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Multi-objective optimization method based on grey synthetic incidence
analysis

HE Li-jun, LI Wen-feng', ZHANG Yu
(School of Logistics Engineering, Wuhan University of Technology, Wuhan 430063, China)

Abstract: Aiming at the problems such as poor search performance and low efficiency in existing multi-objective
optimization methods, a multi-objective optimization method based on grey synthetic incidence analysis is proposed. In
the proposed multi-objective optimization method, a high quality reference sequence is firstly constructed by a single
objective optimization algorithm, the grey synthetic incidence degree between the reference sequence and the objective
function value sequence of the optimized solution is calculated, and then the dominance relationship of different solutions
based on grey synthetic incidence degree is defined. Finally, the grey synthetic incidence degree is used as the fitness
value of the multi-objective optimization algorithm. The multi-objective flow shop scheduling problem with sequence-
dependent setup times is taken as the application object, and a multi-objective optimization model including the objectives
of total production cost, makespan, mean flow time and machine mean idle time is developed. A multi-objective fireworks
algorithm based on grey synthetic incidence analysis is proposed to solve the proposed multi-objective optimization model.
The simulation experiment shows that the performance of the proposed multi-objective fireworks algorithm is better than
these fireworks algorithms based on the different multi-objective optimization methods and two popular multi-objective
algorithms, thus the feasibility and effectiveness of the proposed multi-objective optimization method are verified.
Keywords: multi-objective optimization; grey synthetic incidence analysis; reference sequence; sequence-dependent
setup times; multi-objective flow shop scheduling; fireworks algorithm
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(13142 1 —Fh 2 B bRk AR 4% 2= 502, A4k 1 FSP-
SDST 1 #¢ K 56 1 B 1) Rk 1A 2R 46 JA s 8] 9 A H
b, R A SRR T 2 LA 53X ESP-SDST
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% E R,
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MOFSP-SDST nJ LAk H —{E KA T =
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12550 AZ B A d, BRI TR $RE A 58 T REAF ROAS Ly S
HEHIE TR B, 0. 7ENLES 7 B2 5 n T s A
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ANAFAEAR Je AN 47 11 4) WL 8BS — B I 46 0 T A
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HJG— G AL 2= NI, A v 7E e — G A AR HLEs b
HBEAT 0 T B H AR 2 45— AN T AT 55 0 T
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n m
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JHAE 5% GSIAFWA. 7E 5%, Kt 676 IR FE 4
FHAE KA S0 1 3 7 5 AL, 4 T R A B K AR AN AR T 3
BLoC R, FFP IR T,
3.1 FhEEIIRL

BEHLFE S FEEE PR Py, SLAP R Py KN N,
FAAE B H bx FWA S5 8 225 17 51 BB Py K/
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step 1: 4 K/ANH Ny BIFIEE Py 5553 9 4 A7 3,
PLEL H bR FWA B0 4 FRESC LR AR P2 UAR . B
K5E T TE] S P2 Re f B) S AL 25 1 350 IR 8 B ) 4
A H bR R B 5 H AR AT R A, 15 2] 4 4 H AR R
HRAMEHARNZE I Fy = {fo(1), fo(2), fo(3),
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step 3: THEAEEAN P Y F, 52 F 751 Fy KR 45
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AN RS AR E RO 41T 2 H AR AR —
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AL A KA B R PR 1l 2 2 T
round(ah), S; < ah;
Si = { round(bh), S; > bh; (16)
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TR, AR 2R RIR L (G LB 1) B K R R AE 7 2 2K
TERIECE R 2 | IXRE AT DAORUESR 2 38 L 4 4 K A6 7
A T AR B 25 SR IBG L B /N ) A 7 28 KA ) B i
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A=A ~
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17
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KHHEAE I B — et AT S B e,
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K HAEVE KAEWIRT Gk KRR, A 30K F S S gt
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U, A
7Tzl'€ = ﬂ-r];in + ‘ﬂ-f|%(7rr}i1ax - Wﬁin) (20)
Horpoml ATk O KAER) 5 K deA B BT
F, % BB 5.
3.7 EEFRER

