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Reentrant Hybrid Flow Shop Scheduling Problem Based on MOMA

Abstract

Abstract: For the characteristics of multi-variety, large-scale and mixed-flow production of reentrant
manufacturing systems, the reentrant hybrid flow shop scheduling problem with batch processors
(BPRHFSP) is constructed, and an improved multi-objective mayfly algorithm (MOMA) is proposed for
BPRHFSP. Firstly, decoding rules for single-piece processing stage and batch-processing stage are
proposed. Then, a reverse learning initialization strategy based on logistic chaotic mapping is designed to
improve the quality of the initial solution of the algorithm, also an improved mayfly mating strategy is
designed to improve the local search ability of MOMA. Finally, a VND-based mayfly movement strategy is
designed based on the coding rule to ensure the quality of the population evolves in a good direction.
Through the simulation experiments of a large number of test studies of different scales, it is verified that
MOMA is more effective and superior than the traditional algorithm in solving BP-RHFSP. The proposed
model can reflect the basic characteristics of production, reducing the makespan, machine load, and
carbon emissions.
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Table 4 Results in theof orthogonal experiment

ZH

S IGD ~F¥{H
Pop g d
1 120) 1(0.6) 1(4) 1(0.5)  42.1518
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Table 6 Comparison results with MA

. Hi GD IGD SP
T, Ty, EA MOMA MA MOMA MA MOMA MA
j10p4rl (10,4,1) 1.619 1 23153 9.672 8 11.4853 2.542 6 3.1245
jllp4rl (11,4,1) 1.897 0 3.453 6 15.308 3 20.753 4 6.0715 7.286 4
j12p4rl (12,4,1) 2.949 1 2.5545 29.105 9 304175 7330 7 8.9542
jl4psrl (14,5,1) 6.120 3 8.586 3 30.159 3 34.247 8 7.5547 10.354 2
j15p5rl (15,5,1) 6.0058 7.356 4 545125 49.4512 195355  26.1685
j20p5r1 (20,5,1) 4.6352 3.214 8 26.530 6 28.147 5 9.8327 10.783 5
jl4pérl (14,6,1) 3.2319 5369 7 28.259 2 29.478 7 9.052 3 10.553 6
j17p6rl (17,6,1) 3.6202 45347 33.992 7 36.147 5 9.100 1 11.896 5
j20p6rl (20,6,1) 2.610 8 3.457 4 28.610 3 30.583 1 7.636 3 8.3145
j29p4rl (29,4,1) 4.5250 55721 38.4572 42.364 8 10.829 4 112351
j30p4r3 (30,4,3) 8.760 8 12.714 2 128.599 7 178.315 2 16.583 5 19.3258
j45pars (45.4,5) 9.444 8 14.142 3 161.301 7 204.432 9 26.774 7 35.742 8
j26p5r4 (26,5,4) 8.4019 15.484 7 110.351 5 163.418 3 225906  28.168 4
j37p5r2 (37,5,2) 4.602 8 51423 58.011 3 76.415 8 16.638 1 18.328 5
j28p5rl (28,5,1) 3.346 2 4586 6 41.1652 40.238 4 14.540 8 18.452 3
j21pérl (21,6,2) 4.765 4 5.143 7 47.2555 55.1237 13.864 3 15.153 2
j28p6r3 (28,6,3) 29.208 3 34.639 7 153.480 6 236.813 5 26.3212 35.628 1
j39p6rl (39,6,1) 4.1619 5.786 2 37.115 4 45364 1 12.178 3 17.152 4
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Table 7 Comparison results of four algorithmic metrics for small -scale examples

Sl A FEbR MOMA NSGA-II MOPSO MOGWO

LA, L, A

GD 1.619 1 3.366 8 52643 6.1210

j10p4rl (10,4,1) IGD 9.672 8 18.3852 13.1993 23.143 8
SP 2.542 6 8.396 7 12.5373 152152

GD 1.8970 23491 3.006 0 4.404 0

jllp4rl (11,4,1) IGD 15.308 3 22.5172 20.349 1 28.960 6
SP 6.0715 7.8398 11.094 5 12.209 2

GD 29491 3.784 2 5.6217 7.1118

j12p4rl (12,4,1) IGD 29.1059 28.118 9 41.6811 56.993 2
SP 7.3307 16.288 1 22.0521 27.3297

GD 6.120 3 6.2727 11.388 4 13.508 5

jl4p5rl (14,5,1) IGD 30.1593 39.528 4 453445 60.104 6
SP 7.5547 15.6363 20.669 5 19.849 0

GD 6.005 8 6.270 0 12.0137 14246 4

j15p5rl (15,5,1) IGD 545125 50.734 5 89.750 0 110.996 2
SP 19.535 5 39.3508 422213 443800

GD 4.6352 5.8353 9.9223 13.000 2

j20p5rl (20,5,1) IGD 26.530 6 335726 46.876 3 69.919 6
SP 9.8327 18.536 7 24.883 8 22.066 6

GD 32319 2973 1 42558 5.477 8

jl4porl (14,6,1) IGD 28.2592 26.888 8 30.958 1 42.854 4
SP 9.0523 14.762 6 17.979 8 20.670 9

GD 3.6202 4.506 1 8.426 3 9.4250

j17pérl (17,6,1) IGD 33.992 7 41.298 8 559821 66.524 4
SP 9.100 1 15.4306 29.1912 22.456 5

GD 2.6108 32772 5.860 8 6.070 7

j20po6rl (20,6,1) IGD 28.610 3 28.993 8 44372 4 56.9337
SP 7.636 3 19.884 6 29.0110 30.0513
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Table 8 Comparison results of four algorithmic metrics for large -scale examples
S FE EEL MOMA NSGA-II MOPSO MOGWO
N -
ERITRN N )
GD 4.5250 4.6399 9.678 7 10.411 8
j29p4rl (29.4,1) IGD 38.4572 40.196 1 57.567 1 77.635 6
SP 10.829 4 18.819 9 26.741 1 29.8752
GD 8.760 8 12.491 6 21.3775 23.974 6
j30p4r3 (30,4,3) IGD 128.599 7 224.099 6 240.870 2 356.212 6
SP 16.583 5 314555 54.017 8 51.516 9
GD 9.444 8 12.620 8 18.250 6 20.846 2
j45pars (45.4,5) IGD 161.301 7 2274154 291.0059 362.7852
SP 26.774 7 53.0053 64.142 3 79.052 9
GD 8.4019 11.908 5 15.7333 22.195 1
j26p5r4 (26.,5.,4) IGD 110.351 5 188.709 5 145.532 6 249.983 1
SP 22.590 6 35.5225 64.906 9 76.323 9
GD 4.602 8 6.4215 10.250 5 9.768 5
j37p5r2 (37.5,2) IGD 58.011 3 60.513 7 87.023 9 107.917 9
SP 16.638 1 36.356 1 41.764 2 50.787 5
GD 3.346 2 3.9385 5.1774 6.665 8
j28psrl (28,5,1) IGD 41.1652 45.774 3 49.973 2 90.048 5
SP 14.540 8 20.264 4 237713 27.6325
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Fig. 12 Box plots of three metrics for different algorithms of large-scale examples
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