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ABSTRACT 
This paper presents a optimization modeling framework to determine the optimal evacuation plan for a Historic areas 
are extremely vulnerable to disasters because many persons in need of aids live in the many old houses standing close 
together. It is also difficult to widen narrow streets to prevent disasters. Therefore, securing  emergency evacuation 
routes is very important for people living in such areas. Considering these circumstances, this study aims to discover how 
to secure emergency  evacuation routes for a historic area Since the Routing problem is among the problems with hard 
complexity genetic Algorithm due to is simplicity and high speed in analyzing the webs with high  dimensions, is used in 
this study to determine  the optimal route for reaching  the safe places. The study Historic area is, located in kerman City. 
the results of the study show that the suggested method by considering the population density and the passage width 
finds the shortest path for reaching  the safe places Hence it can be used effectively for emergency evacuation. 
Keywords: Evacuation, Historic preservation area, Disaster prevention Genetic algorithms, Routing 
 
Received 17.03.2014           Revised 15.05.2014                      Accepted 22.06. 2014 
 
INTRODUCTION  
Hazards, such as tornadoes, earthquakes, toxic spills and terrorist attacks, can be broadly categorized as 
either natural or human induced ,and most natural hazards owe their origin to human beings [13]. When 
hazards intersect with the vulnerability of human society, they become devastating disasters, causing 
consider able destruction, claiming countless casualties, and lead into catastrophic consequences. Cities 
are areas where hazards are more likely to escalate into disasters due to the large and highly 
concentrated populations that are likely to be affected. The complex layout of urban transportation 
networks and multi-story buildings make it even more challenging for rescuers to reach victims, which 
leads to greater vulnerability of cities and the potential increase of casualties as the hazardous 
consequences would be exacerbated [18]. Evacuation is a necessary course of action to mitigate the losses 
from disasters. immediate response to disasters. As a crucial component of emergency response and 
management, evacuation serves to transfer people from risky areas to safer ones in an attempt to 
alleviate loss of life and property to a great extent [29]. On the other hand, evacuation can also be carried 
out before a disaster even occurs. Since disasters are unexpected events full of uncertainty ,effective 
evacuation as a precautionary course of action is one way in which such uncertainty may be addressed 
[10]. several researchers have examined methods of disaster prevention for historical areas. Kanazawa 
City is an example of an advanced city in which two-way evacuation routes have been investigated for 
enacting a relaxation ordinance relative to the Building Standards Act; consequently, a prevention plan 
was investigated to protect the city's traditional buildings(Okubo، 2010). In Senbonsyaka-do, Kyoto, the 
shortening of evacuation routes was studied to increase local safety (Toyoda،2009) In another Kyoto 
location, historic wooden back doors were found to be effective for evacuation [39] Using questionnaire 
survey data from Shin-Hua, Tainan County, Taiwan, researchers proposed a simple method of analyzing 
the road network factors and evacuation choices of residents in case of an earthquake [33]. 
The present authors investigated the situation of evacuation routes in a historic preservation area 
through intensive interviews with its residents(Miyamoto،2011؛Mishima،2013) and proposed steps for 
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planning and providing evacuation routes in that area (Mishima،2012)The lead author studied a proposal 
for preventing fire from spreading in a historic preservation area as well [9]. Several researchers have 
studied numerous aspects of the vulnerability of urban habitation area to natural disaster. Urban 
earthquakes inflict serious damage to regions experiencing rapid rates of population growth and to 
developing countries undergoing urbanization (Torry،1980). In designing evacuation methods for urban 
areas post-earthquake, it is useful to consider multiple scenarios of fire spread (Nishino،2012) 
As for evacuation from buildings ,numerous studies have considered evacuation behavior in panics [12]. 
 Some researchers have focused on the evacuation time of  the World Trade Center on September11,2001 
[40]. Such studies have significant potential to inform us about preparedness ,response policies, and 
