987. His research interests
include parallel algorithms, reconfigurable machines, interconnection networks, and applications of parallel

processing in remote sensing and medical imaging.

Prof. Arabnia has chaired many national and international conferences and technical sessions in these areas.

He is Editor-in-Chief of The Journal of Supercomputing (Springer) and is on the editorial boards of 11 other
journals. Prof. Arabnia is Chair of World Committees of PDPTA (parallel and distributed processing
techniques and applications), CISST (imaging science, systems, and technology), SAM (security and

management), ICAI (artificial intelligence), and other affiliated research organizations. He is Director/Chair
of World Academy of Science (2004 - 2009).

Prof. Arabnia is the recipient of William F. Rockwell, Jr. Medal for promotion of multi-disciplinary research
(Rockwell Medal is International Technology Institute's highest honor). In 2000, Prof. Arabnia was indicted

to the World Level of the Hall of Fame for Engineering, Science and Technology (The World Level is the
highest possible level for a living person ¡V there are two higher levels which are posthumous.) Prof.

Arabnia has published extensively in journals and refereed conference proceedings; he has over 250
research publications.

Prof. Dr. Hugo de Garis

Head of "UTAH-BRAIN Project"

Utah State University's Artificial Brain Project

Prof. Hugo de Garis has been the Economist Magazine's "World Technology Award" Finalist (1999). In

2000, he obtained US$1 million grant from Brussels Government to build an Artificial Brain, and, in 2001,
his artificial brain was recorded in the Guinness Book of World Records "Most Complex Brain Building

Machine" (p126, 2001). He obtained a B.Sc. (Hons) in Applied Mathematics and Theoretical Physics at
Melbourne University, Victoria, Australia, in 1970. He moved to the UK where he was a supervisor

(instructor) to the mathematics undergraduates of Cambridge University for 4 years. He then joined Philips
in Holland and Belgium as a software and hardware architect, covering most branches of computer science.

Growing discontent with industry, he switched careers to do research at Brussels University, where he
finished a PhD in Artificial Intelligence and Artificial Life. Prof. Dr. de Garis has published some 70

journal/conference papers and book chapters.

From February 1993 to January 2000, de Garis was the head of the Brain Builder Group in the

Evolutionary Systems Department at ATR Labs in Kyoto, Japan. The aim was to use Cellular Automata
Machines (CAMs) to grow/evolve a 75 million neuron (64K module) artificial brain at electronic speeds,
using state of the art evolvable hardware (Xilinx XC6264 FPGA chips) which can update CA cells at over

130 Billion a second, and evolve neural network modules in about a second. The name of this research
effort was the "CAM-Brain Project". It is de Garis's ambition to see the building of artificial brains grow into

a major effort equivalent to America's NASA moon shot.

From Sept 2001, Dr. de Garis has been an associate professor of computer science at Utah State

University (USU), Logan, Utah, USA, teaching the planet's first (M.Sc./PhD) course in "Brain Building",
and another new course, "Frontiers of Computing" (quantum computing, reversible computing,

nanotechnology, DNA computing, membrane computing, quantum dots, molecular computing, etc). He aims
to build a new generation of brain building machine and an artificial brain, each 5 years or so. He is currently

looking for funding towards these goals. Prof. de Garis is setting up a "Brain Building Center" at USU,
consisting of researchers, students, professors, and commercial interests (May 2002, 11 people so far).