e 321 F AR AR L R AL B AL SR BEN T
— A BT B MR PR PR Ty
Poi

Zp0j7

JjEK

HAo 84 K NBIERE RS AR 5= A BTl KA
FCHARIHAEFP B A A 30 (21) R, K L5 & SR B
JEE TR R AL B K A B R R 8K
3.8 ZZIEFMHHIET

ST SR 15 R 28 1 2, DAt R ARAR B A
NS A I IR B OB RS, W BVE 22 1L,
it AN AS ZE R R b TR, A I R 5 3.2

4 SERRERSM
41 MKEBESHEE

% 2% W HR [13,20], % SDD50 A1 SDD125 i 25 1]
G I — R, X B AT M R K. B4 AT 5%
HORHLAE 2 518 {20, 50, 100} x {5,10,20}+ {200} x
{10, 20}. =5 58 2 551 R AL A BOA S5 AH OG5 B R
P92 Br LT 2 AN A DG AAE B, LA &) 73 A U7
5 BE AL B A AS B, B g B AL B[R]0 T A
L/ /NEHPCy; ~ U[10,25], HAL R 8] A7 AR o/
INIFYL; ~ U5, 15], B i [E] 46 A ZE §1] BRAS (TN
E; ~ U[10,30], 547 i 5] 1 5 355 2 BA o//E
SCy (ir1).; ~ U5, 20].

R, BT B 0 B R IE AR S Maxgen
= 200, B R BT Winax = 20. JAIEFEMEE Py
KWK Ny = 24, F08 P, K/NA Ny = 15,0 = 0.1,b
= 0.8. T 0+ hy ASRKCEILEN LA S 1T
55 4.3 71900 1K L SO AT BBUBME 23 BT SR 50, Bl e DL T
BONGENSHASE0 =0.7,h = 40,A = 30. K
BT 45 BRSO IS AT 10 5 1T A
4.2 MEEfEFR

Xt ¥ 2 BARRAL, — M S . 2 e Koy A
P51 3N IR T VR IR A BB AR SR B Rl Ry
O\ IE B PR RE 6 A B B AR A, 31X R R P R A bR 20 0N
Hypervolume!'*2° f1 Spread!!*!.

1) Hypervolume(HV).

Hypervolume fi #x 1+ 5 fif 86 1 B A fi 7€ H b
THANTSHE S ESER G AERNHE

p(mi) = 2

b R BUE AT 0 — 40, 1 (1.2,1.2,1.2,1.2)fF A 2
% . Hypervolume 15 b 1J LA B 5 fif £ 1) fic Sk 1,
Hypervolume {8 1 K, U] fif 52 (1 W SR R . TH 5 2
XN

Wmax
HV= U v, (22)

i=1
Horbro, MRS i AMRAX T2 2% R DTk
1H.

2) Spread (A) .

Spread & ¥ V1A () 2 M £
)51k, Spread fH j#k /)N, R L)
3/ g RN W

HH iR 1R 22 TR AN 90 A
ZREVEAN AT 2 2 1k

Winax

M
S ds+ Y |d—d]
A= j=1 i=1

=L -
D d5 + (Winax — M)d
j=1

(23)

Forbre d; N A 5 o A AARE X6 T R e i ) K IR
B, d AP d; (EME, dS A58 5 A BRI AE BT xS
{14 e P T JHL A A D R PGP
43 SEBRMSH

XF T HV F A 485, K F Kruskal-Wallis ANOVA
AT R PRI, DL S 2400 h A A BSR4y
#r.

1) 506 I RUBRE BT

1E0.1 < 0 < 097G, BLO.1 )56 E] FEXT 6
BUE. B 1N OARFBUE R, HV F1 A 855 835 A
gk . HE AL, p{E /N T 0.05, K 8 0 X A8

1.6+ T
m 14f o HH
I -] [T ‘:‘
&= 12} i
> o |
=H W0 A R s
0.8_5:1\ S
0.1 0.3 0.5 0.7 0.9
0
(a) AIFEIOMERIHV fEbrsd R
0.95—
I p=0.0006
31]31 - ‘c"_"\‘ :H‘ “:““ T ;‘*
_‘? 0.75} |1 [—" L l = |
. [ |
0.654—

