Journal of Computer Applications ISSN 1001-9081 2021-08-10

HHEME A, 2021, 41(8):2249 - 2257 CODEN JYIIDU http://www. joca. ¢n
SCEE ST :1001-9081(2021)08-2249-09 DOI:10. 11772/j. issn. 1001-9081. 2020101675

ETZXERFERBRGES R TR
KiE % BARR MR AL Z= (5] & 8] 3

R M AR AR
(1. B fS B 315 1 ) 28 0 T o 9236 238 TR Tl s ) M 4500015 2. 015 Tolk k2 {5 BBk 5 TR B, FSM 450001)
(= BASVEH HL T HB4H zhangwq@haut. edu. cn)
H OE.ZHAE L E R GAE R (FISP) 2 — % B A 2 a9 A AR B, 4ot % B ARFISP Rt £2 5 2 Sk
DN BB FA R BT —F AT S Rk iﬂé hnk 8 3L A F BEAEAL L % (HPSO-MRS) , AR B R AL R K & T
B 1) o AU ZE R A R X AN B AR, S R BCR AR R e AR 45 X -4 T P 42 Pareto BT W& @ 6915 B AR IE R B R 34758
HEu, fm’yﬂfrﬁh%mreto AT & @M\Dié’m%%ﬂ Xl A8 0935 B 7 ey, i B AT ST IR AT R S AN E b
(LR EE S Wk — AR G 5T R W9 I L SRS, S RS Oy Ak R Al A A AL 69 AR SRR R TR T AR
Eéﬁﬁéﬁéﬁz-h FHH I E G T EEL(PSO) A 2T EH 7 XS5 EE A F(CAMIIEFELTFME
A RAT H M AT AR S A 2 KA B RN . e PTIH E E Benchmark B2 MKO1~Mk 10 k33 47 )
X, 54469 HPSO NSGA-TT A T o B 5 B R w9 % B ARSEAL Sk (SPEA2) A= A T 4 49 % B Ax st 4L 3L ok
(MOEA/D)# 47 Sk FoiZ AT A ot . B 5 M7 69 52 35 45 R A, HPSO-MRS A M S 3F M 25 47 HV A= IGD Lk
5 AN A2 85% Fa T7. 5% W 3T PR LA P B 34k T 24 yb Ho %, i 9% B i 42 35% 49 3 BB LE P 9 4 A7 35 A% Spacing B F1E F A
Wik, BARBEMRLERFZ T A kel TIARS T b ok, Bra ok o9 510k A & 83T el di 5 4
AR
KEBIR T RRAL; 2 RKAE; £ BARKAC AL ; Fo b4 Ak 5 8] 8] B AR ; 45 vk
RE4 %S TP301. 6; TP1S  CHEFFRERG:A

Hybrid particle swarm optimization w @@;&tl region sampling strategy to
solve multi-objective flex$ -shop scheduling problem

ZHANG Wenqian, ING Zheng®, YANG Weidong'?
(1. Key Laboratory of Grain Information P@mg and Control, Ministry of Education (Henan University of Technology) ,
Zheéngzhou Henan 450001, China;
2. College of Information Science and Engineering, Henan University of Technology, Zhengzhou Henan 450001, China)

