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Abstract

Managing inventory has become a major challenge for companies as they simultaneously try to reduce costs and improve service levels in today’s increasing competitive market.  Managing inventory consists of two critical tasks.  First, we must determine the optimum number and location of distribution centers or stocking locations.  Second, we must determine the amount of inventory to maintain at each of the distribution centers.  Often these tasks are undertaken separately, resulting in a degree of suboptimization.  In this paper, we outline an integrated approach to determine the number of distribution centers to open and the magnitude of inventory to maintain at each center.

The model we present was motivated by a study at a US-based blood bank conducted by Prof. Daskin (Northwestern University).  “The blood bank supplied roughly 30 hospitals in the greater Chicago area.  The main concern was on the production and distribution of platelets, the most expensive and most perishable of all blood products.  If a unit of platelets is not used within 5 days of the time it is produced from whole blood, it must be destroyed.  The demand for platelets is highly variable as they are needed in only a limited number of medical contexts.  When they are used, however, multiple units are often needed.  The hospitals supplied by the blood bank collectively owned the blood bank and set prices.  As a result they could return a unit of platelets up to the time it outdated and not be charged for it.  Thus, there was little incentive to manage inventories in an efficient manner.  Many of the larger hospitals ordered almost twice the number of platelet units that they used each year resulting in the need to destroy thousands of units of this expensive blood product.  Other hospitals ordered almost all of their needed platelets on a STAT or emergency basis.  The blood bank often had to ship the units to these hospitals using a taxi or express courier at significant expense to the network system.  Clearly an improved system was needed.  The idea was to establish regional centers at which platelets would be stored for a collection of nearby hospitals.  By storing platelets at regional centers (located at a subset of the hospitals) and distributing platelets to nearby hospitals on an as-needed or daily basis, three objective were likely to be achievable.”

Daskin et al. (2001) formulated this problem as a set-covering integer-programming model.  The pricing subproblem that arises from the column generation algorithm gives rise to a new class of submodular function minimization problem.  Unfortunately, they were not able to find an efficient algorithm to generate the columns in the set covering formulation.  As a result, they resorted to imposing restrictive structure on the problem (to make the column generation phase tractable).  In this paper, we show that the pricing problem can be solved in O (n2 log n) time in the general case, where n is the number of retailers.  The algorithm for the column generation implicitly uses the fact that the set of all lines in 2-D plane has low VC-dimension.  Computational results show that large size transportation-inventory network design problem can be solved efficiently via this approach.