Prof. Graham Megson

Director of the High Performance Computing Centre

Computer Science Department, The University of Reading

Prof. Graham Megson has been the Professor of Computer Science at the University of Reading since
1995. He was Head of Department from 1997-98, and Head of Parallel Emergent and Distributed
Architectures Laboratory (PEDAL) at Reading and has enjoyed significant funding from Newcastle

University. From 1990-1995 he co-ordinated the University funded Strategic Research Initiative on Parallel
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Algorithms Research, Newcastle University. From 1995 - present has been the director of the High
Performance Computing Centre (HPCC, a facility of over UKP 1M), at the University of Reading. His

work has led to numerous innovative systolic algorithms and the development of the first systematic
synthesis method for mapping classes of dynamic (or run-time) dependencies onto regular arrays. Synthesis
Tools have been incorporated into the public domain version of MMAlpha. He has solved a number of

open mapping problems in the areas of dynamic programming and combinatorial optimization, and in
connection with Honeycomb tori as well as designing numerous application specific algorithms. His current

interests centre on the development of systematic methods for mapping and scheduling computations on to
parallel architectures encompassing the analysis and design of regular parallel algorithms, massively parallel,

Field Programmable Gate Arrays, as well as Neural Networks and Genetic Algorithms.

Professor G.M. Megson (BSc(Hons), PhD, CEng, MBCS) was awarded a BSc(Hons) Class I in

computational science from Leeds University in 1984. After a period of postgraduate research, at
Loughborough University, in 1987 he recieved a PhD for work in systolic algorithm design. In July 1987 he

was appointed as the ATLAS Research Fellow at Rutherford Appleton Laboratory (RAL) and
simultaneously held a Junior Fellowship of Oriel College, Oxford University. Prof. Graham Megson is a

member of the BCS, has served on over 10 Programme Committees for international conferences. He has
been a member of the IEEE technical committee on computer architecture, the EPSRC review college for
the system architectures committee, and currently served on the AWE Supercomputing Panel. He is editor-

in-chief of the Journal Parallel Algorithms and Applications (1997-), and edits an international book series
on parallel computing. He has published over 130 papers at international conferences in journals including

five books on systolic algorithms/architectures and related topics.
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Conflict-Based Multi-Capacity Constraint Route 

Planning 
 

Daniel Siahaan, Muhammad Rusli, Salamun Nudin, Adhatus Solichah 

 
 

Abstract—Planning and scheduling mass departure is 

critical for tsunami disaster management. Algorithm that 

can generate effective evacuation plan and schedule is 

required. The evacuation plan and schedule have to ensure 

that the whole population can be moved to safety areas 

before the calamity of tsunami takes its impact on the land. 

Current heuristic solutions fail from computational 

complexity by assuming that the network’s elements, such 

as nodes and edges, have infinite capacity. Their approaches 

generate lazy evacuation route and evacuation plan as one 

instance. They fail to ensure their scalability when dealing 

with a real problem, i.e. huge transportation networks.   

This paper introduces a refinement of a multi-capacity 

constrained heuristic routing algorithm, which embedded a 

conflict-based path generation for evacuation scheduling. 

The algorithm is exercised on tsunami scenario in a capital 

city (northern coast of North Sulawesi, Indonesia which has 

the population of more than 400,000 lives. The proposed 

algorithm improves the computation time significantly 

(80%) while maintaining the time required for executing the 

evacuation plan the previous solution 

 

Index Terms—Capacity Constraint, Conflict-Based, 

Evacuation Route Planning and Scheduling 

 

I INTRODUCTION 

Planning evacuation route and schedule are a critical 

process for tsunami mitigation activities in a coastal area. 

An efficient and yet scalable computational algorithm is 

required to generate evacuation route and schedule that 

ensure zero life lost when the event of great tsunami 

actually takes its impact on the land.  Some solutions 

focus on solving the problem as a linear programming 

problem [1, 2]. The computational complexity of the 

solutions is exponential, which are not suited for a huge 

network such as in urban area.  

A number of heuristic solutions are proposed to solve 

the problem of exponential complexity of the 

computation [3, 4, 5]. The solution was inspired by the 

work of Goodchild et al. [6], which suggest the use of 

geospatial information for generating optimal evacuation 

routes. The solution proposed by Sarshar et al. utilizes the 

Volunteered Geographic Information (VGI) created by 

community [7]. This decision was taken due to the fact 

that of formal agencies (Environment System Research 

Institute) can only provide limited resources, which 

cannot match the rate of which the community producing 

the geospatial information [8]. Thus, the aforementioned 

solutions use a heuristic approach to generate optimal 

routes and or schedule. They reduce the computational 

time compared to the linear-programming approaches. 

