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Abstract; The flexible job shop scheduling problem is investigated, where the transportation resource and operation
related setup time constraints are considered simultaneously. The objective is to minimize the maximum completion time and
the energy consumption. To solve the problem,we propose an improved artificial bee colony algorithm, where each solution
is represented by a two-dimensional vector,the scheduling vector is to record the operation processing sequence ,and the ma-
chine assignment vector is to assign the candidate machine for each operation. In the decoding mechanism, the transportation
and setup time constraints are investigated. For the local search approaches, we develop five types of neighborhood structures
for the scheduling part,and a well-designed machine assignment neighborhood structure for the machine assignment vector.
To enhance the global searching abilities, the simulated annealing acceptance method is embedded. Finally, the experiment
comparisons verify the performance of the proposed algorithm.
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PEEIEE = B s R 53 = A8 43, B2 B 7 10 28
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(R PN A ST, WX R i i E, 2647 n /4 RARISAIEEl,
PLEhE R E, SRS IR TR et — DAY R

4 Ko

ASCH 2 /Y TABC 35092, 4 F2 1 5 R € ++,
IDE ¥ 85K F Visual Studio 2017, 7 16 GB PN Intel
Core i7 3. 4-GHz HLJiki 1277 S HiiE IABC 5 Y PERE,
PEPERY LA A A 4 Lin 55 A (2019) 4 M Y 5t 15 53 1k
I K BE ST 5 TR A 3% (GA-GSO) ) Karimi 28 A
(2017) 42 4 B [ 5 4035 (1CA) ) s PRl HL e 5
1, GA-GSO F3: 5K fige I @8 55 A SCR AL, #F iy A ke
HHLA A FISP [ &, SCHER[ 6 ] 25 i i ICA & —Fh ok
REHCAT ISR Aty A7 1z S I [B) 29 o FISP (1 5503k,

g5 b, R PIRR AL S MR RRALAT 1Y, H S A SCHFSE
[F) RIS BL Y B 02, Hy T A SCBIF 917 T L 3 i A A
[i) #E  B [] PR P 24 517 CFISP [R]i8, H FiF A A 24 3¢
R, WA 2 ML S, PRI, FeAT 140 Sl 2 B0 1 b 3R g A
FOBOE. (RS BRI AN A R A b, 255 T A
SCHIR A AR SRy R % | 4 R 15 R SRS, e ) R e B SR R
FAA SIS B R GA-GSO 1 ICA WGP 31k 1 S 50k
EICE TR SCRR BB, A R ST as AT 30 I,
P BB UM T T 0% LA RV Y 1R BB 4 A R AR X
TG IE (RPL) ke fli &, 755 A RPI(e) = (f, -
S/ f, <100, X f 2 i 25 U0 530 1 R A5 1 B
U EHBRME S, & 25 7€ PRG3R A 1 HBR A
4.1 HOIHEE

VAR HERE AR U B A il 3 Al A 77 b A i Al
FEAE R M e w S R E LS R G K e
B0 A e A AT L Ry A A T AL A SR A
b 2 () B2 e, Sy 7R SCEE PR RE , 2% Bk
Az i R, IR BEHLAE AN [RTRRAE A 25 AR5, Horp
T A% n = 120,30,40,80,100 | , HLEER m = {6,7,
8,9,101. 3R 45 1] PAAE M Jik www. researchgate. net/
publication/334083698_CFJSP_instances | #¥.
4.2 HEBH

SO BB = A FE SR i B R
P, AT A JC BB e R R ARIREL T, HEALIR KB

JTHR IR EE 280 T 27 SCHk[ 14 ], 280K 30E I
T ()P, EH120,50,100,200 | PUANJZEIK; (2) T, K
EH12,5,10,20 (USRI (3) T ikl 10.1,0.2,0.4,
0. 8§ PUANJEIK. FAEL AR A] T, BE N 30 x (n /' 5).

R B TE R 2 S () A P BERL AR T A TR R AR
915 A, Horp T g R 0 = 15,6,7,8,9,101 41
IRELEE S m = 12,3 4. FEBAE K 95% T, R U7
223 #11: ( Analysis of Variance, ANOVA) 7341 16 4~ ]
SR A AL S B RE R B, T & e LR L S
G B SEA G 15 DEGIT & is iy
10 I%.

I 3 AN A, AR KA 2 O B R AR
IR R N B P LURAS BV RE. T S8 K
V3 R LT S EAE K 2 2R b BT Lk S
BALTERE. th By prel WL, P, =20,T7=0.4,T,, =5,
I AR AT AR B 1 .

