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A Two-stage Robust Optimization Approach for Steelmaking- Continuous
Casting Production Scheduling under Uncertainty

Sheng-Long Jiangt, Yaomin Wen ', Lan Chen', Lingling Cao ',Gongzhuang Peng®

(1.College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China; 2. College of
Engineering, Qufu Normal University, Rizhao 276826, China)

Abstract: According to the characteristics of the steelmaking-continuous production, this paper proposes a two-stage
robust optimization (TSRO) model considering the uncertainties of processing time and transportation time, where the
sequencing and assignment variables are determined in the first stage, and the timing variables are specified in the
second stage. Focusing on the complexity and nonlinearity of the TSRO problem, this paper applies the linear duality
theory to transform it into a network optimization problem in the worst-case scenario. To solve the simplified network
optimization problem, this paper proposes an evolutionary solution algorithm named Covariance Matrix Adaptation
Evolution Strategy (CMA-ES) and introduces a bottleneck cast-based restart strategy to improve the algorithmic
efficiency. Finally, this study carried out various experiments based on randomly synthetic instances. The computational
and statistical results show the effectiveness of the proposed scheduling model under uncertainty and the
competitiveness of the improved CMA-ES algorithm.

Keywords: Steelmaking-continuous casting; Production scheduling; Robust optimization; Two-stage decision;
Evolution Strategy
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Sl ||
RPD CPU RPD CPU RPD CPU RPD CPU

3-1# 28 0.0000 19.5270 2.9500 21.0260 11.7840 17.3270 11.5010 17.8600
3-2# 26 0.0000 14.7930 1.9500 13.5950 1.8920 11.4620 0.0000 12.7740
3-3# 29 0.0000 21.8200 0.1930 20.1090 0.1930 15.3320 0.1930 16.6120
4-1# 42 0.2600 31.9760 0.3240 29.2490 0.0000 19.7800 0.2220 20.0750
4-2# 36 0.0000 31.3920 0.4500 31.8170 1.2130 28.5080 0.7290 28.6480
4-3# 41 0.0600 38.4680 0.7070 36.5740 0.1050 33.3350 0.0000 35.8940
5-1# 48  0.2770 46.3020 0.1520 47.5650 0.0510 44.0440 0.0000 45.8280
5-2# 43 0.0000 35.6390 0.6450 37.7120 1.2720 32.5070 0.5830 33.4360
5-3# 53 0.0000 63.2940 0.7070 61.8860 0.2260 56.2860 0.4750 57.3550
6-1# 58 0.0000 57.6170 2.3540 56.6700 2.0550 51.3860 1.5610 55.2410
6-2# 71  0.0000 103.1130 1.8850 99.4290 7.5460 88.0660 5.7610 92.3170
6-3# 50  0.0000 71.1290 1.3080 60.3530 1.8370 56.3080 0.7270 56.7750
7-1# 64 0.0000 87.6690 0.0000 85.1410 1.2240 80.4160 0.6260 81.6450
7-2# 72 0.1670 91.8060 1.4760 91.9030 1.7470 93.7190 0.0000 91.8330
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