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Multilevel parallel quantum-behaved particle swarm optimization based on

asymmetrical boundary variation

SONG Jian-li, TAN Yang-hong, XIONG Zhi-ting
( College of Electrical & Information Engineering, Hunan University, Changsha 410082, China)

Abstract: This paper proposed a new multilevel parallel quantum-behaved particle swarm optimization algorithm based on
asymmetrical boundary variation( MQPSOBV ). This algorithm is designed to solve the problem of crossing the predefined bound-
ary that standard PSO algorithm may often suffers. By introducing the concept of multilevel, the algorithm set the asymmetrical
effective regions separately, as well as the layers parameters. And they operated in parallel. So it occurred variation near the re-
spond boundary and maintainred the swarm among the effective region if the swarm was beyond the asymmetrical boundary. Test re-
sults show that the proposed algorithm effectively overcomes the shortcomings of standard PSO. lts accuracy and the performance of

global search for optimal solutions have been greatly improved. Therefore, it provides a perfect application in the practice.

Key words: multilevel ; asymmetrical region; beyond boundary; particle swarm optimization algorithm

20 fiE22 90 AEAX L T HEGR 1 B AR R (RO L gk
SRR A R Ao LU W R AT A R R 1
BERLSEE R T IR BE O IR IR R o AT AT
4 R RE A% B BRI (R R B Ak Pl 28 Y 453
Zk MERRBISME BT SR e 4R )iz R T
CZUEH] T RHAR RER AR . FE A RHAC BRI ML RY R TR
PS5 (PSO) M Ji— A3 3 A AR ] M SR 45 J5 PR AR o
Pio AR T-H8 LARAAIL B B2 1 A 2 (8] B 3l , 724 3 1 [a] i, ki
FREIC SR BTG (5 A 0L R0 L 2 A g 1) Jee f o o, I
BTy AR B S AL . FEFRUERY PSO KL T LU
B A 2SR, Hy TR 0 R BRI, A 48 R s ) S 2
A BRAY N RERE S5 A AT ATYEZS Y L T S R AR HE PSO 18
RS A R WCESORE FEA R A B R, 2004 4F 1 Sun S5 A2
TFhi T-#E 9 (quantum particle swarm optimization, QPSO) ™’ |
TE QPSO S35 Hh XA 18 7 0] 51 11 Ak 3 2 {7 A b T SR 4
TEAFAL R FARES 5 B AR e e i, AT 4R A B B D 5
It HREE D AR T3S & P ZREPE L s . IS A A
P LT 30 FUA S 1 e TORE TSR 5 (quantum-behaved  parti-

cle swarm optimization algorithm with boundary mutation, QP-

WREH: 2012-09-23; {&E BE: 2012-11-19
A (2011FJ3080) ; b s & A k45 B 5 8)

fEEEA: Rk (1986-) B LA A, LRALF 0K Ik
ek

WS, £ 2HF R @ % RFID, B 3h X5 &40, Sk £ R 8% H
RFID AP 22 M 45

SOB) | AR RERS AR A b 42 b 1 1) 42 JR 48 R i 7, (HLX b
T AR XS BRI R 0 ASRE T8 A FE iR AT
X A X BR300 R (s R AL R A, A SO B st AR Bk 1
SREFATRER R X RS R AR T TR X R
1153 24758 R T RESE (MQPSOBY) | BRI HI 43 29t
AR BB A X AR T A7 X3k o 1 A — 4 23 (] 43 A T
IBAT, BXRET] LI R — AR X R A BB E . M T R A
TR FHE QPSO (QPSOB LUKEF i e KA B M R AT Ab PR,
T A A LT AEXT AR AL B A Rl A7 1 X (] Y A T AR 5%
1 ENRBRAERNSEHITEFHNFHMALEE
QPSO Bk 3, o3 T FRifE PSO ISR 1 Al R A
J334E QPSO FEfili F4R 1 QPSOB Fa 3k U4 i T Ffie 2 HE 1k,
em T 2R RE . EXNHRLRALRNSEHITETRT
FEREEIE SR LT QPSO, FEEXF FRi A A Ab B R BT A T
A 5 AR R IR TR
1.1 EFNFEHEE
R AR LL Delta 3L hit b 1] DAAE 2 5BI10) 2
FRERPNIETHE, 2/ REEMHREME . QPSO FEvAF FE Rk

