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Abstract

Amid growing supply chain uncertainties and frequent public health emergencies, medical e-com-
merce platforms face multiple challenges including surging inventory varieties, volatile demand
fluctuations, and stringent compliance requirements. Developing scientific and dynamic inventory
optimization methods has become crucial for enhancing supply chain resilience, operational effi-
ciency, and service fairness. Traditional multi-criteria decision-making approaches like Analytic Hi-
erarchy Process (AHP) exhibit inherent limitations in addressing information asymmetry, expert
hesitation, and insufficient group consensus in medical e-commerce inventory decisions. This study
proposes an innovative multi-iteration decision-making model—Hesitant Fuzzy Analytic Hierarchy
Process (HF-AHP)—which deeply integrates hesitant fuzzy set theory with the AHP framework. By
introducing hesitant fuzzy meta-representations to capture multi-level expert preferences and de-
signing multi-round iterative feedback mechanisms with consistency correction, the model signifi-
cantly improves decision stability, reliability, and fairness in complex environments. To validate
the model’s effectiveness, this research uses the optimization of high-value medical consumables
inventory categories on a medical e-commerce platform as a case study, constructing a decision-
making system comprising 4 dimensions and 16 specific evaluation criteria. Systematic compari-
sons were conducted between traditional AHP and HF-AHP in terms of criterion weight calculation,
decision consistency, and inventory allocation fairness. The results demonstrate that the HF-AHP
model outperforms traditional AHP in accurately capturing expert hesitation information, signifi-
cantly enhancing group judgment consistency, and optimizing inventory structure fairness. This
method is especially suitable for dynamic inventory scheduling decisions in high-risk and high-un-
certainty scenarios such as high-value consumables, emergency materials and seasonal demand
fluctuations, and provides a powerful theoretical tool and practical path for promoting the scientific
and refined management of medical e-commerce supply chain.
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Figure 1. Workflow diagram of the multi-iteration HF-AHP model
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Figure 2. Evolution of decision consistency
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