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ble flowshop scheduling problem, FFSP).
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Tab.3 Testing results of n = {30, 60, 90}

min Z ItN
n M, s CPU/s
IAGA GA LR TAGA GA LR
3 9 886 10 244 8 351 200 196 10 895 210
3 4 11 262 11 487 10 020 200 194 9 983 230
5 12 283 12 471 11 529 200 194 9 985 264
30 3 8 833 9 296 7 291 200 196 10 765 207
4 4 9 859 10 373 8918 200 193 9 768 224
5 10 343 10 350 10 303 200 194 9 832 260
S 10 411 10 703 9 402 200 195 10 204 232
3 23 536 24 438 27 771 200 196 90 390
3 4 27 255 27 814 33 624 200 192 77 458
5 30 937 31 803 33 980 200 193 74 543
60 3 23 056 23 964 22 828 200 195 89 385
4 4 26 496 27 401 27 196 200 193 78 455
5 29 753 30 907 28 992 200 193 73 534
T4 26 838 27 721 29 065 200 194 80 460
3 54 108 63 072 73 964 200 192 4 590
3 4 68 920 75 371 80 734 200 193 3 712
5 75 781 79 915 86 177 200 192 3 841
%0 3 41 128 50 774 59 075 200 193 4 589
4 4 53 443 58 495 61 023 200 191 3 707
5 58 364 60 814 75 234 200 193 3 839
T4 58 624 64 740 72 701 200 192 3 713
R4 HEn={120,150} Bk &5 R Lb 33
Tab.4 Testing results of n = {120, 150}
min Z ItV
n M, s CPU/s
TAGA GA TAGA GA
3 69 862 79 045 200 189 806
3 4 80 014 89 136 200 188 985
5 89 543 101 897 185 175 1 000
120 3 66 108 75 714 200 190 785
4 4 78 214 83 357 200 188 979
5 82 176 95 065 186 177 1 000
S 14 77 652 87 369 195 185 925
3 109 798 116 102 196 182 1 000
3 4 126 411 140 462 160 141 1 000
150 5 145 357 160 047 135 120 1 000
3 99 726 110 596 197 182 1 000
4 4 114 261 136 408 164 150 1 000
5 130 271 157 061 139 122 1 000
SE1y 120 970 136 779 165 150 1 000
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Multi-stage Flexible Flowshop Scheduling with Batching Machines

WANG Junyan, WANG Xueyuan, XUAN Hua

(School of Management Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; Based on steel making-continuous casting - hot rolling production process in iron and steel industry,
the problem of scheduling n jobs in a multi-stage flexible flowshop with batching machines at some middle
stage was studied. The batching production stage consisted of multiple serial batching machines in parallel,
and the other stages contained discrete machines. Firstly, a mathematical model was formulated to minimize
the total weighted completion time with the consideration of job dynamic arrival, transportation time between
the adjacent stages and machine setup time. Then, an improved adaptive genetic algorithm was developed for
this NP-hard problem where the genetic parameters were associated with the iteration number and the fitness
function values. Computational experiments tested a large number of random data for up to 150 jobs. The re-
sults show that the proposed algorithm could find the better solutions within a shorter period of time, as com-
pared with the general genetic algorithm. The comparison with Lagrangian relaxation showed that the improved
genetic algorithm performed better on solution quality for medium and large sized problems.

Key words: flexible flowshop scheduling;batch machines ;total weighted completion time ;self-adaptive genetic

algorithm ; self-adaptive adjustment