H2WMB: BEAAAFAL AL (61102039,51107034) ;4 dy 5 A4 + %) K 80 R

\RFID ¥ &, 425 (5j11986love@ 163. com) ; # A4 (1971-) , 4, #3%,
A4S B AL RAT HE(1986- ), B, A, TR A AT ek



% 6 M

REL,F A HRAF LR BT ETETHAEER

- 1631 -

TR TR, T SR AR A A 15 7 R A BIAL 17 2 (1) 5 5 B
FRABE 4 2 B K, T Monte: Carlo BEALASELIAS BIAL 537 7 e «

X(t) =P +In(1/u) xL/2 (1)
Horbaw MAE[LO, 1] E¥ 51 A O REHLEL, LB iy L(e +1) =
28I mbest - X (1) Vifi5E , QPSO Sk py AL T 78

M
mbest = lﬁ X I_;pbesti =

1 M M M
= ( .z]PhCStn s _ZIPbGSta P _ZIPbCStLDim) (2)
P =¢ xpbest + (1 —¢) X gbest (3)

Xy (t+1) =PxBx Imbest; —X;;(¢) | xIn(1/u) (4)

o MO FREAORE T 19 8O 5 Dim R T I 4ERG ¢ JETELO,
U] X590 A3 B BEHLE mbest 2 B RR A - 42 foc oo 1 5 X
(2) H) pbestiy, h k—4ERL T Br 2 I i i A8 3 (3) iy
pbest I gbest 15 7E PSO Hr i L —Hf , b3 FIr 2 I 1 e £
EAFEA B (L B NI RY K R KL, 2 QPSO iy HE—
28, B=(1-0.5)(G,,. -G6)/G,, +0.5,

£ QPSO Sk ki X, WM KA A X, )5, 85
SR VA A L% YA s

it Xy > X Xiw = X (5)

g if Xy <Xpae Xig = =X (6)

SR FH AR I R B IS T Coldn S - e ek il B
e FAL ,— BAEW R SR i AR A, BT AR 2 B A
JR IR o B T FALRL TG 2 R R SRRt Sl —
AR, Bl B A R I R e T
1.2 BRTEREBHE

FEXTHE TR RE AR 8, A AR TR T RVE R
BB EE . YORT X, R AR AN TR R T R
T, TR i TS S 1) AR 0 BT B A FT AT 25 ) Y

it Xy >Xpwe Xig =X X (1 —cxrand()) (7)
pEa
i Xy <X,
Horfre=0.01,

Xof R OB T AT AR S 5 BT 1 B, 43 S A i SR
IR PATA I . SRR ITIE R T Rk TS A LA
JRFR I R ol A, FRRE 2 R RS B T s, 4 R (48 F e ) ik
— AR . (R YRS AR BRI X, W I E i
FHAERT , AT REZS OB T 77 A MR, I B il 2, UoE B
o 24 X, EBE AR FE R T 8 X, (B I 4 ]
FLF X, (6L R AT A 728 [H] YR 57 SRR ORI B 3
FAEMEHEAT TR, AR TR 2Rk, R A 2 T 4R
SR, PRI T FUAR S L R Sk o T A X ARt
B, 7775 AR B A CRR R AR L A B A A B e 5
KT RS REE T 2RI RWRE T
1.3 HEFTHEXEMIENTRLRAER

FEXFARR BRI AT, B T AR BRI AR S 0 B R
BRI 2R R AT AT X ] Y 31 5 PsoOption. Obj. ub
B AT XA Y T 21 5 PsoOption. Obj. 1b I, A8 4 fie R
V7 BRI A AT AT DX ), T 7 B S e A
TR A AR R RIS AP o

if  X;; > PsoOption. Obj. ub
X,, = PsoOption. Obj. ub — ¢, x rand( ) 9)

Xiyy= =X X (1 —cxrand()) (8)

BH if X, <PsoOption. Obj. 1b

X,, = PsoOption. Obj. I + ¢, x rand( ) (10)

Ferbcey (A0 TRBIE IR/, 20k 7- 855 A PSR AR T 7
Qb T A3 AT TE L S AT AT DI, R/ 3 S I e T A Y
Ko XS F LR BRI AL PR, AT L 58 44 kL5~ 7 ml
A7 DX [0] P U S5 A, B BB AR AL 15 T T AT 25 [l Y, S s IR
VIS G A T R AR B AR AR B AR B R AR Y
ZHEPE AR T A 2R R
1.4 SEHTEAEZEZEEZTPHEA

