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Table 1 Experimental results
NEH-G NEH-W FN FNW HLW

n m a CPU/s — — p— —
Dev Pbt Dev Pbt Dev Pbt Dev Pbt Dev Pbt
1 0.005 | 9.95 0 2.51 0.12 15.36 0 1.99 0.08 0.07 0.92
5 0.003 | 10.16 0 2.44 0.10 16. 06 0 2.29 0.06 0. 06 0.92
5 10 | 0.003 | 9.71 0 2.70 0.08 16. 02 0 2.51 0.12 0.12 0. 86
15 | 0.002 | 9.28 0 1.99 0.20 17.23 0 2.50 0.10 0.08 0.84
20 | 0.002 | 8.31 0 2.12 0.10 17.96 0 1.89 0.26 0.12 0. 80
20 1 0.008 | 7.93 0 2.27 0.10 19.26 0 2.52 0.08 0.01 0.92
5 0.009 | 7.30 0 2.50 0.06 19. 59 0 2.69 0.02 0.02 0.98
10 10 | 0.009 | 6.41 0 1.85 0.10 19.32 0 2.22 0.12 0.10 0.88
15 | 0.009 | 6.36 0 2.01 0.14 | 21.07 0 2.27 0.06 0.06 0.94
20 | 0.008 | 6.15 0 2.12 0.06 | 21.67 0 2.36 0.04 0.04 0.92
1 0.011 | 11.10 0 2.28 0.04 10. 33 0 1.32 0.24 0.13 0.78
5 0.011 | 11.75 0 1.96 0.08 10.71 0 1.43 0.14 0.13 0.82
5 10 | 0.011 | 11.41 0 2.04 0.08 11.01 0 1.64 0.14 0.07 0.88
15 | 0.010 | 11.25 0 2.14 0. 06 11. 69 0 1.39 0.14 0.14 0. 86
20 | 0.010 | 11.16 0 1.93 0.08 13.36 0 1.31 0.32 0.21 0. 66
0 1 0.034 | 8.91 0 2.38 0 14.70 0 1.57 0.06 0.03 0.96
5 0.034 | 9.63 0 1.97 0.08 15.63 0 1.76 0.06 0.04 0.92
10 10 | 0.034 | 8.69 0 1.92 0.06 16. 56 0 1.74 0.02 0.02 0.96
15 | 0.035 8.38 0 1.58 0.08 17.50 0 1.73 0.02 0.02 0.96
20 | 0.033 8.32 0 1.57 0.06 17. 61 0 1.74 0.10 0. 06 0.88
1 0.023 | 12.09 0 1.65 0.06 7.93 0 1.21 0.10 0. 06 0. 86
5 0.023 | 12.79 0 1.94 0.06 8.93 0 1.49 0.12 0.07 0.84
5 10 | 0.023 | 12.77 0 1.98 0.06 9.17 0 1.03 0.24 0.16 0.70
15 | 0.023 | 12.82 0 1.84 0.08 9.92 0 1.55 0.10 0.12 0. 86
20 | 0.022 | 12.02 0 1.65 0.04 10. 92 0 1.18 0.16 0.08 0. 80
%0 1 0.078 | 10.21 0 2.12 0 12. 47 0 1.35 0.04 0.02 0.96
5 0.076 | 10.16 0 1. 82 0.02 12. 56 0 1.45 0.08 0.05 0.90
10 10 | 0.074 | 10.56 0 1.89 0 13.85 0 1.64 0. 06 0.02 0.94
15 | 0.075 | 9.74 0 1.79 0.04 15.06 0 1.39 0.12 0.09 0.84
20 | 0.075 8.79 0 1.79 0 15.72 0 1.53 0.02 0.01 0.98
1 0.041 | 12.98 0 1.68 0.04 6.70 0 0.93 0.20 0.14 0.76
5 0.039 | 12.71 0 1.94 0.02 7.27 0 0. 89 0.22 0.11 0.76
5 10 | 0.040 | 13.28 0 2.00 0 7. 64 0 1.08 0. 06 0.01 0.94
15 | 0.040 | 12.83 0 1.67 0.04 8.31 0 0.98 0.20 0. 08 0.76
20 | 0.039 | 12.92 0 1.48 0. 06 9. 66 0 1.12 0.18 0.11 0.78
80 1 0.138 | 10.76 0 1.85 0.02 11.18 0 1.43 0. 08 0.02 0.94
5 0.137 | 11.25 0 2.01 0.06 11.72 0 1.24 0.04 0.03 0.90
10 10 | 0.137 | 10.46 0 2.10 0 13.08 0 1.54 0.02 0.02 0.98
15 | 0.134 | 10.44 0 1.86 0 13.54 0 1.31 0.02 0.01 0.98
20 | 0.133 | 10.52 0 1.87 0.02 13.73 0 1.47 0.02 0.03 0.96
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Heuristic algorithm for permutation flowshop scheduling problem with limit—
ed waiting time constraints

WANG Bai-in'* LI Tieke'*
1. Dongling School of Economics and Management University of Science and Technology Beijing Beijing
100083  China;

2. Engineering Research Center of MES Technology for Iron & Steel Production Ministry of Education Bei—
jing 100083 China

Abstract: The permutation flowshop scheduling problem with limited waiting time constraints is studied. The
relationship between permutation schedules and optimal solutions of the corresponding flowshop scheduling are
analyzed. With the discussion of the directed graph for the makespan computation of a permutaiton schedule
the reversibility of permutation flowshop scheuduling with limited waiting time constraints is proved. Based on
these properties a heuristic algorithm is proposed. In the algorithm an initial set of job permutations are ob—
tained based on the similar characteristics to the no-wait constraints. Then an inserting optimization mecha-
nism which can be done in O( n’m) time by the reversibility of the problem is introduced to improve the ini—
tial schedules. Numerical results demonstrate the fesibility and effectiveness of the algorithm.

Key words: scheduling; permutation flowshop; limited waiting times; heuristic; reversibility



