Abstract


We consider several optimization problems in the telecommunication network and logistics subject to data uncertainty. To handle the uncertainty of data efficiently, we adopt the robust optimization methodology. The goal of the robust optimization is to obtain a solution which is feasible for all possible realizations of input data. We present formulations of the problems and propose exact solution algorithms for the robust solution. First, we consider the network design problem without flow bifurcations. We need to determine the capacity configuration for the edges of the network, which minimizes the sum of total transportation and installation cost while respecting the demand requirements. The demand data are assumed to be uncertain, so we define an uncertainty set for each demand data and a parameter to control the degree of robustness. The goal of the problem is to find an optimal solution which is immune to all possible demand data variations defined by the uncertainty sets and the given parameter. With a mathematical formulation, we propose a solution algorithm for this robust version of the network design problem. We propose a branch-and-price-and-cut algorithm to solve the problem exactly, which enables us to transfer the difficulties arising from data uncertainty to the column generation subproblem. In our algorithm, the column generation subproblem is represented as the robust knapsack problem, and we also present a solution algorithm to solve it. Additionally, we show that we can obtain a complete description of the robust knapsack polytope for each edge of the network. Consequently, we show that the robustness of the solution can be achieved via classical deterministic solution algorithm with small modifications. The results from computational experiments indicate that the robust optimization approach can provide much robust solution at a rather small penalty in the objective value. Next, we consider a network design problem with flow bifurcations. We assume that the demand data are uncertain, and the uncertainty of demand is expressed as a uncertainty set. The goal is to obtain a minimum cost facilities installation solution on the edges. The solution should be able to deliver any demand requirement in the uncertainty set. We propose an exact solution algorithm based on a decomposition approach. The problem is decomposed into two distinct problems; The first is to design edge capacities, and the second is to check the feasibility of the designed edge capacities with respect to the uncertain demand requirements. The algorithm is a special case of the Benders decomposition method. We show that the robust version of Benders subproblem can be formulated as a linear programming whose size is polynomially bounded. We also propose simultaneous cut generation scheme to accelerate the Benders decomposition algorithm. We report computational results on the real-life telecommunication problems which show viability of proposed algorithm. And, we consider the vehicle routing problem with time windows and travel time uncertainty. In vehicle routing problem with time window, the time window is imposed on each customer, so that the service for a customer should be taken within the time window. The goal of the problem is to cover given customers at minimum travel distance while respecting time windows and vehicle capacities. Additionally, we consider the case where some unpredictable delays on travel times may happen. Based on the robust optimization methodology, we first present a mixed integer programming formulation, and propose a Dantzig-Wolfe decomposition approach, which enables us to migrate the uncertainty to the column generation subproblem. We propose a dynamic programming algorithm, which can solve the subproblem when the travel time is uncertain. Benefited from the proposed decomposition approach, we show that the robust optimal solution can be obtained via almost the same solution methodology which has been proved to be effective for the non-robust deterministic problems. The computational experiments is conducted on the well-known test instances, and show the robustness of the solution can be greatly improved with quite small penalty in the objective value. Classical column generation often shows desperately slow convergence. Recently, many acceleration techniques are proposed to improve the convergence. We briefly survey these methods, and propose a new one based on Chebyshev center of dual polyhedron. The Chebyshev center can be obtained by linear programming, so our method can be applied with small modifications on the classical column generation procedure. We also show that the performance can be enhanced by introducing proximity parameters which enable us to adjust the position of the Chebyshev center. Numerical experiments are conducted on the binpacking, vehicle routing problem with time windows, and generalized assignment problem. Computational results show the effectiveness of our method.
