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Introduction

Optimization is a scientific discipline that is concerned with obtaining the best resylt under
given circumstances, Many challenging applications in business, €conomics, and engineering can
be can be modeled as optimization problems. In fact, real-life problems solving are often complex
and difficult to solve to which optimization plays a key role in finding feasible solutions to these
problems.

Combinatorial optimization is a lively field of applied mathematics, combining techniques from

combinatorics, linear programming, and the theory of algorithms, to solve optimization problems

measure function,

The minimum weight vertex cover problem MWVC) is a basic combinatorial optimization
problem that finds many uses in solving many specific real-world situations as varied as location
theory or telecommunications network and circuit design [VoB 2012].

MWVC can be defined as follows. Given a simple undirected graph with positive weights on its
vertices, the goal is to determine a subset of the vertices which covers al] edges such that the sum
of the related weight; values is minimized. Unfortunately, this problem belongs to the class of NP-
hard problem. Since. the optimal solution is computationally intractable, many studies are

concentrated on approximate algorithms that can find good suboptimal solutions in a reasonable

time.

T. Zhou et al. [Zhou 2015] in the hope to enhance the quality of produced solutions. The concept
of greedy heuristics is used to generate initia] candidate solutions with good results, Moreover,
performances of our approach have been tested on wel] known dataset.

This thesis is structured as follows.

Chapter 2 reviews some the basic concept of combinatoria] optimization problems algorithms,
including the complexity class of problems (Class P, class NP and Class NP-complete), methods

of resolution such as exact methods, approximate methods such as heuristics and metaheuristics.
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Chapter 3 provides a deep description of the minimum weight vertex cover.

Chapter 4 explains the principal basics of Tabu Search that have been applied to tackle the MWVC
problem.

Chapter 5 reports the results of an experimental performance evaluation of this approach on several

well-known benchmark datasets and the last chapter concludes the thesis.
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General conclusion:

The minimum weight vertex cover problem still one of the hardest NP-complete problems

that has its real applications everywhere.

The question is how to find a good solutions within respected times, and for this reason we

have done this work.

The objective of this thesis was a proposition of an approach to tackle this problem giving
comparable results with the existent state of art. using the strong C++ language we implemented
this approach where we confronted many problems concerning how to really learn and apply the

basics of the Tabu search strategy especially in how to get innovated for the creation of

diversification procedures.

Though the good results of this approach, it still missing a convenient behavior with the
large instances because we saw clearly the decreasing of its performance on it, as a consequence
we aim in the near future to hybridize another initial solutions construction procedures with the
tabu search strategy in order to improve the results that already obtained such as the genetic
algorithms or the Simplex method. In the other hand, we will focus on other technics to accelerate
the process in the search core, specifically how to pick the best neighbor solution quickly where

we will try to use the hash functions.

As a major perspective, we shall try to move this approach to another level, we are going
to introduce the term of parallelization, because nowadays the parallelization became a real new
future idea for the NP-complete problems. As a primary idea, we will make the iterations of tabu
search runs in parallel making them exchange the obtained results, we aim from this idea to improve

the computational time and the solution quality as well.

Page | 52



References:
Papers:

[Alexander 2011] Alexander Souza, A. (2011) Combinatorial algorithms. Lecture Notes, Winter
Term 10/11 Humboldt University Berlin.

[Bansal 2014] Bansal, S, &, Rana, A. (2014) Analysis of Various Algorithms to Solve Vertex
Cover Problem. International Journal of Innovative Technology and Exploring Engineering
(JITEE), 3(12), 4-6.

[Bouamama 2012] Bouamama, S., Blum, C., & Boukerram, A. (2012). A population-based iterated
greedy algorithm for the minimum weight vertex cover problem. Applied Soft Computing, 12(6).
1632-1639.

[Cook 1998] Cook, Wl Cunningham,‘ W. H., Pulleyblank, W. R., & Schrijver, A. (2009).
Combinatorial Optimization. John . Wiley'& Sons.

