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Abstract: The booming of third-party logistics (3PL) changes the cost structure of an online retailer in the

order fulfillment process. The online retailer pays a fixed amount of order arrangement fee to the 3PL to
outsource the order fulfillment service for each service request. We study the problem of when an online
retailer should send the service request. The trade-off is between the order arrangement fee and the order
holding cost. We model the problem as a Markov Decision Process (MDP). By reducing the MDP to a sequence of
single-dimensional counterparts, we analytically characterize the optimal order-holding policy. To calculate the
policy, we apply a consumer sequential choice model to characterize the transition probabilities, which captures
the heterogeneity across different orders and admits a personalized order-holding policy. We further get the
closed form of the personalized order-holding policy and provide a piecewise linear approximation of the policy.
Extensive numerical tests based on the data set from the 2020 MSOM Data-Driven Research Challenge show
that (1) The gap of piecewise linear approximation is as small as 1; (2) The proposed policy achieves a
considerable cost reduction compared to two benchmarks in the literature, with an average 30.12% and 14.01%
cost reduction for enterprise users in all instances compared with two other widely used policies in the
literature, respectively.
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