These solutions generate the evacuation route with the 

assumption that any group of evacuees that transits at an 

evacuated node may be directed to take different 

evacuation path than other groups started from the 

evacuated node or also transits from that evacuated node 

but from different source node. They also assume that 

each group of evacuees from an evacuated node may be 

directed to take a different evacuation path than other 

group from the same node. These assumptions are not 

feasible when applied to the field. During the evacuation 

time, it is difficult to organize evacuees to join their 

designated group and to take their designated path. This 

is because the tsunami event may occur anytime and 

panic may disorient evacuees in choosing their 

designated evacuation path.  

Sarshar et al. introduces a dynamic model based on 

Bayesian Network to predict the probability of 

congestion occurrences during evacuation process in ship 

[7]. The algorithm considers a number of variables, such 

as passengers’ panic, passengers’ gender, and the 

structure of the ship. It predicts the probability of 

trapping in congestion for evacuees and the extension of 

evacuation time given an evacuation model. Nonetheless, 

it does not consider the dynamic of the evacuation routes.  

Other research by Kinugasa and Nakatani focuses on 

providing a tool that analyzes the behavior of visitors, 

such as tourists, during an evacuation process [9]. The 

work compares and evaluates the effectiveness of various 

evacuation guidance methods. The case for the study is 

Kyoto city, especially the tourism area. It focuses on the 

event of an earth quake. It uses a static evacuation plan, 

where the state (availability) evacuation paths are 

considered unchanged. 

The research by Ogunlana and Sharma evaluates an 

evacuation model which is based on intelligent agent 

[10]. It develops a visualization tool for that purpose. The 

tool helps in envisaging the time of evacuation. It also 

helps analyzing evacuation model based on the what-if 

scenario. It incorporates data on human emotions and 

movements. 
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 An enhanced algorithm based on Multi-Capacity 

Constrained Route Planning was developed. The 

algorithm is called Conflict-Based Multi-Capacity 

Constrained Route Planning (CBMCCRP). The algorithm 

separates the process of generating the evacuation route 

and the evacuation schedule and delays as long as 

possible the evacuation schedule. It adopts the 

lexicographic function to minimize the number of 

casualties. This algorithm was tested on real-scale 

tsunami case in Manado, which lies on the coast of North 

Sulawesi. It has to deal with evacuating more than 

400.000 lives on more than 400 nodes and edges.  

The rest of the paper is organized as follow. The next 

section paper describes how the problem of tsunami 

evacuation is modeled. Then, it describes the proposed 

algorithm called Conflict-Based Multi Capacity 

Constrained Route Planning. The paper then presents the 

experimental result and its analysis. The last section 

provides the conclusion of the paper. 

II. TSUNAMI EVACUATION PROBLEM 

Evacuation route planning can be best described as a 

graph as seen in Fig. 1. The figure in Fig. 1.a shows an 

evacuation scenario with 3 evacuated node (P0, P1, and 

P2) and two safe nodes (T1 and T2). In this scenario, the 

population in each evacuated node has to be evacuated in 

given time. In this example, all evacuees in P0, P1, and P2 

have to be evacuated within 2 hours, 5 hours, and 7 hours 

respectively after the first warning given. The edges 

(roads) l1, l2, and l3 connect two nodes and may be 

unavailable within different time after the first warning. 

For example, after 2 hours, l1 will be disconnected 

because tsunami takes its impact on that edge.  

This evacuation scenario can be represented as a 

graph G = (N = P   T; A ), where P and T  are the set of 

evacuated node (and/ transit node) and safe node 

respectively, and A is a set of edges l. Each evacuated 

node i has a set of attributes (di, fi), which consist of a 
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number of evacuees and the deadline time for evacuation 

respectively. Each edge l has a set of attributes (se, ue, fe), 

which includes distance of the edge (with respect to time 

needed for evacuees to travel from source node to 

destination node), edge capacity (a maximum number of 

evacuees that can be in the edge at an evacuation time 

unit), and the time when the edge become unavailable 

respectively.  

