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Abstract:

environment . The effect of noise on MFO was theoretically analyzed. The probability of searching global area and the precision of

An in-depth study was carried out on the genetic algorithm for MFO(Multi-modal function optimization) in noise

global convergence were proposed to analyze the global convergence of genetic algorithm for MFO. It was found that the complexity
of Multi-modal function and the strength of noise have influence on the performance of genetic algorithm for MFO. The result shows
resampling method could lower the effect of noise, and the performance of MPGA and DCGA was better than that of EGA.

Key words:  genetic algorithm; Multi-modal function optimization; noise environment
1 §|—\=— GreinermXi/MZliE@iﬁ@fﬁﬂ‘ﬁ%ﬁ%#LJ%@@VF#?
=

SEPR R EUR i R AR AR 2 2% P2 AN E 1Y
IR R BBt I ZRFEAS R 2 N PR R A AT
FEURSEAL AL T — DB A MR SR T AER
s BRI R A AR 4 Ry d pI e, T HL AT RE
24 Jry B A0 A I B e DA | 3 S 1) LR oy 245
A RELAG R, AR B R T 2RO g oM S T4
19 22 A5 R B Ak e bt A a3 IS T B A
TEIERE .

B T HEA LA H AR AR P R B T HAA AR 7 1 &
P I Ok MR S BR T 0 A U0 Ak 2 3Bk B2 Y Ok
F5) Amold 5 Beyerm L T HE s 5 e /G
R REEDIVERE , 45 R R U6 SR g HA B 2.

Wik H 11 :2011-05-24; & 7] H 17 :2011-11-28

AN A RGE W BE , AR T MRS (5 e B AR T
g P BRI T 8RR B PERE TR H5 45 ) . Darwen 5 Pol-
lack *VBIF S T W ot B [ 0 A 27 ST B R WL, A A 6 /N ol
RERUIE LT, FRAFEALHI RE i 27 2 M ROR , W SRR i
SRS RN, FRAEAL I A BE 3G 2% T I ROR X TR
iR MR P PR ) 22 e B A U A SCRIRAGE, Sy A
SCAEIX 5 T —SE4RR .

TEMEFS PREE T 38 I B o 50 40 2 B HILIR 75, (1
3 0 J3E R RIS BB L S S A A 0, PR Y BB T A
SN AT AL S5 REB A PT Ry IR E A R F ey
T e TR LR R R, A —E R EAE RS Y,
Mg P E I rhES 1 AR A S A T L DT (8 2%k 2K
J5 ], BEAR TS 2 R i R PR RE

HATH B R B RFEHE4E (No.60963002) ; YLV H SRRl 34 (No. 2009GZS0090, No.2010GZS0169)



328 H +

2 2012 4F:

ARSCHIETE T W75 P 35 %ok 2 4 R KA AL 1Y 52, 3
M 1 M7 X 2 1 o RO A 19 5 i L 8 4 Ry DX
R FR AR 2 DX IO SAOR B2 JH 0 A7 168 P %) 25 458 i 50
AL R L .

2 REMETHIZRE ML B

2.1 MBREFEMETZEFEMM EH
AL HIT B TR A A5 ) B R S8 (M PEREVE
Mt R M TS A D0 25 R R X 2 5 ek B AR 1)
Yozl @ar iy H bR R E A an
F(X)=F(X)+oZ (1)
Ao, B (X)W TG 1 R EUE, F(X) IR £
BEZS PRARME, T Z R AR MAFRYE IE S A BENLAS i, 0
TN R
2.2 BREXEER XN
2RSS mREL AL, BRSO 2 e Bk
SRR 4 SRR AE DX, TS OGO 1 S B B SO B
S, DI A T T 43 BT M 7R ] s A SRR R A 2 R A
PR RZ )
KL BRI RS a, b [ Z RN B RILED
T R E LR, AT AU SR R 3 4 R i X 5
st SR AE ¢ B 2098 R B 4 R B (E X R
Py (o) FEHE X BIER R Py (1),
TCMEFE THEI AR ¢+ 1 B 20 g A DX s A
AR X IR EIAER A Py (0 + 1) FIEAE ¢+ 1 20
R I 4R IR ARy P, (e + 1), 00
P,(t+1) =P (1) + Py(t) x Py(t+1) (2)
FERE TR A ¢ B2 AR« (o) FE4 )R
PRAB DX 2 (e + 1S N — AR R B L 25 « (e + 1)
AT TR X, Y F, (2 (e + 1)) > F,(x(2)), 0]
w(t+ DI 2 (o), BIFETE B 2 R (B X Bk A B X
BWHMER Py, (o + 1), RV EAT R o i 20 19 B A At
x(O)FEAE SRR A X, 07 & (o + 1)J2 T — R BRI
Meff i T2 R AE X388, 25 F (x (e +1)) > F,(x(2)), 0]
w(t+ DAE x (o), BIFEAEREAE ¢ + 1 BT ZI i AE 2 )Rk
ER IR A 4 R X SR P HE R Py, (¢ + 1) (HJETE
F(x(t+1)) > F(x()MHTHE T, B F,(x(t+1)) >
F,(x(0)) R, B
F(x(t+1))=F(x(t+1))+ 1> F,(x(2))
= F(x(1)) + ¢,
2G> Fla(1) - Fla(t+ 1)) + ¢,
APy (b + 1) = PIG 1G> F(a()-F(x(t +1)) + ¢,
x PILF(x(t+1))> F(x(1))}
= PG 18> F(x(0)-F(x(t+1) +
x Py(t+1)

