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A Hybrid Particle Swanm Optimization Algorithm for Multi-objective Permutation Flow Shop
Scheduling Problem
HE Qi-Wei, ZHANG Guo-Jun, ZHU Hai-Ping, LIU Min
(Mechanical Science and Engineering College, Huazhong University of Science and Technology, Wuhan 230039, China)

Abstract: This paper proposes a hybrid particle swarm optimization algorithm for the minimization of makespan and
total flowtime in permutation flow shop scheduling problems, which combines particle swarm optimization algorithm
with variable neighborhood search algorithm. The initial population is generated by the NEH constructive heuristic to
enhance the quality of the initial solutions. A heuristic rule called the ranked order value (ROV) borrowed from the
random key representation is developed, which apply the continuous particle swarm optimization algbrifhm to all classes
of sequencing problems. The strategy of constructing external data set based on (r:‘ombining strong predominance ranking
and crowding distance ranking was introduced. The global best solution was updated based on the strategy of combining
Sigma method and roulette method. VNS was applied to enhance the local search for the pareto solutions. Finally, the
proposed algorithm is tested on a set of standard instances taken from the literature provided by Taillard and compared
with SPEA2. The computation results validate the effectiveness of the proposed algorithm.
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EAMRRIERRR R BV, PP e e ST
D=Jmax 3" (b -y, )

oy, — g, | AR AR xRy, 2 10 BB B

X — )i

4) A X 18 K B §8 b5 (relative  percentage increase,
RPI)

XA EAR R VPR A Hh (R AR o BRAR AR H AR
FEARD MG L g, R A58 v DL — H bR i LA 4
filk g FRAR L, RPL WA it B g — MR G BEAE A H A
B L) 1~ 3948 WA AR ) makespan H A
min(MS), TFT {84 min(TFT). & i /) Pareto ] makespan
7R MS(S@)), TFT {H#E RN TFT(SG)); WA
K EeFabr ) s 0E LR L\

ap] [, "‘(1‘45(5\(1'))—min(MS))+ wy * (TFT(S(0)) - min(TF7)]

N
\ ' (16)
N g Pareto AR R ITIAN KL
43 XBRSHEE

ASLEVESLS SR E W c1=c2=2.0, Btk R
B ow VI ® A 0.9, £=0.975, w/NARE/NT 0.4,
BT I BB x =0, KT J K A
X =40, BT IBANEEE y =40, KTk
KIEPEE v, =40, BOGEARKEBS 500, FhEEH
BV R 40, SMERER G RIBLT R 60, 3RS AR %L C 4 90
FEAN SBT3 S2IE1T 10 K.

SPEA BESLIZEOR BT W TEINASL
H—FE, R NEH FIBEHIWIGAILES &, R SEARTEE
PESNS, A XTSRRI OX 28X AR sk B 7,
A XEHEBEN 0.8, ABFHER R A0.8, HIRFREL 0.9, &
AR 04, FRREBEEY 40, FAIEARUA 500.
44 SWERILK S5

ARSI TA TR [ B () 20 AN TAEZR B 30
AN ) AT T M0 A S 1) Bl i Taillard 9
¥l http://mistic.heig-vd.ch/taillard/3k75.  ASCITRA
H Ak B3 H MPSO-VNS %75, LLNPS, SM, DM,
RPI DU/ Fe ot W P S vk B AT LA, sl b A & SR
* 2 PR,

PS5 LU 25 T 45, A SCIR H I 2 HAR AR
THAACEIEAR LG SPEA2 SHVEAE K2 505 F vy s
SRS FR bR AL — 18 RS R4S B 2 1 R L AR
MEH, B R AarE A ek, A s
Frth AT — e R E ok, DRITIESE T SR A 3.

