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Hybrid flowshop scheduling with missing operations
and unrelated machines

XUAN Hua, FAN Yinge, LI Bing
(School of Management Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The hybrid flowshop scheduling problem with missing processes and unrelated parallel machines extracted
from steelmaking and other production processes is studied. An integer programming model is formulated to minimize
the maximum completion time, and a genetic migrating birds optimization algorithm based on the global search, self-ad-
aptive genetic algorithm, and migrating birds optimization is proposed to solve the model. The initial population is ob-
tained by the global search considering the machine processing time and random procedure. Then, self-adaptive crossov-
er and mutation operators are developed to improve the solutions of the genetic algorithm. In the iterative process, mi-
grating birds optimization combined with three neighborhood search structures based on the job, machine, and opera-
tion position is introduced to update the best solutions. Finally, the experimental results of the genetic migrating birds
optimization algorithm are compared with several heuristic algorithms to prove the effectiveness of the proposed model

and algorithm.
Keywords: missing operations; unrelated parallel machines; hybrid flowshop; global search; self-adaptive genetic al-

gorithm; neighborhood search; maximum completion time; genetic migrating birds optimization algorithm
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Table 1 Testing results for small and medium scale problems with the proportion 20% of missing operations
nxh  TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R\/% Ry/% Ry% Ry% Rs/% CPUR[E)/s
20x5  209.9 208.2 184.1 176.5 188.9 172.3  21.82 20.84 6.85 244 9.63 22.01
30x5  280.1 260.3 224.2 218.1 228.4 203.7  37.51 27.79 10.06 7.07 12.13 25.19
40x5  318.6 284.9 261.5 242.4 261.7 232.0 3733 22.80 12.72 448 12.80 28.84
50x5 3357 335.0 285.0 271.8 296.0 263.2  27.55 2728 828 327 1246 31.44
20x10 3373 355.8 299.0 285.8 300.9 277.1 21.73 2840 6.85 3.14 8.9 44.14
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nxh  TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R\/% R/% Riy/% RJ/% Rs/% CPUINIH]/s
30x10 3875 409.7 358.6 338.2 364.1 327.1 18.47 2525 9.63 339 1131 52.65
40x10 475.7 438.4 390.3 378.7 395.0 3629  31.08 20.80 7.55 435 8.85 60.41
50x10 513.3 501.8 431.8 405.4 425.2 399.2 2858 2570 817 155 651 67.85
20x15  408.1 431.7 373.8 376.8 405.6 358.2 1393 2052 436 519 1323 70.29
30x15  506.5 530.0 441.6 421.2 441.6 409.8  23.60 2933 776 278 1.6 84.45
40x15 5422 582.1 478.4 468.4 484.5 4514  20.12 2895 598 377 733 98.44
50x15  664.6 633.4 530.2 522.6 535.4 5182 2825 2223 232 085 332 111.03
20%20  562.7 572.3 463.0 453.8 509.5 4472 2583 2797 353 148 13.93 100.58
30x20 578.7 635.0 526.5 506.2 538.9 495.6 16.77 28.13 6.23 214 874 119.15
40%20 752.3 693.1 568.8 565.3 580.3 552.3 36.21 2549 299 235 5.07 136.65
50x20 792.7 782.2 635.1 637.5 640.0 6345 2493 2328 0.09 047 0.87 156.92
o 479.1 478.4 403.2 391.8 4123 381.5  25.86 2530 6.46 3.05 8091 75.63

x2 ZEEIFLEGIA 20% BRI DNIKE R
Table 2 Testing results for large scale problems with the proportion 20% of missing operations

nxh TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R/% Ry/% Ry% Ry% Rs/% CPUINIH]/s
80x5 475.1 468.6 414.5 414.5 408.8 375.0 26.69 2496 1053 1.75 9.01 40.47
100%5 563.0 555.2 499.5 461.1 495.6 4434 2697 2521 12.65 399 11.77 49.34
120%5 574.9 639.4 564.6 520.4 556.1 508.8 1299 2521 1097 228 930 58.26
150%5 715.7 742.2 640.7 607.3 644.3 587.6 21.80 2631 9.04 335 9.65 68.37
80x10 679.6 641.9 551.3 538.6 535.8 5272 2891 21.76 457 216 1.63 96.02
100x10  748.5 743.6 635.8 614.0 620.9 6052 23.68 22.87 506 145 259 112.20
120x10  893.1 844.7 748.7 706.3 707.7 690.6 29.32 2231 841 227 248 125.84
150x10 1041.7 975.5 841.4 788.7 810.0 7694 3539 2679 936 2.51 528 150.04
80x15 870.7 838.0 700.7 680.3 673.6 667.4 3046 2556 499 193 093 150.26
100x15 1037.4 9334 783.6 780.8 765.2 764.8 3564 22.04 246 2.09 0.05 181.06
120x15 11004  1029.9 889.2 878.1 867.8 867.2 26.89 18.76 254 126 0.07 213.00
150x15 12349 1091.1 996.5 972.4 961.5 960.9 28.51 1355 370 120 0.06 259.82
80%20 989.2 981.7 825.9 803.0 796.5 795.0 2443 2348 389 1.01 0.19 218.39
100x20 1117.7  1095.5 922.4 914.8 895.5 8945 2495 2247 312 227 0.11 262.73
120x20 1326.5 1211.5 1020.4 1003.6 991.2 989.7 34.03 2241 3.10 140 0.15 303.08
150x20 1305.6  1368.0 1150.1 1135.1 11245 11233 1623 21.78 239 1.05 0.11 380.04
1y 917.1 885.0 761.6 738.7 740.9 723.1 26.68 2284 6.05 2.00 3.34 166.81

