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Abstract: To get a better non-permutation flow shop ( NPFS) scheduling, buffers, machine
availability constraints and sequence-dependent setup time were considered in building the
mathematical model and disjunctive graph model. A NPFS-oriented list heuristic algorithm was
constructed to minimize the makespan. Allowed list and candidate list were built to record
heuristic process information. Quantum ant colony and SPT heuristic rule were applied to search
and select the feasible movement of related disjunction arcs to get an acyclic conjunctive graph.
The algorithm parameters were verified through orthogonal test. The optimal disjunctive
scheduling solution was the same with the exact CPLEX solution. The proposed algorithm has
been critically compared and assessed by eight benchmark problems from Demirkol with the MHD-
ACS and ACO ones, which confirms its good effectiveness and robustness.

Key words: buffers; non-permutation; machine availability; disjunctive graph; quantum ant
colony
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2 -91.9357 -91.2533 -91.280 9 —91.200 7
3 -91.8502 -91.199 0 -91.206 3 -91.208 9
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Table 4 Job sequence-dependent setup time

. Ml M2 M3 M4

' 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4

1 0 32 35 11 10 o 0 0 0 O 0 12 13 25 37 o 0 0 0 O

2 24 0 29 25 27 0 0 16 28 30 9 0 5 13 20 0 0 30 35 23

3 15 30 0 27 38 0O 3 0 39 28 40 16 0 34 22 0 10 0 19 28

4 6 25 10 0 22 0 13 37 0 10 2 2 1 0 31 0 26 18 0 23

5 15 6 23 36 O 0 22 31 15 O 3 11 13 17 O 0 31 30 32 0
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Table 5 Job processing and dispatching schedule

M ST CT ST CT ST CT ST CT ST CT
J4 J1 J3 J5 2
Ml
72 116 116 154 154 223 223 328 328 359
J3 J1 J4 J5 J2
M,
105 149 - - 149 212 212 260 260 322
13 J1 J4 J5 2
M3
139 205 205 280 280 344 344 410 410 458
J2 J1 J4 J5 J3
M,
168 201 - - 201 263 263 317 317 380
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Table 6 The optimal parameters through orthogonal test

[F] A a B p 0
flemax_20_15_3 0.2 2.0 0.10 100
flemax_20_20_1 0.1 2.2 0.12 100

flemax_30_15_3 0.3 2.2 0.10 150
flemax_30_20_3 0.1 2.0 0.12 100
flemax_40_15_5 0.2 2.0 0.12 150
flemax_40_20_3 0.1 2.3 0.12 100
flemax_50_15_6 0.2 2.0 0.15 100

flemax_50_20_2 0.2 2.0 0.12 100
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" % N - QACO 3B flemax_40_20_3
[F] 0, 15 2 A8 45 T MHD - ACS #il ACO
2 TR IR T B (UB) |, HA 8 1K i
Ji, gk b AR TR, B B L ACO B33k i
TSR AR EE RN . i T B[R] A2 A5 R R R
Py, FEANREHE I LB A AR L (EX T
MU ] 45K A, N - QACO FE AT RETE &
A (DI AR PN A B0 BT A A, D6RH T 3895 7E SE PR
[R]85 e 8 ] g A

N — QACO F5 i i A 550457 19 1 41 A X i 22
H—-4.35% , B LBk 25 - 8. 10% , S48 T
MHD - ACS 1 -0.62% F1 -3.2% , &l 3 fis

K7 EOTELERMITLE

Table 7 Comparison and analysis of benchmark problem

S Im] MHD - ACS ACO N - QACO
I}
LB UB Time/s Crext Time/s Crest Time/s Crext Time/s Cig
flemax_20_15_3 3354 4437  69.93 4 420 46 4 945 430 4 077 241 4134.1
flemax_20_20_1 3776 4821 159.12 4 819 59 5029 282 4 802 29 4929.6
flemax_30_15_3 4020 5226 148.99 5210 93 5378 535 4973 402 5110.3
flemax_30_20_3 4806 6 183 0.24 5 987 121 6 639 261 5719 98 6 048.9
flemax_40_15_5 5560 6986 155.97 6 972 154 7219 763 6 625 167 6 692.3
flemax_40_20_3 5693 7154 615.49 7 132 210 7 645 1314 7 151 24 7304.5
flemax_50_15.6 6290 7673 313.15 7 631 238 8 988 1266 7 458 131 7603.1
flemax_50_20_2 6 740 8 838  798.83 8 836 312 10 421 1507 8 307 697 8 484.4
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