4.3 ZEERER

S5k TABC B89k 1 1R BE , 16 4% ) o L 780 1% 5 fi
FISP ({535 647 LU 8, B GA-GSO Sk ICA B3k, |
RN K Al FISP ) 80 1Y) g MR RB A 25, Ho GA-
GSO B35 Fiv fF 59 1) 0] 8 5 K SC Y CRISP (1] 3831 b %5 4
TSR] R A 75 S8 A ) 1 M 45 B[] 24 5, A,
WA TR R F AL 7 0 s AR A I RERE. B T
it 2SI RO SR ISR A CRISP [a) 8, kg 36 0E By 52
AL RTE M R AT SE B GA-GSO 533K A SCik
(ST e a4~ 840, 5ok 1T TABC B35 SK i 13k pu 4~ 45
B, 32 1 25 T PR ETL S5 3R L.

1 n] L. TABC 553515 3 5K i 4 A~ 55491 1) 25
A LB ALT GA-GSO 83k BN, GA-GSO 53k K fif Y
A FRAS T2 B AR B 48. 136,11 TABC 80145 2 (1)
SEX B AR E R 42. 694.

R 3E AR SCRTAIEFE Y [B] E, FATTRT GA-GSO Fi ICA
PARR SR AT S O T T 3R A j20m6 ™ -+ j40m10 ™ 4 25
AN TRTRRASE AR S50 22 SR v ) Jm R R L 4 S 4
FKIRME UL e 2 B0 8 T 53 A B3k 1) G B R e 1t 5K
W2 HEAS SCRIT 45 L ) SR iR 47 5 B

F1 XEK[S]HONEGLERIER

GA-GSO TABC

=0 — —
Makespan AEAE HARME Makespan AEFE HARME

1 75.611 492. 987 43. 406 63.03 434. 56 36.995

2 87. 823 539. 781 49, 288 74. 14 517.62 43,738
3 80. 814 554.132 47.329 74. 00 512. 89 43.526
4 90. 93 602. 179 52.52 79. 00 549 46.517
mean 83.794 547.27 48. 136 72.54 503.518 42. 694
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K2 KBHEAEEFINEES(0=0.1,0.5,0.9)

w=0.1 w=0.5 w=0.9
Bl
IABC Gapeacso Gapycy IABC Gape, cso Gapicy IABC Gapeycso Gapicy
j20m6 1166. 85 0.17 1.82 820. 83 3.25 3.07 366. 89 3.15 6. 60
J20m7 1257.78 0. 66 0.93 844.37 0.67 2.61 379. 68 -0.29 11.58
j20m8 1669. 17 -2.06 -3.99 1129.70 2.85 9. 69 507.47 3.80 14. 63
j20m9 1953.76 -2.07 2.80 1279.37 5.25 13. 66 584.79 2.49 22.29
j20m10 2194. 60 -2.71 0.85 1462. 40 6. 04 15.20 675. 41 6. 04 21.78
j30m6 2181. 66 2.71 0.25 1564. 77 3.46 0.75 735.93 6.20 8.49
j30m7 2046. 88 -3.76 -1.66 1397.75 0. 37 6. 44 635.77 3.91 11.78
j30m8 2609. 98 2.32 0.16 1808. 32 9.21 7.52 819. 96 11.44 19.32
j30m9 2682. 03 -0.53 -2.44 1850. 06 4. 19 8. 65 796. 36 13.74 24.33
j30m10 3714. 05 0. 80 6. 30 2564. 40 10. 03 15. 11 1153. 18 14. 07 19. 65
jA0mo6 2674. 68 4.43 1. 11 1988. 14 2.70 4.10 952. 63 8.30 9.71
j40m7 2824.70 4. 46 2.16 2056. 48 0. 89 3.23 919.73 6.78 12. 96
j40m8 3527.37 4.46 5.58 2580. 32 4.21 5.38 1147. 85 10. 46 16. 19
j40m9 3915.78 -1.37 1. 69 2748. 94 5.29 8. 04 1201. 49 16.22 19.29
j40m10 4222.98 2.35 0. 26 3022. 66 4.27 8. 81 1314.71 15.93 17. 46
Mean 2576. 15 0.65 1. 06 1807. 90 4.18 7.48 815.90 8. 15 15.74

HE2A. (D) ENERH 0 =0.1 HIELT,
IABC By A H GA-GSO - HERe#E T+ T 0. 65% , AH E
ICA By E 4 PERESR T T 1. 06% . 40 GA-GSO Fil ICA
PIFPSR  TABC FEK fift TAFECRE 55 T 40 AOAE XS 3R H
BRG] BT T B B A 45 5 5 5 A M B TCA B3k
TABC TESK i BT 26 5 19 15 S/ NSS4, JRAS: 1 ] 2
BAFmE R, (2) AENE R 0 =0.5 B LT, TABC
FHLE PR S PR RE A3 4 T+ T 4. 18% F1 7. 48 % .
G)HENER » =0.9 W1ELHL T, IABC # b GA-GSO
FICA SEHPERR B 8E T T 8. 15% F115. 74 %

B1ABT =MEBREEE 0=09 HH TN
ANOVA 53#r &L, B B 25 10 i 256 PERE 7T UL, A SR

IABC | ——
T GA+GSO} —
b
=
ICA } —o——
2 0 2 4 6 8 10 12 14
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