Abstract: Flexible Job-shop Scheduling Problem (FJSP) is a widely applied combinatorial optimization problem.
Aiming at the problems of multi-objective FJSP that the solution process is complex and the algorithm is easy to fall into the
local optimum, a Hybrid Particle Swarm Optimization algorithm with Multi-Region Sampling strategy (HPSO-MRS) was
proposed to optimize both the makespan and total machine delay time. The multi-region sampling strategy was able to
reorganize the positions of the Pareto frontiers that the particles belonging to, and guide the corresponding moving directions
for the particles in multiple regions of the Pareto frontiers after sampling. Thus, the convergence ability of particles in
multiple directions was adjusted, and the ability of uniform distribution was improved to a certain extent. In addition, in the
encoding and decoding aspect, the decoding strategy with interpolation mechanism was used to eliminate the potential local
left shift; in the particle updating aspect, the particle update method of traditional Particle Swarm Optimization (PSO)
algorithm was combined with the crossover and mutation operators of Genetic Algorithm (GA) , which improved the diversity
of search process and avoid the algorithm from falling into the local optimum. The proposed algorithm was tested on
benchmark problems Mk01-Mk10 and compared with Hybrid Particle Swarm Optimization algorithm (HPSO) , Non-
dominated Sorting Genetic Algorithm II (NSGA- II ), Strength Pareto Evolutionary Algorithm 2 (SPEA2) and Multi-
Objective Evolutionary Algorithm based on Decomposition (MOEA/D) on algorithm effectiveness and operation efficiency.
Experimental results of significance analysis showed that, HPSO-MRS was significantly better than the comparison

algorithms on the convergence evaluation indexes Hyper Volume (HV) and Inverted Generational Distance (IGD) in 85%
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and 77. 5% of the control groups, respectively. In 35% of the control groups, the distribution index Spacing of the algorithm

was significantly better than those of the comparison algorithms. And there was no situation that the proposed algorithm was

significantly worse than the comparison algorithms on the three indexes. It can be seen that, compared with the others, the

proposed algorithm has better convergence and distribution performance.

Key words: Particle Swarm Optimization (PSO); Multi-Region Sampling (MRS); Multi-objective Optimization Problem
(MOP); Flexible Job-shop Scheduling Problem (FJSP); Genetic Algorithm (GA)
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(2(2)) , MR ARG I BEAE £, B /N R e Z 7 1] L F i
(Fir2) Ry KT A3 PDDR-FF [ SR, G0 58 Y iy b e v 3
AL FBE SR B B/ | S L AOR TR B i 2, PDDR-
FFHUEHERE /N, AR B AR T HE I 7 Wi A2 Pareto 10
X, AR T Pareto H 0 KB TR E (PDDR) B % 1
34 PDDR-FF 845 9B K/ MR BERE . BbAh, 4% 43 = A~
TR BB A SRR SR A v A T A 7 13 BE R TR B 8
(ELAR T A T HE T, AR Fig T35 19 1 B /N DA 7 174 285 S o
KPP IS

WS E I, ¥R e e 3R Bk NS 2 (v i 4
BHBEE, X TF Firl AR, 5 Ghest B AR HEELIN , A 4=
JRIT Gbest H£5 H BEAILIE £ 9 4~ KRB £, 5 /N — A~
VE R AR U3 FIT 525 1) Ghest ; 35648 Phest 5, ) H0R 74~
I Pbest 24 H BEALIE 2 A1 8 pRAI(E £, 8/ NI AE A
AR W I 225 1 Pbest. Fir2 W DR TR F RRE A9 07 1558
PERES A (N T BRI M 0% R0 B Sy 3 B AL A, 5N X
?PDDR@ﬁJ?, T4 3 0 Gest 82 L1 I S VR3¢

A A AR R R R O AR $% PDDR-FF

I
ﬁﬁu PLIX 43, B L B AL AT B — A R AT

AR 3 # S 5 L E R HPSO A B4 R4 T Rh R i 48
1, TR HPSO Hxsd 275 B Ak B4 2 Bl L £
2.4 MWFEHAK

238 PSO KL F SR AN T

Vi*' = wV] + ¢ R, (Pbest, — X!) + c,R,(Gbest' — X!) (12)

X' =x 4yt (13)

TE(12) w0 AT, ¢, Ml o, R INTEE R AL, R 5 R,
A0, LM BENLEL . 5 AR FRE A5 i MR X 3R
TRo Phest/ AT i W55 ACAARDT L e L &, RIFEHL, Gbest!
oK SRR AW A e A o T S e VA R A s B i o
BT S VISP S AR . A3 AT
XA THRAT 0 58 o 1 A R R T B AT B X

