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1.1 Z BN EE
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i= 1, m ZE T S B BARECE  m 192 BRI
fetay i I8 A YR fe /M iz 2 2 B ARG AL )
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x* e SN Pareto IefUff , BE TR AR SCRLAR

EX 3  TEHRFZSE S WY Pareto U1 4E
B HFRN Pareto S L5 ,iIC A P™ ., Pareto ScffLfif
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a-stable 437 Je— A~ DU S 5043 A R EIO S
— RN B LE SRR ICh S(a,B,y,0),
H o e (0,2] BREMESE B e [-1,1] 2
M8,y e (0,0) BMKRE,0 € (-0 ,0) &
MBS, S5 a FIBUE T a-stable 7347 FIIEAR

a-stable 73— R W EEW W AR, BEA 3
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NG)
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2) Ya=1,HB =000 40,108 S(1,
0,7,0);

3) Ya=05HB=1ME Levy 4010, i N
S(0.5,1,y,0).
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1 ©
fxsa,B,y,0) = ﬂf_weXp :

[ito =1 ye1°(1 = iBsgn(1))DJe ™dt (4)
L, sgn(e) &t TS, @ Fmh
_(tan(ma/2) ,a # 1
_{— (2/m)Inl t1,a=1
2.2 a-stable TF
1 a-stable 73 A Y R EVE REL o 2 — R
HER S, B T AT R RN JE TR
FIBEHLEC T A TE I, B 3 44 H T R TR] o [E XTI Y
a-stable 7347
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—a=0.5
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ASMOPSO 5532 e JBORS B2 Fl 4 )R i R g T, AT
UFH9IE FATE . a-stable 285+ ERAERYOUACHS LI 5

1.4f

0 ) 80 100
BEARERE /%

K4 o HE R
Yopositon = particle position to be mutated
9% dims =number of dimension
% currentgen = current iteration
Yototgen =total number of iterations
Y mutrate = mutation rate
Joor=ar value
function Mutation-Operator( position , dims , currentgen , totgen , mutrate )
begin
if rand<mutrate # (1- currentgen/totgen ) > ™"rate then
begin
for i=1 to n_dims
position (i) = position (i) + ( upbound (i )-lowbound (7)) * s(«,0,
mutrate ,0)
if position (i) >upbound (i) ) then position ()= upbound (i)
Yoset fly boundary of particle
if position (i) <lowbound(i) ) then position ()= lowbound(i)
end for
end if
end function
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B AE SRR
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3 EESRHR

3.1 EMERR

T 2 BARILA S 2 M REEA T A T Y 1k
Br, T N EAT TR WS RE A 56 234 1) 22 0 9
PV =D AT A, AN SO B A AR S (in-
verted generation distance , 1GD) JRZE-SPEM AL i PE
fiE, IGD BRREITI 2 B AR S RSt X REAE— &
FRIE FVE AR AR 10 3 A ek . HoeE LN

z,; d(v,P)

Ay ZUT (6)

K, d(v,P) FoRiERUHE P i rg AR LRI
P AR v Z R R/ INRR TR 2 5 R A Y
AR P 2o, 1GD T8 PR {EBRAIG, P fh 25 SR B g
M EE MBI 5

32 BHIEE

A FE ZDT1  ZDT2 . ZDT3 ,ZDT4  Tanaka DX
J% Srinivas 6 > bR AICE AL ASMOPSO 335 (1)
PEREL 35 CDMOPSO S #E1 74 e .

R T 6 MEMERBUINEARTENE, 6
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Vi) 3% P4 7 ST e S 43 oh A 2 B 1R 22 5 LB,
SEIEI R 94y . Srinivas & — A 2 NG
A iR H AR 2R AR Ak ], (H LA Y 2 A4S
AL 2 R 25 A Ak 1) A ety >k T — 22 1 IRHE
CDMOPSO Fl ASMOPSO 5532 i 4] 4y Tl B K /1N 34 B
9100, Fe KRAGFRRELCH 200, HEPEAUE w M 0.9 Ze:
IR 0.4, N R E e, =c, = 2.0, TR 0.4,

x1 EAEMNREH

BREARR Y AR PR AR S 2R AR
minf,(x) = x,
minf,(x) =g/ 1 - | us
ZDT1 30 [0,1] : g ™ R KL

g(x) =1+9

n
X

i=2 (n - 1)




e

- 236 - Hode Tk Ko E R 5537 %
gx1
PRELARR dEg AEEuH PR H AR 525 TEfR
minf, (x) = x,
minf,(x) = (1 - (f—]j 2)
ZDT2 30 [0,1] 2 g P 11 R
g(x) =1 +9; (n—il)
minf,(x) = x,
. _ Lfi S .
7DT3 30 [0.1] minf,(x) = g(l - z - (g j sin( 10'Trfl)j e T R
"k
g(x) = 1+9; Y
‘e [0.1] minf,(x) = x,
_ : _ fi
s 10 LT minfy(x) = g(l _«/gj SRS A
i =2,,n .
g(x) =1+10(n—-1) + Z(xf - 10cos (4mx;,) )
minf,(x) =2+ (2, =2)" + (x, = 1)°
minfy(x) = 9%, — (x, = 1)
Srinivas 2 [-20,20] =) ( ) M R AL
s.te(x) =« +ax; <225
e)(x) =x, —3x, +10<0
min f(x,y) =«
min fo(x,y) =y
Tanaka 2 (0,m] st—x" =y + 1+ 0.1005(16arctan i) =0 At AL R AL
y
1)? 1> 1
(’”‘7) i (9"7) ~5 =0
3.3 REMKERH MOPSO, Jt HAE LA ME B2 # K 9 ZDT3 F1 ZDT4 bR

