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Abstract

To address the demand uncertainty issue arising from customers’ random order cancellations in e-
commerce express delivery scenarios, and to break through the limitations of deterministic assump-
tions in traditional delivery optimization models, this paper constructs an opportunity-constrained
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express delivery optimization model that considers random demand fluctuations. The order demand
is modeled as a random variable following a Poisson distribution, and the random opportunity con-
straints are transformed into solvable deterministic forms through quantile methods. An improved
NSGA-II algorithm is employed, incorporating an integer encoding scheme based on order allocation,
partially matched crossover, gene swap mutation, and 2-optlocal search strategies. Numerical exper-
iments based on the PDPTW benchmark show that the proposed model and algorithm achieve a fa-
vorable balance among total cost, vehicle usage, and computational efficiency.
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Table 3. Simulation parameter settings
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Figure 1. Training results of improved NSGA-II
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Table 5. Results of different algorithms
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