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Abstract: In this paper, the bi-objective fuzzy flexible job shop scheduling problem (BFFJSP) is considered. FFISP uses
triangle fuzzy number to represent the processing time, which is more practical. An improved multi-objective evolutionary
algorithm based on decomposition (IMOEA/D) is proposed to minimize fuzzy maximum completion time and total fuzzy
machine workload. In IMOEA/D, a novel initialization strategy, i.e., non-dominated solution first rule (NDFS), is proposed
to obtain high quality and diversity initialize population, which combine three initial rules. Variable neighborhood search
(VNS) fixing five neighborhood structure is used to improve the convergence of population. A counter strategy is designed to
control the beginning time of variable neighborhood search and prevent IMOEA/D from falling into local optimal solution.
Comprehensive experiments are conducted to demonstrate the effectiveness of IMOEA/D and compare it with 5 state-of-
the-art algorithms. Experimental results show that IMOEA/D has strong advantages for solving BFFJSP.

Key words: bi-objective fuzzy flexible job shop scheduling; non-dominated solution first rule; variable neighborhood
search; counter strategy; MOEA/D

Citation: LI Rui, GONG Wenyin. An improved multi-objective evolutionary algorithm based on decomposition for
bi-objective fuzzy flexible job-shop scheduling problem. Control Theory & Applications, 2022, 39(1): 31 — 40

1 5§ 18 B v R 25 i ) R V2 i ) FISPAE A 4
TE AR 72 il 34 1R R SR RN B i i 1 0 i A, s ) TE) 98 I L i R, X Bl A Bt 2 ) 1A FE ) RESE T

W TR SR m A RCR o B U3, R R B4R, AMUEE R TR I TRIT, - EoR A T
1 J& 7] @ (flexible job-shop scheduling problem, FISP) SrECALES. BT 2 TR O ) @ AR e 1 22 IS

AR H 3H: 2021-03—15; 3 HIH: 2021-06—23.

T38(E/E# . E-mail: wygong@cug.edu.cn; Tel.: +86 27-67883716.

AT k.

ER BARFFEEEITH (62076225), Wik HARFF 541 H (2019CFA081) B B).

Supported by the National Natural Science Foundation of China (62076225) and the Natural Science Foundation for Distinguished Young Scholars of
Hubei (2019CFA081).




32 7w oo 5 MM

39 %

(non-deterministic polynomial hard, NP-hard) [, fif
PAFJSPAFf-AH /& NP-hard i #°.

FISPE L5 A B A EE L A 2B R
FEh e E AR EE MR, RS B R A
BREHR R, B A R AL T VERE N AEFISPR i
. S SR T B 0 ek B R R F B TP
FICAZ IR PR K1) 43 v 2 SR ARFISP i) 2, Lei %5814
T PR B ) A [ B S SRR A A AR AR IR 2R, i S
BIE W2 SR AR 20 R FISP i AU, Gao%5 P14
T AL Jaya SRS S 2 A EE R R R R S
RIS gty EEHE A FISP i) L.

FISPHEA RUFII AT AL, W] 5 A3 Hh - A S
[ AR SS & 94025 JRAE SE BN Lo #2 bl as & 4 1)
7SR B0 B TN PRI 2R, 7 T8 R o 2% R R B VH AR I
B R AR B2 1, FE T8 B 7 o 28 R L3 I s B AN
[ FRVR B IRt I BE 2, 2 FR e B 2 R i B2 11
% H AR BE 1] U L oA 24 TR] A FE T R ST 48

