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Fig.2 Balanced supply chain collaborative production network
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Table 2 Parameters related to each collaborative enterprise

Brlal £l ln A by,

1 0.04 0.02 1.5

2 0.02 0.01 1.0

3 0.04 0.02 1.5

4 0.02 0.01 1.1

5 0.03 0.02 1.0

6 0.02 0.03 1.7

7 0.03 0.02 1.0

8 0.02 0.03 1.7
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Table 3 Transportation time between collaborative production enterprises

m 1 2 3 4 5 6 7 8
1 0 8 3 8 4 8 3 7
2 8 0 7 4 5 3 4 6
3 3 7 0 4 6 4 3 7
4 8 4 4 0 8 5 9 8
5 4 5 6 8 0 8 3 7
6 8 3 4 5 8 0 8 9
7 3 4 3 9 3 8 0 2
8 7 6 7 8 7 9 2 0
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Table 4 Optimal objective value under different uncertain

delivery intervals
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Table 5 Comparison with single-stage robust optimal solution results
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Fig.3 Actual cost of each scheduling solution for different lead time realization scenarios
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Table 6 Comparison of two-stage and single-stage robust optimal

assignment and ranking schemes
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Table 7 Costs of two-stage versus single-stage robust schemes for different delivery interval deviation scenarios
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Abstracts: Providing customers with flexible and uncertain due dates from the perspective of the supply chain
system can improve the competitiveness of the supply chain and customer satisfaction. At the same time, it al-
so brings challenges to the efficient operation of the supply chain system. To this end, this paper considers the
characteristics of collaborative enterprises in the supply chain collaborative manufacturing model, such as dif-
ferent production startup costs, the need for advance preparation, and long procurement lead times. A two-
stage supply chain collaborative robust scheduling optimization model is constructed based on the box uncer-
tainty set of due dates. This model is designed to minimize the costs of the supply chain system by reducing
decision conservatism. The column-and-constraint generation algorithm ( C&CG) is used to solve this model
exactly, and the subproblem is transformed based on the convexity of the objective function under uncertainty
to construct a simplified dual problem. Numerical simulation examples analyze the impact of uncertain due
date changes on the two-stage robust scheduling strategy and compare the robust optimal cost of single-stage,
two-stage, and hindsight strategies under different real due date scenarios. Meanwhile, the real cost due to the
deviation between the estimated and the actual due date intervals is compared and analyzed. The results show
that the cost of the two-stage robust model is significantly lower than that of the single-stage robust model, and
the gap is also not large compared to the hindsight optimal cost. In addition, the cost of the two-stage robust
model shows relatively small variance, and the two-stage robust solution is much less sensitive to the estimation
error of the due date intervals than the single-stage robust solution. Therefore, the two-stage robust optimiza-
tion model can significantly improve the conservatism and inflexibility of the scheduling strategies and effective-
ly respond to the needs of flexible, uncertain due dates.

Key words: supply chain collaboration scheduling; uncertain due date; two-stage robust optimization ; mixed-

integer programming



