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Summary

Thisthesis presents an Ant Colony Optimization Approach (ACO) to solve the
shortest path problem, especialy with fuzzy constraints, whichisanew trend in
dealing with the fuzziness of the shortest path problem and also in solving with ant
colony optimization approach.

The proposed agorithm consists of five sequential steps. Thefirst step isto
determine the number of possible paths from the source to the target. The second step
calculates the probability of each path of possible paths. The third step cal culates the
expected number of ants through each path of possible paths then calculatesin the
fourth step the new trail of each weight component for eachpath of possible paths,
which leads to the final step to calculate the averagetrail of each path , therefore the
shortest path is that one which have more trail through it.

The shortest path Problem is an NP-hard combinatorial optimization problem
that has long challenged researchers. The objective of the shortest path problem isto
find the path between two nodes with shortest length (weight).

Thisthesis consists of five chapters as follows:
Chapter One: we introduce an introduction, summary and review of literature.

Chapter Two: we handle the shortest path problem as definitions, formulation and

the algorithms which solve it with some applications.

Chapter Three: an ant colony optimization approach is introduced as a methodol ogy

for solving the shortest path problem with some related definitions, applications,
explanation of the general ant colony optimization (ACO) method and an illustrated
example.

Chapter Four: we introduce an introduction on fuzzy sets, definitions, formulation

algorithms which solve the fuzzy shortest path problem.



Chapter Five: weintroduce the supposed algorithm in details with aflowchart
represent it, a program was coded by JAVA programming for making an
implementation study, finally we have got two empirical formulas from an
experimental datato calculate the no of ants and the evaporation coefficient which

give the best convergence to the optimal solution.
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Chapter 1

Introduction and review of literature

1.1 Introduction

We introduce an ant colony optimization approach agethodology for solving
the shortest path problem with fuzzy constrairlkss, problem is to find the fuzzy
shortest path (weight) from source to target , phédblem is one of the optimization
problems which have a high importance for the itriisvorld as well as for the
scientific world. The practical optimization probie include for example train
scheduling, time tabling, shape optimization, tetemunication network design, or
problems from computational biology. The reseammmunity has simplified many of
these problems in order to obtain scientific testes such as the well-known traveling
salesman problem (TSP). The TSP models the situafia traveling salesman who is
required to pass through a number of cities. Trad gbthe traveling salesman is to
traverse these cities (visiting each city exactige) so that the total traveling distance is
minimal. Another example is the problem of protilding, which is one of the most
challenging problems in computational biology, neolar biology, biochemistry and
physics. It consists of finding the functional sbap conformation of a protein in two or
three dimensional space, for example, under siraglittice models such as the
hydrophobic polar model

The TSP and the protein folding problem unddrdatmodels belong to an
important class of optimization problems known asibinatorial optimization (CO) [6].

A CO problem P = (S, f) is an optimization problenwhich are given a finite


http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B75DC-4HM7S2N-1&_mathId=mml11&_user=739499&_cdi=13035&_rdoc=34&_ArticleListID=438673288&_acct=C000041101&_version=1&_userid=739499&md5=92e81c1d98c74b85508c56362092ef5b

set of objects S (also called the search spacejmotjective function f: S~ > "Rhat
assigns a positive cost value to each of the ahj@tte goal is to find an object of
minimal cost value. The objects are typically imegumbers, subsets of a set of items,
permutations of a set of items, or graph structu€3 problems can be modeled as
discrete optimization problems in which the seagace is defined over a set of decision
variables with discrete domains. Therefore, we haihceforth use the terms CO problem
and discrete optimization problem interchangeably.

Due to the practical importance of CO problems, yralgorithms to tackle them
have been developed. These algorithms can befaasss either complete or
approximate algorithms. Complete algorithms area@putaed to find for every finite size
instance of a CO problem an optimal solution inrmad time. Yet, for CO problems that
are non polynomial (NP) hard problems, no polyndmimae algorithm exists, therefore,
the complete methods might need exponential cortipaotame in the worst-case. This
often leads to computation times too high for gcattpurposes. Thus, the development
of approximate methods—in which we sacrifice thargatee of finding optimal
solutions for the sake of getting good solutiona gignificantly reduced amount of

time—has received more and more attention in tsie3@ years [6].

1.2 Summary

This thesis presents an Ant Colony Optimiza##gproach (ACO) to solve the
shortest path problem, especially with fuzzy caiats, which is a new trend in dealing
with the fuzziness of the shortest path problemalad in solving with ant colony
optimization approach. The proposed algorithm te®f five sequential steps. The

first step is to determine the number of possilalng from the source to the target. The


http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B75DC-4HM7S2N-1&_mathId=mml12&_user=739499&_cdi=13035&_rdoc=34&_ArticleListID=438673288&_acct=C000041101&_version=1&_userid=739499&md5=2dda9c50ddee7e70c19d2b959da4b35c
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B75DC-4HM7S2N-1&_mathId=mml13&_user=739499&_cdi=13035&_rdoc=34&_ArticleListID=438673288&_acct=C000041101&_version=1&_userid=739499&md5=5f100b0a2902b5350096e7a1e41f0a35

second step calculates the probability of each pipilossible paths. The third step
calculates the expected number of ants through jeaithof possible paths then
calculates in the fourth step the new trail of eaelight component for ach path of
possible paths, which leads to the final step toutate the average trail of each path ,
therefore the shortest path is that one which Inawe trail through it.