(1D ~(12) AT 50, fE 288 PSO Bk b RTINS 8h 32
B2 3 [ BRI Pbest LA B Gbest = HB/3 0155, (E 580 1
FE A AT 42 L PSO 75 il B3 10 416 O Ak ) R s 25 75 PR o
T8 PSO AT L) - His A 3 MOFJSP, A SCIR A T 38t A5 3 B 110
A& XCRNAE St F R Tk -0 B . HPSO-MRS B 5 3
A (14) ik Kol Foy—Fh T 485k 2% F 19 58
XARE, FRR SR,

XM=w®F,(c,R,QF,(Gbest', c,R,QF, (pbest', X!)))(14)

X i 25 3L PSO fy =404 T, HPSO i il A~ 38 BT LU
FB—AAE R EFRE IR A8 . B ER AR RN =4
I

F— RS (1S) e, ok 1 A 4 ARk
BEF A B ARG . I 8 R R o

8" =¢,R, ® F,(Pbest., X!) (15)
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5o AR (16)  BIZRL TRy kL E R 4 AR KL T
Z I EME, Horh A R LT

AT =¢,R, ® F (Gbest', 8.7 ") (16)

A LB ZA AN — R o 178 S AR IS
(17) MRKLF A B 1578, A R R A3 .

o o F,(AY, rand() < @

Xl =0 ® Fy (A7) = A, i

XTI (14) ~(16) Y R F, o HH TR i
T OA 55 MS FF AN S5 B AR , 52 U500 31X PR B A
WA, OA TG 14 58 SORETT: F 3 B A 2 g 1) 7 A=

OAFIN XA F R G SH A B M 225 . HARR
YEmARAEE 6 P45l . DOHETRLE OA JF Y 2R — 45 B A
R LS5 BN — (L S LR, QSRR T] , DU 2 i 2
B OATFH AR — (L TF iR )5 A 4k 5 225 0 & N A H) 1Y
ERLFER . HRBE K YT E OA TP 9 rh 28— SR 5L R
SHRBN AL BE AT AT, TR XA ST TR S P T
BTN A T N1 (VAR IR eSS RS Z bA N IR
R PR 115 EAR R, ) 225 A8 AT A T 4R kB

Zx%fE: [2]1]3[2][1]3[4]1]2](04)

(17)

3 ] :4|(OA)

ST [3]1]2] ]
L

% (2131 3[u]2]3]4] 01
S [2]1]3]2]3] 1]

(M
%3%:|2|1|3|2|3|1|i|2|gai|(0/1)

[4] 04

—
[\

%IM&F:|2|1|3|2|1|3|4|2|'1|(0A)

N

s (2] ]3]2[1]3]4]1]2]04)

16 04 B4 AB2E KBRS QA
Fig. 6 Schematic diagram of

N

OA neighborhood difference acquisition
K2 REUBEFNE
Tab. 2 Acquired neighborhood actions

LA M 25 5 (R 4T )
-4 (1,3)

B8 (1,3),4,7)

w=8 0 (1,3),(4,7),(5,6)

gL (1,3),(4,7),(5,6),(7,9)
sHd (1.3).(4,7).(5,6),(7,9),(8,9)

TEIZA AR BT R B ) T A7 AR SRl VT LA Ry 2 iz 5 %)
Z75 0L 0 RS 4 B PR 2P BRIk L AR A Sl 1 )
A ARE S H AL 1 S50 BRI B AU K
ZH¢,=0. 5, BEHLEL R =0. 8, WA Y H B AT I 5K 2, i
FERY BB ERI R 2 i (1,3), (4,7) , A7 3 SRyl # K 45
AN 7 F7R

zxpE . [2]1]3]2]1]3]4]1]2]04)
Hwihii: (3] 1] 23] 1][2][2]4]04)
BT SSHe30 1
(1,3),(4,7)
TAiE: [2]1]3]2]3]1]1]2]4]04)
K7 0A M EUREA

