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Optimization of Multi-objective Particle Swarm Algorithm Based on
Multi-neighborhood Cycle-chain Structure

Wang Yahui Tang Mingqi
(College of Mechanical Engineering, North China University of Water Resources and Electric, Zhengzhou 450011, China)

Abstract; In order to enhance the performance and convergence of multi-objective particle swarm
optimization ( MOPSO ) algorithm for multi-objective optimization, a multi-neighborhood cycle-chain
structure of multi-objective particle swarm optimization ( MNCS-MOPSO ) was proposed. Firstly, the
population was divided into many neighborhoods. The mutual overlaps were existed between the adjacent
neighborhood, and updating strategy was used for different velocity and position aimed at particles of
different positions. In addition, velocity control strategy was adopted for all particles and differential
evolution strategy was introduced to make disturbance. Comparing with NSGA-II, SPEA2, MOEA/D-
DE, SMPSO and OMOPSO by testing 14 unconstraint and 3 constrain benchmark functions, simulation
experiments showed that the proposed algorithm could obtain a more uniform distribution of Pareto solution
set, and better convergence as well as diversity than those state-of-the-art multi-objective metaheuristics.
In order to verify the performance of MNCS-MOPSO algorithm, classical 72-bar truss sizing optimization
problems were used to demonstrate the feasibility and effectiveness of this algorithm, and the results were
compared with other optimization methods. The results indicate that the MNCS-MOPSO provides better
performance in the diversity, the uniformity and the convergence of the obtained solution than other
methods.

Key words: Multi-objective optimization  Particle swarm algorithm  Multi-neighborhood cycle-chain

structure  Speed control strategy Differential evolution Truss structure

R . 2014 -10-15 & m HI. 2014 -11-10
« E R [ RRFE R4 % BT H (51301070)
TEF BN T, B2, 12 35 ek il 3 B AR A AR T 7 350758, E-mail : wangyahui@ newu. edu. cn



366 & A Bl B ¥ i

2015 4

5l

Bl i 58 5 TR AU b i O AL I R #R 2 2 H
R A b (8] 81 ( Multi-objective optimization problems,
MOPs) , LA AL BT 7 A0 55 . R,
X 46 MOPs th i) 8 R 23 [ AR K, 20 3R 15 Pareto fiff
ST ZERE B R A 5 TS i 1, T L kAR B
WAFEAR KA 25 5, i 3 P 30 V6 A figk o 1be 28 () 8y
HHARZ R, ¥ 2 o & X AT T RE O 5.
51k, Hbr BBV 2 2 2 BARIE LR,
i1 NSGA-II'" | SPEA2'*)  MOEA/D"*’ MOPSO"*' i
NNIA )2

B FBEST L (PSO) 2 Kennedy 411 F 1995 4F
P A — AR S Oy s RS R R, B T g A,
1 HARZ 16 00 T Lo i 1% 580 1k A ROR NI 2
FHg PSO Sk A TR R £ H ARk ml gt

HBARVE Z WE 5T X MOPSO 539 47 1 g ik,
BB FELE AR D 22 B b () R, T3 SR A7 7E LA F 1)
L FOEW ZAREAR R RE ) 22, 5 TR AR RIS
BIL M- 2 R R R A SR A, BT
W, A SR ) — i 22 AR I EE X A5 M 1 2 B bRk 1 1
Ak B ¥ ( Multi-neighborhood cycle-chain structure of
multi-objective particle swarm optimization, MNCS-

MOPSO) .
1 WFEHRHEE

KL B AL b, RS R 1 AT I 1) FAL
B A B D s e B R R D S A R 7 P I
PR T HEA AR LA S T RERCRE
SRR VP 2SS B T Iz R .