procedures for dis- asters in residential areas. Historic preservation areas,however ,are among the most 
vulnerable to disaster ,particularly in a country subject to earthquakes like Japan necessary solutions for 
disaster prevention for people in a historic preservation area, at the same time maintaining the width of 
the narrow paths .have proposed some other models and put them into practice, under different 
emergency conditions. It takes a considerable amount of computation to calculate the operating 
characteristics of individual vehicles. Little progress has been achieved from decades as a result of low 
computation power. Over the last decade, the rapid development of computer technology has greatly 
promoted the 
research of emergency evacuation and obtained many research results. These can be generally classified 
into mathematical, analytical [41]. 
The main contribution of this paper is that it proposes an optimal traffic assignment model based on the 
shortest emergency evacuation time, by determining traffic assignment adaptively, according to the time 
varying conditions, so that the evacuation strategy can respond to a disaster rapidly and effectively. 
Evacuation route construction algorithm and network distribution algorithm are employed to deliver the 
traffic flow rapidly and safely from the evacuation areas to safe regions. 
Evacuation planning 
Evacuation is a complex process consisting of several consecutive phases. After the detection of an 
incident, decision makers evaluate the potential threat for specific areas and then issue an evacuation 
order for these areas if the risk is significant and there are no shelters to provide adequate in-place 
protection [31]. 
The type of disaster will dictate total or partial evacuation to distant or near-by relief location and if it is 
long term or temporary process [3]. Evacuation alert is communicated to the population, who makes a 
decision to evacuate or not depending on their perception of danger and then the population is 
transferred through a transportation network to designated safe areas [31]. Condition of the 
infrastructure will force which mode of transport to use but the evacuation also depends on the available 
fleet of vehicles, their capacity and on circumstances surrounding the evacuee [3]. Finally, evacuees arrive 
to areas outside of danger and a verification that they have made it safely must be carried out .The 
evacuation time may range from hours to weeks or even months (Church et al, 2002; [31], depending on 
the scale of the disaster. Han et al. [15]  suggests that the major problem in evacuation operations is that 
evacuation-zone exit routes are often limited in number and insufficient in capacity to handle the traffic 
surge during a large-scale emergency evacuation. Stepanov et al [32] reinforces that capacity of 
transportation networks generally cannot satisfy the intense demand for transportation  during an 
evacuation, and that even on small neighborhood-scale evacuations, transportation networks can impede 
the fast clearing of the population from an effected area .In order to manage such emergencies more 
effectively, decision makers may benefit from having in-place evacuation plans for scenarios which are 
most likely to happen, even though real-time design or re-evaluation of evacuation plans may be required 
after the disaster strikes [1]. Therefore, studies have focused on methods to improve the planning and 
operational aspects of the evacuation process to maximize the utility of the existing transportation 
network [15]. Apte [3] presents a summary of some of the research in evacuation. Stepanov et al [31] also 
reviewed a series of evacuation models and proposed that modeling techniques can be grouped by 
computation techniques into analytical and simulation techniques. From a review of the evacuation 
models, Stepanov et al [31] conclude that two approaches are evident: (i) the first approach defines a set 
of optimal routes and evaluates performance measures simultaneously; and (ii) a second approach uses 
an analytical optimization technique to offer a routing policy, and then this policy is evaluated with traffic 
simulation model. According to Stepanov and Smith [32], the first approach is prevalent in practice. In 
this context, this paper presents a heuristics algorithm that can be applied for defining independent 
routes for developing in-place evacuation plans. According to Stepanov et al [31] classification, the 
algorithm proposed applies analytical techniques to define a set of optimal routes and evaluate measures 
simultaneously. The characteristics of the method are presented on the following section. 