Fig. 7 Schematic diagram of

OA crossover operation

. Q(b‘ TR
Q
D

3] QQ ’

MSJFFNAE LT, NS 25 0 F 19 MS )7 51 Bl AL 358 26— {7
SEANT RN, SR 5K XS R T A MS R 50 R A ) A7 B PN 25 B B
TR AE O B AT ERAE , BB R AR RS
N B KA E R . BAE U 0A T BN AT RIS 1
HRNE . HTAR RS 7R B Rl 26 KR 2, B MS 7
F 28 L EEFANE 8 Fiw .

zxaE: 2] 2]3]3]2]1]2]wms)

MihiE: [3]2] [ [a]3]2][2]3]wms)

AR 3] ]3] 2]1]3]wms)

K8 MSHRIT 3L X ARA R T K]
Fig. 8 Schematic diagram of

MS crossover operation

AT R (13) 5 (160) P R F, . 7EDRE SR A
T8 SEHR AR, AL A — [0, IR S8 RN T o,
DU PRATAR 5, A5 T Bk T2 o 127 S VG B L P S
BARBBAEINIE 9 7R o 76 4005 89 OA a1, BERLIE#E
PIAS AR, SCHR A R AR XS AL S RN 2R . 7E MS P8,
BEATLPRAE — 7 SE AL B2 A7 B 1Y) N A AR X 4R A 1
AT FIAILER R G AT SR ML
l2[1]s]2[s]1[1]2]4]c0n)

| S |

EVEVACE

S

[sTaafu]a]3]2]1]3]wms)

B

(2[2[s]2]s]1]1]1]4]con

BTz 1]3]2]1]3]ms)

F9 04 B MS HIE SRR B
Fig. 9 Schematic diagram of OA and

MS mutation operation

3 LR EERMN

S AE Windows10 £ 48 K #4757 , CPU K Inter Core i5-
4590CPU@3.30 GHz, N 17 2 8 GB, 3 K ¥ 3% J& Intelli)
IDEA2019. 2 A . $Hi 4R Benchmark [7] i MkO1~Mk10.,
X LB 43 5 AN B MRS B 1 £t 2 H AR HPSO T
AR SRR B9 22 M 22 F ARt A4 500k NSGA- I 3T 34 2 73
fic % & 9 £ B 45 i b 5 1% (Strength Pareto Evolutionary
Algorithm 2, SPEA2) LA K HE T 43-iff (¥ 22 H 5 1 AL 3307 (Multi-
Objective Evolutionary Algorithm based on Decomposition,
MOEA/D) . BrA %t R S SCHE T A B 333 HPSO-MRS
P T 2. 27 v e A SR 5 2. 44T B8 AR
To AN TERTA RS b AN A BT 301K
3.1 SRR

A UK 52 55 43 3 A8 FH IF AN 48 4% HV (Hyper Volume) | IGD
(Inverted Generational Distance) \Spacing &P A [a] 58k 2 [H]
MR R i . o

HV 25 T i MA T SRR 25 R R/ o BER I HY 3 H
(EERE EAF RIS RE . A SR b HY 9275 € I AE
25 B s b 4R 20 Y e 22 1O 35 0 1

1GD 7238 3 115 Pareto H T 2N f# L O BE S A5 Hh A0 . Y it
LE IR Pareto HIVE BT, 55 /NI 1GD 6 5 (1 22 SR A 4 P AN A0 19
AT Pareto BT . BR/NKY 1GD 8 b (B 2 R 2 50 47 A U
SEPERE AN A PERE .
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Spacing W G Th B D Ty 58 5 A fg Ty 58 22 1)
B9 d5e i B R AR o /NG Spacing FE B E B B U4
fitkRE.