III. CONFLICT-BASED MULTI-CAPACITY CONSTRAINT 

ROUTE PLANNING 

Since the CBMCCRP adopts the conflict-based 

approach in generating the evacuation path of a specific 

node, CBMCCRP models the evacuation problem as a 

time-expanded graph by discredited the planning in time 

steps with identical length.  Fig. 2 illustrates the time-

expanded graph of the previous scenario. Graph  G
d
 = (N

d
 

= P
d
   T

d
, A

d
) is generated by duplicating each node in N 

and edge in A for each time t. For each time t, any 

unavailable node in N
d
 and edge in A

d
 should be removed. 

From the scenario, we can see that after t=2, evacuated 

node P0 is removed because it is destroyed by the 

tsunami. A super-source vs and a super-sink vt are added 

to model the inflow and outflow of evacuees respectively. 

The algorithm has to find a set of evacuation routes from 

vs to vt that ensure all evacuees reach the safe nodes 

within the minimum evacuation time. The pseudo code of 

evacuation route algorithm is as follow: 

The following are rules which are applied in this 

proposed algorithm:  

1. All groups of evacuees of an evacuated node p should 

take the same evacuation route  c. This is to ensure 

that there will be no chaos during the evacuation 

process due to panic evacuees. Panic evacuees could 

cause conflicted flow of evacuation among groups of 

evacuees and ineffective evacuation route taken by 

groups of evacuees due to confusion and other group 

provocations. 

2. An evacuation route  p of a group of evacuees that 

started from an evacuated node p is a subset of any 

evacuation route of a group of evacuees that passes 

the evacuated node. 

3. An evacuation route  p should only contain edge l at 

most one. 

Input: 

- Evacuation graph G
d
 = (N

d
 = P

d
   T

d
, A

d
), where 

N
d
 is a set of evacuated nodes P

d
 and safe 

nodes T
d
, and a set of directed-edges A

d
 that 

connect a node with another node.  
- For each node n ∈ N

d
, n comprises of (di, fi,), 

where di is the deadline for evacuation and fi is 
the amount of population that needs to be 
evacuated. 

- For each edge l ∈ A
d
, l comprises of (se, ue, fe), 

where se is travel time, ue is the capacity, and  fe 
is the time when the edge becomes unavailable.  

Output: 

- Ω′ is an evacuation plan, which contains a set of 
evacuation routes, with the shortest evacuation 
time. 

- S is the evacuation schedule with the maximum 
number of evacuees.  

Algorithms: 

Sort node in P
d
 by its distance to a nearest safe 

node. 
Foreach node p ∈ sorted P

d
, generate  c<n0, n1, …, 

nk> with the shortest path for each pair of p and t, 
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where p ∈ P
d
 , t ∈ T

d
 generated  

While there is an evacuated node p∈P
d
 where fi,>0 {     

flow = min(fi,>0, available_edge_capacity(all 

edge on route  c), available_node_capacity (all 
node on evacuated node to safe node on route 
 c), 

) 
for i=0 to k-1 do { 

t’ = t + fe(e(ni,ni+1)); 
available_edge_capacity (e(ni,ni+1),t) - flow; 
available_node_capacity (ni+1 , t) – flow; 
t = t’; 

} 
Ω′ = Ω′   (G, Ω′ ,  c ,S); 
S = (Ω′, G, G

d
)  

  

IV. EXPERIMENTAL RESULT 

 
The following are assumptions which are applied in this 

proposed algorithm:  

1. Decision maker instructs where and when each group 

of evacuees from certain evacuated node must leave 

and which route should be taken. 

2. There should be only one scenario is used at a time. 

3. The objective of the decision maker is only to ensure 

that all evacuees are evacuated to the safe node within 

a feasible time. 