FVETE ¢+ 1IN 2048 2R 3 4 Jay i fi DX S8 ) A R Oy
P, (t+1),0
P, (t+1) =P (1) x (1= Pp,(t+1))+ Py(1)
X Py, (t+1) (3)
XE(2) (G ATHT, Py (0 4+ 1) < P (1 + 1), RIEE
PR T RL R 2 R R PERE.
2 iz, o™ g0 il BB 42 Jrmy e D A VA TE
¢ B 20 B S DU O3 2 e, 283 58 S8 SR A 1) e A A
oy (e), BAR R R Bk B R . JC M S T4
30w U 2y BIBERO P(xy>x0) A P(xy—>y) =
Ply™(t)=x,!.
AV T, 0 2, BUR o, RN P, (2,
x|),ﬁ
P (xy>x) = PIF (%) = F(xy) + &> F,(xy)
= F(x) + 5 x Ply™ (1) = x,f
=P%§2> F(x) = F(x,) + Elf
x Ply™ (1) = x,} (4)
(@) ATH, P, (x> x,) < P(xy—=> ), BIBR R 52
e T 35t % SR AU SIOKS B ) 4 v

//\b\’/\
Bl ZHEEHLEREETEE B2 RgMERARSEE

3 stIg

Sy T WA 75 2 B R A 0 4 R I S il
SIORE I IO 0, A S5 SUIFE B0 19 4 9 IX e 2 2
P, 4 R I SR . . Ly 25 FE U AL 2 o
B UL BT 225 0 5 0 9 Sk O X B 6 0 B
M kU FCEBR ERRRELE N (LS fa) W P, =

%(k$n),ge=% Z (f(x™) = f). FJH EGA . DCGA

1 MPGA i fb =4 Ripple pR%X. Z N 7E( -0.05,0.05)78
FEl R A N(0,0.01) A IE S 40T M 75, SIET6 7 3 B AR TR
290,0.5,1,1.5 1 2. EGA #1 DCGA ) R HLAEL A 100,
MPGA FIFPEERA S 10 x 100,38 X HK K 0.85, 48 &Ky
0.1, KRR &3¢ E s s o8+
3.1 Mk e

el Ripple PRESUE— > = 4E B REL, & LANH -
fl(x1’x2’x3)

—OS—Sin2< ((x,—2)2+(x2—2)2+(x3—2)2)—0-5
e (T+a((x; -2+ (2,-2)%+ (x3-2)"))%
—10< %y, %5, %3 < 10 (5)



%2 W BRI W PRI N SRS R B A I B A A 329

RRBTE (2,2, 2) i B ME— 2 R i £,(2,2,2)
= 1,005 o MK, sRELH S FIRXMEEREAR. 2 o =
0.001 B, Fe K Jm e A (R 0.990284, o = 0.005 B,
S R JR s S A B 9 0.954281, « = 0.01 B, fit K )=y
I LA R 0.914877 . A A e KAG A B A7 241 el , T2
BTG JR A, PR 28 58 B0 1 72 9 1 o, & i 7Y
B BAATL AR 1 SRS BR VB A AT B Ripple BRER, 25 18015
SR B P o K e R 1) SRy i e AL, DA B3k 4
R B2 Ry X
3.2 ELWHER

HH % 1~ 3 AT, I 5 M8 75 iR B ) 385 i — b B33 1)
G2 ) X I 2R R AE T B, 42 Jm XS SSOKS B2 R AR A
2 B o B, AHIA SR T s AR ik 1 42 Ry IX k49
FAHN A Jry X IR SIORS B A A 4 YT R 1 ~ 6 AT,