SRR YE RS RS (8] FE AT 44 2R I T LR 2 130
SR TRL TR (R 2 A — A 0 2% (8] AT A T X AE AR R FR
AT OL T e KR F o AT AT 25 ) g — 4R ) AR X AR X IR AN 58
A ARFIN, A0SR G — Ve 1 5 XA 2 O - (8 AT
H AR R BE T R XA OO, MR 0 2 s B
AR, SR 22 XTI R AT 8 X, S P 305 v B A b 1~ 3 —
AN DXCTA] T 2 e — A7 MR AR A% 1 B B i A7 DX (], %o 4
— KL B BRI BT RS RS RL TR AT AT DO
T Hrpa (1D X A7 DX [A) b A g —4E 3 553 i kA T
BoE , 2 (12) XA 7 X ) T B — 223 (8] 43 S T BOE

PsoOption. Obj. ub = [ PsoOption. Obj. ub, -+PsoOption. Obj. ub, ] (11)

PsoOption. Obj. Ib = [ PsoOption. Obj. lb, -+-PsoOption. Obj. 1b, ] (12)

T T A7 e AR, Y Rk & A S R I AT LA
PR TR 5

if X, > PsoOption. Obj. ub,

Xiq; = PsoOption. Obj. ub; - ¢; Xrand() (13)
BH if X, <PsoOption. Obj. Ib,
Xy, = PsoOption. Obj. Ib; +¢; X rand() (14)

2R TR AR B X [0] 5 A B BRI 7 X 7 g 5 — 2
DX [P - 5 BT G BRI A B A S AL B, A B I A 2 A
F19 ] PR BE 8 2 e A SICT 42 Jm e I i o MQPSOBY B3 72
FERIHE 22 R ) R SR o7 R, AT T R 1) A7 SR DG e 140 75
TR, R TSSO o 7 Ak P B BRI e R — Mk T
ARSI S M R 2 YRR T SR R AT IS A A R
U T A etk . MQPSOBY AL RE( R 778 H B A 3L
S BN RAT T LS8 A Pl 1B R B 00 A A, ARG 3t A phe
T ZYEAK RS 6] G S R

2 EXMARERNABRHITEFHTFRHEZIR

MQPSOBV [ R4N T

a) IR AR I O B 1) &, AR I IR RS 2T %

b) TR AR RS DR, 7351 pbest Fl gbest;

while (S HTERUEL < RARERRED

¢) B H beta [{E A1 mbest [1H , \NTTFSE] p {H;

d) $e IR (4) BRIk T RYBLE 5

e) M (13) (14) FGLR A AL T 07, Q0585 XL 1 (9 47
BETEAH B Y B R ECR SR AT AT X T A

) 153 pbest F1 ghest [1EL, 55 4TI 1Y pbest FI gbest #E47 LL#K, ANk
RPN AT AR SRR, R Z R FEAE

end

3 EEMBERMI

31 HEEBE
T IR XS BRI AR S 9 43 2 AT B R TR A



- 1632 -

it E R AR

#30 %

— XSRS 1) B A ASCR , e T T DU 2H pR O HegE A 7 5
5, PR SRS RS bR ifE PSO L QPSO, QPSOB T 4 (1) 5 5 45 2R
BT T R

a) DeJong RRI%L

Fi=3x xe(0,100)

b) Rosenbrock pR%{
Fy= 211000 %, =23 + (5 1] xe(0,30)
¢) Rastrigin %
Fy :i;zll[ 2% ~10cos(2mx) +10]  xe (0,10)

d) Griewank pRZY
1 & X
Fa = 20005 G

9 T RS PR A S 40 2 AT B TR TR 2
AeAEx RS [ FURCR e T =4 R BO AT 52 5%, I
S5 RME PSO \QPSO F1 QPSOB T3k f3 B4l SRFEA T HL AL o

a) Bohachevsky pR%X

Fs =x} +2x3 —0. 3cos(mx; ) —0. 4cos(dmx, ) +0.7
x, e(=-5,10) x,e(0,15)

b) Schaffer pR%k

x%—_f[lcos[ ]+1 x e (0,600)

sin? /% +x3 0.5
[1.04+0.001(a? +23) ]
x e(-10,20) x, e( -20,10)
c)Matyas PR
F;=0.26(x} +43) —0.48%,%, x, €(0,10) ,x, € (0,10)