RILAE D 4P 3 25 [\ v R 7 R RE NP K/
m W TR (B W @Y AR o AR T
FRAL L& %, (1) = (oo oy, ywy,) R N 0, (1) =
(0300, 0,) R F A SR M E p, =
(Pu P> ) FRERI B W B G E p, = (P
Pears D) o 0+ VARHDRL T B A

vi,j(t+1) =w11l.,j(t) +clr1(pl'j —xi‘j(t)) +

il

ey (= %,(1)) (1)
x (0 +1) =2, (1) +v, (1 +1) (2)
L w—REKW T
)6y o)A

ryon,—L0, 1]y FEHLEL
) XM, S 1o R B4, e 7
KL~ H TR IR S 5 5 2 TR AR Ay, B 1Ok
MM B QST Y vd iR TRR VAR T 5 5 o e 21 3 il
TR AR SRR AR L 25

2 MNCS-MOPSO &£ JRE

2.1 4BEEIS

g T T I R H 3 R 0 4 R 1 L I 0
515 A0 5 P 1 57 90 2% B L A% S S — T
B AR BRI 4207 25 A A B M gy LA T
A M AR R T A 1O R
4 2 45 4, NI La BT . EL PR 19 46 8 4
B b A EE NP pom B T 4 B 82 A
040 BB N A, T 45 B o R T
ok =L 1 T - 1 A R — KT
G- 1)k, 20 WA A BB | RLT 5
YRR — B TR T BN L. Bk T
B m =100, 43 10 - 8k | 1A 34 06 T 0
IS = LB L G 4 BT R B
§1,2,---,10,11},% 2 4\%7{11,12,---,20,21{,']%
A B AR R T2 190,91, -++,100,1

Joy(o\
EAL T
» ~ ERLTF

k

2

K+l

24T
ERLT

pésin e
KPR

(N-1k+1

(N-1)k+2 ggN@]gjﬁ
KR

T R O AR

) )
1 24BN R Bl
Fig.1 Multi-neighborhood cycle-chain structure
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Pseudo code of MNCS-MOPSO

proc steps Up()

particles«—Create particles () ;

Evaluate each particles;

Identify the best position of particle p,,,, ;

Identify the best position of particle neighborhoods

P ncighborhoods 3
Identify the best position of population p,,,,,;
While not Termination Condition () do
fori<—to particles. popSize =m  do
if(m mod i= =0) /R gy sk 7w
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parentl«—DE selection( particles) ;
parent2«—DE selection ( archive) ;
/] 25y AL LT
DE Crossover ( parents, individual) ;
evalutionFitness (offspring) ;
(' individual ),

( position offspring ,

population) ; // 5 4 S g
addToArchive (individual ) ;
end for
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*1 HVIREEFHERAZE
Tab.1 Mean and standard deviation of HV

