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Abstract

This paper addresses the core challenges in international e-commerce supply chains arising from
cross-timezone operations, such as decision sequencing misalignment and information delays. By
constructing a two-echelon manufacturer-supplier Stackelberg game model that incorporates time
difference parameters, it systematically quantifies the negative impact mechanism of time differences
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on the decision-making and profits of both supply and demand sides. The research innovatively in-
troduces artificial intelligence (AI) technical parameters to analyze the optimization pathway
through which Al enhances demand forecasting accuracy and compresses information delays via
real-time data synchronization and machine learning. Numerical analysis indicates that Al inter-
vention can effectively reconfigure the game equilibrium, leading to a 23%-30% reduction in the
supplier’s safety inventory costs, a 10%-17% optimization in manufacturer order quantity, and an
overall supply chain profit increase of 18%-25%. From a game interaction perspective, this study
reveals the intrinsic logic of how Al technology mitigates the impact of time differences, providing
theoretical support and practical insights for achieving cross-timezone coordination efficiency in
international e-commerce supply chains.
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Figure 1. Structure of a two-stage supply chain without Al adoption
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Figure 2. Structure of a two-stage supply chain with Al adoption
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Table 2. Impact of time differential parameters on price and profit

2. RESHXIMRAFEE R0

/ w P e o
0.1 41.8750 62.8125 239.2578 119.6289
0.2 41.2500 61.8750 225.7812 112.8906
0.3 40.6250 60.9375 212.6953 106.3477
0.4 40.0000 60.0000 200.0000 100.0000
0.5 39.3750 59.0625 187.6953 93.8477
0.6 38.7500 58.1250 175.7812 87.8906
0.7 38.1250 57.1875 164.2578 82.1289
0.8 37.5000 56.2500 153.1250 76.5625
0.9 36.8750 55.3125 142.3828 71.1914
1.0 36.2500 54.3750 132.0312 66.0156
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Table 3. Impact of Al efforts invested by manufacturers and suppliers on profit
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Eum Es w' P v i

0.1 0.1 42.5 63.75 252.975 126.4125
0.1 0.4 42.5 63.75 252.975 124.1625
0.1 0.7 42.5 63.75 252.975 119.2125
0.1 1 42.5 63.75 252.975 111.5625
0.4 0.1 42.5 63.75 250.725 126.4125
0.4 0.4 42.5 63.75 250.725 124.1625
0.4 0.7 42.5 63.75 250.725 119.2125
0.4 1 42.5 63.75 250.725 111.5625
0.7 0.1 42.5 63.75 245.775 126.4125
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0.7 0.4 42.5 63.75 245.775 124.1625
0.7 0.7 425 63.75 245.775 119.2125
0.7 1 42.5 63.75 245.775 111.5625
1 0.1 42.5 63.75 238.125 126.4125
1 0.4 42.5 63.75 238.125 124.1625
1 0.7 425 63.75 238.125 119.2125
1 1 425 63.75 238.125 111.5625
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