XoF B F o o B AT 30 IR AL B 1T 2 5 WY
IGD {HEI 45 15 T3 2, £ AVE FoRFHMH,
STD FrnbrfiZE, MR R AT LUE 1, A SCHE
) ASMOPSO 7 4 > ZDT pR% R PEREARIL T CD-

BB PL O R, X T 2 A A R Y R
CDMOPSO [ IGD H{E G /NF ASMOPSO , {H /22
FEARAEH /N,

%2 CDMOPSO 5 ASMOPSO Z £ IGD 3881 tL 4

Bk ZDT1 ZDT2 ZDT3 7ZDT4 Tanaka Srinivas
AVE  4.192x107*  4.170x107  1.605x107" 4.675 4.868x107°  8.577x10™"
CDMOPSO - . 5 -4 i
STD  8.967x107°  8.877x10 7.706%10 2.959 2.783%10 1.424x10
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ASMOPSO i, _5 5 4 4 2
STD  3.631x107°  4.299x10  1.170x10 7.317x107°  4.033x10 1.615%10

Ko Ik 7 45 T 2 PR E — IR R
F AT, Pareto fif-5 ESZ Pareto BT HLEE, 1T LA
A G S ) ASMOPSO Bk AR AR i i 5 H 5k
Pareto Fif 1T 4l 22 R /)N , T EL#R 4 59 3 73 A 78 FL 52
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WS ERE, 1’9 FIE 10 F W CDMOPSO 7E &b
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FIALYERE K HLN T RAE2822 3L AU i 3 Wi Al fk
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4.1 RUEBIRET
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6.5x10° B fie /MU RH 7 22 BRI 71 46 22 B4 XHE
AN R AR AT AME AL BT AR AN
F O RBOR T s 358 A 7 R A, )RR 3
AU s KR BEANBU N, I AT AL B 2= A5 A

min f,(X) = C,
fH(X)=l C, | s*l C: )
s.t. g (X)=C, = C,
g(X)=c¢,, =c
Krp, X Bt s ma, C, ZH &5, C, &I
RELC AT R e, BB RKIEE, Lir
* FRPILRFE AT EE

AR A SHAAS L R ECA 6 B Bernstein
ZWiA ) CST Jridi, B EFRMAM 6 1t
S8 3 12 MR, B 8~11 R T
RAE2822 ¥ ih LA ) CST S50 b 4s %, - ]
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SEATEA M FEMTE v/c=0.1~0.5 BiRZ 8K,
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A ERES T LUE M Ak a3 AR S5 R A ]
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ASMOPSO £ HErfLA LB E i 1] 24 He i s O
LN T S i B S R B IR et B i g
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1) 5l A a-stable 737 BLIS £ PSO B3k A X% Ff
BPEFEATZS SR AR AR a-stable 2315 B A2 E R4 o
R RF A, 3B AR o (EDR ShAS R A Akt AR e
70 S R R I el A5 2l i S 9 ASMOPSO i85
JE U B ELA A 11 e S R 4 Jmy 4 2R e RE T

2) AR ZDT Z 5 pR B AN 2 58 (1Y) Tanaka
1 Srinivas B 45 5 o | o kS O Bk e g A

&l 17  ASMOPSO AL )5 BB E 1 -~ & %@lﬁﬂﬂﬂi@ﬂﬁ?i@i&ﬁi Pareto ﬁﬁ‘{{:},)‘l‘:ﬁ%ﬁ%
WEEAE ZDT4 pRE SR A , 2 W1 it I i) 53 s 7 A 3
R Z R ) A AR 5 Y F0fE
L]

3) RAE2822 37 (14 85 7 1 ok BEL AR 1 40 &=
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Research and Application of Multi-Objective Particle Swarm
Optimization Algorithm Based on a-Stable Distribution

FAN Huayu, ZHAN Hao, CHENG Shixin, MI Baigang

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; The multi-objective particle swarm optimization algorithm ( MOPSO) has been applied and modified for
optimal designs in various engineering fields. However, the intimal algorithm is still has the problems of low accura-
cy and poor diversity of solutions as it is easy to fall into local optimum in the later evolution stage. A new dynamic
mutation operator has been established based on the a-stable distribution theory and incorporated with multi-objec-
tive particle swarm optimization algorithm( ASMOPSO). By using random Numbers which generated by the a-stable
distribution, the population of PSO algorithm was mutated. And this mutate operation increases the diversity of the
population. Because the stability coefficient in the ASMOPSO algorithm can change the range and amplitude of the
mutation. This operation makes the new algorithm has the ability to balance the calculation accuracy and global opti-
mization. Several benchmark functions test show that the ASMOPSO algorithm has fast global optimization ability.
The proposed algorithm is applied to the multi-objective aerodynamic optimization design of RAE2822 transonic air-

foil. The comparison results also show that ASMOPSO algorithm is more excellent than the basic MOPSO algorithm.

Keywords: multi-objective particle swarm optimization; «-stable distribution; dynamic mutation; airfoil design;

aerodynamic optimization
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