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Abstract: This paper proposes a two-stage adaptive competitive reconfiguration algorithm (TACRA)
for the dynamic flexible job shop scheduling problem with transportation resources. In the initial phase,
TACRA operates in a static environment; once a machine breakdown occurs, it switches to a rescheduling
phase. Deletion and reconstruction operators are designed to enhance the algorithm’s exploration and exploi-
tation capabilities, and an adaptive selection mechanism is introduced based on the historical performance of
these operators. Experimental results on 15 test instances show that TACRA achieves the optimal inverted
generational distance in eleven cases, the optimal hypervolume in fifteen cases, and the optimal fitness met-
ric in fifteen cases.

Key words: flexible job shop scheduling; multi-objective optimization; transportation resource; dy-
namic event; adaptive selection
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3-6 | 4-7 | 5-20 | 11 | 26 | 10
3-6 | 4-8 | 5-20 | 12 | 28 | 10
3-6 | 3-8 | 5-20 | 13 | 30 | 10
3-6 | 3-7 | 5-20 | 14 | 32 | 10
3-6 | 3-6 | 5-20 | 15 | 34 | 10
3-6 | 3-6 | 5-20 | 16 | 38 | 10

© © (o] (o] ~ ~ (2} (o2} (2] =~ =~ w w Do IS]

MB15 | 50 | 20

—
(=)

3-6 | 3-5 | 5-20 | 18 | 40 | 10

32 MREEMIERR

Rl G A bR fR B R A S RO R 22
Wa G4 7 1], S 3 — AR Ak B H AR (R, PRI SRHE A .
BEAh . 20 WE A 2B ) o R AN 1R 30 3R AR I Al 5C
B A 4 G 1F R FL5E Pareto A Y . =M IPMH 845 2

34 XHRERRSW

FA~F6H T SR IGD  HV F £ 1Y
P S5triE 2, BAMELE MBS 8 HE 20 K
S e AEE DO AR R . 4 HT IGD VHV #
SRS R LRI

(D IGD n] PFEAS B35 iy il S Fn 2 A .
F 4R, TACRA 76 1540 38 52 1] v 3k A5 114>
BAUE . BT MR EAE SRR A B R A,
TACRA 16 K 2 89 6] #8153 2 e (M. GT-
MBO 7£ MB1 | 8y RE I 2 T TACRA 11 J5i Hl
J&, GT-MBO 2R R A 9K 3l 55 8 B 56 u% , A F 40
S &G L, IS G /N B, EGANS 7£
MB3.MBS8 I iy 58 1 4f , iX J& H T EGANS 4
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Tab.4 IGD of five algorithms

i DCGA EGANS GT-MBO NSGA-II TACRA

- {E T i 22 FHME T e 2 -1 {H T 1 2 FHE T v 22 F-EH T o 2
MB1 0.0892 0.0229 0.0752 0.0336 0.0354 0.0311 0.1041 0.0957 0.0680 0.0256
MB2 0.0776 0.0410 0.0600 0.0892 0.0555 0.0529 0.1823 0.0825 0.0476 0.0176
MB3 0.0754 0.0628 0.0489 0.0419 0.0618 0.0888 0.1318 0.0482 0.0574 0.0166
MB4 0.0876 0.0673 0.0628 0.0978 0.0588 0.0671 0.1158 0.1040 0.0491 0.0252
MB5 0.0913 0.0537 0.0511 0.0398 0.0571 0.0395 0.1073 0.0506 0.0489 0.0175
MB6 0.0448 0.0203 0.0450 0.0129 0.0665 0.0418 0.0807 0.0475 0.0476 0.0136
MB7 0.0455 0.0173 0.0619 0.0297 0.0600 0.0369 0.1225 0.0794 0.0429 0.0131
MB8 0.0548 0.0281 0.0438 0.0071 0.0552 0.0442 0.1159 0.0633 0.0474 0.0106
MB9 0.0758 0.0626 0.0680 0.0766 0.0637 0.0165 0.0938 0.0571 0.0552 0.0166
MB10 0.0502 0.0288 0.0477 0.0122 0.0505 0.0086 0.0942 0.0467 0.0439 0.0141
MB11 0.0565 0.0284 0.0531 0.0173 0.0513 0.0200 0.0919 0.0369 0.0510 0.0133
MB12 0.0722 0.0586 0.0586 0.0253 0.0549 0.0225 0.0635 0.0092 0.0448 0.0172
MB13 0.0866 0.0847 0.0814 0.0797 0.0691 0.0278 0.0772 0.0579 0.0554 0.0152
MB14 0.0523 0.0274 0.0526 0.0164 0.0521 0.0145 0.0890 0.0144 0.0509 0.0109
MB15 0.0600 0.0183 0.0604 0.0187 0.0663 0.0595 0.1037 0.0427 0.0529 0.0177