The shortest path Problem is an NP-hard combirstoptimization
problem that has long challenged researchers. bjeetove of the shortest path
problem is to find the path between two nodes wsitbrtest length (weight).
This thesis consists of five chapters as follows:
Chapter One: we introduce an introduction, summary and revié\iterature.
Chapter Two: we handle the shortest path problem as definitifmmmulation and the
algorithms which solve it with some applications.

Chapter Three: an ant colony optimization approach is introduas@ methodology for

solving the shortest path problem with some reldethitions, applications, explanation
of the general ant colony optimization (ACO) metlaod! an illustrated example.

Chapter Four: we introduce an introduction on fuzzy sets, débnis, formulation

algorithms which solve the fuzzy shortest path b

Chapter Five: we introduce the supposed algorithm in detailfaiflowchart represent
it , a program was coded by JAVA programming fokimg an implementation study ,
finally we have got two empirical formulas from experimental data to calculate the no
of ants and the evaporation coefficient which ghe best convergence to the optimal

solution.



1.3 Review of literature

The shortest path problem with certain arc lengtisbeen studied intensively.
And many efficient algorithms have been developge&bnald Gould [31], Liewellyn
[26], and these algorithms are referred to astdmedsrd shortest path algorithms.

However, due to failure, maintenance or other nessgifferent kinds of
uncertainties are frequently encountered in pracaad must be taken into account. For
example, the lengths of the arcs are assumed tese& transportation time or cost
rather than the geographical distances, as tinsesirfluctuate with traffic or weather
conditions, payload and so on, it is not practioatonsider each arc as a deterministic
value. In these cases, probability theory has lbeed to attack randomness, Ronald
Gould [31] studied the probability distributiontble shortest path length in which arc
lengths are random variables. Ronald Gould [31]laadellyn [26] considered the
different types of cost functions to study the &aadns of the shortest path problem in
stochastic networks. Lady [11] studied the expestemttest paths in dynamic and
stochastic networks.

Several algorithms have been proposed over tha yedrandle efficiently
restricted families of weighted directed graphghsas, for instance, directed graphs with
nonnegative weight functions or acyclic graphs [35]

A solution to the shortest path problem is somesigadled a pathing algorithm.
The most important algorithms for solving this desh are [37].

Marco Dorigo [24] introduced the first ant colongtionization algorithms. the
development of these algorithms was inspired bytigervation of ant colonies.

After the initial proof-of-concept application tbe traveling salesman problem



(TSP), ant colony optimization (ACO) was appliedriany other problems, such as the
Assignment problems, scheduling problems and vehaiting problems. Among other
applications, ACO algorithms are currently statekef-art for solving the sequential
ordering problem, the resource constraint projelseduling problem, and the open shop
scheduling problem [38] , Kourosh and Morteza [B4ye recently published an
excellent book in Aco in which the reader can fincomprehensiveeview of different
versions of ACO algorithms. One of ACO versiondletbAnt Colony System is used.
M.Blue examined the problem of Boolean flows omzezl network [29], also,
Tzung [40] presented a method based on Floyd'sitigpand Ford's algorithm to treat
the fuzzy shortest path problem. It can obtainsthartest path length whereas the
corresponding shortest path in the network perdaps not exist. Later, Tzung [40]
proposed an improved algorithm that was based oardical programming recursion. It
canget not only the shortest path length but dsabrresponding shortest path in the
network; nevertheless, the assumption that theillesarc lengths are 1 through a fixed
integer seems to be impractical. Moreover therehs solve the fuzzy shortest path
problem such as Yinzhen [43] who solve the probbgmmeural networks, also Yanbin
[42] introduced an improved ant colony optimizatadgorithm for solving another
problem (mobile agent routing problem), so it iseav trend to solve the shortest path

problem with fuzzy constraints using the ant colopyimization approach.



Chapter 2

The shortest path problem

2.1 Introduction

Shortest path problems are among the fundamerdhlgms studied in
computational geometry and other areas includiaglyalgorithms, geographical
information systems (GIS), network optimization aabotics.

There are two types of the shortest path probleefitst type is called The
geodesic shortest path problem which given twotga@rand t on the surface of a
polyhedron, find the shortest path on the surfaomfs to t.

The second type is called the Euclidean shortdktgrablem and is looking for
the shortest path among the obstacles in 3D spdcereas finding the Euclidean
shortest path is non polynomial hard problem, thedgsic shortest path may be found in
polynomial time.

The shortest path problem can be next categorigédebdistance measure used
(Euclidean, weighted), purpoésingle source shortest papinoblem: the shortest path
between two points @ll pairs shortest patiproblem:the shortest paths between one
point and all triangle vertices) and computatjeractly, approximadd8].