1 —RERHECAHLBRER

0.5N N 1.5N 2N
gk 75 A 75
R BT 0,0.012) (0,0.012) (0,0.012) (0,0.01%)
P, 0 0 0 0 0
«=0.001
g - - - - -
P, 0.17  0.125 0 0 0
a =0.005 i

g 0.011 0.014 -
P, 0.474 0.125 0.09
g 0.013 0.024 0.0218

£R2 —RRERHEDCCAHZHER

(=)

o P 0.5N N 1.5N 2N
a 7 (0,0.012) (0,0.01%) (0,0.01%) (0,0.01%)
P, 0.4 0.091 0 0 0
a=0.001 °
g 0.0024 0.00326 - - -
P, 1 1 1 0.542 0.04
a=0.005
g 0.0009 0.00355 0.0057 0.0095  0.087
P, 1 1 1 1 1
a=0.01 '
ra 0 0.0013  0.0046  0.0042  0.0067
R3 —IREHE MPGA WL R
0.5N N 1.5N 2N
l]l:l:l: I]D:l:
a TS (0,0.01%) (0,0.01%) (0,0.01%) (0,0.01)
P, 0.375 0 0 0 0
a=0.001 °
g 0.0005 - - - -
P, 1 1 0.7 0.625 0.333
a=0.005
g 0.00024 0.000522 0.00146 0.00151 0.00227
A 1 1 1 1 0.957
a=0.01 ‘
g 0.0001 0.000592 0.00142 0.00149  0.0034
x4 MRERH FCA KB ER
S ol 0.5N N 1.5N 2N
H 7 0,0.012) (0,0.012) (0,0.012) (0,0.01%)
P, 0 0 0 0 0
a =0.001
& - - - - -
P, 0.17 0.23 0.17 0.13 0.13
a=0.005 °
g 0.011 0.0109 0.013 0.024 0.023
P, 0.474 0.52 0.41 0.47 0.4
a=0.01

g 0.013 0.009 0.008 0.0145 0.012

FRAEM T TR BRI A A R R 1Y 4 R K R R
SR A B s ) 4 Jey DX e AT SSOKS . e AR [R) B MR R 2%
T, MPGA #1 DCGA BUTEBEZEAL T EGA.

£S5 MREFHE DCCA LB ER

_— Tl 0.5N N 1.5N 2N
M ™ (0,0.012) (0,0.01%) (0,0.01) (0,0.01%)
P, 0.4 0.13 0 0 0
a =0.001
g 0.0024 0.0044 - - -
P, 1 1 1 1 1
a=0.005
g 0.0009 0.0014 0.0036 0.0051  0.0055
P, 1 1 1 1 1
a=0.01
ra 0 0.00049 0.00146 0.0022  0.0367
Fz6 MRERHM MPCA HIKIGER
0.5N N 1.5N 2N
un:l: HD:E:
F' TS (0,0.01%) (0,0.01%) (0,0.01%) (0,0.012)
P, 0.375  0.259 0.038 0 0
a =0.001
g 0.0005 0.00075 0.00317 - -
P, 1 1 1 0.933 0.8
a=0.005
g 0.00024 0.00037 0.00089 0.00112 0.00212
P, 1 1 1 1 1
a=0.005
g 0.0001 0.00019 0.00051 0.00108 0.00137

3.3 LWERSW
BB Fy = Fy=e>00F, > Fy) M (0315 Jy
L YCRPEMETE R €, 60 Pa = PHIG - Gl > el 45
WEETRORIE A b, PRRREERE Y €, 6 W Py = PLIE,
S0l > el = PG - Gl > LBk HR Pk
Po,(t+1)=PIF(x(t+1))+ &, > F(x(1)) +
Gh=Plg, - &> F(x(t)) - F(x(t+ 1)} M4

F(x(t)) = F(x(t+1))=e>0,0 Py, (t+1)=PlE,,

Lol =y PUGLL -Gl > el 24 PSP,

=& > e P HEN, BT LA, Bl A MR 5 B A I, B
P, (t + DERTERG .

L F(x(t+1)) - F(x(t))=e>0,Py,(t+1)=P
fe> 8 =Gl x Py(e+1), 4 PN, Ple> ¢ -
Coor | R IITLA, B 2 M 75 5 B ) 8, SRR 1Y) Py, (1
+ 1) ARTE T B, ph 2 (3) mI 1, B 25 M 5 5 32 A 384
P, (t+ 1) FREFFEHR1-3 4

FEAH [F] A MR iR B R, EE R AR 9 iR S B xR
FER MRS HEAT T LR, BRAIR T MR 75 AR B B AR T
WP SR BE LSRRI T Py BRAIR T Py (e + DATINR T
Py, (e + 1), ) I P, (0 + 1), 2B 25 Rt
FEWVE RAE 1Y J7 T RE R IR MR 75 s ), B R A TA 1 &
Jry XA A

Fe AR TE MR P 0 T, MPGA 11 DCGA 1Y 42 JR) X 3848
FRAN A SRy IX Il SIOKG B2 20T EGA, R B MPGA Al
DCGA 1 Py (¢ + 1) KT EGA. X i 76 4 5] () e 75 4%



330 H +

2 2012 4F:

PR B Py (o + 1) BRS04 42 R IX i 48 22 %
R, DT 158 B 7 e S PR A Th 3 1 ~ 6 119 = R B 1Y
Mg .

