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Abstract

Finding & edge disjoint paths between two given vertices s and ¢ in a graph G = (V, E) is a
known problem in graph theory. The paths is called edge-disjoint if each edge e € E appears
at most once in the paths. Each graph can only have a limited number of edge disjoint paths.
Suppose that the maximum number of edge disjoint paths in G is k’. When k& > k’, finding
k edge disjoint paths in GG is obviously impossible. An alternative problem is to find & paths
with minimum number of shared edges; any edge that appears in more than one of the & paths
is called a shared edge. In this thesis, we study the minimum shared edge problem, whose
goal is to find k paths from s to ¢ with minimum number of shared edges. It has been proven
that minimum shared edge problem is an NP-hard problem, and there exists no polynomial
time approximation algorithm with factor glog! ~“n (where € > 0) that can solve it. The best
approximation algorithm developed for this problem has an approximation factor of L%j ,and
only when k is a constant this problem can be solved by a polynomial time algorithm.
Another problem that will be discussed in this thesis is the problem of minimum vulner-
ability. The objective of minimum vulnerability problem is to find k paths from s to ¢ in G,
using minimum number of vulnerable edges. We call an edge vulnerable when it appears more
than r times in the paths; r is a constant defined as an input of minimum vulnerability problem.
Obviously for r = 1, the minimum vulnerability problem turns into the minimum shared edge

problem.
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