PFR SR AR ta021 [A]8UFT =42 1¥) Pareto fif 41
L& 6 s, 1T LLE H MPSO-VNS 35431 Pareto
i A LA A > G 1R 0 AT P RS SR
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T T T I
+ SPEAZ
MPSO-VNS |

+

I I I I
2280 2300 2320 2340 2360

I I I I
2380 2400 2420 2440 2460 §

Bl 6 MR SKAR ta021 1] 1 45 A LU

®2 OSRmEE R

B M NPS SM DM RPI
> n m SPEA2 MPSO-VNS SPEA2 MPSO-VNS SPEA2 MPSO-VNS SPEA2 MPSO-VNS

Ta001 20 5 8 4 25.14 3300 3225 827  0.0221 0.0136

Ta002 20 5 5 8 8.29 1.85 2564 2372 0.0147 0.0138
Ta003 20 5 6 15 6531  60.10 20.44 2351 0.0400  0.0260
Ta004 20 5 9 16, 2526 1189 2946 2994 0.0239 0.0171
Ta005 20 5 9 20 2878 1367 1978 2553 0.0376  0.0331
Ta006 20 5 7 25 1907 349 3456 40.19 00274 0.0431
Ta007 20 5 13 12 1328 641 2833 2287 0.0253 0.0150
Ta008 20 5 15 18 2293 532 2807 2397 0.0298 0.0205
Ta009 20 5 6 18 2032 179 1530 2627 0.0168 0.0244

Ta010 20 5 16 15 712 560 2874 2689  0.0286 0.0264
Ta0Il1 20 10 7 14 1948 979 3179 2880 0.0242 0.0274
Ta012 20 10 7 25 1820 1198 2053 3332 0.0190 0.0346
Ta013 20 10 14 13 13.74 1253 2998 2844  0.0257  0.0261
Ta014 20 10 13 21 10.83 1040  26.03 3096 0.0262 0.0320
Ta015 20 10 4 13 1501 551 9.19 2529 0.0123 0.0191
Ta016 20 10 15 31 1785 10.67 3564 40.13  0.0403  0.0454
Ta017 20 10 9 16 1390 813 2872 2939 0.0258 0.0262
Ta018 20 10 5 15 522 1580 2459  36.60  0.0115 0.0200
Ta019 20 10 16 21 13.00 530 1930 2190 0.0220 0.0239
Ta020 20 10 18 23 935 1195 2258 3757 0.0243  0.0320
Ta021 20 20 17 30 9.73 395 4583 4704 0.0303 0.0277
Ta022 20 20 14 201095 2257 4388  36.68  0.0214 0.0280
Ta023 20 20 22 40 1583 1036 5404 5329 0.0363 0.0379
Ta024 20 20 10 19 3368 1115 2756 3414 00135 0.0171
Ta025 20 20 16 25 1075 1576 4748 3915 0.0310  0.0383
Ta026 20 20 13 21 19.16 504 2798 36.01 00202 0.0196
Ta027 20 20 19 22 847 658  4L1l " 3245 0.0196  0.0218
Ta028 20 20 22 49 1264, 628 3999 4864 0.0340 0.0365
Ta029 20 20 14 33 1220 3139 27.13 3149 0.0239  0.0322
Ta030 20 20 13 22 12391 1096 2208 3601 0.0180 0.0244

5 45k

AICENTZ HbR PFSP [ 4 H T —Fh g & ki1
A R AN AR L I R R 2 AR A A 52
SR NEH i R NEVERTAa AR RE, KK m T4
SRR I ED, H T ROV MU, da I 4L PSO kAT
AR, SIS B R AL, R
SH I G AN SR AR I B 45 I SRS R A SR & AT
BRI HES; K FH PRI B4 e S A A R B LA, & 2
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SIS, S S 2 B0 A A
1 ) Parcto AT R, 4R T S b
b A1, STHEAE PSO SIS AR R ) A iy
e BN HIEER DL LN e
Y BT, KK T S I % R
JE PR £ SEVESR AR Taillard 36 W, FE95 R4 15
SPEA2 ik, ASCELHARIA T IREFINCR,
HE T RS AT
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