Karnema   et al 



BEPLS Vol 3 Spec ial  Issue III  2014      217 | P a g e            ©2014 AELS, INDIA 

Characteristics of the Method  According to Graph theory [6], there is a limited number (k) of 
independent paths (called disjoint paths) between a pair of nodes in a network; however it is possible to 
exist several sets (of k elements) of these paths in the same network. In mathematics and computer 
science, graph theory is the study of graphs, which are mathematical structures used to model pairwise 
relations between objects. In the most common sense of the term [4]  a graph is an ordered pair G = (V, E) 
comprising a set V of vertices or nodes together with a set E of edges or lines, which are 2-element 
subsets of V (i.e., an edge is related with two vertices, and the relation is represented as an unordered pair 
of the vertices with respect to the particular edge). To avoid ambiguity, this type of graph may be 
described precisely as undirected and simple. 
Other senses of graph stem from different conceptions of the edge set. In one more generalized notion, E 
is a set together with a relation of incidence that associates with each edge two vertices. In another 
generalized notion, E is a multi set of unordered pairs of (not necessarily distinct) vertices. Many authors 
call this type of object a multi graph or pseudo graph .All of these variants and others are described more 
fully below. 
The vertices belonging to an edge are called the ends, endpoints, or end vertices of the edge. A vertex may 
exist in a graph and not belong to an edge. 
V and E are usually taken to be finite, and many of the well-known results are not true (or are rather 
different) for infinite graphs because many of the arguments fail in the infinite case. The order of a graph 
is |V| (the number of vertices). A graph's size is |E|, the number of edges. The degree of a vertex is the 
number of edges that connect to it, where an edge that connects to the vertex at both ends (a loop) is 
counted twice. For an edge {u, v}, graph theorists usually use the somewhat shorter notation [2]. 
Genetic algorithms 
In the computer science field of artificial intelligence, genetic algorithm (GA) is a search heuristic that 
mimics the process of natural selection. This heuristic (also sometimes called a meta heuristic) is 
routinely used to generate useful solutions to optimization and search problems (Mitchell,1996) Genetic 
algorithms belong to the larger class of evolutionary algorithms (EA), which generate solutions to 
optimization problems using techniques inspired by natural evolution, such as inheritance, mutation, 
selection, and crossover. 
In a genetic algorithm, a population of candidate solutions (called individuals, creatures, or phenotypes) 
to an optimization problem is evolved toward better solutions. Each candidate solution has a set of 
properties (its chromosomes or genotype) which can be mutated and altered; traditionally, solutions are 
represented in binary as strings of 0s and 1s, but other encodings are also possible [37]. 
The evolution usually starts from a population of randomly generated individuals, and is an iterative 
process, with the population in each iteration called a generation. In each generation, the fitness of every 
individual in the population is evaluated; the fitness is usually the value of the objective function in the 
optimization problem being solved. The more fit individuals are stochastically selected from the current 
population, and each individual's genome is modified (recombined and possibly randomly mutated) to 
form a new generation. The new generation of candidate solutions is then used in the next iteration of the 
algorithm. Commonly, the algorithm terminates when either a maximum number of generations has been 
produced, or a satisfactory fitness level has been reached for the population. 
A typical genetic algorithm requires: 

1. a genetic representation of the solution domain, 
2. a fitness function to evaluate the solution domain. 

Once the genetic representation and the fitness function are defined, a GA proceeds to initialize a 
population of solutions and then to improve it through repetitive application of the mutation, crossover, 
inversion and selection operators. 
The algorithm steps can be summarized as: 

1. Start with a randomly generated population of n l-bit strings (candidate solutions to a problem). 
(These "solutions" are not to be confused with "answers" to the problem, think of them as 
possible characteristics that the system would employ in order to reach the answer (1) 

2. Calculate the fitness f(x) of each string in the population. 
3. Repeat the following steps until n new strings have been created:  
 Select a pair of parent strings from the current population, the probability of selection being an 

increasing function of fitness. Selection is done "with replacement" meaning that the same string 
can be selected more than once to become a parent. 

 With the crossover probability, cross over the pair at a randomly chosen point to form two new 
strings. If no crossover takes place, form two new strings that are exact copies of their respective 
parents. 
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 Mutate the two new strings at each locus with the mutation probability, and place the resulting 
strings in the new population. 

4. Replace the current population with the new population. 
5. Go to step 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Modeling framework 
The main purpose in this study is finding the optimal route among some places which include  passages, 
damaged spot and safe place.it  means the optimal route whose index is its shortness exists so that: 
Route includes low population density with respect to the passage width present on the route  
Route is unilateral which means it starts from source and ends in destination and there is no need to 
come back to the source 
Routing process incudes Selecting the optimal route in Passage web .In large webs routing and Selecting 
the optimal route is complicated. In the web which we have selected for the problem it is possible to 
consider safe places damage spots and passage as Nods of a graph. Each damage block is S the start hend 
and the secure adjacent spots are as the final heads. using the genetic algorithm all the optimal routes for 
reaching safe places are found and in the next stage with respect to the routes density .the most suitable 
safe area is specified genetic Algorithm for finding the optimal route includes some important part a as 
the following :primary population :it is actually a series of a primary responses which are selected 
randomly. each primary responses is called a chromosome. 
Chromosome: each Chromosome consist of some genes and each gene is actually an under route or a 
passage .since we use genetic binary for solving our problem the amount of the genes are zero and one. 
The amount zero means one passage has not been selected on the route and the amount one in the 
chromosome means one passage or under route has been chosen .chromosome is a thread which 
in fact creates a path between source and destination .The created path between source and destination 
should be integrated , otherwise this path is lost 
The number of the gens which are selected for the chromosome is one less than the whole nodes in the 
graph 
Selection: During each successive generation, a proportion of the existing population is selected to breed 
a new generation. Individual solutions are selected through a fitness-based process, where fitter solutions 
(as measured by a fitness function) are typically more likely to be selected. Certain selection methods rate 
the fitness of each solution and preferentially select the best solutions 
In this work Individual solutions are selected using Roulette Wheel method through a fitness-based 
process, where fitter solutions (as measured by a fitness function) are typically more likely to be selected. 

