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Abstract

With the surge in demand for instant delivery of e-commerce orders, urban traffic fluctuations
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undermine the feasibility and service reliability of urban courier pickup-and-delivery dispatch,
making the risk of e-commerce order delays more pronounced under stochastic travel time condi-
tions. To balance e-commerce platform operational costs and order fulfillment timeliness under
travel time uncertainty, generating robust order assignment and delivery vehicle routing plans.
Targeting the e-commerce last-mile delivery scenario, a courier pickup-and-delivery scheduling
model was developed that evaluates stochastic travel times via Monte Carlo sampling, and a hybrid
Variable Neighborhood Search combined with Simulated Annealing (VNS-SA) heuristic algorithm
was designed for solution. Courier orders and initial delivery vehicle locations were generated
based on modified Solomon VRPTW C-class benchmark instances, incorporating e-commerce order
characteristics. Full e-commerce order coverage was achieved using 9 delivery vehicles, with a total
cost of 2044.04, a total travel distance of 336.18 km, a total in-transit time of 833.65 min, and a total
time-window violation of 4.05 min.
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Table 3. Simulation parameter settings
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Table 5. Overall optimization results for the case study
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Figure 1. Convergence curve
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Table 6. Results comparison of different algorithms
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