A network or graph (see figure 2.1) consists o glinks) and nodes (vertices) so
the shortest path problem is concerned with findimggshortest path in that network from
one node ( or set of nodes ) to another node étasfnodes ) [19] .

In graph theory, given a source node s in a wethtieected graph G, with n

nodes and m arcs, the single-source shortest paltihegn ( SSSP ) from s is the problem



of finding the minimum weight paths from s to aher nodes of G [35].

Then the shortest path problem, finding thié path minimum distance, time aost
from a source to a destination, is one of the mosilamental problems in network
theory. It arises in a wide variety of scientifiecdaengineering problem settings, both as
stand-alone models and as sub problems in morelegmpmblem settings.

However, due to failure, maintenance or other nessgifferent kinds of uncertainties
are frequently encountered in practice, and musaken into account. For example,
the lengths of the arcs are assumed to represerspiortation time or cost rather than
the geographical distances, as time or cost fltetwéh traffic or weather conditions,
payload and so on, it is not practical to conseterh arc as a deterministic value.

The objective of the resource constrainedtssbpath problem (RCSP) is to find the
shortest path in a network such that certain camgt are satisfied.

RCSP is NP-hard, Good heuristics are thusired|go that on a practical problem size
an answer may be found in a reasonable amouritref. This makes RCSP an
interesting problem in general .

A solution to RCSP requires a graph algorithm. &hee® considered difficult to
implement efficiently in a purely functional langea.

The importance of computation of shortest pathsearrapidly, so it became one



of the most fundamental problems in network analyJihese have been the subject of
extensive research [31].
The different types of the shortest path problemlmaaggregated as:
1- One node-to-one node.
2- One node-to-some nodes.
3- One node-to-all other nodes.
4- All nodes-to-one node.
5- All nodes-to-all nodes.

If arcs in the network have non-negative valuetapaling algorithm can be used
to find the shortest paths from a particular nadalk other nodes in the network .

The criterion to be minimized is not limited to @isce even though the term
shortest path is used in describing the procedatiger criteria include time and cost (
neither time nor cost are necessary linearly réleaedistances ) [35].

The majority of published research on shortestgaltorithms has dealt with
static networks that have fixed topology and fixeiteria ( distances or costs ) .

In solving static network shortest path problerhasually aggregates a once-off
all-to-all calculation for all nodes , from whichlssequent paths then are derived, but it is
not feasible for dynamic networks where the critércost ) is time-dependent or
randomly varying , so one way of dealing with dymanmetworks is splitting continuous
time into discrete time intervals with fixed criter

Thus understanding shortest path algorithms incstatworks becomes
fundamental and necessary to work with dynamic agksv[37].

Initially, elementary definitions will be introdudevhich can help us to



understand the shortest path problem and its dtgosi

2.2 Graph Definitions

2.2.1 Vertex, vertices :

A Vertex of a Graph is a connection point and it may haveonnections, one
connection or many connections.

A Graph has a set of Vertices, usually shown as V 5 W... i} or V = {A, B,
Clor V={1,2.. W}
An Edgein a graph is a connection between vertices [31].

Given vertices vand vy in a Graph, the edge between them may be wrigen a
(v1, Vo) or sometimes [yv,].
An Undirected Graph has no implied direction of its edges.
A directed Graph has a direction of its edges.

A Weighted Graph has edges with an additional property, a weigkights
may be integers, real numbers, gallons per minugag type of quantity.

A general graph may have a self loop which isdgedhat goes from a vertex
to itself, e.g. (v, v3).
A multi-graph may have more than one edge between the samef pairtices.

A cutset(one word) is a set of edges, which when remogsgpnnect source
vertices from sink vertices.

TheEdge Connectivity of an Undirected Graph is the minimum number of
edges that must be removed to disconnect the ¢Bdph

In the following figure 2.2, the graph's typeslwié introduced and approaches

with scientists.



Graph

| |
Directed Undirected
(Digraph) Connected graph
* hopcroft & tarjan.
* Deptt-first searct

Positive Negative
* Dijkstra's distance algorithm . * Ford's distance
* Floyd's distance.
(with no negative cycles)

Fig 2.2Graph's types and approaches with scientists.

Acyclic - no cycles, there is no Path that includes ait leae edge that can
return to the starting vertex.

Planar - The Graph can be drawn on a plane (paper,tése) with no Edge
crossing another Edge. Note: "can be drawn" buly be drawn with edges crossing.
Non planar - A Graph that is impossible to draw on a plane.

Connected- There are no unconnected vertices and no isbtataips of
vertices. In an Undirected Graph there is a Patim fevery vertex to every other vertex.

Tree - a restricted form of a graph where one vertecalked the root and all
vertices have a Path to the root and the graphdsected and acyclic.

Bipartite - a Graph with a set of vertices that can be édiohto exactly two
non empty subsets such that no edge connects ttvoegewithin a subset and every

vertex in one subset has at least one Edge ta@xverthe other subset [26].
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