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Accelerating a Bender’s Method for Network Design Arnaud Knippel



Laboratoire d’Informatique de Paris 6, th`eme ANP 8 rue du Capitaine Scott, 75015 Paris [email protected] ABSTRACT This paper introduces a new optimisation criterion to separate constraints so as to reduce the number of iterations for a network design dedicated Benders-like constraint generation procedure. With this criterion we try to minimize the number of iterations by maximizing the value difference of the objective function between the iterations. The criterion is used to generate efficient bipartition cuts and accelerate a network design method by Gabrel, Knippel and Minoux. KEYWORDS



constraint generation, integer programming, network design.



1 Introduction We deal in this paper with a basic network design problem where we have to choose a capacity vector x ∈ R m + on the links for a network instance represented by an undirected graph G = (N, E) with n = |N | vertexes and m = |E| edges, and a set K of splittable traffic requirements of values dk between nodes sk and tk of N (k ∈ K). For each link e there is a cost Φe (xe ). We can thus write our problem :  M inimize z = Φ(x)    s.t. : (P ) x∈X    x∈D The set X of feasible capacities is the dominant of the multicommodity flow polyhedron, and D is the discrete set of allowed capacity vectors x, whose components xe should have values in De . Note that the discrete sets De need not be identical for different links e, although it is the case in a lot of applications.



2 Accelerating a Bender’s Method We consider Φ to be an Pedge separable and step increasing function of variΦe (xe ) where all functions Φe are step increasing. ables xe , e ∈ E : Φ(x) = e∈E



Some authors have studied particular cases of this generic problem : integer linear costs, one or two-facility network loading problem ([13] for example).The general discrete cost model was proposed in [3, 15] and [7,5]. For a review of constraint generation for these problems, see [14]. We refer here to the method described in [5]. It can be seen as a Benders-like constraint generation method: an integer linear program that is a relaxation of our problem is solved at each iteration (for example by using CPLEX or another software) and constraints are added to strengthen the relaxation until we obtain a feasible (and optimal) solution. What made the method efficient is the search at each iteration of sets of s-t-cuts that localy maximize a ratio criterion. We try here to improve the method by proposing a new criterion to select s-t-cuts so as to decrease the number of integer linear programs to solve (the critical part of the computation). The basic idea is to add constraints that tend to maximize the master program cost at each iteration. This idea and the way to generate bipartition cuts are quite general and can be useful for other methods too, as for exemple for Branch and Cut methods. In the next section, we summarize the method described in [5] and the ratio criterion. The Max Cost criterion is presented in section 3.



2 SCG and MCG method with the ratio criterion In this section, we summarize the main ideas of the Single Constraint Generation and Multiple Constraint Generation methods of [5]. Both methods start with an unfeasible solution x ¯0 (namely half the value of capacities needed to route all traffic requirements on shortest paths). Let precise first how we write the X polyhedron, for which several classical formulations are possible, the most famous beeing the arc-path formulation and the node-arcs formulations. Here we use the capacitated formulation that appears when we dualize the arc-chains formulation (see for example [8]): m X = {x ∈ R m + |∀λ ∈ R +



X



λe xe ≥ θ(λ)}



(1)



e∈E



where θ(λ) is obtained by means of shortest paths computation. More precisely, we have:
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θ(λ) =



X



∗ lij (λ)dij
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(2)



1≤i 
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