3.2 XWHERSHW

N7 MQPSOBV #4512 5454k PSO . QPSO,QPSOB 1 4\ -
WA, L FSRERE R — S AL W — G T ig T, AR
E53 BBCH 100,500 1000, BRIy 30, X A5k & B8
AT 50 W, BURARAA LB 25 5 HS S B S e il . %
R TEBAT 50 WG, iR B B I HAR R A A A
Bk, MERPLES N Pentium Dual 2.3 GHz ,2 GB NA#, % H
MATLABT. 0 4ifs. BIT4 R MFE 1 ~4 fix, BOERIKEL
1000 B 255, 38 1 p Jcd 2 I A S Ik 7R — 4R AT AT PR S (A
DR RS BT 5 3 2 OB R DU R S A — 4R AR X AR X
B A0 B S 5 3R 3 v 2 DU R B 1 7 22 A AT A7 1 2 ] el
RSB R 3R 4 PEER R DR SR AE 2 4R XK X 1]
HIX) LEAE R

Fy=0.5+

#1 —HERBESEE

ZH DeJong Resenbrock Rastrigin Griewank
LA 30 30 30 30
Wi [0,100] [0,30] [0,5.12] [0,600]

F 2 PURDEEAE— YR XS AR A AT D] T
Sk GRS = 1000)

ok
R PSO QPSO QPSOB MQPSOBV
DeJong 0.006 15 0.005 99 1.8e -04 9.66e —09
Rosenbrock 0.012 99 0.153 19 1.163 88 9.79¢ -08
Rastrigin 0.009 25 0.005 69 0.009 96 1.50e - 08
Griewank 0.006 23 0.005 21 0.008 02 4.23¢ -10
W% 54 57 62 100
3 ZHERESEOE LK =30)
SR Bohachevsky Schaffer Matyas
" xe(-5,10) xp e (-10,20) % €(0,10)
YitGye )
%€ (0,15) % e (-20,10) %, € (0,10)

R4 DURPSREAE 2 LB AR AT AT 1 X ] % b
Bk (EAEL =1000)

PSO QPSO QPSOB MQPSOBV

Bohachevsky ~ 4.19e —05 3.35e-05 3.43e -05 8.36e - 11

Schaffer 4.98e - 05 6.11e -05 4.35e -05 1.70e -13

Matyas 1.43e - 05 6.71e - 06 6.65e —06 1.68e - 15
JRINHR/ % 58 66 70 100

38 L AR L AT LA Y

a) TEI 3 i Bl o 32 AR B 3, DU R B R B
PR MBS ECH [ i, MQPSOBYV Ly A = Fpa e TR
RIPE R o PUFFS L X EE H, MQPSOBV (19 AN i it 5 J) ¢
100% , 1 HoAp = FP S0k AR BT R AR ORAFTE 60% 7247 1
IR

b) Frif PSO ,QPSO il QPSOB HILTEARX FR Al 471 X ] P4
WA AR R I, Fem O AR B A T Rl e pIG T AS RE Bk
th s MQPSOBV TERL ¥ K A M LG5 , 2 FEAE X FR i At b
A7 S, R 0 I U 2 B 32 AU 38 i B 2 4R
MQPSOBV A SR D 350 100% , M T BE % 58 4242 i b 7
MR E M A RSB A F 1 E AR ECT,
MQPSOBYV [y i 22t Ho Ay = RIS R 10°,

o) fEFR4 T R B AEARXFR AT 1745 [A]3 2K A MQPSOBV
TR i 4R T 1Y B AEXSFRS S A e,
3 ) e D RDRG BE LSl SR e At T = MR

d) MQPSOBYV 7t Z 4 | % Bk 2 6] 9 foe DL 3G Rz (4G B2 5 A
— (LXK AT AT S A LR R 10,

) WS X FE o 76 S 038 IO {1 Tl A2 A TRDR BE 1 2 A7 F
MQPSOBV it FH AR ECHE /b, 1 22 4k Al Xk X [ 3¢ Ffr 90 52 T
T, R S A = R AR [, MQPSOBY B4 A B 4
PSSR