01 03 05 ' 0.7 0i9
6
(b) ANIFOMERA bR S

1 %08 Kruskal-Wallis ANOVA BE 4141645 R



1140 = # 5 X R %35%
PRI, H O = 0.7500.8 I HV il A fa bzl AR Ll
DRI b, 9 PRI I B E M R, LG = 0.7. - W L
2) ZH b ITBUBHE 7. = 12} ‘ H
129110 < < 60 3% FEI P, LA 10 S5 IR 7 ﬂg oA (
B 1 5 PR e S W12 3, p /T 0,05, % 00001
WS % h 5t HV 1A FEAREUR, HL h = 40 8L 60 i P 4 0.8 s
Fabrah A A, PRI, 9 ORFF B I M RE, (R h B
B LB — 40, (a) AFAHEMHVEIRG R
16l 0.901 i p=0.0271
= 14 - H N R DRURNENEE Y
£ 27 o T Sosop [0
= o) L + = 07s) AN
08t \ I I Ip=].9ll5 49e—(l)7 0.70F ) ) | ) ) )
10 20 30 40 50 60 10 20 30h 40 50 60
() R Y b (b) ARAEMAHIER
0.90t 2=0.014 &3 £ A Kruskal-Wallis ANOVA BE 485645
B 0850 ) 5111 44 SETFRES BT ROREE L
% 0.80r 1 ‘ / RESUEA S PR 2 H bR LA T VR I R,
< 0.75¢ T ¥ H 5 HAR 3 Tl T A [F 2 B bR LA 77 7% 1 FWA
0.70f FLEAETEREXT EL. i s bE Bk A T BEHLAL & 11
065020 30 20 50 6io MR AL B 7% (random weight-based fireworks algorithm,

h
(b) ANFAERIATEIRS

2 B hBYKruskal-Wallis ANOVA R E 4RI LER

3) ZHLA M BUBE 7.

KEI3NTE10 < A < 60 HITE R, BA 10 (145 [A]
PR AU JE 1) S5 5 A B0 45 . R p (R38N T
0.05, XS AXTHV F AFEFRBUR. 24 A = 305K
400, AR PR IR AL 45 L, WU A = 30.

RWFWA). T Pareto > it 5% & [ M 48 572 (pareto
Non-dominated algorithm,
PNSFWA) F 3 F Hypervolume & #5 1) 4 1€ & 1%
(hypervolume indicator-based fireworks algorithm,
HVFWA). Br BRI 89 2 H AL T I AS R A1, LA
AL SR IS OB B YN A, FEVERES R ans& 1
s, g R U AR R,

sorting-based fireworks

*1 ETARZBRMUFENBER A EESR
HV A
i fix 7L
RWFWA PNSFWA HVFWA GSIAFWA RWFWA PNSFWA HVFWA GSIAFWA

1 205 1.216 1.258 1.227 1.277 0.979 0.729 0.688 0.655
2 20x 10 1.134 1.240 1.238 1.272 0.885 0.710 0.743 0.683
3 20x20 1.166 1.214 1.267 1.241 0.883 0.746 0.793 0.702
4 505 1.170 1.280 1.302 1.318 0.896 0.844 0.811 0.818
5 50x10 1.220 1.299 1.274 1.309 0.917 0.788 0.799 0.794
6 5020 1.303 1.311 1.336 1.359 0.919 0.755 0.798 0.742
7 1005 1.269 1.331 1.300 1.311 0.931 0.883 0.815 0.788
8 100x 10 1.263 1.337 1.358 1.346 0.998 0.872 0.836 0.772
9 10020 1.279 1.090 1.325 1.361 0.935 0.825 0.905 0.817
10 200x 10 1.304 1.308 1.290 1.337 1.053 0.951 0.921 0.919
11 20020 1.215 1.262 1.109 1.317 0.963 0.981 0.940 0.916

A 1.231 1.266 1.274 1.313 0.925 0.826 0.823 0.782
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RIS % B ARAL T R 1141

%tF-HV #8655, RWFWA . PNSFWA fl HVFWA 5.
Vo AT O 4L, 1 AN 2 G SR SR AT B Al & B, T A
SR S A BIR T B R 45 R, HAEHV f8 47 °F
PIE EASCEIEWIRT T BRAA R R AL Z HiR
FWA LU S 2 B 47 T 71 4 37 2 H AR FWA
B B3 AFEFR, RWFWA . PNSFWA F1HVFWA 5
A 0 T4LR 1 HEBISRAS T et i gs 1, A
SCHEER QHENIERT T RIS R, HAE ATRAR
PIME L RIFESRA T RS R T 2 H
b FWA 535, A SCHT#E H 2 B Ax FWA B ] DUIRTS
TN 2 BRSSP iR 4R

