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ABSTRACT

The problem of Reoptimization of Steiner Tree is a NP Hard problem. Given a graph and a
optimal solution of the Steiner tree and then after a slight modification is done in the initial
instance, then a new Steiner minimal tree is to be determined. This is known as
reoptimization of Steiner Tree. Several cases of reoptimization of Steiner tree have been
discussed. This paper presents a comparative analysis of some of the previous work done on

reoptimization of Steiner Tree.
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Introduction

The Steiner tree problem is one of the most famous
combinatorial optimization problems in network design. In this
problem a graph is given and it is required to calculate the
minimum spanning tree over the given set of terminals. Since it
is a optimization problem it is required to calculate the optimal
solution to a Steiner Tree problem. There are certain cases of
local modification to the initial instance and it is required to
recompute the solution. This task can be achieved by calculating
the solution with the help of the previous solution. This is called
as the theory of reoptimization [30].

The reoptimization variants of different problems like
Travelling Salesman [20,22], knapsack problem [21], Sum of
subset problem, shortest common superstring problem [23 ] have
been already proposed. The Steiner minimal Tree problem is a
NP hard problem. Many approximation algorithms [24] have
been proposed for the solution of the Steiner Tree. The solution
is described in terms of the approximation ratio. The minimum
spanning tree is used as the heuristics for the applying
approximation algorithm [2].

The research of various scholars over the years on this
problem of reoptimization of Steiner tree has reduced the
approximation ratio to a great exent on different local
modifications. In this paper we are presenting the comparative
analysis of the reoptimization tree done over the years. Section |
gives introduction to Steiner problem. Section Il discusses the
preliminaries and introduction of the Steiner minimal Tree
problem. Section IIl discusses the theory of reoptimization.
Section IV discusses the previous work done on the given
problem of reoptimization. Section V of the paper discusses the
conclusion and the future work.

Steiner Tree Minimal Problem
Basic Notation and facts

Let G be a Metric Graph, G = (V, E) where V is the set of
Vertex and E is the set of edges. Let R be the set of terminals, R
c V. A Steiner Tree is to be designed for the given set R c V.
The Steiner Tree is another form of minimum spanning tree
which spans the given subset Rand the cost of the tree should be
minimum. To further reduce the cost we need to include some
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non-terminal in the tree. These non terminals are known as
Steiner Points [19]

The length of the tree is number of edges in the tree and the
cost of the tree is the sum of the weights of the edges. The

degree of the vertexis denoted by deg (v), v € V. In shortest path
the length of the path is minimized and in cheapest path the cost
of the tree is minimized.

Approximation Algorithms

The Steiner Minimal tree problem is NP hard problem.
Since it is a optimization problem in which it is needed to
minimize the cost of the Steiner tree. The NP hard problems are
solved with the help of the Approximation algorithm.

In computer science and operations research, approximation
algorithms are algorithms used to find approximate solutions to
optimization problems.

Approximation algorithms are often associated with NP-
hard problems; since it is unlikely that there can ever be efficient
polynomial time exact algorithms solving NP-hard problems,
one settles for polynomial time sub-optimal solutions.

Ideally, the approximation is optimal up to a small constant
factor (for instance within 5% of the optimal solution).
Approximation algorithms are increasingly being used for
problems where exact polynomial-time algorithms are known
but are too expensive due to the input size.

These Approximation algorithms are used to solve many
optimization problems like Travelling Salesman Problem,
Knapsack problem, sum of subsets Problem etc.

Along with that if any variation occurs in the optimal
solution then solution of these problems are also given by the
approximation algorithms and by improved approximation ratio.
Approximation Ratio

The approximation algorithm as the name suggests are not
the actual solution to the problem, butit gives a reasonably good
solution to the problem.

The goodness of any solution is achieved by the
approximation ratio [24]. The approximation ratio can be
defined as the ratio of the solution obtained by the
approximation algorithm and the optimal solution. It can be
defined as
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p = C(
C (Topt)
Steiner Minimal Tree Problem

Let Graph G = (V, E, and c) be an undirected graph with
nonnegative weights, Where V is the Vertex set, E is the Edge
set, ¢ is the cost function. Given a set L c V of terminals, a
Steiner minimal tree is the tree T c G of minimal total edge
weight such that T includes all vertices in L.

Problem: Steiner Minimal Tree.
Instance: A graph G = (V, E, c¢)and aset L c V of terminals.
Goal: Find atree T with Lc V (T) so as to minimize c¢ (T).

There are various approaches have been proposed for the
design of Steiner Minimal Tree Problem. These are discussed in
the coming sections.