R T IB G WL LB DR B AU S R e At e L AR SC A
BRBCH I L T AR s Ze . e AR bR S B LS
RWiAH fitness , {5 AR FR F 3B A0 BN iterations, HY & 1 ®] 1, MQP-
SOBV Fy e S5k B2 FNAIG ACORS B 3 00 T oAt = Fp B i . Bl 3T
SENLEAR I A o, 7278tk 25 [ J T X 530 36 11 1) 24 © 28 Bk
N RIS AT ] PSR U R B, 940, 54T Delong BR%K
350 YOFIEF] Te -2 KL N BT TN E], A7 PSO 2y 0. 914859
s, QPSO 7 0.204123 s, QPSOB 3 0.4655 s, MQPSOBV
0.034897 s, HULAE ), 7535 I AH FAG B9 2545 T, MQPSOBV
SR IS AT [R] 5 AR = AR L i e T — R

_ X10*
A\
——PSO
5 T |
——— MQPSOBV
z4 4 ]
Q
&3 | 1
2 \‘ 1
1 h
M\
1teral

200 tioggo 400 500
Bl PFhEE7EDeJong & B Xt He

AT E A5 AT LUE L, MQPSOBY 537k 75 f2 5 M Al stk
S577 1 %2 PSO ., QPSO , QPSOB Y47 A [A] 72 & 1 #2 . MQP-
SOBV B AMUAREE T 2R R 8 77 , 11 H W SICRH 15 31 1]
SRR AT X YRS Y 43 A AT LAAR H s a) MQPSOBV 4503k B
TR R R IRE ST, 3RS TR 2 RIE T Bk
ARSI sb) MQPSOBY S35 PRI FHE(L T (T 44 1646 W)



- 1646 -

it E R AR

% 30 %

3 PIHFRIRAFBEB TR gL

e e ) o5 I 6]/ /) I ARl AN i/ 4
T (1,1) (1,0) (0,1) (1,1) (1,0) (0,1)
1 806262 3283303 280426 319 137 694
2 2833810 27229688 157572 162 144 1933
3 1694197 2408923 137079 220 101 2380
4 1792606 7933457 198538 212 138 1788
5 2279559 5038092 178058 230 151 1497
6 2021158 28851995 189921 179 149 1735
7 2283624 27934712 157568 219 133 1938
8 1998601 3243676 147325 156 128 2157
max 2833810 28851995 280426 319 151 2380
min 806262 2408923 137079 156 101 694
average 1881287 13240481 180811 212 135 1765

e 3 RN M AR L (E D 121 i, i 1
BB RS B P 22 T 7 1 S TSI T R0 o) 11 A AP A A
XN 2 (e o) BUCL,0) 15, B R 114l — A~ H
B AN L 10 SRR 2R i 22 i S 37 1) STk 18] ] 1 A
M BRI B, SRR e M =2 i HE S 14 ST
[B]ACHE b 5 25 33 25 1 Y 10 SRR e A 2 i S 7 () HE T ]
S SRS ) 5 R s , AR ] 1A S S5 46  aR K i - T
S RAE AT T ATt SRR R R 2 T S 70 ) S g
()X A AR R A T O R [T, 7E S Pl v A T M
ARRHETAC IR [R] , 3 SR fie /M H TSR i =2 A7 470 1) ST g
[, U2t BRSSPl i PR E ANl 3R 3 8
ATLAFR Y 18 SRR RB B A T, A TR AR 15 % H AR Y
MR BEAR R o BUSCERAE AN TR 10X 1 AR R A 2 iy
TEHE S ) HE T 18 0 18] AP B WA F A A ) ) i i, mT
AR A Fh i A B AR AN [ A R L

4 LERIE

RS S BT TR SN0 JE A £ T A 0 A e i)
B4R | LA A 0 S i) 1 7 b SF- 465, 920 5 3 3% 4 7 i)
1 42 g J 2 et ) LA Dok 1 5 5 6 2 s 2 T 0 1
AR Ry E bR . FEICIERE b, 38 o AL B R A

S JE 30 A B0 90T b R R A K R I ) 7 ) B AL &

FEM] T AT H 171 A 2 AR % R I () i 40 TR B AN B A

WM RS I . 724 Ja B 5T, n] LA & LA O BE it 18

) 11 250 Sk B VR A 29 SR, TR B Ak 1 4R 24 5 BUA o T

I 1] 74

S0k

[1] #At. SEBAREGFHETEFTRATR[]]. FZHFFR,
2011,14(9) :21-36.

[2] CHEN Gang, YANG Zhong-zhen. Optimizing time windows for man-
aging export container arrivals at Chinese container terminals [ J].
Maritime Economics & Logistics,2010,12(1) :111-126.

[3] WANG Wen-fei, YUN W Y. Scheduling for inland container truck
and train transportation [ J ]. International Journal of Production
Economics,2011,10; 1-8.

