Chapter 1

T-Spanner Problem:
Genetic Algorithms for the
T-Spanner Problem

Riham Moharam
Suez Canal University, Egypt

Ehab Morsy
Suez Canal University, Egypt

Ismail A. Ismail
6 October University, Egypt

ABSTRACT

The t-spanner problem is a popular combinatorial optimization problem and has different applications
in communication networks and distributed systems. This chapter considers the problem of construct-
ing a t-spanner subgraph H in a given undirected edge-weighted graph G in the sense that the distance
between every pair of vertices in H is at most t times the shortest distance between the two vertices in
G. The value of t, called the stretch factor, quantifies the quality of the distance approximation of the
corresponding t-spanner subgraph. This chapter studies two variations of the problem, the Minimum
t-Spanner Subgraph (MtSS) and the Minimum Maximum Stretch Spanning Tree(MMST). Given a value
for the stretch factor t, the MtSS problem asks to find the t-spanner subgraph of the minimum total weight
in G. The MMST problem looks for a tree T in G that minimizes the maximum distance between all pairs
of vertices in'V (i.e., minimizing the stretch factor of the constructed tree). It is easy to conclude from the
literatures that the above problems are NP-hard. This chapter presents genetic algorithms that returns
a high quality solution for those two problems.
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T-Spanner Problem

INTRODUCTION

Let G = (V, E ) be an undirected edge-weighted graph with vertex set V' and edge set £ such that
‘V‘ =n and ‘E‘ = m . A spanning subgraph H in G is said to be a t-spanner subgraph if the distance

between every pair of vertices in H is at most ¢ times the shortest distance between the two vertices
in G . The value of ¢, called the stretch factor, quantifies the quality of the distance approximation of
the corresponding t-spanner subgraph. The goodness of t-spanner subgraph H is estimated by either
its total weight or the distance approximation of H (stretch factor t of) (D. Peleg and J. D. Ulman, 1989).

We concern with the following two problem. The first problem, called the Minimum #-Spanner
Subgraph (MtSS), we are given a value of stretch factor ¢ and the problem requires to find the #-spanner
subgraph of the minimum total weight in G . The problem of finding a tree t-spanner with the smallest
possible value of ¢ is known as the Minimum Maximum Stretch Spanning Tree (MMST) problem (Y.
Emek and D. Peleg, 2008).

The t-spanner subgraph problemis widely applied in communication networks and distributed systems.
For example, the MMST problem is applied to the arrow distributed directory protocol that supports the
mobile object routing (M. J. Demmer & M. P. Herlihy, 1998). In particular, it is used to minimize the
delay of mobile object routing from the source node to every client node in case of concurrent requests
through a routing tree. The worst case overhead the ratio of the protocol is proportional to the maximum
stretch factor of the tree (see (D. Peleg & E. Reshef, 2001)). Kuhn and Wattenhofer (2006) showed that
the arrow protocol is a distributed ordering algorithm with low maximum stretch factor. Another ap-
plication of the MMST is in the analysis of competitive concurrent distributed queuing protocols that
intend to minimize the message transit in a routing tree (M. Herlihy, et al, 2001).

Also, low-weight spanners have recently found interesting practical applications in areas such as
metric space searching(G. Navarro, et al, 2002) and broadcasting in communication networks (M. Farley,
2004). A spanner can be used as a compact data structure for holding information about (approximate)
distances between pairs of objects in a large metric space, say, a collection of electronic documents by
using a spanner instead of a full distance matrix, significant space reductions can be obtained when using
search algorithms like AESA (G. Navarro, et al, 2002) For message distribution in networks, spanners
can simultaneously offer both low cost and low delay when compared to existing alternatives such as
minimum spanning trees (MSTs) and shortest path trees. Experiments with constructing spanners for
realistic communication networks show that spanners can achieve a cost that is close to the cost of a
MST while significantly reducing delay (or shortest paths between pairs of nodes) cost (A. M. Farley,
et al, 2004).

It is well known that the MtSS problem is NP-complete (L. Cai, 1994). For any ¢ > 1, the problem
of deciding whether G contains a tree t-spanner is NP-complete (L. Cai and D. Corneil, 1995), and
consequently the MMST problem is also NP-complete. In this chapter, we present efficient genetic al-
gorithms to these two problems. Our experimental results show that the proposed algorithms return high
quality solutions for both problems.

BACKGROUND

In this section, we present results on related problems.
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