Fig. 3 illustrates the network topology of a coastal area 

used in the experimentation. The network comprises of 

13 nodes which are member of N, that is 11 evacuated 

nodes P and 2 safe nodes T. The generation process of 

evacuation plan (Ω′) and evacuation schedule (S’) are 

done iteratively until there is no evacuee left in any 

evacuated node (due to all evacuees have been evacuated 

or the evacuated node have been drawn by tsunami). 

When an evacuated node still has evacuees left by the 

time it was drawn by the tsunami, then a penalty is given.  

Fig. 4 visualizes the evacuation plan generated by the 

algorithm. Table 1 shows the evacuation plan produced 

by CBMCCRP given the network topology given in Fig. 

3.The first two groups of evacuees that started from P10 

and P11 were the first groups of evacuees that reach the 

safe node t12 and t13 respectively. Evacuees which started 

from node P6 were divided into two smaller groups 

(groups of 5 and 2 evacuees) which started the evacuation 

at the same time (t=0) and through the same evacuation 

route. The first group reached the safe node at t=2, while 

the second group reached the safe node at t=3. This is 

because the second group has to wait 1 unit of time at 

node P10 due to edge capacity of unit l12 that connect P10 

and T12.  

The evacuees that started from evacuated node P11 

are also divided into two groups of evacuees (groups of 7 

and 3 evacuees).  The first group departed at t=0, while 

the second group departed at t=1. Both groups took the 
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same evacuation route. The first group that started earlier 

reach the safe node T13 at t=1. The second group that 

started later joined by another group of evacuees that 

started from T7.reach the safe node T13 at t=2    

The evacuees that started from in evacuated node T4 

were divided into 3 groups (groups of 4, 1, and 1 

evacuees). All groups took the same evacuation route, i.e.  

P4-l5-P6-l7-P10-l12-T12. The first two groups started at t=0, 

while the third groups started at t=1. At P10, the first 

group together with the first group (group of 4) that 

started from evacuated node P8 joined the second group 

of evacuees (group of 2) that started from P6, which 

arrived 1 unit of time earlier, and immediately continue 

travelling to safe node P12. At the same node, after 

waiting for 1 unit of time due to l12 were fully occupied, 

the second group together with the second group (group 

of 1) that started from evacuated node P8 were joined by 

the third group of evacuees and continue travelling to 

safe node P12. 

Given this result we can see not only the algorithm 

make sure one route for each evacuated node, but also 

ensure that an evacuation route  a of an evacuated node 

pa where pa is in evacuation route of evacuated node pb, 

then  b   a. Given the problem in Fig. 1, the algorithm 

produces four paths for generating evacuation routes, that 

is: 

- P1- l1-P3- l3-P4- l5-P6- l7-P10- l12-T12 

- P2- l2-P3- l3-P4- l5-P6- l7-P10- l12-T12 

- P5- l6-P7- l9-P11- l13-T13 

- P8- l8-P9- l10-P10- l12-T12 

The result shows the different between previous 

algorithm, i.e. MRCCP, and the proposed algorithm. 

First, CBMCCRP adopts [4] to generate evacuation path 

and evacuation schedule separately while ensuring that 

one evacuated node should only be assigned to one 

evacuation route.  

Second, instead of generating route during the 

generation of schedule, the algorithm started the process 

by sort the evacuated node by its distance to the sink-

node. The idea is to ensure that the scheduling process 

start from the closest-to-sink evacuated node. The 

allocation of evacuees group into the schedule is as 

follow: 

1. Group of evacuees started from the current evacuated 

node.   

2. Group of evacuees which arrived earlier in the 

current evacuated node. 

3. Group of evacuees from the closest evacuation node 

which arrived in the current evacuated node. 

Third, the proposed algorithm splits evacuees based 

on the capacity of an edge that connect started node to 

designated node. When a group of evacuees arrived at an 

evacuated node, where next evacuation edge has less 

number of available capacities than the number of 

evacuees to be evacuated, then the group is split into two 

smaller groups.  

