Abstract
We consider several designing and routing problems for capacitated telecommunication networks. We present formulations for the problems and algorithms for them which are based on the integer programming approaches. First, we consider the variable sized bin packing problem which arises in Asynchronous Transfer Mode (ATM) Virtual Path (VP)-based leased line networks. The objective of the problem is to minimize the total cost of used bins when the cost of unit size of each bin does not increase as the bin size increases. Two greedy algorithms are described, and analyzed in three special cases: a) the sizes of items and bins are divisible, respectively, b) only the sizes of bins are divisible, and c) the sizes of bins are not divisible. Here, we say that a list of numbers $a_1, a_2, \cdots, a_m$ are divisible when $a_j$ exactly divides $a_{j-1}$, for each $1 < j \leq m$. In the case of a), the algorithms give optimal solutions, and in the case of b), each algorithm gives a solution whose value is less than $\frac{11}{9}C(B^*) +4\frac{11}{9}$, where $C(B^*)$ is the optimal value. In the case of c), each algorithm gives a solution whose value is less than $\frac{3}{2}C(B^*) +1$. Second, we consider the problem of designing an ATM VP-based leased line backbone network. Given point-to-point communication demands having predefined sizes in a network, the problem is to find configurations of demand routes and link facilities installed on each edge satisfying all demands at minimum cost under some constraints. One of the most important constraints is that a single demand cannot be split over multiple link facilities. This is a sort of bin packing constraint. We propose an integer programming formulation of the problem and an algorithm to solve it. An efficient column generation technique to solve the linear programming relaxation is proposed, and a valid inequality is used to strengthen the integer programming formulation. The algorithm incorporates the column generation technique and the cutting plane approach into a branch-and-bound scheme. We test the proposed algorithm on some real problems. The results show that the algorithm can be used to solve the problems within reasonably small time limits. Third, to generate a multicast routing tree guaranteeing the required quality of service (QoS), we consider the hop constrained Steiner tree problem and propose a new mathematical formulation for it, which contains fewer constraints than a previously known formulation. An efficient procedure is also proposed to solve the problem. Preliminary tests show that the procedure reduces the computing time significantly. Finally, we consider the hop-constrained multicast route packing problem with bandwidth reservation. Given a set of multicast sessions, each of which has a hop limit constraint and a required bandwidth, the problem is to determine a set of multicast routing trees in an arc-capacitated network to minimize cost. We propose an integer programming formulation of the problem and an algorithm to solve it. An efficient column generation technique to solve the linear programming relaxation is proposed, and a modified cover inequality is used to strengthen the integer programming formulation. The algorithm incorporates the column generation technique and the cutting plane approach into a branch-and-bound scheme. We test the proposed algorithm on some randomly generated problems. The results show that the algorithm can be used to solve the problems within reasonably small time limits.
