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Abstract

The heart of an inventory model is the modeling of the supply and demand functions. To allow for analytical tractability, the existing
literature focuses on almost surely linear supply and demand functions, which greatly limits the applicability of the models. The goal
of this lecture is to provide a unified approach to analyze general random supply and demand functions. By transforming the
problem into one defined on a higher dimension, we show that many of the seemingly highly nonlinear supply and demand functions
(in the almost sure sense) are linear in the stochastic sense. With this new notion of linearity, called the stochastic linearity in
mia-point, our ability to analyze inventory and supply chain problems is much enhanced. We are able to prove the concavity of the
profit function in the transformed inventory and pricing decisions for a general class of supply and demand functions that cover and
go much beyond the ones studied in the existing literature. We further show that when the supply functions are stochastically
increasing in the dispersive order, a condition satisfied by almost all the supply functions analyzed in the existing literature, the
optimal ordering decision follows an almost threshold policy — When the inventory level is above a threshold, no order is placed to
the supplier; otherwise, a positive order is issued to the supplier with exception over a set of inventory levels with zero Lebegue
measure. If, in addition, the demand distribution is continuous, this policy reduces to a strict threshold policy and it is optimal to
select the suppliers based on per unit cost of delivery. To demonstrate the applicability of these theoretical developments, we analyze
several known and new examples of supply and demand functions. We also present a nonparametric approach to show how one can
empirically estimate and verify the stochastic properties of the supply and demand functions.

This is a joint work with Qi Annabelle Feng.
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