PRI, A Y S 56 v 2 2L fff FHAE AR HV RLIGD SRATAL S
WSk BE , (HIFE B3 Spacing FEVTAGSEIE B 0 A PERE
3.2 EWER

AR SL G AE 104> Benchmark [0 F E 4700, B 4k &
B2 HE FISP, 23 91 MKO1~Mk 1024 K4 45 /9 T4 Fcdt
HLER A DA T b g A~ A AL A N 26 3 TR

TSR ECE R DA R 4 B . PR Bk R R
YH B E 10 000, B R /N O 100, 48 S R 3 B
0. 2, BEHLE KGR 0~ 1 AT R S8k, AL LA 38 SR
WERO. 8, KIENO0.2, LI, HPSO-MRS 5 HPSO X F
Pbest 1 KB 7 0.2, % T Ghest 9L K% B N 0.4,
HPSO-MRS it 75 Bt & T FBE R/ AR RS2 56 % F R/ 100
HIFPRERE AR 080 43 511K R 30/40/30,

TERIRO 78, HV FE AR 38 DA K S 35 1 o A 48 SR AE 3%
5N e 47 S G R M T HPSO-MRS, % LY
TR R M W 22 AN, AL (i Wilcoxon s rank

R3 BEENERER

Tab. 3 Dataset size and difference

Btk TORECRE Plasdod T XL LR KL
MkO1 10 6 2.0
Mk02 10 6 3.5
Mk03 15 8 3.0
MkO4 15 8 2.0
MkO5 15 4 L5
MkO6 10 15 3.0
Mk07 20 5 3.0
MkO8 20 10 L5
Mk09 20 10 3.0
Mk10 20 15 3.0

T 6 HIAE T 30 YKis AT4E R IGD R AR & T4 M 45 5
LA BR A EORE B R JG I WAL T Al AR ) 3
P, 77. 5% %65 B8 20 h HPSO-MRS 17 1H & 240 T % He 3k .
P, S5 A HANEIR I IGD Fa R348, 7] L& 1 HPSO-MRS 7£
ZHUE LT 1) e 2 B B M 2 AT Pareto VR L L2307 15 0 5
ST T Pareto RV I

£4 FREEMSHES

Tab. 4  Parameter configuration of different algorithms

sum test,0. 05 B A5 T LR, T, WR4E T E s ook WM FlE 22X AR S P REAL TR
AT LU Y 7F 85% X IR41 , HPSO-MRS #9724 T Hiflb USSP N EaS
DA S B L EL 30 Y SE S HY ¥ 97 2 e T Ho A HPSO-M MOO 100 — 0.2 P:0.2/G:0.4 [0,1] 30/40/30
. =k HP%“ 10000 100 — 0.2 P:0.2/G:0.4 [0,1] —
3 ok 2y i s 1= °
/fo ﬂ‘[ﬁ,HPSO-MRSE%%&I}?(R;‘FE?%E%@JE/JEQ/;%%‘:j 3 10000 100 0.8 0.2 0.2 [0’1] _
27 gi AR IR SR 25 ) B R, T HPSO-MRS AR 4T HoAth © A2 10000 100 0.8 0.2 0.2 [0.1]  —
ot U B T AP AT I, < ) MOEAD 10000 100 0.8 0.2 02 lo]  —
x5 EMBERBEESTER
Tab. kﬂera e HV and significance analysis results
B HPSO-MRS HPSO - NSGA-1I SPEA2 MOEA/D
HV HV B HY N HV ENE HV B
MkO1 2. 23E+03 2.20E+03 * 2. 10E+03 - 2. 10E+03 - 1. 80E+03 -
Mk02 8. 04E+02 7. 66E+02 * 8. 05E+02 * 7. 57E+02 - 5. 81E+02 -
Mk03 2. 09E+04 1. 93E+04 * 1. 90E+04 - 1. 67E+04 - 1. 03E+04 -
Mk04 4. 80E+03 4. 54E+03 4. 61E+03 - 4. 44E+03 - 3. 66E+03 -
MkO5 1. 28E+03 1. 26E+03 * 1. 10E+03 - 1. 02E+03 - 6. 73E+02 -
Mk0O6 8. 82E+03 7. 41E+03 - 7. 12E+03 - 5. 81E+03 - 3. 45E+03 -
Mk07 6. 92E+03 6. 30E+03 - 6. 36E+03 - 6. 37E+03 - 5.33E+03 -
MkO08 5. 14E+04 4. 68E+04 - 4. 18E+04 - 3. 87E+04 - 2. 69E+04 -
Mk09 7. 54E+04 6. 54E+04 - 6. 04E+04 - 5. 48E+04 - 3. 08E+04 -
Mk10 2. 98E+04 2. 78E+04 * 2. 50E+04 - 2. 24E+04 - 1. 15E+04 -
Giit+/—1* 0/5/5 0/9/1 0/10/0 0/10/0

