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Figure 1 The structure of omnichannel retail supply chain
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Figure 9 Effects of customers’ consideration sets on assortment
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Figure 10 Effects of unit fulfillment costs on decision results
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Multi-period assortment and inventory stochastic optimization for risk-averse
omnichannel retailers

MOU Yuxia, GUAN Zhimin* , ZHAO Ying, QIU Ruozhen

(School of Business Administration, Northeastern University, Shenyang 110169, China)

Abstract: As technologies evolve and consumers’ preferences change, more and more retailers are adopting omnichannel retailing
systems to attract consumers and improve their profitability. Omnichannel retailing unlocks numerous opportunities for a retailer to
leverage its brick-and-mortar store network to support its online sales. However, retailers are still confronted with challenges and
constraints. An omnichannel retailer faces a set of complex decisions that affects its profitability and competitiveness. The assortment
decision is one of the most important decisions. The assortment decision will determine which items will offer to consumers through
brick-and-mortar stores, online channels or via both channels. Research shows that a larger assortment of items offered in retailers’
online channels with no shelf space restrictions will help to increase sales. Furthermore, the products offered in the online channel will
affect the demand of both online and offline channels. Besides the assortment decision, retailers have to determine how much inventory
to stock for each product. The limited space will impact the inventory decisions. Meanwhile, retailers are facing uncertain demands.
Hence, how to make joint decisions on assortment and inventory given this situation so as to minimize the retailer’s profit uncertainty is
essential for risk-averse omnichannel retailers. In addition, the omnichannel retailers require to develop new cost-efficient logistics
business models to integrate different channels seamlessly when moving to omnichannel operations. Therefore, choosing appropriate
order fulfillment strategies and deploying an efficient omnichannel distribution network have become important issues for omnichannel
retailers that require urgent solutions.

Conditional value-at-risk (CVaR) is used to measure the retailer’s profit uncertainty. The mean-CVaR is applied to make trade-
offs between profit and risk. Because the set of products offered influences each product’s demand via both online and offline channels,
the multinomial logit (MNL) model is adopted for this research to describe the selection processes of consumers in a realistic manner.
A multi-period stochastic optimization model for determining assortment and inventory is proposed under uncertain demand and capacity
limits with a service level constraint. The objective of the proposed model is to maximize the retailer’s profit while decreasing the risk of
uncertainty. The key events in the multi-period can be characterized as occurring before the selling season, during the selling season,
and after the selling season. Before the selling season, the omnichannel retailer chooses offer sets for brick-and-mortar stores and the
online channel, and orders products from the supplier. During the selling season, the distribution center (DC) will replenish the
inventory in brick-and-mortar stores and the fulfillment center. And the online orders are fulfilled via an “integrated fulfillment”
strategy. After the selling season, the residual inventory is disposed of and a salvage value is obtained. Since considering stochastic
demand, the Monte Carlo method is used to simulate different demand scenarios. In this study, the MNL model and the chance
constraints result in a nonlinear model. In order to solve the nonlinear model, this paper applies linearization techniques to transform
the nonlinear model into an equivalent solvable mixed integer linear programming model. Through numerical studies, the applicability
of the proposed model is investigated and some important managerial insights are obtained.

The results demonstrate that the mean-CVaR model efficiently prevents fluctuations in the expected profit in the supply chain and
hedges against uncertainties to avoid high-risk solutions. Although the expected profit under the mean-CVaR model is slightly lower
than that of the risk-neutral model, the standard deviation of the profit is significantly reduced. Therefore, the mean-CVaR model has
the ability to make trade-offs between optimality and robustness. In this study, the sensitivity analyses show that the product variety
increases when capacities increase in the stores and the fulfillment center, and it grows more quickly as the capacity level of brick-and-
mortar stores increasing. The expected profit decreases as the demand variance increases. Although both the variety of products stocked
in online and offline channels decrease as demand uncertainty increases, the total variety of products offered in both channels does not

decrease. This finding implies that the existence of two channels can ensure that the variety of products does not decrease. By exploring
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consumer choice behavior, it is found that the product selection rate is the highest when the consumers’ consideration sets are
completely non-overlapping. Concurrently, a wider assortment increases the cannibalization effect. Regardless of the changes in the
unit order fulfillment cost, the integrated fulfillment strategy is better than a single order fulfillment. Under the integrated fulfillment
strategy, the assortment decision is not affected by the unit order fulfillment cost and can provide a greater variety of products; further,
the assortment decision exhibits a certain degree of stability and flexibility.

Key words: Omnichannel retailing; MNL model; Assortment; Order fulfillment; Stochastic optimization
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