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Abstract

With the rapid development of e-commerce, instant delivery services such as urban food delivery
have become a critical component in supporting online order fulfillment and improving urban lo-
gistics efficiency. Particularly under the conditions of high-frequency order arrivals and increas-
ingly stringent timeliness requirements, delivery scheduling faces complex challenges, including
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multi-agent coordination, multi-constraint coupling, and multi-objective optimization. Traditional
single-layer optimization models and heuristic algorithms often struggle to balance real-time re-
sponsiveness with overall system profit maximization in dynamic environments. To address these
challenges, this study develops a bi-level decision-making optimization model for urban e-commerce
instant delivery systems. At the upper level, the platform coordinates order allocation and delivery
route planning to maximize overall system revenue. At the lower level, the model captures couriers’
order acceptance behavior and consumers’ fulfillment satisfaction through utility-based response
mechanisms, forming a feedback-driven optimization structure under multi-agent interactions. Al-
gorithmically, a Deep Q-Network (DQN) approach is introduced to learn optimal scheduling strate-
gies within a high-dimensional dynamic state space. Simulation results demonstrate that the pro-
posed method outperforms several traditional heuristic algorithms in terms of platform revenue,
courier income, consumer satisfaction, and order fulfillment rate. Sensitivity analysis further con-
firms the robustness and adaptability of the model under varying cost and time-related parameter
settings.
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Table 3. Comparison of experimental results of different algorithms
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