TE IR [l HLEsS 0 A TR) 2 E 1, 1EL7E SRR
Az R TR 0 I ) 52 V22 PR 3R SR, L s iR
A RCIR RIS It AT T 4R M 45 SR AR IS 1) 8 A2
— 5E I 8] [X 8] N V7 2)). SawakaZFUOHE H AR A Ml
25 1) 1 £ W] /8 (fuzzy job-shop scheduling problem,
fISPY!T, SR FTRORA BRI R R s I e 1], 5 = A1
BRI SR R B, BETE T = A O e B s S L
BN, JF R B 8 A% SR M. IXREAE R R it Hh B
INFFE SRt i, B BB TANME. Leil R4
R fISPHIFISPREAT 45 G4 HY 1 BRI SR/ b 22 5]
¥ (fuzzy flexible job-shop scheduling problem, FFJ-
SP), AT 1T P S M A B R SE R AR 1O
H B0 V7 2 55 R #RFFISP. Lei %581 471 1) A k40 51
V2 B FFRISPR fif o Lin®5 U2 7 — Fob ] 53 48
RINTHEE BN R ABER T ahas A4 74K
fFFFISP. Gao%5 12011 FH BRI 5 14 3R SR i, St
ARG AU B s T AR PR T . LS 12 R et
N LA R 855 2 T i B 450 R SR A AR e 5 —
RBHIE I FFISP. L3k [ FRE SR AR FFISPI #8 A 25 18
F5 R 5 TN ) e R AR 1), AEAE IR S A= =i B v
BB HARTE K, P 24 H bR BRI S0 1
AT, NN NI E] S B R LES F k., LA B

Fe T BT RE, A SCE R R 25 RS e K e TN JA]
AL 7R B R 2 1 A L 4 [ 3] 2 ]
(bi-objective FFJSP, BFFJSP), #i& H et (52170 i i)
% H br 3t LA E 7% (improved multi-objective evolu-
tionary algorithm based on decomposition, IMOEA/D)
SRAFZ IR . SOEERI FER U D) MG T3
AL HENE, BEORIE T AJARRRE I 2 BEPE, SO R BE ™

Az v BT R BTGRP EE; 2) $2 T AR SRS AR S SR,
g ]R3 i A 1] 552 JiE U (local minimum process-
ing time rule, LS)2HH14: JR A1 2% f1 488% /)N J5 U (global
minimum workload rule, GW)2! L K £E SR BE J58
R S BN LT 4640 J57 U] (random) 22 A5 P 5 KR 1,
FUEEAIAE AR AL TP, 0 RS S 52 i) e s S
TREFZFENE; 3) Vit 1 456 5T R B8 22 & (1) A2 40
AR, EEAUE A T R BRI S 4) 1R H
B SR TR SV B N R A

ROCHEZRN R, S2°95 1] E A AR 4R & IR,
RIS H LA B AR, 5537/ 4 UEMOEA/D S
R EBFFISP, 5541580 T S50 LU 43y, 55715
XA TARREAT NS,
2 HHRAR
2.1 AR

P & F e (0 70 2 il o P SR8 B B B ()
KB TR ES PRI ek, Hrbr € X, WX
RIBEISE S F o LR

F={z,pp(x)Ve e X}, 0 < pp(z) <1. (1)

ZIESETE MRS, ARER B s (x) = 1
RUEAZ IS 5 R

F={z,up(z)=1Ve € X}. )

IR R ECE IR 2 b, A2 BE 1) b i H = A
. (triangle fuzzy number, TFN), H T 5 J& e84 2 7E K1
FEERG =M, a4, ER T RoR R Em
IR, o SR B A AT REIN I 18], ¢33 A i T
IS IE). 38 TN = (¢, 62, t5) KER—DTEN, =
sRJE e EuE LR

07 x gtla
.fU—tl
Lt t < x < o,
,U’F(x) = t2 _ : 3)
3 T
—, < x < 13,
ts3 — to
0, T >t3
ey
P —
t, t, t x/s

1 =M)E R AL

Fig. 1 Triangular membership function



1

ZREAE: ORI T AR H AR RESRAR X F ARSI SRl 2 [ 8 FEE ) 33

FKIEH T A3 x 38R FFISPHISI T, 3£
B3N TAF3AMLE. KO TERINLEE R A M,
M, T o W3 = T Ogg i B M, i FIT UG 8] 2
2, T AT B AR RIS E) 3, A (T 4a N a) f2& 4.