x5 AMEZEMHHV
Tab.5 HYV of five algorithms

i DCGA EGANS GT-MBO NSGA-II TACRA

-1 P 1 22 T P22 VM T 1 2 P H A T o 22 Tl T e 2
MB1 74.837 18.695 62.777 10.461 60.835 9.0499 61.044 12.115 85.095 2.9685
MB2 71.529 6.6379 70.964 7.4243 63.500 4.8936 63.337 5.3362 83.823 3.5108
MB3 68.849 6.8794 73.311 11.457 77.163 5.0284 62.593 6.5477 89.201 4.1179
MB4 69.269 4.3718 63.151 5.8314 78.821 9.6351 64.984 3.0140 85.793 6.0228
MB5 67.344 12.055 68.542 6.7448 73.873 13.809 64.831 6.0616 85.771 3.6485
MB6 62.328 8.0136 63.959 3.9824 73.139 10.389 64.764 7.5026 86.526 5.9479
MB7 59.846 11.224 75.001 8.9823 76.198 8.4659 66.543 7.2482 82.307 5.6637
MB8 57.548 9.5850 59.419 8.6541 78.007 10.277 58.692 16.176 84.840 3.8781
MB9 62.168 5.8404 66.568 10.331 77.602 10.924 54.571 4.7941 87.033 5.7585
MB10 58.071 14.220 61.998 7.9076 76.484 4.5330 49.694 14.047 85.082 5.7691
MB11 66.919 10.233 68.266 9.4580 75.417 6.1675 52.634 7.9778 88.563 4.3833
MB12 57.512 6.6036 63.577 9.1754 75.419 7.1283 45.786 8.9290 87.865 3.6188
MB13 55.772 7.9861 64.285 9.3998 74.980 14.833 54.082 15.933 84.980 6.9572
MB14 58.949 10.321 77.199 6.0653 78.589 7.1954 52.140 7.5359 86.705 4.7324
MB15 56.028 6.4603 65.509 8.6427 69.842 11.814 53.220 7.6134 85.829 7.5220

TARE VRN G R RO 2. TA-
CRATE MB11-15 B AR PEREAL T H AL S
(2) AL e [va] 3] 5 AL 25 W s %of 5 9k 2 1
Peik . R 6 BT . TACRA X} Fr A7 [v) 5 #% B A7
B I B93E B . NSGA- 1T #l DCGA £ /. E i1
A4 25 02 T e AT B 20 b B 5 35 5 1 1Y 5K W .
DCGA J& — F ff 44 DA 19 77 1%, B8 38 A /NBAR
RS AR B () 8, R MRASE ()8 |-, TACRA 1Y £,
AL T A SR B R A AL D DFISPT,
454 1GD HV f1 £ ], TACRA H A #&4r
(ISP S RS2 DB 22 B IR AT B2 T 25 [ L 20 45
L fifp P dX — ()
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[y s 1 R 4R S 2 AL D 1] L A R 22 B a) i S
PR A T N L BB AR G A 3R RSS2 5] MB13
HIMB15,

&1 6 it 7 2 6 /1> MB il ik 52 3] (1) Pareto Hij ¥
AT LAAE i, TACRA RT3 1) K Z B0 AL T H bn =
i) o E AR (R B /N O, L F H A . A Pareto
f b, T ATARHE A O A0 i 4 38 B 0 7 oK 1)
fife o W Af B B J 5 TR TR B AT BE R 7 BN Y A
1T it 4 B /0N S0 B T 48 O, AT S 4% o e /NI A
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Tab.6 fitness of five algorithms
- DCGA EGANS GT-MBO NSGA-II TACRA
) i
I i 22 FHE b fi 2 ¥ b ifi 22 M i 2 FHE b 2
MB1 0.1104 0.0913 0.1447 0.0295 0.0478 0.0485 0.1682 0.0402 0.0354 0.0078
MB2 0.1157 0.0270 0.1000 0.0294 0.0522 0.0211 0.1191 0.0261 0.0388 0.0076
MB3 0.1100 0.0222 0.1012 0.0575 0.0768 0.0248 0.1127 0.0394 0.0244 0.0131
MB4 0.0917 0.0278 0.0819 0.0302 0.0833 0.0382 0.0845 0.0184 0.0221 0.0080
MB5 0.0832 0.0584 0.1006 0.0420 0.0846 0.0555 0.0985 0.0292 0.0319 0.0096
MB6 0.1076 0.0217 0.1007 0.0220 0.0871 0.0511 0.0932 0.0436 0.0219 0.0070
MB7 0.1162 0.0584 0.0892 0.0370 0.0883 0.0351 0.0830 0.0393 0.0367 0.0152
MB8 0.1191 0.0453 0.0727 0.0362 0.0782 0.0442 0.0990 0.0478 0.0284 0.0112
MB9 0.1137 0.0333 0.0783 0.0439 0.0886 0.0525 0.0958 0.0249 0.0260 0.0137
MB10 0.0912 0.0550 0.0787 0.0306 0.1080 0.0268 0.1019 0.0675 0.0331 0.0159
MB11 0.1285 0.0478 0.0875 0.0458 0.0865 0.0295 0.1225 0.0237 0.0197 0.0091
MB12 0.1236 0.0365 0.0893 0.0417 0.0965 0.0397 0.1243 0.0370 0.0466 0.0086
MB13 0.1386 0.0661 0.0638 0.0290 0.1151 0.0778 0.1151 0.0927 0.0328 0.0202
MB14 0.1031 0.0528 0.0729 0.0236 0.0710 0.0288 0.1006 0.0366 0.0255 0.0106
MB15 0.1400 0.0323 0.0910 0.0478 0.0901 0.0455 0.1023 0.0294 0.0258 0.0148
0.6 MBI 0.5r MB7
0.5
. 0.4
& 04 @(B,
R 2
2 B2
g2 0.2 e
0.1 = e T D
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 8 100 0 20 40 60 80 100
RET R ¥ RET
MBI1 0.5¢ MBI13 050 MBI5
E(M
=03
il
3 0.2
41
o1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
RET RET RET RET
DCGA — GT-MBO — NSGA- Il —TACRA — EGANS
Bs #USEPEEEIENEETLMLE
Fig.5 Variation curves of fitness values of each algorithm during the evolution process
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Fig.6 Comparison results of the Pareto frontier in the MB test problem
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