Last, MRCCP maintains all routes of each evacuee 

groups and the capacities of all edges within the routes in 

every iteration. This is because the algorithm generates 

new routes based on the capacity of edges at time t. The 

proposed algorithm does not have to maintain all 

evacuation routes of all evacuation groups, but the 

algorithm only has to maintain the main evacuation 

routes. 

Given 11 evacuated nodes, 2 safe nodes, 13 edges, 

and 57 evacuees, the algorithm required t=7 to evacuate 

all evacuees to safe nodes. In order to calculate the cost 

model of the proposed algorithm, we assume that n is the 

total number of nodes in graph G with np is the total 

number of evacuated nodes and  ng is the total number of 

evacuee groups generated during evacuation scheduling.  

TABLE I  
EVACUATION SCHEDULE FROM THE SCENARIO 

Group of Evacuees 
Start 
Time 

Route 
Exit 

Time # pi 
Number of  
Evacuees 

1 p11 7 0 P11-T13 1 
2 p10 5 0 P10-T12 1 
3 p11 3 1 P11-T13 2 
4 p9 5 0 P9-P10-T12 2 
5 p6 5 0 P6-P10-T12 2 
6 p7 2 0 P7-P11-T13 2 
7 p6 2 0 P6-P10-idle-T12 3 
8 p8 4 0 P8-P9-P10-T12 3 
9 p5 5 0 P5-P7-P11-T13 3 

10 p4 4 0 P4-P6-P10-T12 3 
11 p4 1 0 P4-P6-P10-idle-T12 4 
12 p8 1 0 P8-P9-P10-idle-T12 4 
13 p4 1 1 P4-P6-P10-T12 4 
14 p3 2 0 P3-P4-P6-P10-T12 4 
15 p1 3 0 P1-P3-P4-P6-P10-T12 5 
16 p2 3 0 P2-P3-P4-P6-P10-T12 5 
17 p1 2 0 P1-P3-P4-idle-P6-P10-T12 6 
18 p2 2 0 P2-P3-P4-idle-P6-P10-T12 6 
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The computation model of MRCCP is characterized 

as iterative problem. In each iteration, an evacuation 

route of each node is selected and capacities of all edges 

along the routes are preserved. The number of iterations 

is determined by the number of groups generated during 

the evacuation scheduling process.  In each iteration, the 

route with the earliest destination arrival time from 

started evacuated node is recalculated with the cost of 

            . Reservation is made for the node and 

edge capacities along the chosen route with the cost of 

    . The cost model of MRCCP algorithm is as follows: 

 

                              (1) 

The cost model of CBMCCRP is less complex.  The 

evacuation route is generated once and separated from the 

calculation of evacuation schedule. Furthermore, the 

evacuation routes are generated for all evacuation groups 

that started or passed an evacuated node. Therefore, it 

decreases the complexity and ensures its scalability for a 

bigger network topology. The cost model of MRCCP 

algorithm is as follows. 

 

                        (2) 

The number of iteration during the evacuation route 

generation of CBMCCRP is equal or less than MRCCP 

algorithm. It is because CBMCCRP ensures that any 

evacuated node that precedes another evacuated node 

within the path to sink-node has an evacuation route   that 

includes the evacuation route of preceded evacuation 

node. Therefore, the path of preceding node should be the 

addition of evacuated node, connecting edge, and 

evacuation route of the following node. 

Fig 5 shows the testing methodology used for 

evaluating the scalability of the algorithm. This 

methodology was adopted from the one used by [11].  

The data set used in this testing was adopted from Google 

Map of Manado area, which lies on the North Coast of 

North Sulawesi Province, Indonesia. The network 

consists of 339 edges, 87 evacuated nodes, and 6 safe 

nodes. The population to be evacuated is 417,787 lives. 

The distribution of evacuees was based on the number of 

population in each 87 sub-regions. The test was 

conducted on Intel i-Core 3 64bit, Portege Z835, 4 GB 

RAM, Windows 7 Operating System.  