Generation next 

No 

Yes 

Start 

Initialize population of chromosomes 

Evaluate fitness of all individuals 

Termination 

Result 

Best individual 

Selection 

Mutation 

Crossover 

Fig. 1. The operation of a GA [16] 
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Crossover and mutation: For each new solution to be produced, a pair of "parent" solutions is selected for 
breeding from the pool selected previously. By producing a "child" solution using the above methods of 
One-point crossover and Generational replacement (mutation), a new solution is created which typically 
shares many of the characteristics of its "parents". New parents are selected for each new child, and the 
process continues until a new population of solutions of appropriate size is generated [12].  
Cost function : it is actually an index based on which optimization is done and shows the improvement of 
the chromosome .The main part in reaching the proper answer in genetic Algorithm is the accurate 
definition of cost function .the used cost function in this study has been shown in formula 1. 
 In addition to considering the shortest path for reaching the safe place we also consider the population 
density and the passage width because only finding the shortest path  is not always the best choice Hence  
in the passages with different widths the population density may  be in  a way that it is not possible to 
pass them in a short time Two aims are investigated in this study First some of the shortest paths are 
found using formula 1  and then with respect to the obtained paths population density and passage width 
are also considered. 44)and the way which satisfy both of the goals will be chosen 

 )1  

In which P=(P1,….Pn) and q=(q1,….qn) are 2 points in n dimentional Euclidean space .j is the counter of the 
passages and s is the total a mount of the places . after  finding the best routes  by genetic Algorithm , 
some  of the optimal routes including the first best route , the second best route,… are chosen by users 
selection .now the following aim function is considered for selecting the final optimal route  
 2) min ( ) 

in which n is the amount of the passages which has been  obtained in an optimal route  Li  the length of the 
passage with i tag  .T j and wj  show population density in the passage with j  tag and passage  with  j tag 
respectively . of course the user can put a weight for each of the optimal route factor s (shorter) and 
density in using this formula for selecting the best route and with respect to their importance change the 
optimal function as the following. 
3) min ( ) 

In which k 1 and k2 show the degree of importance and their total  is one it means we have. 
4)  
Since the considers parameters in the problems are not of the same kind. for combining them in the 
formulas first they should be normalized and a same unit should be specified for their weighing 
combination. so all the parameters are divided to their own normalized amount and then are combined. 
 
DISCUSSION 
In order to investigation the efficiency of the suggested method first a hypothetical web with is nodes has 
been considered in which the source and the Destination points are specified  for finding the optimal route 
all the nodes are searched and 3 routes ( in a real web after finding the best routes .the route which is 
more suitable regarding the population density is selected as the optimal route figure 2 shows the 
hypothetical web with the best route which has been specified with green  blue and red colors 
respectively. 
 

 
Fig 2.hypothetical web with the best route 
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for implementation of the suggested method in real web .kerman is area 3has been considered for 
preparing the data first information large related to the urban passages and blocks  and also suitable 
spaces for emergency evacuation population information of urban blocks and urban passage with have 
been gathered from. 
Kerman s GIS data base . Then for using them local information of the blocks and crossing of the streets 
and also local information of safe places center are considered the considered are a includes building 
nodes , safe place node and urban passage or  nodes of the graph. 

 
Fig 3. Kerman area 3 

In Routing test in real web a damaged spot has been specified as the start and a secure adjacent spot as 
the end. 
Then using genetic Algorithm , 3 best rotes have been determined in which the route which is clear  by 
color  red is the best  route between the damaged spot and safe place and considering the passage width  
and population density is low. 

 
Fig 4. Optimal  Routing in real web 

CONCLUSIONS 
Recurring emergency evacuation routes is very important for people living in a Historic areas. Historic 
areas are extremely vulnerable to disasters because many persons in need of aids live in the many old 
houses standing close together. It is also difficult to widen narrow streets to prevent disasters .As a 
crucial component of emergency response and management, evacuation serves to transfer people from 
risky areas to safer ones in an attempt to alleviate loss of life and property to a great extent. this study 
used  genetic Algorithm to determine the optimal evacuation plan for Historic areas in Kerman City due to 
is simplicity and high speed in analyzing the webs with high dimentions . the results of the study show 
that the suggested method by considering the population density and the passage width finds the shortest 
path for reaching  the safe places Hence it can be used effectively for emergency evacuation. 
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