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Abstract

Against the backdrop of the continuous expansion of digital economy and e-commerce, warehouse
sorting has become a core hub restricting the order fulfillment efficiency, service quality and cost
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control of e-commerce logistics. From the perspective of management engineering, traditional sort-
ing modes rely heavily on manual experience, fixed conveyor lines and static allocation rules, which
can hardly cope with practical challenges including fragmented orders, drastic demand fluctuations
and mixed circulation of multi-category goods. With powerful capabilities of multi-modal data per-
ception, intelligent decision optimization and flexible collaborative execution, artificial intelligence
(Al) is driving the evolution of e-commerce warehouse sorting from “mechanical automation” to “cog-
nitive intelligence”. Combined with industrial practices and existing literature, this paper thoroughly
identifies practical bottlenecks in the process of technology implementation, such as data silos, high
initial investment costs, the lack of unified standard systems, regional adaptation differences and
the shortage of interdisciplinary talents. On this basis, it proposes systematic optimization paths
including lightweight deployment based on cloud-edge collaboration, innovation of Robotics-as-a-
Service (RaaS) business model, joint construction of data governance and industrial standards, in-
tegration of industry and education, as well as the establishment of cross-regional collaborative
networks. The research results reveal that Al technology can not only greatly improve sorting through-
put and accuracy, but also promote cost reduction, efficiency improvement and the transformation
of performance evaluation paradigm for e-commerce logistics through full-chain data connectiv-

ity.
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Figure 1. Evolution of e-commerce warehouse sorting from mechanical automation to cognitive intelligence
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