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Zum Thema: Competitive Service Network Design when Demand is Sensitive to Congestion

Abstract: In this paper, we present a market-oriented service network design model in which the
seller’s problem is to determine the number of facilities, their locations, their service capacities,
and their service levels such that overall profit is maximized. Our model explicitly considers the
customers’ facility choice as a function of typical choice determinants, such as travel distance and
congestion delays (which are endogenously impacted by the seller’s decisions) as well as other, exo-
genous factors such as price level and product variety. We relax the assumption adopted in many
related works that the service provider has discretion regarding the assignment of customers to fa-
cilities; instead, we allow customers to self-select based on their preferences for facility attributes
according to an attraction-based choice model. Furthermore, we capture not only the effect of con-
gestion on demand but also the reciprocal impacts of demand on both congestion and service level
by modeling each facility as an M/G/1 queue with service capacity as a decision variable.

The resulting model represents a non-linear mixed-integer problem; however, we show that this pro-
blem can be linearized introducing several new continuous variables and constraints. For solving the
linearized MIP to proven optimality or approximately, an exact decomposition approach and heuri-
stics were developed. We report the performance testing of our approach with regard to run times
and solution quality in an extensive computational experiment. A case study of the selection of loca-
tions for new convenience stores in Heidelberg, Germany, illustrates the real-world applicability of
the model using empirical market research data. An equivalent problem arises in a number of other
applications, particularly in service shop industries such as restaurants and retailers, but surprisin-
gly, profit maximization under customer-choice-driven behavior has rarely been considered as an
objective in the related literature.
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