Spacing BIFEAR AR AT G OLAER T R 45 o FEAEPRIY 2

M EE R, HPSO-MRS AS B4 3 4 F HPSO U RE /1,
A 10 D BUR4E T B9 48 bR I ME 2 8000 T HPSO.  1L4h, HPSO-
MRS E7E 35% (15 R 41 o 8 28 00 - HLaai s, FLHCAth g A %ot
B Y R AETE BB AL T HPSO-MRS Ry 1 . [ Itk , HPSO-
MRS #4351 P REAIES HPSO B 244 il , HEAL T HAb =4~
X A

A L RIS A AT LA AR i,
T MRS W 2832 Rl 3T Fh -5 43 31 R AS TR F-Fiaie v b7
P2 518 R TN S T, WG TR 75 Pareto
R I 224 X UGS ICSRE 1 , U i fff HPSO-MRS B4 & L4 4
WFANEIEE T o RIS R TR R TR 2 1) IR

BUAe 71, R e —E R 3 A AR BE TR T )
BRI, 22 8 4y th T BN - a2 17 E] (CPU
Time) , B ms, 38 31 8592 30 UGB AT (07 2938 47 1) ] ] LA
FE Hi, HPSO-MRS 5 HPSO 7 fiff- o /NS i B A e B4 |
WA TR (HE A ) R 2R A B (R B i, PN ST TH AR 1Y
A 1) T AR 340, 45 91 2 7E MkO8~MKk 10 1, HPSO-MRS AYis 1T
Bof [ o A A X ER Bk . X & i HPSO-MRS 5 HPSO
BIE R EEARLTERR R T — A M) Phest A KRR
b AR PR T R B A T S A, O 7 e R S R g
L2108 =0 BB, MR Phest 8245 FBL AT K L K 3hs
Y4 AR AR RS B AR I 0 B 2 (1 SRR R 9 R £ 1 as AT
B[RS, A7 MRS SR I§ A9 & 2158, HPSO-MRS Bk K247
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B ] 23 AR5 T HPSO , 10 HPSO-MRS A 50 Rk i 41 B TP SN B HE ) 0 A SRS A A B A I ] AR F 38
BB TSR AERFALR L BT LA SCE 0 6 1) IR ) J AR A ASCHE H Y HPSO-MRS L2 AN . £545 HPSO-MRS B 54
Mo HET I /04 B, BOA A — AN vk T LATE 58 6 it A H i 4R B B98O A H Kas A A A, 7T LU € HPSO-
PRI AT S R A 1) L[] AT EL 2 w8 A AR IS AT 0% TR I A MRS 78 50325 i [1] 777 T80 PO WS G 2 T 452 119

