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Abstract

Against the background of rapid supply chain development and highly volatile e-commerce demand,
the trade-off between stockout loss and operating cost has become a core issue in e-commerce ware-
house management. This paper addresses the scenario of stochastic demand and fixed replenishment
lead time, and constructs a bi-objective inventory optimization model aiming to minimize the annual
expected stockout loss and the total inventory operating cost. Taking the safety stock coefficient and
order quantity as decision variables, the original problem is transformed into an unconstrained
smooth vector optimization problem through logarithmic transformation. A multi-objective conjugate
gradient method combined with strong Wolfe line search is adopted to solve the Pareto frontier. Based
on the Kaggle logistics warehouse dataset, parameter calibration and numerical experiments are car-
ried out, and 35 non-dominated Pareto optimal solutions are obtained. The results show that the stock-
outloss and inventory cost exhibit a marginally increasing substitution relationship as the service level
improves, and the model remains robust under +20% parameter perturbations. According to the Pa-
reto frontier, the decision schemes are divided into three categories: high service guarantee, balanced
robustness, and low-cost operation. Practical strategies such as differentiated commodity fulfillment,
lean replenishment, elastic inventory scheduling during promotion periods, and prior calibration of
stockout cost are proposed. This study can provide quantitative methods and decision support for e-
commerce enterprises to transform from empirical replenishment to data-driven and dynamically op-
timized refined inventory management, helping them achieve a scientific balance among inventory
cost, capital turnover and customer service experience.
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Figure 1. Pareto frontier plot
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Figure 2. Comparison of pareto fronts
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