Theory of Reoptimization

The theory of reoptimization suggests the calculation of the
optimal solution for the problem in which the original instance is
modified. When some modification occurs, it is necessary to
compute the optimal solution again. But the modification
reflects some small change. Why does one require to fully
computing the solution again for a little modification? There are
methods so that we can learn from previous solution and by
applying some approximation algorithm [24] a new optimized
solution can be calculated. More precisely, we consider the
model of reoptimization algorithms which handles problems
where an instance together with one of its optimal solutions is
given and the problem is to find a good solution for a locally
modified instance. This concept of reoptimization was
mentioned for the first time in [30] in the context of post
optimality analysis for a scheduling problem. Since then, the
concept of reoptimization has been investigated for several
different problems like the travelling salesman problem [20, 22],
knapsack problems [21], and the shortest common substring
problem [23].

The reoptimization concept is applied in the case of the
Reoptimization of Steiner minimal tree. In this case we assume
that an optimal solution to Steiner Tree is already present with
us. There are various modifications which can be done on the
given Steiner Tree and with the help of the optimal solution and
the approximation algorithms we can
obtain a new optimized solution for the modified instances of
the Steiner Tree Problem. The different modified instances of a
Steiner tree can be
a) Addition of Terminal
b)Addition of Non Terminal
¢) Increasing the weight of an edge
d)Decreasing the weight of an edge
e) Changing the terminal to non- terminal
f) Changing the non terminal to terminal
Previous work done

A ot of work has been done on the problem of
reoptimization of Steiner Tree. There exist several heuristics for
the Steiner Tree problem, but only certain heuristics has given a
certain good results. The best approach for the calculation of
Steiner Tree problem is to use Minimum Spanning Tree.

Dreyfus and Wagner [1] proposed an algorithm which
computes the set of graph arcs of minimum total length needed
to connect a specified set of k graph nodes. If the entire graph
contains n node then the time taken by the algorithm is
proportional to
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Approximation ratio

The fundamental technique in the above algorithm is called
as Dynamic Programming and it calculates the optimal solution.
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Bang Ye Wu and Kun Mao Chao [2] proposed the solution
of the Steiner minimal with the help of the Approximation by
minimum spanning tree. The given algorithm finds a 2-
approximation of an SMT.

In this manner many theories and algorithms have been
proposed for the reoptimization of tree. The target is to reduce
the approximation ratio as minimum as possible. Initially
Takahashi and Matsuyama were the first to prove that the well
known minimum spanning tree algorithm achieves a
performance ratio of 2. A large number of researchers and
scholars have proposed the algorithm to reduce the
approximation ratio which is shown in the given table.

Y| Performance Ratio(p) | Author
ear
1980 | 2.000 T akahashi,Matasuyama [31]
1993 | 1.834 Zelikovsky [ 29]
1994 | 1.734 Berman, Ramayier [26 ]
1995 | 1.694 Zelikovsky [ 32]
1997 | 1.667 Promel, Steger [ 15]
1997 | 1.644 Karpinski,Zelikovsky [25 ]
1998 | 1.598 Hougard,Primel[4 ]
2000 | 1.55 Robins, G., Zelikovsky[ 3]
2002 | 1.6 Chungling lu,Chuan tang[ 27]
2008 | p<1.4(forall cases) Hans Joachim, Davidbilo [8 ]
2009 [ 2-¢ Aaron Archan,Hossen [ 16]
20010 [ T+5,0<3<1 Panwar, Sunita Agarwal [11 ]
2010 | o+ R, 8<% +In(3)/4 Joachim, Karin Friermuth [ 12]

The table above shows the various approximation ratios for
the Steiner tree reoptimization. The approximation ratio is
different for different modification cases like addition/removal
of terminal/non-terminal, increasing/ decreasing the weight of
edges.

Over the years the research from (table) shows that
approximation ratio is decreasing. The decreasing ratio indicates
that the solution obtained for different cases by approximation
algorithm is near to optimal solution.

Conclusion and Future Work

Reoptimization of Steiner tree is NP hard Problem and also
APX Hard problem for certain cases. In this paper, we have
done a comparative analysis of previous work done on
reoptimization problem for different local modification on the
initial instance of the problem. Since a NP hard problem can be
solved by approximation algorithms, approximation ratio is the
main criteria for the comparative analysis.

The approximation ratio has been reduced from 2 to .775
over the years. The reoptimization of Steiner tree has been
discussed for the modification cases like addition/removal of
terminals/non- terminals, increasing / decreasing the weight of
the edges.

There are certain instances of the approximation algorithms
in which the input instances of the graph has been restricted like,
the weight of the edges have been restricted to 1 & 2 or the
weight of the edges are satisfying triangle inequality are also
analysed. With the reduction of domain better approximation
ratio has been obtained.

The future work for the reoptimization of Steiner Tree can
be done with the help of reduction of domain by applying
sharpened triangle inequality [9, 12] on the edges of the graph.
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