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Hybrid discrete artificial bee colony algorithm for distributed flexible
flowline scheduling with unrelated parallel machines

XUAN Hua®, LI Wenting, LI Bing
(School of Management Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: A distributed flexible flowline scheduling problem with unrelated parallel machines at each stage is studied.
Considering sequence-dependent setup times and job dynamic arrival times, an integer programming model is established
with the objective of minimizing total weighted earliness and tardiness penalty. A hybrid discrete artificial bee colony
algorithm is proposed combined with discrete differential evolution algorithm, variable neighborhood descent algorithm
and local search so as to obtain near optimal solutions. In this algorithm, factory-job number based encoding is applied and
a dynamic decoding mechanism with the earliest machine idle time is designed. The initial factory-job sequence group
is then generated by a random rule and an average assignment strategy. In leading bee phase, the discrete differential
evolution algorithm is introduced to yield factory-job sequences with high quality. In following bee phase, a variable
neighborhood descent algorithm is used to search around the selected sequences in order to gain neighborhood sequences.
Local search based on insertion between critical/non-critical factories is designed to enhance algorithm search ability in
scout bee phase. Simulation experiments are performed on different scale problems and testing results demonstrate the
proposed hybrid discrete artificial bee colony algorithm has a better resolution performance.

Keywords: Distributed flexible flowline scheduling; unrelated parallel machines; hybrid discrete artificial bee colony
algorithm; discrete differential evolution algorithm
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N

xR

®3 AUMEE R AR R

FXNxGxU, VNS ABC HDDE AGA IDABC HDABC R1/% R2/% R3/% R4/% R5/%  CPU/s
2x10%3x3 100.0 109.2 103.8 98.6 98.2 96.8 33 13.4 7.2 1.8 1.4 422
2x10x3x4 89.0 97.8 81.2 85.0 80.8 79.4 12.0 23.1 2.3 7.1 1.8 49.8
2x10x4x3 85.3 84.2 80.6 83.8 86.4 76.4 11.6 10.2 0.05 9.7 13.1 54.8
2x10x4x4 200.2 196.8 194.2 190.4 176.8 152.2 31.5 29.3 27.5 25.1 16.2 66.1
2x20%3x3 519.2 508.2 488.2 483.0 466.8 455.8 13.9 11.5 7.1 5.9 2.4 77.6
2x20%3x4 280.8 269.2 261.6 255.0 241.4 2332 20.4 15.4 12.2 9.3 3.5 91.8
2x20%4x3 812.4 794.4 789.4 776.2 756.6 753.2 79 5.4 4.8 3.1 0.5 105.1
2x20x4x4 190.8 280.8 295.6 257.6 253.0 248.8 16.9 12.9 18.9 3.5 1.7 122.1
2x40%3x3 3374.6  3249.2  3349.6  3286.4 3216.8 3100.6 8.8 4.8 8.0 5.9 3.7 143.5
2x40%3x4 2072.0 1967.6  2011.2  2037.4 1945.8 1854.2 11.7 6.1 8.5 9.9 49 174.2
2x40x4x%3 3260.2  3211.2 31722 3076.6 3000.2 2900.6 12.4 10.7 9.4 6.1 3.4 190.4
2x40x4x4 2183.8 2032.8  2081.8 1981.6 1902.0 1805.4 20.9 12.6 15.3 9.8 5.4 229.8
4x20%x3x%3 301.6 287.6 265.0 264.6 249.8 239.0 20.1 20.3 10.9 59 4.5 84.1
4x20x3%4 230.0 222.0 204.8 205.6 203.6 203.4 13.1 9.1 0.7 1.1 0.1 93.1
4x20x4x%3 290.6 283.6 259.6 252.2 226.8 2244 29.5 26.4 15.7 12.4 1.1 108.9
4x20x4x4 305.2 298.8 275.6 238.6 243.2 233.0 309 28.2 18.3 2.4 4.4 129.5
4x40%x3x%3 2200.8 21256  2157.0 2246.8  2051.0 1793.4 22.7 18.6 20.3 253 14.4 149.6
4x40x3x4 12246  1167.0 11756  1138.2 1064.0 1021.2 19.9 14.3 15.1 11.5 42 182.1
4x40x4x%3 25542 2473.6 23462  2229.6  2206.8 2076.6 229 19.1 13.0 7.4 6.3 195.4
4x40x4x4 11904 11714  1256.6  1194.2 1091.4 1025.4 16.1 14.2 22.5 16.5 6.4 237.5