Fig 6 and 7 show the result of the scalability testing 

on MRCCP and CBMCCRP. On one hand, Fig 6 

indicates that there is no significant improvement by 

CBMCCRP with respect to evacuation time. The 

evacuation time produced by CBMCCRP tends to be 

longer (1.3 minutes in average) than MRCPP. The 

evacuation routes generated by CBMCCRP do not 

change with respect to the changes in the number of 

evacuees at a certain evacuated node at given time t. 

During the generation of evacuation routes, CBMCCRP 

adds a penalty to a route that contains evacuated node 

which becomes unavailable at time t while still has 

evacuees. In MRCCP, the evacuation routes are 

regenerated in each iteration. When an evacuated node 

has become unavailable at time t, a new column is 

generated to revise the current route. Two groups of 

evacuees which start from the same node, at some transit 

evacuated node may take different paths to the sink-node. 

 

Fig. 6. Evacuation Time vs. Ratio Nodes 

 

Fig. 7. Running Time vs. Ratio Nodes 
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Therefore, the total evacuation time of MRCCP in 

average is shorter than the one produced by CBMCCRP. 

According to Lumbroso et al. [12], the situation 

during the event of the tsunami disaster is considered 

times chaotic. Communication tends to be difficult and 

the command hierarchy structure is fragile and easily 

fails. This is the result of logistic failure and the nature of 

the human behavior which is very difficult to predict and 

control during an emergency situation. This means that it 

is hard (not to say impossible) to direct various groups of 

evacuees to take different routes accordingly. Scared and 

confused evacuees may become misdirected due to 

various ‘miss’ direction they received from other evacuee 

groups that they encounter along the route. Stepanov and 

Smith [13] suggest a clear and easy instruction or 

information of evacuation route should be given to ensure 

the optimal result of the evacuation effort.  

With respect to computation time, Fig 7 indicates a 

significant improvement by CBMCCRP compares to 

MRCCP. It can reduce more than 80% of computation 

time required by MRCCP. This is because the 

CBMCCRP produces evacuation route separated from 

evacuation schedule. The process of generating 

evacuation routes is relatively linear to the number of 

evacuated nodes. The generation of evacuation routes is 

done once, before the generation of evacuation schedule. 

This approach reduces the complexity significantly.  

Separating evacuation route generation and 

evacuation schedule generation can reduce the time 

required to produce the evacuation routes for it 

accelerates the formation of new evacuation route as a 

remedy to conflicted evacuated route. The separation of 

evacuation route generation and evacuation schedule 

generation can reduce the time required to produce the 

evacuation routes. It accelerates the formation of new 

evacuation route as a remedy to conflicted evacuated 

route.  

The result of this research can be used by various 

stakeholder of tsunami disaster in order to produce a 

tangible and measurable evacuation plan and evacuation 

schedule of evacuees when an event of big tsunami 

occurs, especially in a coastal area such as Manado. A 

good planning can reduce the probability of casualties 

during the real evacuation event, especially for a coastal 

area that has dense population such as Manado, Ambon, 

Jayapura, and Denpasar. 

V. CONCLUSION 

The proposed algorithm, Conflict-Based Multi-Capacity 

Constrained Route Planning (CBMCCRP), lowers the 

computation time required by the previous algorithm, 

MRCCP, by reducing the complexity   of evacuation 

routes generation. CBMCCRP reduce the complexity by 

separating the generation of evacuation route from 

evacuation schedule. . It accelerates the formation of new 

evacuation route as a remedy to conflicted evacuated 

route with respect to the dynamic changes of evacuation 

path availability. 

Thus, the total evacuation time is not improved in 

CBMCCRP. It produce a slightly longer (i.e. 1.3%) 

evacuation time than MRCCP.   Nevertheless, the 

assumption used in generating the evacuation route is 

safer, with respect to the chaotic situation during the 

tsunami event. It can be expected that the evacuation 

route can work better in real situation.  

