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Abstract

To address the problems of information asymmetry, delayed dynamic response, and path decision-
making deviation in e-commerce supply chains under the dual constraints of low-carbon goals and
resilience requirements, this paper proposes a Blockchain-Digital Twin-Edge Computing (B-DT-EC)
synergy-driven optimization framework for e-commerce supply chains. A distributed trust mecha-
nism is established through blockchain to achieve credible certification of carbon emission data in all
links of the supply chain and the status of logistics nodes; a dynamic mapping model of all elements
of the supply chain is built relying on digital twin technology to real-time simulate uncertain scenarios
such as order fluctuations, traffic congestion, and node failures; combined with edge computing, a
lightweight stochastic programming algorithm is deployed to complete dynamic path decision-mak-
ing under the balance of low-carbon goals and resilience requirements. Experiments show that this
framework can reduce the carbon emissions of e-commerce supply chains by 18.3%, control the
order delivery delay rate within 3.2%, and shorten the node failure recovery response time to 4.8
minutes. It is superior to traditional optimization methods in both low-carbon performance and
resilience improvement, providing technical support for the sustainable development of e-commerce
supply chains.
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Table 3. Comparison of solution accuracy between lightweight algorithms and traditional algorithms
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Table 5. Comparison of delivery performance of different solutions under fault scenarios (Column R added)
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Table 6. Comparison of real-time performance metrics for different schemes
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Table 7. Impact of order volume fluctuations on the performance of Scheme 4
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Table 8. Impact of node failure rate fluctuations on the performance of Scheme 4
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