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An improved puzzle-based genetic algorithm for solving permutation
flow-shop scheduling problems

PEI Xiaobing, ZHANG Chunhua
(School of Management, Tianjin University of Technology, Tianjin 300384, China)

Abstract: Targeting the permutation flow-shop scheduling problem that minimizes maximum completion times, an im-
proved block genetic algorithm combined with an ant colony algorithm is proposed. The algorithm uses a random mech-
anism and the improved opposition-based learning mechanism to generate the initial solution. It takes into account the
diversity and quality of the initial population. Elite populations are generated through several generations of simple ge-
netic algorithm operations. Based on the idea of using ant information density concentration’s statistical path and node
information in the ant colony algorithm, the information carried by elite groups was counted. Position pheromone and
dependent pheromone matrices were established. Mining blocks according to two matrices were developed and blocks
were combined with non-blocks to form artificial chromosomes. Chromosomes were cut and recombined to increase
chromosome quality. The binary race method was used to retain chromosomes with higher fitness. The algorithm was
tested through the Reeves and Taillard instances, and the results were compared with other algorithms to verify effect-
iveness of the algorithm.

Keywords: production scheduling; combinatorial optimization; genetic algorithms; ant colony optimization; building
block; artificial chromosome
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Table 1 Comparison of Taillard instance test results
BBEDA LMBBEA SGA ACGA p-ACGA p-IACGA

B R U

Chax/s ER Crax/s ER Cuax/s ER Cuax/s ER Chax/s ER Cha/s ER
ta005 20x5 1235 1235 0.00 123500 0.00 2630.55 1.13 1840.15 0.49 1235.00 0.00 1235.00 0.00
ta010 20x5 1108 1108 0.00 1108.00 0.00 2925.12 1.64 1894.68 0.71 1163.40 0.05 1108.00 0.00
ta020  20x10 1591 1989 025 1591.00 0.00 5727.60 2.60 459799 1.89 178192 0.12 1591.00 0.00
ta030  20x20 2178 2287 0.05 2286.90 0.05 8951.58 3.11 5466.78 1.51 2221.56 0.02 2178.00 0.00
ta0S0  50x10 3065 5670 0.85 567025 0.85 19156.25 5.25 1541695 4.03 6773.65 121 444425 0.45
ta060  50x20 3696 17704 3.79 17703.84 3.79 34298.88 8.28 2827440 6.65 16114.56 3.36 11568.48 2.13
ta070 100x5 5322 5322 0.00 5322.00 0.00 7823.34 047 707826 0.33 542844 0.02 5322.00 0.00
ta080  100x10 5845 5845 0.00 5845.00 0.00 1350195 1.31 1174845 1.01 6604.85 0.13 5845.00 0.00
FHIE 0.62 0.59 2.97 2.08 0.61 0.32

< 2 Reeves LMK &5 R LR
Table 2 Comparison of Reeves instance test results
BBEDA LMBBEA SGA ACGA p-ACGA p-IACGA

B B U

Chpax/s ER Cnax/s  ER Croax/S ER Cua/s ER Cha/s ER Cua/s ER
Rec01 20%5 1247 1259 0.01 128441 0.03 9926.12 696 1446.52 0.16 1384.17 0.11 1247.00 0.00
Rec03 20x5 1109 1242 0.12 1131.18 0.02 6044.05 4.45 1208.81 0.09 1186.63 0.07 1109.00 0.00
Rec05 20%5 1242 1689 036 1502.82 021 5986.44 3.82 1540.08 0.24 1589.76 0.28 1242.00 0.00
Rec07  20x10 1566 1566 0.00 1566.00 0.00 9881.46 531 2364.66 0.51 228636 0.46 1566.00 0.00
Rec09  20x10 137 171 0.25 137.00 0.00 785.01 4.73 289.07 1.11 146.59 0.07 137.00 0.00
Recll  20x10 1431 1431 0.00 1431.00 0.00 12778.83 7.93 1631.34 0.14 154548 0.08 1431.00 0.00
Recl3  20x15 1930 2586 0.34 227740 0.18 13452.10 5.97 353190 0.83 2644.10 0.37 2219.50 0.15
Recl5  20x15 1950 2204 0.13 200850 0.03 10315.50 4.29 3354.00 0.72 2983.50 0.53 1989.00 0.02
Recl7  20x15 1902 2358 0.24 1921.02 0.01 13466.16 6.08 4907.16 1.58 3899.10 1.05 241554 0.27
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BBEDA LMBBEA SGA ACGA p-ACGA p-IACGA
Cha/s ER Crax/s ER Choax/s ER Cua/s ER Cuax/s ER Crax/s ER

B A U

Rec19 30x10 2093 3746 0.79 320229 053 14797.51 6.07 5211.57 1.49 401856 092 274183 0.31
Rec21 30x10 2017 4942 145 4659.27 131 14260.19 6.07 532488 1.64 502233 149 338856 0.68
Rec23  30x10 2011 3157 057 2936.06 046 17013.06 7.46 5610.69 1.79 412255 1.05 2493.64 0.24
Rec25 30x15 2513 5328 1.12 449827 0.79 20606.60 7.20 781543 2.11 6584.06 1.62 334229 0.33
Rec27 30x15 2373 4366 084 3701.88 0.56 18628.05 6.85 5885.04 148 536298 126 348831 047
Rec29 30x15 2287 4254 086 3499.11 0.53 21680.76 848  7181.18 2.14 4985.66 1.18 3201.80 0.40
Rec31 50x10 3045 5633 0.85 4841.55 0.59 2746590 8.02 12149.55 299 7886.55 1.59 401940 0.32
Rec33 50x10 3114 3893 025 4079.34 031 19057.68 5.12 6010.02 093 516924 0.66 3456.54 0.11
Rec35 50x10 3277 3277 0.00 3277.00 0.00 14091.10 330 3473.62 0.06 3309.77 0.01 3277.00 0.00
Rec37  75x20 495124260 3.90 20645.67 3.17 54807.57 10.07 30349.63 5.13 21437.83 3.33 15447.12 2.12
Rec39 75x20 5087 19432 2.82 15159.26 198 48377.37 851 2421412 3.76 1729580 2.40 14396.21 1.83
Rec4l  75x20 960 4714 391 395520 3.12 10588.80 10.03  5932.80 5.18 4233.60 341 3369.60 2.51

SEME 0.90 0.66 6.51 1.62 1.04 0.46
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Fig. 15 Instance convergence diagram
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