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Flexible job shop scheduling method based on adaptive genetic
algorithm and neighborhood search

YE Xiaosheng, ZHANG Shuman, TANG Tianyu, YAN Jinhui, LIU Zijun, YE Chunming

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract; This paper proposes an optimization strategy that combines adaptive genetic algorithm and neighborhood search for the
Flexible Job Shop Scheduling Problem (FJSP) to minimize the maximum completion time. Firstly, in the framework of genetic
algorithm, an adaptive population initialization strategy is used to dynamically adjust the population structure to enhance the
algorithm’s global search ability. Secondly, various neighborhood structures are introduced, combined with local search strategies,
to explore the solution space deeply through neighborhood search algorithms to enhance the algorithm s local search performance.
This paper designs an improved mechanism based on crossover and mutation operations to enhance the diversity of the population and
accelerate the convergence of the algorithm. The effectiveness of the algorithm in solving the FJSP is verified by thirty standard
examples of FISP. The test results indicate that the performance of the algorithm proposed in this paper is superior to or on par with
other intelligent optimization algorithms in twenty—three standard examples, showing better optimization ability. Moreover, it also
exhibits strong stability through multiple repeated experiments.
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Table 1 Parameter symbols and definitions of the model

1545 E L
I FHMTHEST = |
M FTHIMTHESES M = (M, My, M,
0, THiTIFEEO0; = {o,,04, 0,

xxxxx q

e )
slas sl

o;  TAFiHES T

My TF oy BIFLEREEE My = (M, My, M|

T¥ o, TENLES M, R IF TR 1A

ey LT oy fENLER M, LR95E TN ]

tyg LU oy TEMLAR M, L GREERI ]

¢ THiMETHE, I<isn

e LIF o M5 LA

xy  DORAERE ETF o fENLEF M, NN 1, 20 0

1.3 RBIEST
HRYRRIEEIA | FISP AUEARRIn] LIS Q0T .
H bp 2 fe/Mb B R 52 T ] Bees A =S .
f = min(max ¢;) (1)
Hp ) o, FoR T i BY5E TR, LA .
(1) B8 T)7 HEefE— B bl B T, &
KanF
ixijk =1 (2)
o, FR AR, ST 5
B TFAENLEM, EINTE, %, =1, &, =0,
(2) B8 TP A58 BR8] 5 R T i s
(8] 5 s I TR 2 F, X — K R AT LR N .
c; =s; + 'Z”xijk Ly (3)
Hor, s, FoR A RS B TP RYIFAR I Ta]
1o FRAERLEE M, LRI TR



57

WA AR IS B RE T AR A A A R] R B T i 207

(3) A — AR B AR &R T b 2544 R TR AR 2
IR T, BAR A XA
Sie1) =€ (4)
(4) TEF— G HLE I, T 09 55 38476 5y
JEEOU) i — T8 T A ATE J5 — T T AR 58 A, 20
N W R
S Behgk (5)
U, e, FR TAF h 095 ¢ 3T TELERM,
TR AE T o, 2.

2 BEMEERESSEIRRIMLLRE

2.1 HBS5MEAEE
FJSP E R — A B aA Ak In) 2, #5 K& 2 4~ F ]

HLAS R 2 MS

B TR HE T SHLE L . B XX — Rt R TP B
B AR IS AIL AR 20 B AT HE Y WA 2
Wit X 2 #r iR S S T e R —
B, 1S 1 Bt RS S L 22, ISR 2 Be
B U6 R T B T 2% SCiR[ 17 ] P Bl
BILF HE A 001 B2 i 1) 5 4], L8 B2 7 58 s A €]
s, B MS R FHLAS g5, 0S £oR
ET T rngmis, MS #ah R FRRTEZ LT
A BEHLAREE LIS, B o, {8 F AT BEHLARAE
S 4 GHLES, o, [ PTIENLERE T RIS 1 HHL
i, AL ZSHE ; 0S F i e R FRom T4%, T4
MZEBNA Gt B I LR SR T A 58 T L T
¥

LI 3 08

F Y A A A A o £ ./(Fd

0,3 TN

B 1 HEARESD

Fig. 1 Scheduling scheme encoding
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Fig. 2 Flowchart of improving genetic algorithm for solving FJSP
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e Best RPD/% Best RPD/% Best RPD/% Best RPD/% Best RPD/% Best SEYIE RPD/%
Mkl 10x6 40 0 40 0 40 0 42 5. 000 40 0 40 41.53 0
Mk2  10x6 29 7.410 28 3.700 28 3.700 28 3.700 28 3.700 27 28.00 0
Mk3  15x8 204 0 204 0 204 0 204 0 204 0 204 204. 00 0
Mk4  15x8 65 6. 560 67 9. 840 66 8. 200 75 22.950 64 4.920 61 63. 60 0
Mk5  15x4 175 1.160 174 0.580 173 0 179 3.470 173 0 174 178. 30 0. 580
Mk6 10x15 79 27.200 73 17.740 72 16.130 69 11.300 66 6.450 62 65. 10 0
Mk7  20x5 149 3.470 149 3.470 144 0 149 3.470 144 0 145 145. 500 0. 690
Mk8 20x10 523 0 523 0 523 0 555 6.120 523 0 523 523.00 0
Mk9 20x10 325 5.860 323 5.210 325 5.860 342 11. 400 310 0.980 307 310.23 0
Mk10 20x15 253 16.590 234 7.830 257 18.430 242 11.520 230 5.990 217 226. 63 0
Mean 6. 825 4.837 5.232 7.893 2.204 0. 127
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Table 3 Comparison of computational results for Fattahi instances
AIAT? HHS ! HBWO! ! AR
XY nXm
Best RPD/% Best RPD/% Best RPD/ % Best SEHE RPD/%
SFJS1 2x%2 66 0 66 0 66 0 66 66.0 0
SFKJS2 2x%2 107 0 107 0 107 0 107 107.0 0
SFJS3 3x2 221 0 221 0 221 0 221 221.0 0
SFKJS4 3x2 355 0 355 0 355 0 355 355.0 0
SFJS5 3%x2 119 0 119 0 119 0 119 119.0 0
SFJS6 3x3 320 0 320 0 320 0 320 320.0 0
SKJS7 3x5 397 0 397 0 397 0 397 397.0 0
SFJS8 3x4 253 0 253 0 253 0 253 253.0 0
SFJS9 3x3 210 0 210 0 210 0 210 210.0 0
SFJS10 4x5 516 0 516 0 516 0 516 516.0 0
MFJS1 5x7 468 0 468 0 468 0 468 468.7 0
MFJS2 5x%7 448 0. 448 446 0 446 0 446 453.8 0
MFJS3 6x7 468 0.429 466 0 466 0 466 476.5 0
MFJs4 Tx7 554 0 554 0 554 0 554 572.0 0
MFJS5 Tx7 527 2.529 514 0 539 4. 864 527 547.0 2.529
MFJS6 8x7 635 0. 158 634 0 634 0 635 645.0 0. 158
MFJS7 8x7 879 0 879 0 881 0. 228 881 903.0 0.228
MFJS8 9x8 884 0 884 0 903 2.149 884 900. 2 0
MFJS9 11x8 1 088 3.128 1055 0 1180 11.848 1097 1127.0 3.981
MFJS10 12x8 1267 5.936 1196 0 1 349 12.793 1248 1282 4.348
Mean 0.631 0 1.594 0.562
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