R3 ZEIFLEEIH 40% B /N AR ) I 45 R
Table 3 Testing results for small and medium scale problems with the proportion 40% of missing operations

nxh TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R\/% Ry/% Ry/% RY/% Ry% CPUHIE!/s
20%5  163.7 183.3 149.9 145.4 151.5 143.6 14.00 27.65 439 125 550 20.95
30x5 2122 209.5 175.1 172.7 183.3 163.1 30.10 2845 736 5.89 12.39 24.42
40x5 2533 209.8 189.5 184.0 197.8 1794  41.19 1695 563 256 1026 27.81
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nxh  TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R\/% Ry% Ry% R/% Rs/% CPUMIH]/s
50x5  271.0 233.6 218.8 218.7 221.7 204.3 32.65 1434 7.10 7.05 8.52 30.58
20x10 286.5 276.2 241.8 232.1 250.0 226.7 26.38 21.84 6.66 238 10.28 41.27
30x10 343.5 304.7 280.0 267.8 283.2 260.2 32.01 17.10 7.61 292 8.12 51.89
40x10 322.9 339.7 292.1 285.8 298.0 272.5 18.50 2466 7.19 488 936 58.25
50x10  364.0 380.0 319.9 319.7 329.6 306.0 1895 2418 454 448 1771 65.19
20x15  370.0 353.0 297.5 298.2 3274 283.7 3042 2443 486 511 1540 63.90
30x15  395.7 394.5 341.9 342.9 350.4 323.8 2221 21.83 559 590 821 71.76
40x15 428.9 429.6 349.1 356.5 362.0 339.6 26.30 2650 2.80 498  6.60 91.36
50x15 548.7 470.1 393.0 394.8 397.5 385.5 4233 2195 195 241 3.11 102.45
20x20 402.0 425.0 344.8 346.6 3913 3354 19.86 26.71 2.80 334 16.67 88.09
30x20 488.9 484.3 401.0 404.3 435.3 393.0 2440 2323 2.04 288 10.76 107.85
40x20 465.8 530.7 425.6 4233 450.3 412.4 1295 28.69 320 264 9.19 126.48
5020 5759 586.1 474.0 469.0 491.8 458.0 25.74 2797 349 240 7.38 144.08
) 3683 363.1 305.9 303.9 320.1 293.0 26.12 2353 483 382 9.34 70.15
x4 ZREIFF LG 40% Bk #0428 3l 45 R
Table 4 Testing results for large scale problems with the proportion 40% of missing operations
nxh TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R/% R)/% Ry/% Ry% Rs/% CPUMRf[]/s
80%5 331.6 353.6 293.3 291.7 307.3 277.2 19.62 27.56 5.81 523 10.86 40.12
100x5  413.2 416.8 364.7 348.7 368.1 3322 2438 2547 9.78 497 9.5 46.86
120x5  466.1 475.7 412.9 410.4 423.5 3833  21.60 24.11 7.72 7.07 10.49 53.21
150x5  560.1 529.9 473.7 4527 476.4 4225 3257 2542 1212 7.5 1276 62.78
80x10 4634 494.2 411.2 404.2 410.2 390.5 18.67 2656 530 3.51 5.04 89.57
100x10  571.2 555.8 475.9 462.7 480.4 456.2 2521 2183 432 142 530 103.36
120x10  687.2 618.9 537.1 528.6 537.1 5134 3385 20.55 4.62 296 4.62 118.47
150x10 688.3 650.9 598.8 590.5 610.0 575.2 19.66 13.16 4.10 2.66 6.05 143.00
80x15  650.9 626.3 521.2 509.0 510.7 500.0 30.18 2526 424 180 2.14 141.67
100x15  704.0 686.8 588.1 5773 568.1 564.6  24.69 21.64 4.16 225 0.62 168.76
120x15  742.8 767.4 659.5 648.0 635.2 629.5 18.00 2191 477 294 091 196.93
15015 892.9 889.7 741.8 735.1 724.7 719.7 2407 23.62 3.07 214 0.69 225.99
80x20  783.6 716.8 599.4 595.7 585.4 581.6 3473 2325 3.06 242 0.65 198.27
100x20 911.1 811.5 685.0 671.6 665.8 663.8 3726 2225 3.19 1.18 0.30 233.16
120x20 987.4 923.9 778.0 761.2 755.5 754.8  30.82 2240 3.07 085 0.09 269.46
150x20 1106.6 1013.6 846.0 840.6 835.1 8349 3254 2140 133 0.68 0.02 325.50
-1y 685.0 658.2 561.7 551.8 555.8 537.5 2674 2290 5.04 3.08 439 151.07
x5 ZREIFEBIH 60% B A/ B4 8] 3K 45 R
Table 5 Testing results for small and medium scale problems with the proportion 60% of missing operations
nxh  TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R/% Ry/% Ri/% Ry% Rsg% CPUR[E/s
20x5  108.0 103.9 88.0 934 112.4 87.7 23.15 1847 034 6.50 28.16 19.03
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nxh  TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R/% Ry/% Ry% Ry/% Rs/% CPUHIE/s
30x5  131.4 128.9 110.9 121.2 119.1 1082  21.44 19.13 250 12.01 10.07 22.81
40x5  144.6 123.9 116.6 121.6 126.9 113.0 2796 9.65 3.19 7.61 1230 26.38
50x5  184.9 159.8 135.8 150.3 155.2 130.8 4136 22.17 3.82 1491 18.65 28.89
20x10  179.0 178.4 161.9 159.3 196.9 161.1 11.11 1074 050 -1.12 22.22 37.10
30x10 2433 214.0 193.3 189.3 196.9 184.8  31.66 1580 4.60 244 6.55 46.70
40x10 253.4 2459 202.6 202.6 210.2 193.6  30.89 27.01 465 465 857 53.31
50x10  289.1 249.6 218.0 217.0 230.1 205.6  40.61 2140 6.03 554 1192 59.73
20x15 2719 262.7 230.5 222.7 265.3 2248 2095 16.86 2.54 -093 18.02 56.62
30x15  299.2 273.6 236.6 241.6 258.3 229.7  30.26 19.11 3.00 5.18 1245 71.15
40x15 307.0 315.5 257.0 262.8 277.1 2525 21.58 2495 1.78 4.08 9.74 83.09
50x15  345.8 3355 271.7 280.4 286.0 265.6  30.20 2632 230 557 7.68 94.93
20%20  296.0 303.1 260.1 269.4 313.3 263.4 1238 15.07 -1.25 228 18.94 78.94
30x20 336.9 352.3 291.0 292.9 318.6 284.2 18.54 2396 239 3.06 12.10 98.34
40x20 401.7 367.5 304.5 316.8 331.3 300.7 33,59 2221 126 535 10.18 114.12
50x20 434.9 415.1 316.5 328.1 337.8 3146 3824 3195 0.60 429 1737 130.60
FH o 2642 251.9 2122 216.8 2335 207.5 27.12 2030 239 509 1343 63.86

