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ABSTRACT

Network design problem is a well-known NP-hard problem which involves the
selection of a subset of possible links or a network topology in order to minimize the network
cost subject to the reliability constraint. To overcome the problem, this thesis proposes a new
efficiency algorithm based on the conventional ant colony optimization (ACQ) to solve the
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search and re-initialization process. To show its efficiency, IACO is applied to test with three
different topology network systems and its results are compared with those obtained results
from the conventional approaches, i.e. Genetic Algorithm (GA), Tabu Search Algorithm (TSA),
Particle Swarm Optimization (PSO) and ACO. Simulation results, obtained in these test
problems with various constraints, show that the proposed approach is superior to the

conventional algorithms both solution quality and computational time.
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CHAPTER 1

Introduction

This thesis is mainly focused on a performance improvement of the Swarm Intelligent
search method in order to solve the real-world optimization problems in telecommunication
network operation and planning. Although many heuristic algorithms and swarm intelligent
techniques such as Genetic Algorithm (GA), Tabu Search (TS), Particle Swarm Optimization
(PSO), and Ant Colony Optimization (ACO) have been successfully used to solve the
telecommunication and computer network design problems, there are some weaknesses and
obstacles which can be improved and developed to get better solution.

Nowadays, the personal microcomputer has high speed computation and low cost. This
allows optimization techniques to improve performance of solving real world problem effectively
and efficiently. Therefore, this thesis has proposed a new optimization technique based on Ant
Colony Optimization in order to enhance the performance of the method. Furthermore, the
additional mechanisms namely, neighborhood search and re-initialization help to improve the

search process in terms of both solution quality and computational time.

1.1 Literature Review and Contribution of Problem

A communication network can be illustrated by set of nodes (or switches) and links (or
arcs) where all nodes are connected by links. The typical communication network structure is
composed of two levels. The first one is backbone network and the second one is local access
network (LAN). The backbone network is dedicated for delivery of information from source to
destination (end to end) using its switching nodes. The LAN network is 2 typically centralized
system which allows users to access hosts or local servers. This paper is focused only on the
backbone network design considered as a distributed network.

The advent of low-cost devices has led to explosive growth in communication networks.
The topology network design is a part of network planning which finds a suitable topology in
order to satisfy some constraints. One of the major advantages of the distributed network over the
centralized system is its flexibility to improve the system reliability. The reliability of a system
depends not only on the reliability of its nodes and links but also on the topology of a network. A
completely connected network has the highest network reliability while the simple loop (ring)

network has the lowest network reliability.



In the past, many researchers had studied network design considering the system
reliability as a constraint or an objective. The reliable network design problems are stated as two-
terminal network reliability and all-terminal network reliability (also known as overall reliability).
The problem of optimum topology network design, which selects the links that either maximizes
reliability or minimizes cost, can be formulated as a combinatorial problem.

This problem is a well-known NP-hard problem. The total number of possible solution is;

(V< ¥-1)

Total number of possible solution = k 2 (1.1)

where & : Options of each link

N : Set of given nodes

For such a problem, the researchers have studied with an enumerative-based and heuristic
method. Jan et, al. [1] developed an algorithm using the decomposition approach based on brand
and bound to minimize link cost of a communication network subjected to a reliability constraint.
Aggarwal et, al. [2] employed a greedy heuristic approach to maximize reliability given a cost
constraint for networks with different reliability of links and nodes. Pierre et, al. [3] also used
simulated annealing to find the optimal design for packet switching networks where delay and
capacity were considered, but reliability was not. For the network design, Kumar et, al. [4]
developed a genetic algorithm (GA) considering diameter, average distance and communication
network reliability and then applied it to four test problems of up to nine nodes. Deeter and Smith
[5] presented a GA approach for minimum-cost network design problem with alternative link
reliabilities and all-terminal network reliability constraint. Furthermore, Glover et, al. [6) used the
tabu search (TS) algorithm to choose topologies of networks when considering cost and capacity
but not reliability. For other work of TS algorithm, Beltran and Skorin-Kapov [7] used TSA to
design reliable networks for searching the least-cost spanning two-tree where the two-tree
objective was a coarse surrogate for reliability.

Recently, an ant colony optimization (ACO) approach has been proposed [8, 9] and
successfully applied to the combinatorial optimization problem, such as traveling salesman
problem (TSP) [10, 11], quadratic assignment problem [12], vehicle routing problem [13] and job-
shop scheduling problem. Nevertheless, the ACO method has not yet been applied to design the

topology of communication networks subjected to a reliability constraint.



This thesis presents a new heuristic approach based on ACO to design the topology of
communication networks while considering two-terminal reliability and all-terminal reliability
formulated as cost minimizing given a reliability constraint. The new approach is called improved
ant colony optimization (IACQ), which introduces additional improvement procedures, i.e.
neighborhood search and re-initialization in order to develop and improved the algorithm to be

able to get better solution with less time.

1.2 Objective of Thesis
1.2.1 Study and develop the techniques of designing the optimal telecommunication
network, considering the reliability as a constraint
1.2.2 Apply the swarm intelligent optimization to design a telecommunication network
1.2.3 Develop a new technique in order to improve the performance of

telecommunication network design

1.3 Scope of Thesis

1.3.1 Apply successfully the Swarm Intelligent Optimization technique to the design of a
telecommunication network in order to minimize investment cost, considering the
reliability as a constraint

1.3.2 Consider the network design with two-terminal and all-terminal reliabilities

1.3.3 Test the performance of the Swarm Intelligent Optimization technique with

different telecommunication networks

1.4 Outcome of Thesis

1.4.1 An improvement in the efficiency of solving the telecommunication and computer
network design problems

1.4.2 An ability to apply these techniques to the practical telecommunication networks

1.4.3 An ability to apply these techniques to solving other applications

1.4.4 The obtained results are advantages to society



1.5 Outline of Thesis

The remainder of this thesis is organized as follows: Chapter 2 describes the problem
formulation, assumptions of system and reliability calculation. Chapter 3 discusses the basic
principle of optimization methods i.e. Genetic Algorithm (GA), Tabu Search Algorithm (TSA),
Particle Swarm Optimization (PSO), Ant Colony Optimization (ACO) and Improved Ant Colony
Optimization (IACO). Chapter 4 presents the application of JACO to solving the network design
problem and its procedures including illustrations of examples and simulation results. Finally,

Chapter 5 makes a conclusion of the research.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.