[Gondreau 2010] Michel Gendreau and Jean-Yves Potvin, Handbook of methaheuristics, chapter
2, 2010, page 648. .

[Marti 2011] Marti R, Reinelt G, Exact and Heuristic Methods in Combinatorial Optimization,
Springer 2011, page 172

[Ruohonen 2’013] Keijo Ruohonen, Graph Theory (Translation by Janne Tamminen, Kung-
Chung Lee and Robert Pichieé), 2013

[Sommer 2010] Christian Sommer, lecture notes on Advanced algorithms, June 2010, Tokyo
University

[Torbaghan 2013] Torbaghan, M. K., Kazemi, S. M., Zhiani, R., & Hamed, F. (2013, February).
Improved Hill Climbing and Simulated Annealing Algorithms for Size Optimization of Trusses.
In Proceedings of World Academy of Science, Engineering and Technology (No. 74, p. 114).
World Academy of Science, Engineering and Technology (WASET).

[VoB 2012] VoB, S., & Fink, A. (2012). A hybridized tabu search approach for the minimum
weight vertex cover problem. Journal of Heuristics, 1 8(6), 869-876.

[Zhou 2015] ‘Zhou, T., L, Z., Wang, Y., Ding, J., & Peng, B. (2015). Multi-start iterated tabu

search for the minimum weight vertex cover problem. Journal of Combinatorial Optimization, 1-
4577

Page | 53



Websites:

[web 1] http:/faculty.ycp.edu/~dbabcock/PastCourses/cs360/lectures/lecture29.html seen:
25.05.2016

[web 2] http://paginas.fe.up.pt/~mac/ensino/docs/OR/IntegerProgramming.pdf seen: 14/03/2016
[web 3] http://www cleveralgorithms.com/nature-inspired/ stochastic/tabu_search.html

[web 4] http://www.cs.cornell.edu/courses/cs6820/2013 fa/handouts/approx_algs.pdf, seen:
23/05/2016

[web 5] https://www.cs.wmich.edu/~elise/courses/cs6800/Mohamed-The-Classes-P-and-NP.pdf
seen: 10/02/2016 '

[web 6] http://www.dharwadker.org/pirzada/applications/, seen in 02/05/2016

[web 7] http://www.neos-guide.org/optimization-tree, seen in 12/04/2016

[web 8] http://www.tutorialspoint.com/graph_theory seen: 10/02/2016
[web 9] http://www.sommer.jp/aal0/aa8.pdf , seen: 23/05/2016

Page | 54



Abstract:

In the study we deal with minimum weight vertex cover problem as one of the
fundamental problems in graph theory with many important real-life applications such as, for
example, in wireless communication, circuit design and network flows. It is a well-known NP-
complete problem and hence no polynomial-time algorithm has been found
yet for solving it to optimality.

We have implemented a modified Tabu search algorithm for tackling this problem in order to
obtain good feasible solutions in the available time. The latter is enhanced by introducing
greedy heuristics to improve the quality of initial seed solutions.

The performance of our approach has been tested on well known dataset.

Keywords: NP-complete problem, Tabu search, minimum weight vertex cover problem,
greedy heuristics.

Résumé
Dans cette étude, nous traitons un des problémes fondamentaux de la théorie des graphes
avec de nombreuses applications importantes de la vie réelle, tels que, par exemple, dans la
communication sans fil, la conception de circuits et les flux du réseau. Il est un probleme NP-
complet bien connu et donc aucun algorithme polynomial n'a encore été trouvé pour le résoudre
a I’optimalité.

[

Nous avons implémenté un algorithme de recherche Tabu modifié pour résoudre ce probléme
afin d'obtenir de bonnes solutions dans un temps raisonnable. Ce dernier est renforcé par
I'introduction d'heuristiques gloutons pour améliorer la qualité des solutions initiales.

La performance de notre approche a été testée sur des données bien connues.

Mots clés : NP-complet, recherche tabu, heuristiques gloutons
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