25 b, 7 MOFSP-SDST [l # I, Ffr & t (1) & T K
LA R T I 2 H AR FWA Skl £
FE AN 29 A 38 23 1 34N 14 e HE A B 22 B R A T oAtk
3FEET A 2 H bRk 71 1 FWA 535, R B T AR
SCHTHR T R A RO S ik
45 S5HMEHS BIREEITLE

itk — 5 B A ST B AR A R, o
L NSGA-II #1 SPEA-II i Fh 48 M 2 H Ar ik 347 EE
B3R Z BAr AR S R R 2 B R, i 4 R
DUHH AR IR,

*2 TRIZBREEMRESR

HV A
i afi
NSGA-II SPEA-II GSIAFWA NSGA-II SPEA-II GSIAFWA
1 20%5 1.292 1.024 1.287 0.675 0.704 0.654
2 20 10 0.861 1.240 1.237 0.756 0.639 0.676
3 20%20 0.942 1.199 1.233 0.831 0.672 0.698
4 50%5 1.292 1.074 1.276 0.725 0.813 0.774
5 50% 10 1.155 1.242 1.244 0.785 0.826 0.824
6 5020 1.234 1.238 1.241 0.800 0.867 0.754
7 100x5 0.854 1.010 1.203 0.865 0.684 0.776
8 100x 10 1.333 1.174 1.315 0.704 0.680 0.777
9 10020 1.148 1.133 1.350 0.921 0.812 0.771
10 200x 10 1.210 1.350 1.307 0.970 0.927 0.920
11 200 20 0.904 1.001 1.154 0.995 0.997 0.907
FHE 1.115 1.118 1.240 0.821 0.784 0.776
i3 2 W) 0L, £F % HV $8 4%, NSGA-TL RISPEA-IT 5 & #

Sy A 3 AR 2 A SRS AR A R, AU
RH 6 LH B IR G B AL 45 B, AN AR STt
RAEHV 18 AR 7 I8 B3RS Rt 45 . X £
ASCE PR R AR AR AE sk e B R R4 T
NSGA-II fil SPEA-TI 4 F 48 $1 2 H AR 575, £ %F A5
&, NSGA-TL T SPEA-TT 57543 A5 2 41 4 2 5451 ik
Bl A a5 B, A SHERSRE R LR, B
TE AFEARI P ME b ASCREEWIRTF m L 4h R, 1X
BEIRE AT 2 H bR FWA 592315 I fR 4R 1)
2 FE R 23 A 1) 51 P 47 T NSGA-ITH! SPEA-IT
Fh 2 HbREIE

2¢ b, & % MOFSP-SDST [1] /8, A SC i # i % H
b FWA S0 WS - 22 FF 1 A0 53 A 35 50 1 A5 B
- EAR T NSGA-I1 A1 SPEA-II 9 fih 4 i %2 H b 501k,
FKUIFTHE 2 HARFWA S92 B — @ e, i
— IR T AT 2 H AR 77125 FWA B2 il
G A R

PO IR T 5 (£ SN S B 1 o 4 11
MOFSP-SDST JEFFff 7t S 57 1 S A 72 A | Bk 58
T[] PSR [R] B ATL A ST 35 PN B 1) ) 2 H
PR, B X% 2 H bR IR 4 tH T —Ff
TIROLEE R ITH 2 B AL 5. %2 Hix
JHAE B35 LUK 8 556 SR HR FE AR DR AR AR O 4 AN
FE A, FH DA €845 6 SRR AR R 0d I A R
75 AL AMA. L Kruskal-Wallis ANOVA 3 PE#G:
8 77 R ARSI LA S 2 S IR 43 AT,
e BRI S HAH G 3T KO LRE KRBT I
JHAC B 5 3R T AN [F 2 H bR Ak 77 2 AR
PEHEAT X E, R T TR ) 2 H AR TR 2K
PEFILREYE, FF5 BT th 22 B AR IETE 52 5 PR Pl 22
% H AR EIERAT X, dE— P IRE T BT A A
RO, AR TAE 2 Al a AL 38 5 S SRR 32T
HEERE IRR TR 2 H AR 572 5 S R A4
RESRLR 4 G i 7 SRR, Xt s b TRE 1 2 H 5



1142 7 # 5 & X #35%

PUAL I EAT L. 9(12): 2318-2352.