i, MNCS-MOPSO NSGA-II SPEA2 MOEA/D-DE OMOPSO SMPSO
R YA i % ¥iE 5% ¥iE 5% ¥iE 5% ¥iE 5% ¥iH 5%
ZDTL  0.662° 3.0x107° 0.659 2.5x10°* 0.660 2.3x10°* 0.641 6.2x10"> 0.661 3.3x10°* 0.662 1.1x10"*
ZDT2  0.329° 4.3x107° 0.326 3.2x10°* 0.325 3.4x107* 0.308 7.3x10°* 0.328 2.8x10°* 0.329 8.5x107°
ZDT3  0.516* 3.4x107° 0.515 1.6x10°* 0.514 6.0x10"* 0.445 2.3x10°% 0.514 2.8x10°* 0.515 4.3x10"°
ZDT4  0.662* 3.8x107° 0.656 2.4x10°° 0.650 1.1x10°2 0.269 1.8x10"" 0.662 1.7x10°*
ZDT6  0.401° 6.1x107°> 0.388 2.0x10°* 0.379 3.0x10°* 0.401 3.4x10°> 0.401 7.8x107° 0.401 7.1x10"*
WFGL  0.194 5.8x107% 0.529" 7.5x107% 0.410 9.1x107% 0.361 1.0x10°" 0.129 2.6x107% 0.116 3.8x107?
WFG2  0.564* 1.7x10°* 0.562 1.4x107° 0.562 1.6x10°* 0.562 3.5x10°* 0.563 2.7x10°* 0.561 5.7x10*
WFG3  0.442" 4.0x107° 0.441 2.6x107* 0.441 3.0x10°* 0.441 50x107° 0.442 8.5x107° 0.441 1.8x10°*
WFG4  0.209 1.2x107° 0.217 3.8x10°* 0.218" 2.5x10°* 0.212 1.9x107* 0.206 1.2x107* 0.203 1.9x10"?
WFG5 0.197" 1.3x107° 0.195 1.3x107° 0.196 1.4x107° 0.195 3.1x107° 0.196 5. 1x107° 0.196 1.0x10"*
WFG6  0.210° 6.4x10°° 0.198 1.0x107* 0.201 1.1x107% 0.209 1.2x10°* 0.210 1.4x10°* 0.209 3.0x10""*
WFG7  0.210" 5.7x107° 0.209 3.5x10°* 0.210 1.5x10°* 0.209 9.7x10°° 0.210 1.4x10°* 0.209 2.4x10°*
WFG8  0.149 1.4x107° 0.149 8.5x107° 0.148 7.2x107° 0.153" 1.3x107% 0.146 9.0x10°* 0.148 1.1x107?
WFG9  0.238 6.0x10°* 0.237 1.5x107° 0.238" 2.1x107* 0.236 5.7x10"* 0.237 4.3x10°* 0.235 4.2x10°*
Golinski 0.968 3.5x10°* 0.969 1.2x10°* 0.967 59x10™* 0.997" 59x10™* 0.968 3.0x10™* 0.967 8.0x10"*
Srinivas 0.541" 5.1x107° 0.538 4.7x10°* 0.540 1.0x10°* 0.532 4.8x107° 0.541 7.1x107° 0.541 7.5x10°°
Tanaka 0.308 3.0x10°* 0.308 2.8x10°* 0.309 3.4x10"* 1.000* 0 0.306 5.4x10°* 0.304 6.6x107*
* R Al o
2 Spread iREZETFHERAE
Tab.2 Mean and standard deviation of Spread

pREN MNCS-MOPSO NSGA-II SPEA2 MOEA/D-DE OMOPSO SMPSO
A MH Iy % ¥ {H Iy % ¥ {H I % ) i % ) i % ¥{H Ji %
ZDT1  0.069* 1.5x107% 0.372 2.9x10°% 0.151 1.8x10°2 0.375 4.9x10°% 0.082 9.0x107* 0.073 1.1x10"?
ZDT2  0.068* 1.2x107% 0.385 3.1x107% 0.172 4.5x10°2 0.368 1.2x10°' 0.083 9.8x10°* 0.075 1.5x10"?
ZDT3  0.703° 1.9x10°* 0.751 1.6x107% 0.712 59x10°* 0.992 2.9x107% 0.713 7.9x107* 0.717 2.1 x10 >
ZDT4  0.079° 1.3x107% 0.396 3.1x107% 0.293 1.4x10"" 1.000 1.5x10"" 0.912 6.1x107> 0.088 1.2x10"?
ZDT6  0.264 4.0x107" 0.346 3.2x107% 0.227 2.6x107% 0.156° 1.9x107> 0.653 5.4x10"" 0.467 5.4x10""
WFGL  1.130 1.0x10°" 0.715 4.8x107% 0.688" 6.6x107%> 1.110 1.6x10"" 1.090 6.8x107% 1.010 4.0x10"?
WFG2  0.762 3.1x10°° 0.784 9.1x107° 0.760° 6.9x107* 1.100 3.3x10°° 0.774 9.2x10°° 0.801 1.6x10"°
WFG3  0.361" 5.3x107° 0.575 2.3x107% 0.433 7.8x107° 0.563 4.1x10°* 0.371 50x107* 0.381 50x10°?
WFG4  0.353 4.4x107% 0.393 2.3x107% 0.275" 1.9x10°% 0.508 4.3x10°% 0.401 4.0x107% 0.460 4.6x10"?
WFG5  0.159 6.4x10°2 0.403 3.0x10°% 0.286 1.7x10°2 0.463 4.0x107° 0.136" 1.5x10°2 0.139 1.5x1072
WFG6 0.114" 1.2x107% 0.385 2.7x107% 0.250 1.6x107% 0.415 7.6x107° 0.128 9.2x10°% 0.148 1.5x10"?
WFG7  0.117" 5.1x107% 0.395 3.2x107% 0.247 1.5x107% 0.416 7.8x107* 0.131 1.1x107% 0.149 1.2x107?
WFG8  0.727 5.1x10°% 0.646 4.0x107%* 0.614 4.8x107% 0.635 3.7x10°2 0.575° 6.5x10°% 0.741 5.6x10°?
WFG9  0.184" 1.1x10°2 0.390 2.8x10°2 0.299 1.6x10°2 0.483 8.5x107° 0.201 1.4x10°2 0.216 1.3 x1072
Golinski 0.244" 3.4 x107% 0.444 3.4x107% 0.695 3.1x107% 1.040 3.1x107% 0.320 3.6x107% 0.360 4.3x10"?
Srinivas 0.068 9 1.3 x10°% 0.395 3.4x10°% 0.171 1.2x107% 0.637 8.4x10"* 0.082 1.0x10°% 0.08 1.3x10°?
Tanaka 0.658 2.2x107% 0.810 2.8x10°% 0.757 3.5x10°% 1.000 0 0.738 3.9x10°% 0.805 3.0x10°?
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Tab.3 Mean and standard deviation of Epsilon