R 6 ZEEIFFLEBIA 60% Bk M4 ia) & ifllik 45 R
Table 6 Testing results for large scale problems with the proportion 60% of missing operations

nxh TGA MBO&NS GMBOAL AGA&LS IDABC GMBOA R\/% Ry/% Ry% Ry/% Rs/% CPUIIA]/s

80x5 2559 204.0 186.5 194.0 189.7 179.0 4296 1397 419 838 598 38.14
100x5  281.2 241.9 220.3 232.4 2352 2124 3239 1389 372 942 10.73 43.26
1205 318.6 289.1 261.0 265.3 284.7 2524 2623 1454 341 511 12.80 51.75
1505 371.3 349.8 312.7 308.0 342.0 307.5 2075 1376 1.69 0.16 11.22 58.90
80x10 3593 328.0 277.3 274.5 278.8 2622 37.03 2510 576 4.69 6.33 79.09
100x10  407.8 388.5 332.1 336.7 322.3 316.1 29.01 2290 5.06 6.52 196 92.60
120x10 394.9 4243 367.6 364.2 364.9 3424 1533 2392 736 637 6.57 106.71
150x10  507.5 477.6 401.4 399.1 407.1 387.6 3093 2322 356 297 5.03 126.37
80x15 414.2 445.1 347.4 362.0 362.8 346.4 19.57 2849 029 450 4.73 127.90
100x15  480.3 465.7 381.5 389.6 385.8 373.0  28.77 2485 228 445 343 148.57
120x15 588.4 534.1 438.9 437.9 430.5 428.1 37.44 2476 252 229 0.56 170.06
150x15 598.2 564.3 479.1 491.8 483.6 4659 2840 21.12 283 556 3.80 205.08
80x20 527.7 495.6 4114 412.8 4234 401.3  31.50 2350 252 287 551 178.11
100x20  579.6 548.5 452.9 455.5 450.6 4475 2952 2257 121 179  0.69 208.59
12020 641.0 594.3 505.5 501.3 496.7 494.1 29.73 2028 231 146 0.05 241.16
150x20  766.8 675.5 566.7 568.4 557.3 556.6  37.77 2136 181 212 0.13 288.17

Y 4683 439.1 371.4 374.6 376.0 360.8  29.83 21.14 3.16 429 497 135.28
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