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Abstract In recent years, the manufacturing model of enterprises has changed from traditional single-fac-
tory centralized production to distributed collaborative production of multiple factories distributed in differ-
ent geographical locations. Distributed permutation flowshop scheduling problem has emerged. Although
a lot of research has been done on this problem in academia, studying its efficient solution method is still

an open topic. This paper compares the advantages and disadvantages of two existing mixed integer pro-
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gramming models for the total flow time optimization objective, and obtains the optimal solution on a
small-scale problem instance. For large-scale problem instances, this paper proposes an effective matheu-
ristic algorithm. Based on the existing DLLR-DNEH, the proposed matheuristic algorithm designs a set
covering model to collect effective search patterns contained in insertion neighborhood structure. Finally, a
large number of experimental results on the standard test set show the effectiveness of the proposed algo-
rithm,

Keywords distributed permutation flowshop scheduling problem; total flow time; matheuristic algo-

rithm;set covering model
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Tab. 1 Qualitative comparison of the two models

Number of constraints Number of decision variables
Model 1 i 2fnm— fGr+md+2n+ f+1 St 4 2nm +n+1
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Fig. 1 Gantt chart of optimal solution
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Tab. 3 Results of Cplex solving two models

Model 1 Model 2
Instances
TFT Time/s TFT Time/s
n=8, m=2, =2 83 1.70 83 44, 80
n=8, m=2, f=3 83 1. 61 83 44,53
n=8, m=3, =2 108 5.39 108 78.16
n=8, m=3, f=3 94 4,02 94 334. 48
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Tab. 4 Results of all algorithms (f=2, f=3)

(23)

F=2 F=3
Instances
A, A, A, A, A A A, A, A, Ay

20X5 9532 9491 9418 9518 9411 7847 7911 7790 7 839 7773
20X10 15 140 15 003 14 928 15 072 14 849 13 111 13 160 13 000 13 096 12 982
20X 20 26 996 26 764 26 810 26 888 26 521 24 387 24 360 24 156 24 347 24 090
50X5 41 353 39 897 40 528 41 314 39 682 31178 30 323 30 684 31163 30 106
50X10 58 425 58 009 57 862 58 425 57 483 47 224 46 884 46 764 47 108 46 456
50X 20 91 476 90 096 90 019 91 406 89 197 77 349 76 764 76 431 77 240 75 946
100X5 142 303 134 538 138 946 142 303 134 507 101 575 96 932 99 762 101 549 96 842
100X10 182 663 177 660 179 567 182 663 176 055 138 319 136 645 136 514 138 316 135 335
100X 20 256 030 254 821 254 321 256 030 252 768 207 041 205 631 205 393 206 988 204 044
200X10 614 915 591 722 607 012 614 915 587 007 444 605 434 204 439 340 444 605 430 889
200X 20 781 672 774 749 774 949 781 672 767 322 598 008 59 3354 593 024 598 008 588 549
500X20 3904 123 3807 403 3869943 3904 123 3787454 | 2814740 2756460 2792574 2814 740 2 744 832
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x5 FMAHZENER(f=4,f=5)
Tab, 5 Results of all algorithms ( f=4, f=5)
f=4 f=5
Instances
A, A, A, A, A A A, A, A, A
20X5 6 989 7 056 6 940 6 985 6 947 6 503 6 584 6 470 6 489 6 460
2010 12 104 12 185 12 011 12 091 12 024 11 465 11 587 11 406 11 464 11 430
20X 20 22 985 22 858 22 797 22930 22 730 22 158 22173 22 029 22 147 21 963
505 26 036 25 541 25 753 25996 25 405 22 953 22 661 22713 22 903 22 528
50X10 41 256 41 225 40 912 41 238 40 749 37 791 37 590 37 487 37 745 37 328
50X 20 70 206 69 745 69 548 70 123 69 064 65 907 65 370 65 287 65 798 64 784
100 X5 81 500 78 692 80 402 81 500 78 528 69 454 67 363 68 612 69 439 67 275
100X10 116 052 114 535 114 744 116 031 113 619 102 731 101 510 101 681 102 689 100 682
100X 20 181 510 179 858 180 113 181 363 178 786 165 408 163 888 164 089 165 283 163 071
200X10 358 492 350 615 354 812 358 492 348 509 307 322 302 075 304 763 307 322 300 006
200X 20 504 252 499 444 500 187 504 252 496 192 446 555 441 601 443 522 446 555 439 471
500X 20 2269055 2226541 2252345 2269055 2216454 | 1935410 1898210 1921419 1935410 1891 833
x6 MEHENEGER(f=6,/=7)
Tab. 6 Results of all algorithms (f=6,f=7)
f=6 f=7
Instances
Ay A, Ay A, As Ay A, Ay Ay As
20X5 6 157 6 365 6 131 6 157 6 136 5931 6 161 5 897 5931 5919
2010 11 109 11 333 11 046 11 105 11 066 10 785 11 355 10 722 10 785 10 814
20X 20 21 608 21 887 21 519 21 608 21503 21 188 22 240 21 082 21 183 21 219
505 20 996 20 708 20 762 20 953 20 552 19 469 19 411 19 312 19 454 19 281
50X10 35 408 35 354 35 166 35 397 34 949 33 650 33 552 33 356 33 629 33 224
50X 20 62 797 62 548 62 307 62 654 62 007 60 693 60 316 60 201 60 659 59 725
100X5 61 544 59 768 60 919 61 538 59 641 55 529 54 316 55 026 55 520 54 187
100X10 93 719 92 677 92 856 93 701 92 081 87 169 86 377 86 471 87 072 85 627
100X 20 154 514 153 161 153 284 154 424 152 146 146 780 145 333 145 783 146 752 144 380
200X10 273 440 267 849 270 743 273 436 266 379 247 794 244 224 245 992 247 794 242 681
200X 20 406 786 401 953 403 803 406 786 400 093 378 336 373 963 375 500 378 274 372 326
500X 20 1710533 1682448 1699318 1710533 1676830 | 1547636 1521297 1537968 1547636 1516 159
R7T FEHEZHTRX
Tab. 7 Ranks of all algorithms
Algorithm Average rank
f=2 f=3 f=4 f=5 f=6 f=7
DNEH 4,37 4,27 4. 35 4. 35 4,22 4.10
DLR 2.56 2.97 2.92 2.93 3.16 3.19
DNEH-RZ 2.55 2.35 2. 36 2.37 2.31 2.24
DNEH-SPD 4,20 4,04 4,08 4,00 4,02 3.86
DLR-DNEH-CS 1.33 1.38 1. 28 1.35 1. 30 1.61
a = 0.05 1.244 3
a=0.1 1.124 0
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