[4] ZHANG Rui-you, YUN W Y, MOON K. Modeling and optimization of
a container drayage problem with resource constraints[ J]. Internatio-
nal Journal of Production Economics, 2011,133(1) : 351-359.

[5] VACCA I, BIERLAIRE M, SALANI M. Optimization at container
terminals: status, trends and perspectives[ C]//Proc of the 7th Swiss
Transport Research Conference. 2007 :12-14.

[6] 3R, BRI, B A&, F. B R P AL AHER
[C1//2007 4 Eputk TA2HE 4 4 52 K835 58 4R 2007 :438-446.

[7] ZHANG Chu-gian, LIU Ji-yin, WAN Y W, et al. Storage space allo-
cation in container terminals[ J ]. Transportation Research Part B
Methodological,2003,37(10) : 883-903.

[8] YANG Zhong-zhen, CHEN Gang, MOODIE D R. Modeling road traf-
fic demand of container consolidation in a Chinese port terminal [ J].
Journal of Transportation Engineering,2010,136(10) : 881-886.

[9] CUNHA C B, SILVA M R. A genetic algorithm for the problem of
configuring a hub-and-spoke network for a LTL truck company in Bra-
zil[ J]. European Journal of Operation Research, 2007, 179
(3):747-758.

[10] ™4k, &, 38 o B FHATH M ok o A A ke 4 i K
o[ J]. L F R 5 54R,2009,30(2) :14-19.

(ka5 1632 ) BIE ARG fi) , 280 A0 9 H 5 T4, A
g T EVEAS RS s ) MQPSOBY B3k 1) Z2 A ki 173 J2
DEBIFAT P ANRE— Gk 122 S A0 PR A 7 PR S 1, ek 1L
RIS

4 ZERIE

ARSCER T —FhHE T HERT R RS S ) R R,
JE TR S T R AT X B N B AR S A R ] T
BFRBA G . HRF 1 T T 48 R AR RS (] B — ZEHE
BN ZYEAE O I T 2N FE R AR PR AT AT S ], AT
AT IR, 3 A 0 B — A AT MR X ik s 8] 435148 S R B
REA G R o T LI MEA R, B XS PRI A R
FRLF A A LR MR FRESE A SR RGBS AR
B LA PR WS A, B 3K R SRk I 75 19 38 47 B[] 38 AT
VIt — 20 14 0, X e T — 2B e Jr 1] o
Sk
[1] KENNEDY J, EBERHART R C. Particle swarm optimization[ C]//
Proc of IEEE Intemational Conference on Neural Networks. Pisca-
taway; TEEE. Press, 1995 ;1942-1948.
[2] XIAO Ren-yue, YU Jin-hai. A newly self-adaptive strategy for the
PSO[ C]//Proc of the 4th Tnternational Conference on Natural Com-

putation. Washington DC: IEEE Computer Society,2008 :396-400.

[3] RAH, AEE, ZM BRI EATEE[T]. ML AR,
2011,28(9) :3201-3204.

[4] FHA4, Lo, 30, K TREL T BT R K o9 bk
A LI Az 5 5 A L2008 ,44(14) :65-67.

[5] R, muetg, B E4A. AT R LR st & T B 5L ok
WAt [ T]. & %45 A 54k ,2008,20(6) :1471-1474.

[6] &R MR, #I4 F ATFRtEFHIANIRHIERL
WA[T]. AFH KRS £42,2011,11(12) :2675-2679.

[7] REF,FH,KER,F A THETHRGBE LT BRALEH
5 Ak [J]. P B ehL T2 F4R,2012,32(15) :155-161.

[8] AN, Mk, IME, 5. MQPSO: —# AL A S BE k5 S B g
QPSO[J]. # AL M #F 52,2007 ,24(3) :100-102.

[9] SUN Jun, FENG Bin, XU Wen-bo. Particle swarm optimization with

particles having quantum behavior[ C]//Proc of Congress on Evolu-

tion Computation. Piscataway: IEEE Press, 2004 : 325-331.

ARE DR, MR AT AR EFWEFETEEMEE[I].

Hu42,2008,34(12) :187-188.

B, A BB E AR F SRR LB A[T].

AL AL B A, 2009,45(13) :203-206.

[12] sy 4,90, Hdod , & — AT B E R T TR AR
[J]. 3 FH & % m A ,2011,20(8) :47-51.

(10

—

[

[