£k (References) [12] Wang Y, Li X. A hybrid chaotic biogeography based
optimization for the sequence dependent setup times

(11 Zhu G Y, He L J, Ju X W, et al. A fitness assignment flowshop scheduling problem with weighted tardiness

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

strategy based on the grey and entropy parallel analysis
and its application to MOEA[J]. European Journal of
Operational Research, 2018, 265(3): 813-828.

Deb K, Pratap A, Agarwal S, et al. A fast and elitist
multiobjective genetic algorithm: NSGA-II[J]. IEEE
Transactions on Evolutionary Computation, 2002, 6(2):
182-197.

Coello C, Van V, Lamout G. Evolutionary algorithm
for solving multi-objective problems[M]. New York:
Springer, 2002: 122-124.
Zitzler E, Kiinzli S.

multiobjective search[C]. International Conference on

Indicator-based selection in

Parallel Problem Solving from Nature. Birmingham:
Springer, 2004: 832-842.

Jiang S, Zhang J, Ong Y S, et al. A simple and fast
hypervolume indicator-based multiobjective evolutionary
algorithm[J]. IEEE Transactions on Cybernetics, 2017,
45(10): 2202-2213.

Liu S, Forrest ] Y L. Grey systems:
applications[M]. Springer: Berlin, 2010: 75-83.

Wu H, Wang X, Shahid S, et al. Changing characteristics

Theory and

of the water consumption structure in Nanjing city,
Southern China[J]. Water, 2016, 8(8): 314-327.

Ingle V R, Ingle V. An empirical study on degrees of
grey incidences to decide maintenance priorities of power
transformers[J]. International Journal of Recent Trends
Engineering Technology, 2014, 11: 60-66.

Song W, Zhu J, Zhang S, et al. Decision making method
for dual uncertain information based on grey incidence
analysis and grey relative entropy optimization[J]. Journal
of Grey System, 2017, 29(3): 78-98.

Sioud A, Gagné C. Enhanced migrating birds
optimization algorithm for the permutation flow shop
problem with sequence dependent setup times[J].
European Journal of Operational Research, 2018, 264(1):
66-73.

Wang Y, Li X, Ma Z. A hybrid local search algorithm for
the sequence dependent setup times flowshop scheduling

problem with makespan criterion[J]. Sustainability, 2017,

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

objective[J]. IEEE Access, 2017, 5(8): 26046-26062.
XulJY, WuCQC, Yin Y Q, et al. An iterated local
search for the multi-objective permutation flowshop
scheduling problem with sequence-dependent setup
times[J]. Applied Soft Computing, 2017, 52(3): 39-47.
Tan Y, Zhu Y. Fireworks algorithm for optimization[C].
International Conference on Advances in Swarm
Intelligence. Berlin: Springer-Verlag, 2010: 355-364.
Tan Y, Yu C, Zheng S, et al. Introduction to fireworks
algorithm[J]. International Journal of Swarm Intelligence
Research, 2013, 4(4): 39-70.

Imran A M, Kowsalya M. A new power system
reconfiguration scheme for power loss minimization and
voltage profile enhancement using fireworks algorithm[J].
International Journal of Electrical Power & Energy
Systems, 2014, 62(11): 312-322.

Tuba E, Tuba M, Dolicanin E. Adjusted fireworks
algorithm applied to retinal image registration[J]. Studies
in Informatics & Control, 2017, 26(1): 33-42.

Babu T S, Ram J P, Sangeetha K, et al. Parameter
extraction of two diode solar PV model using fireworks
algorithm[J]. Solar Energy, 2016, 140(12): 265-276.

Lu C, Gao L, Li X, et al. A hybrid multi-objective
grey wolf optimizer for dynamic scheduling in a
real-world welding industry[J]. Engineering Applications
of Artificial Intelligence, 2017, 57(C): 61-79.

Ciavotta M, Minella G, Ruiz R. Multi-objective sequence
dependent setup times permutation flowshop: A new
algorithm and a comprehensive study[J]. European
Journal of Operational Research, 2013, 227(2): 301-313.

fE& &N

PR (1989-), 55, WA=, WA= AL B

A5V 9T, B-mail: 523683829 @qq.com;

ZEICHE (1966—), 1, #d%, TS0, A& R M

& ZIEENE BENL 2 N T, E-mail: liwf@whut.edu.cn;

TKHE (1974-), 5, #dx, WEAERN, NFERGEKS

T EAAL S PR IE 32 W 7T, E-mail: sanli@whut.edu.cn.

(AR FRRF)