4 Z5ig

AR SCAH AT S AN M & B, AR MR TR IR R, AR
B A Tl R Az BINE 7S B 5200, BESR T 3845 Bk 19 <4
JHE4E TR B T o M 7 IR B T 2 R B R AL, A S
A 3 4 e XA 2R 2R A 4 Ry X IS SAORS B2 43 M s o)
SRR I 4 JRy WSS AR SIORS 52 1) 2 M) . S 565 285 SR 4
BT3B, Bt o T s 5 5 ) 348 g £ B 72 1) 4 Jmy IX 34
FORARE TR, 42 Jm X I SSORS B B AR AR 25 | T R AR 1Y
TR REM A R B Bk 1 A R X B R R, Bk g
B4R KU SO B BEE o« MBS K R 6T
TR A 1) 4 Ry IX SR 2 R A 4 JRy DX 3 A SRS B A
PE1E . MPGA 1 DCGA (1) 42 Jmy X 3538 28 5 1 42 Jey IX S i
SRS BT EGA.

ARSCIN AR F MR BB R s A B A R IR A
HIBESE , A SO Sk LA 7 [ R AT 8F 5 < 7 18— R )
BT A HR 3 AR MR (14 R D, B R A R 1 45
ArHERE 5 5 1) ok O a8 A BRI ) SR O R, 4
EEERPT TR

S 30k

(1] ZEMoR 20 . 203 s B AL i I I7) 22 B g 4 B3 1
[J]. A Bk ,2002,28(4) :497 - 504.
Li Min-Qiang, Kou Ji-Song. Coordinate multi-population genet-
ic algorithms for multi-modal function optimization[ J]. Acta
Automatica Sinica,2002,28(4) :497 — 504. (in Chinese)

(2] THHRAS, EEHE . F 0 R e 0~ A8 1) 3 (B AL S gt AR O
%01, A3k 4z, 2002,28(5) : 816 - 820.
Yu Xin-Jie, Wang Zan-Ji. The fitness sharing genetic algorithm
with self-adaptive control of peaks radii[ J]. Acta Automatica
Sinica,2002,28(5) :816 — 820. (in Chinese)

(3] E, WAt . 2R B ) Z R RE HEAL R [T] .
Pl 5 P ,2006,21(3) :285 - 288.
Wang Xiang-Zhong, Yu Shou-Yi. Multi-population evolution

strategies for multi-modal function optimization[ J] . Control and
Decision,2006,21(3) :285 — 288. (in Chinese)

[4] H G Beyer. Evolutionary algorithms in noisy environments:
Theoretical issues and guidelines for practice [ J]. Comput
Methods in Mech Appl Eng,2000, 186:239 — 267.

[5] Y Jin,J Branke. Evolutionary optimization in uncertain environ-
ments — A survey[ J]. IEEE Trans Evol Comput, 2005,9(3):
303 -317.

[6] D V Amold, H G Beyer. A comparison of evolution strategies
with other direct search methods in the presence of noise[ J].
Comput Optim Applicat,2003,24:135 - 159.

[7] H Greiner. Robust optical coating design with evolution strate-
gies[J]. Appl Opt, 1996,35(28) : 5477 — 5483.

[8] BeW], 2= 7ke MR IAEE T it Bk itk RETFAN [T] . T
2£41%,2010,38(9) : 21 - 26.

Li Ming, Li Jun-hua. Performance evaluation of genetic algo-
rithm in noisy environments[ J] . Acta Electronica Sinica,2010,
38(9):21 - 26. (in Chinese)

[9] P Darwen, J Pollack. Co-evolutionary learning on noisy tasks
[A].Proceedings of the IEEE Congress on Evolutionary Com-
putation| C] . Washington, DC, USA: IEEE, 1999.. 1724 — 1731.

EEHE Y1974 FE T ULV AL, Al 2
2. FBRF T 6 AT B R
E-mail : jhleel26 @ 126 . com

OB B, 1965 ATV B, 8%,
Tl AR S0, BRI 05 R B A
i

E-mail : limingniat @ hotmail . com