R6 IGD IEMIERBEESNER

Tab. 6 Average IGD and significance analysis results

" HPSO-MRS HPSO NSGA-II SPEA2 MOEA/D
HRR 16D 16D W IGD W 16D W 16D FEE
MkO1 9. 04E-02 9. 29E-02 & 1. 12E-01 - 1. 21E-01 - 1. 81E-01 -
Mk02 1. 26E-01 1. 41E-01 * 1. 21E-01 * 1. 42E-01 * 2.38E-01 -
MkO03 1. 30E-01 1. 61E-01 * 1. 56E-01 * 2. 09E-01 - 3. 19E-01 -
Mk04 1. 04E-01 1.20E-01 - 1. 09E-01 * 1.22E-01 - 1. 69E-01 -
MkO5 8. 84E-02 1. 05E-01 * 1.41E-01 - 1. 77E-01 - 2.91E-01 -
Mk06 1. 70E-01 2. 11E-01 - 2.24E-01 - 2.84E-01 - 3.79E-01 -
Mk07 8.31E-02 1. 08E-01 - 1. 07E-01 - 1. 10E-01 - 1. 60E-01 -
Mk08 6. 70E-02 8. 93E-02 - 1. 02E-01 - 1. 22E-01 - 1. 72E-01 -
Mk09 9. 59E-02 1. 39E-01 - 1. 41E-01 - 1. 78E-01 - 2.97E-01 -
Mk10 1. 34E-01 1. 46E-01 * 1. 66E-01 - 2. 00E-01 - 3. 11E-01 -
Giit+/-1 0/5/5 0/7/3 0/9/1 0/10/0
R Spacing EIEHERBEMESINER
Tab. 7  Average Spacing and significance analysis results
ol g HPSO-MRS HPSO NSGA-II SPEA2 MOEA/D
Spacing Spacing BENE Spacing BENE Spacing BEE Spacing 2
MkO1 1. 29E+00 1. 95E+00 * 1. 94E+00 * . 03E+00 * 2. 94E+00 -
Mk02 6. 07E-01 5.42E-01 * 7.24E-01 * 0661E+00 * 2. 12E+00 -
MkO03 4. 89E+00 6. 70E+00 * 7.23E+00 (b ° 1. 03E+01 * 1. 57E+01 *
Mk04 4. 29E+00 3. 75E+00 * 7. 13E+00 Q 7. 95E+00 - 6. 76E+00 -
MkOS5 8. 12E-01 5.29E-01 * 1. 09E 0 * 8. 31E-01 * 1. 98E+00 -
Mk06 2. 43E+00 6. 67E+00 * 9. +00 - 8. 37E+00 - 7. 20E+00 -
Mk07 2. 06E+00 2.23E+00 * $2. E+00 #* 5. 72E+00 - 4. 65E+00 -
Mk08 1. 58E+01 1. 98E+01 & 2.54E+01 * 2.38E+01 - 2. 02E+01 *
Mk09 7. 76E+00 1. 07E+01 * 2.37E+01 - 1. 95E+01 * 2.33E+01 *
Mk10 4. 31E+00 9. 17E+00 * 1. 78E+01 - 2. 12E+01 - 9. 43E+00 *
G+ 0/0/10 0/3/7 0/5/5 0/6/4
RS AREEMFHIETRE BT ms SR I HNRAERYS  TEAR R S 2R 1 (R BRI I 50

Tab. 8 Average running times of different algorithms unit: ms A IR YRR ECE BN B EE B AT RICR ] BE 2 A2 B PR 1 o
¥fifE HPSO-MRS HPSO NSGA-T  SPEA2  MOEA/D 2B RDRE T AR 23 ) H B 1 RS R AR A TR, 22

MKO1 357 295 391 417 325 TR R AR BT AR P 3 v R 7 20 A3 R Bl A R 4] 43
Mk02 303 259 209 418 292 LA, ATE PR R U SEPE RE A AT T ot — 2B S TH R Ak 1 43 7
MK03 748 544 618 639 472 B TR 2 R B v T 3 A5 A B B AN AR /5 [ 85
VKO e L s 20 AT -1 2B 2 LB 6 LR 15 S A MO B
MKOS 506 425 392 476 343 o TS T AT B b 0 2%
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