% 1 —A3 x 389FFISPHI-F
Table 1 An example of 3 x 3 FFJSP

TH TR M, Moy Ms
7 O11 2,4,7) (6, 8, 10) —
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Oa3 2,3,4) 4,7,8) 6,7,9)
Js O31 (10, 15,21) — —
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Table 2 Friedman rank-sum test of the parameters

S Hi Sk Hir
TOS — 2.3846 L03  1.9231%
TI0 23077+ || LO5 26154
TIS 29231 LO08 3

T20 2.3846 L10 24615
V10 3.3846 R0O4 4.0769
V20 2.769 ROS5 2.9231
V30 2.6154 RO6 2
V50 1.2308* RO8 1.6154*

% 3 MOEA/D#MOEA/D + NDSF#t b4 &
Table 3 Comparison result between MOEA/D and
MOEA/D + NDSF
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SEAA

e R veE R
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D3 0.061554 0.066035 0.063381 0.068624
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R7 0.036565 0.047181 0.047831 0.053561
R& 0.033841 0.046013 0.064988 0.071104
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R 4E |, IMOEA/D 0 5845 %5 KL I H ke sl itk D3 0.055954 0.060870 0.056251  0.064308
- D4 0.058506 0.064192 0.059513  0.067065
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BRI VSTH, BTS2 MR 5 3058 A S is 4T i L HV R2  0.047897 0.053550 0.048088 0.053568
R PR VSR B, ] e A Al b 3 7% B A 5 T ], 2 AL R3  0.036773 0.041887 0.036505 0.041022

PR B DK, TP H AR ECAGE TENZE =

R4 0.042948 0.047799 0.042694  0.049463
R5  0.033407 0.037489 0.034636 0.040411

SEIE, O TR T AR 2.2 £ (2) AR, = R6 0041878 0.049256 0.043516  0.043924
o [) B R SR A I ME. i RIS 45 SR T 40, IMOEA/D T He R7  0.041247 0.046900 0.043451  0.050458
HoAbEE B B SO R A RS  0.062820 0.068734 0.065229 0.071376
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Table 5 HV value results of six comaprsion algorithms
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IMOEA/D IAIS MOEA/D NSGA-II MOEA/D-M2M NSGA-III

FEIE BRUUME CPIME RIME CPHE BOUE CFSE RIUE CPE RIME CPHE BUE

D1
D2
D3
D4
D5
R1
R2
R3
R4
RS
R6
R7
R8

0.34664 0.351052 0.207838 0.268335 0.342602 0.349697 0.133522 0.148387 0.126514 0.137847 0.124076 0.142776
0.279613 0.289817 0.180792 0.319032 0.278851 0.287572 0.117376 0.132501 0.122591 0.239099 0.116328 0.211559
0.281324 0.293162 0.177692 0.201502 0.278628 0.283894 0.102613 0.132943 0.094743 0.105166 0.105003 0.126938
0.371355 0.380504 0.253692 0.304137 0.368871 0.376695 0.146552 0.155583 0.145802 0.17853 0.140604 0.176314
0.310545 0.317087 0.194729 0.234844 0.302175 0.310063 0.094137 0.112154 0.091317 0.102813 0.10339 0.270691
0.32301 0.324721 0.209474 0.279117 0.322686 0.324721 0.15783 0.188688 0.143673 0.175514 0.146147 0.19016
0.358787 0.366725 0.244213 0.548902 0.357455 0.365199 0.109059 0.132416 0.101929 0.117248 0.118969 0.517473
0.303859 0.310521 0.171322 0.22335 0.303901 0.30851 0.09052 0.09052 0.09789 0.204732 0.086485 0.195758
0.35935 0.369295 0.217932 0.296265 0.358586 0.366126 0.09389 0.14772 0.102896 0.146727 0.106153 0.149921
0.345592 0.354724 0.236876 0.274182 0.34166 0.348676 0.072579 0.08679 0.07454 0.2772 0.076582 0.330675
0.384762 0.391823 0.273012 0.311862 0.37639 0.387096 0.08384 0.09452 0.082528 0.092448 0.083052 0.096226
0.380975 0.388763 0.294521 0.471762 0.361105 0.37539 0.058732 0.070027 0.062223 0.282657 0.063068 0.268007
0.415481 0.422458 0.321148 0.349924 0.371536 0.38885 0.053597 0.066826 0.062454 0.091977 0.072413 0.0836
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Fig. 5 Pareto front results of two benchmarks
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