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N Bt — b D 2 20 B 5 Aok v 24 4K 1l i
S5 I 29 R G (AR A SR L TR SR BT
3 ( variable neighborhood descent, VND) RS ¥
Z (tabu search,TS) J7 ik, 454 (FJSP-TL i 54 %
AR REE R GE ST, I ) —FioRs 9E 4 i 1k
PRSP R R AROR . B, DIl iy 2™
A RE R S AT 7 FLSE R 0 A SORE TR 5 833
AR

1 AR £ R R F R

1.1 [EFEHR

H AR AR R B )T 3R A AE— A
PP P AL AT BEALAS R 2P P 2L 2R
ML EZGHLERTINLES , DA 25 s A — LR
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RT3 BHEEEE T (FJSP-TL [ B4 SR A E ST B LT85 R/ min

— IGA fifi F§ VNS 5 AT AR D R 3 S e

Min Avg Std Min Avg Std Min Avg Std

D1 1 157.25 166. 09 3.32 162.25 169. 60 4.54 166. 50 176. 69 5.23

D1 2 175.25 181.26 4.19 178.75 183.58 4.98 185.00 194.32 6.81

D1 3 163.75 171.15 4.46 169. 00 173.76 4.72 174.25 184.91 5.67

D1 4 150. 50 159.43 3.61 155.25 161. 14 4.35 161.25 172.12 5.06

D1 5 208.00  216.68 5.69 214.75 220.55 6.01 220.25 233.73 6.82

D2 1 449.50  468.04 8.43 468.75 480. 80 17.79 466.00 514.86 24.98

D2 2 416.75  445.53 8.27 434.75  445.92 16.50 438.25  482.76 24.10

D2 3 386.75 412.85 7.86 403.50 413.87 16.31 412.25 432.01 22.86

D2 4 440.00  468.37 10.92 461.00 472.85 16.49 467.75 503. 83 24. 66

D2 5 513.50  538.91 11.33 535.75 549.22 20.72 548.00  589.19 18.05

D3 1 745.75 768.19 18.38 791.75 812.97 33.84 821.25 874,53 37.34

D3 2 835.25 871.02 21.50 874.50 897.94 38.48 898.25 967.24 41.30

D3 3 789.75 823.93 17.72 824.25 845.34 36.27 852.50  907.37 38.74

D3 4 868.50  901.20 22.94 896.25 919.27 40.44 937.75 1000. 18 42.71

D3 5 937.25 959. 36 29.29 973.50 1000. 58 41.83 998.00 1072.69 46.83

F4 5 AMEEEBRITESER/min
. ) IGA GA TS HBBO IJAYA

BiRs Min Avg Std Min Avg Std Min Avg Std Min Avg Std Min Avg Std
D1 1 157.25 166.09 3.32 165.25 187.34 5.18 160.00 175.28 4.65 157.75 168.80 3.90 164.75 182.31 4.59
D1 2 175.25 188.26 4.19 184.00 210.29 6.12 179.75 189.49 4.23 179.25 192.36 4.08 183.50 202.39 4.80
D1 3 163.75 175.15 4.46 173.00 196.51 6.92 164.75 178.26 5.27 167.00 176.78 4.95 170.75 184.39 5.52
D1 4 150.50 159.53 3.61 163.75 180.55 5.78 157.25 169.14 3.31 152.50 162.82 4.05 158.75 177.85 3.71
D1 5 208.00 216.68 5.69 225.50 250.36 9.46 216.75 236.52 5.91 212.00 225.47 5.99 213.00 243.46 6.79
D2 1 449.50 468.04 8.43 489.50 523.42 14.68 452.50 483.44 9.08 457.50 474.67 9.20 458.75 483.43 7.95
D2 2 416.75 445.53 8.27 453.25 492.39 12.46 429.50 454.71 8.97 427.00 451.11 10.09 430.00 463.56 9.29
D2 3 386.75 412.85 7.86 422.75 464.66 13.42 401.25 423.15 9.84 392.00 416.95 10.37 396.25 435.91 10.23
D2 4 440.00 468.37 10.92 472.00 515.51 17.33 454.75 479.04 11.32 442.25 483.33 11.47 452.50 493.28 13.41
D2 5 513.50 538.91 11.33 557.25 592.30 16.21 536.50 557.49 10.20 529.25 549.86 12.34 527.25 574.90 13.56
D3 1 745.75 768.19 18.38 789.25 842.68 27.39 755.50 778.20 20.01 744.50 775.38 19.28 749.50 805.44 22.80
D3 2 835.25 871.02 21.50 896.50 948.60 33.82 843.25 881.07 21.32 844.50 870.87 22.11 838.50 912.83 26.19
D3 3 789.75 823.93 16.72 846.50 895.94 24.61 802.25 845.03 19.34 801.50 839.39 20.31 805.75 842.49 15.49
D3 4 868.50 901.20 20.94 921.00 979.35 30.52 881.00 912.24 19.04 872.25 924.50 26.29 865.25 914.69 20.33
D3 5 937.25 968.36 27.29 997.50 1053.86 39.24 952.75 982.31 27.53 938.75 976.33 32.95 943.75 965.09 25.03
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Scheduling optimization of herbal decoction pieces

manufacturing process with time lags

HE Defeng, ZHAO Kai, XU Jianming
(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023 )
Abstract

Uncertain processing time and existence of time lags between processes are main problems in scheduling of
herbal decoction pieces production. To solve these problems, aiming at minimizing makespan, a fuzzy flexible job-
shop scheduling model with time lags is established, and an improved genetic algorithm (IGA) is designed. The
algorithm uses a four-layer coding method to describe the chromosomes with time lags. The critical path is obtained
by constructing a job disjunctive graph with fuzzy processing time and fuzzy time lags. The tabu search (TS) based
on variable neighborhood descent (VND) is used to enhance the local search capability, and an elite expanded se-
lection strategy is used to improve the iterative efficiency. Simulation experiments based on the production schedu-
ling data in a plant are carried out, and the results show that the improved algorithm has good performance in
scheduling of herbal decoction pieces manufacture.

Key words: herbal decoction piece, production scheduling, time lag, fuzzy time, local search, genetic algo-

rithm (GA)
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