Further research should be directed to consider other 

aspects that is relevant to urban areas, such as dynamic 

population distribution with respect to time (working 

hours, rushing hours, rest hours, etc.) and day (working 

days and weekends), building structures, the role of social 

network applications and devices, etc. Complex variables 

may improve the model precision to the near-real life 

situation. 

 

REFERENCES 

[1]  R. Francis and L. Chalmet, "A Negative Exponential Solution To 

an Evacuation Problem," 1984. 

[2]  T. Kiosko, R. Francis and C. Nobel, "EVACNET4 User's Guide," 

Universtiy of FLorida, Minneapolis, 1998. 

[3]  L. Qing, Y. Huang and S. Shekhar, "Evacuation Planning: A 
Capacity Constrained Routing Approach," in Intelligence and 

Security Informatics, Berlin, Springer-Verlag, 2003, pp. 111-125. 

[4]  V. Pillac, P. v. Henternryck and C. Even, "A Conflict-Based Path-
Generation Heuristic for Evacuation Planning," NICTA, 

Melbourne, 2013. 

[5]  S. Shekhara, K. Yang, V. M. Gunturia, L. Manikondaa, D. Olivera, 
X. Zhoua, B. Georgeb, S. Kim, J. M. Wolf and Q. Lu, 

"Experiences with evacuation route planning algorithms," 

International Journal of Geographical Information Science, vol. 
25, no. 12, pp. 2253-2265, 2012.  

[6]  M. Goodchild, J. Bruzewicz, L. Cutter, K. Donahue, P. Hu, J. J. 

Moeller, B. Oswald, E. M. Stanley and A. G. Frazier, Successful 
Response Starts With a Map: Improving Geospatial Support for 

Disaster Management, Washington DC: Academic Press, 2007.  

[7]  P. Sarshar, J. Radiant, O. C. Granmo and J. J. Gonzalez, "A 
Dynamic Bayesian Network Model for Predicting Congestion 

During a Ship Fire Evacuation," in Lecture Notes in Engineering 
and Computer: Proceedings of the World Congress on 

Engineering and Computer Science 2013, WCECS 2013, 23-25 

October, San Francisco, USA, pp. 29-34.  

[8]  ESRI, "ESRI Workshop on Special Time-Critical Applications of 

VG," ESRI, Redlands, 2011. 

[9]  S. Kinugasa and Y. Nakatani, "Evaluation Support System of 
Large Area Tourist Evacuation Guidance," in Lecture Notes in 

Engineering and Computer: Proceedings of the World Congress 

on Engineering and Computer Science 2011, WCECS 2011, 19-21 
October, 2011, San Francisco, USA, pp.972-976.  

[10]  K. Ogunlana and S. Sharma, "Agent based Simulation model for 

data visualization during evacuation," in Proceedings of ASE 
BIGDATA/SOCIALCOM/CYBERSECURITY 2014, Stanford, 2014, 

pp. 1-6.  

[11]  Q. Lu, B. George and S. Shekhar, "Capacity Constrained Routing 
Algorithms for Evacuation Planning: A Summary of Results," in 

Proceedings of 9th International Symposium on Spatial and 

Temporal Databases, 2005, pp. 291-307.  

[12]  D. Lumbroso, E. Gaume, C. Logtmeijer, M. Mens and M. v. Vat, 

"Evacuation and traffic management," Delft, 2008.  

[13]  A. Stepanov and J. Smith, "Multi-objective evacuation routing in 
transportation networks," European Journal of Operational 

Research, vol. 198, no. 2, pp. 433-446, 2009.  

[14]  D. Siahaan and I. Firli, "Advanced Methodology for Requirements 
Engineering Technique Solution (AMRETS)," International 

Journal of Advancements in Computing Technology (JACT), vol. 

4, no. 5, pp. 75-82, 2012.  

 
 

IAENG International Journal of Computer Science, 42:3, IJCS_42_3_05

(Advance online publication: 10 July 2015)

 
______________________________________________________________________________________ 



 