LRz MNCS-MOPSO NSGA-II SPEA2 MOEA/D-DE OMOPSO SMPSO
PR A Vg~ ¥iA ViE~ A 7% ¥E T #% ¥iE T %% ¥E 7%
ZDTL  0.00524" 1.4x10°* 0.0131 2.4x107° 0.00868 6.2x10°* 0.241 7.1x1073 0.00629 3.7 x10"* 0.00565 2.2 x10"*
ZDT2  0.00528" 1.7 x10°* 0.0132 1.7x107% 0.0254 5.4x10°> 0.0504 2.0x1072 0.00602 1.8 x10~* 0.00551 1.5x10"*
ZDT3  0.00501" 3.1x10°* 0.00885 2.2x10°* 0.0203 5.5x10°> 0.133 3.2x10°2 0.00787 1.8 x107* 0.00999 2.1 x10 >
ZDT4  0.00534" 1.7x10°* 0.0147 2.4x107° 0.0504 4.9x10°* 0.510 3.1x10"' 7.03 3.7 0.00616 3.0 x10*
ZDT6  0.00467" 3.3x10°* 0.0147 1.6x107° 0.0240 3.8x10°° 0.00549 2.2x10°* 0.00521 4.9 x10"* 0.00497 4.1x10"*
WFG1 .00 1.1x10°' 0.0450" 2.3x10°" 0.0846 2.7x10"" 0.618 1.6x10"" 1.19 6.7x10°2 1.14 3.6x10?
WFG2 0.0102" 6.2x10°% 0.0432 3.4x10°" 0.0341 3.5x107" 0.0293 1.5x10°* 0.0120 1.4x10°° 0.0149 1.9x10°*
WFG3  2.00" 1.3x10°% 2.00 7.2x10"* 2.00 2.3x107° 2.00 1.5x10°* 2.00 2.5x10°* 2.00 85x10°*
WFG4 0.0385 4.2x107> 0.0351 6.1x107° 0.0254" 3.1x10°% 0.0509 8.7 x10°% 0.0437 3.1x10"* 0.0529 4.3x10°3
WFG5 0.0636 7.1x10°% 0.0850 8.7x107° 0.0736 3.5x107% 0.0729 2.1x10°* 0.0635" 4.7x10°* 0.0639 1.4x10"°
WFG6 0.0139* 7.1x10°* 0.0486 1.7x107% 0.0361 1.9x1072 0.0245 8.0x10"* 0.0153 6.3x10°* 0.0169 1.1x10"?
WFG7 0.0144" 3.2x10°% 0.0357 6.3x10°* 0.0255 3.2x10°% 0.0253 4.1x10°* 0.0163 5.8 x10°* 0.0184 1.2x10"?
WFG8  0.415 6.0x10°2 0.431 1.1x10°"' 0.0439 1.0x10°' 0.412 3.7x107% 0.499 3.0x107% 0.386" 4.9x10°2
WFGY9 0.0246" 3.2x107° 0.0379 6.3 x107° 0.00300 3.7x107% 0.0341 1.2x107° 0.0258 2.1x10°° 0.0279 2.5x10°°
Golinski  8.92 1.1 9.12 1.9 15.8 3.5 2,31 2.2x1070 1.21 1.6 14. 4 2.5
Srinivas  1.36* 1.7x10°' 3.44 8.9x10°' 1.85 1.2x10°' 3.26 4.8x107* 1.47 2.2x10"' 1.48 1.5x10""'
Tanaka 0.009 11" 1.8 x10 "% 0.00872 1.5x10°> 0.00827 1.7 x10~° 0.044 0 0.0139 3.2x10° 0.0165 3.3x1073
* Tl .
0520 = : :
F i 030
050 1os I
048 T ! ‘ —
iy , 0.95 i 1020
E - g 090 §015 T
044} 2085 B
042 : 0.80 ’ 010 }
|
040 : 075 % S 005 =
I "
038 ) L 0.70 = = %‘ o — — == &
T 2 3 4% 5 @& 2 3 4 5 6 1 2 4 5 6
Hikme Hikme Hikme
&l 2 ZDT3 i of 0 1 1k BE 95 b5 45 1 4 5]
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Tab.4 Average ranking of six algorithms