Ty 10732  1041.5 10424  1019.1 978.1 928.7 17.3 15.2 11.8 8.9 49 126.4
®4 KHEEBHRE R

FXxNxGxU, VNS ABC HDDE AGA IDABC HDABC R1/% R2/% R3/% R4/% R5/% CPU/s
4x60%4x3 7281.8 7264.2 7276.7 6990.6 6807.8 6689.0 8.9 8.6 8.8 45 1.8 283.1
4x60%x4x4 3580.2 3483.8 3577.8 3513.4 3314.8 32272 10.9 79 10.9 8.9 2.7 358.0
4x60%5x3 6870.0 6807.4 6794.0 6525.8 6363.6 6248.8 9.9 8.9 8.7 4.4 1.8 352.1
4x60x5%4 3783.4 3930.6 3970.0 3647.4 3617.8 3539.0 6.9 11.1 12.2 3.1 22 431.5
4x90x4x4 11551.6  11163.2  11931.8 113534  10796.4 10784.6 7.1 35 10.6 53 0.1 5189
4x90%4x5 7282.2 7385.4 7773.0 7163.2 6965.2 6768.8 7.6 9.1 14.8 5.8 29 614.7
4x90x5x%4 129722 122074  12077.6 123346  11679.4 11485.2 12.9 6.3 52 7.4 1.7 657.0
4x90%5x5 7399.2 7273.0 7255.6 7200.2 6945.2 6848.8 8.0 6.2 5.9 5.1 1.4 776.0
4x120x4x5 14955.6 147944  14943.8 145144  14061.2 14009.8 6.7 5.6 6.7 3.6 0.3 791.9
4x120x4x6 10436.2  10414.6  10655.6 9718.8 9809.6 9479.4 10.1 9.9 12.4 2.5 35 910.4
4x120x5%5 16125.0  15783.8 157064  14840.2  14363.2 14321.2 12.5 10.2 9.7 3.6 0.3 1000.0
4x120%5%6 9937.4 9821.8 10306.0 9249.8 9311.4 9302.0 6.8 5.6 10.8 0.5 0.1 1000.0
5%60x4x3 7013.8 6784.4 6863.2 6940.4 6501.6 6293.2 11.4 7.8 9.1 10.3 33 288.2
5%60x4x4 3606.0 3756.6 3771.0 3474.4 3309.8 3121.2 15.5 20.4 20.8 11.3 6.0 3485
5%60x5x3 7647.0 7567.6 7384.8 6760.8 6812.2 6505.4 17.5 16.3 13.5 39 4.7 353.7
5%60x5x4 3753.8 3726.6 3770.0 3650.8 3324.2 3142.4 19.4 18.6 20.0 16.2 5.8 435.1
5%x90x4x4 11241.6  11284.2  10933.8  10307.4 9993.8 9227.2 21.8 22.3 18.5 11.7 8.3 517.2
5%90x4x5 7029.0 6865.8 6866.2 6520.8 6302.0 6265.8 12.1 9.5 9.6 4.1 0.6 607.9
5%x90x5x4 12272.6 122250  12114.8  11809.2 111054 10614.4 15.6 15.2 14.1 11.3 4.6 644.4
5%90x5x5 7564.2 7550.0 7430.0 6766.8 6713.8 6652.0 13.7 13.5 11.7 1.7 0.9 759.3
5x120%4x5 14678.2 143450  14771.8  14053.0  13769.6 13714.4 7.0 4.6 7.7 2.4 0.4 807.1
5x120x4%6 9830.6 9648.2 8749.8 9045.6 8679.2 8637.4 31.8 13.8 1.3 4.7 0.5 919.1
5x120%5x%5 15569.6  15138.8  14813.2 142432  14103.4 13998.6 11.2 8.1 5.8 1.7 0.7 997.3
5x120%x5%6 10980.4  10610.6  10492.8  10331.2 9967.6 9878.0 11.4 7.4 6.2 4.5 0.9 1000.0
6x60x4x3 6694.4 6567.6 6501.8 6315.6 59222 5652.2 18.4 16.2 15.0 11.7 4.8 290.4
6x60x4x4 3349.4 3313.2 3161.4 3160.6 2995.8 2779.2 20.5 19.2 13.8 13.7 7.8 353.8
6x60x5x3 6731.4 6542.0 6216.4 5658.8 5891.2 5546.8 21.3 17.9 12.1 2.0 6.2 362.4
6x60x5x4 4300.0 4044.8 3548.6 3500.2 3375.6 3330.6 29.1 214 6.5 5.1 1.4 446.7
6x90x4x4 11310.6  11057.0  10652.0 9847.4 9666.2 9380.8 20.6 17.9 13.6 4.9 3.0 514.6
6x90x4x5 7707.2 7315.6 7081.8 6823.0 6688.0 6624.2 16.3 10.4 6.9 2.9 0.9 607.3
6x90x5x4 12416.2 118852 12030.0  11209.0  11074.6 10922.6 132 8.8 10.1 2.6 1.4 637.6
6x90x5x5 7586.4 7524.0 6957.6 7214.4 6866.0 6602.8 14.9 14.0 5.4 9.3 4.0 748.2
6x120%4x5 16736.2  16257.6  15949.6  14611.8  14880.4 14214.4 17.7 14.3 12.2 2.8 4.7 819.7
6x120%x4%6 11688.8  11397.0  11089.4  10718.6  10111.0 9804.8 19.2 16.2 13.1 9.3 3.1 934.2
6x120%5x%5 16658.0  16093.0  15903.4  15360.4  14343.8 13852.8 20.2 16.2 14.8 10.9 35 1000.0
6x120%5x%5 120204  10737.8  10614.0  10398.2  10203.2 10067.8 19.4 6.7 5.4 33 1.3 1000.0

Ty 9460.0 9238.0 9164.8 8771.5 8517.7 8320.4 14.6 11.9 10.7 6.0 2.7 641.3
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