ik HV {if

Epsilon {H Spread 1

MNCS-MOPSO 5.055 555 555 555 555

1.833 3333333333335 1.944 444 444 444 444 9

NSGA-II 3.277777 777777 778 4111111111111 112 4.333 333333333333
SPEA2 3.444 444 444 444 444 4.277777 777777 778 3.0
MOEA/D-DE 3.055 555 555 555 556 4. 055 555 555 555 555 5.388 888 888 888 888
OMOPSO 3.388 888 888 888 888 3.277777 777777 778 2.833 3333333333335
SMPSO 2.777777 777777777 2 3.444 444 444 444 443 8 3.499 999 999 999 999 6
6 FHREJ1 0 +172.37 N/m®  BET1A8 B o B BB T8
i 645.16 x {0.174, 0.220, 0.225, 0.270, 0.287,
Bs v 0.350,0.414,0.431,0.477, 0. 508, 0. 587 , 0. 600,
T = Epsilon’
2 o Spread{H 0.694,0.667,0.774,0.882,0.908,1.017, 1.071,
; 1.277,1.349, 1. 400, 1. 457, 1. 566, 1. 705, 1. 783,

1 2 5 6

3 4
HEmS
K 4 Friedman {3 %} H &

Fig.4 Friedman number of comparison histogram
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Tab.5 Loading conditions of the 72-bar space truss

A F_/kN F,/kN F_/kN
17 0 0 -22.24
18 0 0 -22.24
19 0 0 -22.24
20 0 0 -22.24

x6 T2HMGHAERK
Tab.6 Group table of 72-bar space truss

45 JaREE= 45 [aRER=

X1 1,2,3,4 X9 37,38,39,40

X2 5,6,7,8,9,10,11,12 | X10 41,42,43,44 45,46 ,47,48
X3 13,14,15,16 X11 49,50,51,52

X4 17,18 X12 53,54

X5 19,20,21,22 X13 55,56,57,58

X6 23,24,25,26,27,28,29,30 | X14 59,60,61,62,63,64,65,66
X7 31,32,33,34 X15 67,68,69,70

X8 35,36 X16 71,72
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