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A MULTIMODAL PARTHENO-GENETIC ALGORITHM
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Abstract: Often a classical GA is not flexible or effective for a optim zing application of com plicated mul-
tim odal problems. It is difficult to reach m ore than one of the global maximum, simultaneously. Considering
the above deficiency of GA, the paper presents a multim odal partheno-genetic algorithm (MPGA). The aim
of the proposed algorithm is to find not only a single solution but also a set of the optinal. Both new a
crossover operator and selection schemes are introduced so that every population individual inherits m ore ge-
netic material of its own forefather. The diversity of population individual can be im proved greatly in this ap-

proach. The size of population is very flexible and the architecture of com putation is well suited for parallel

implementation. The simulating cases show the effectiveness of this approach.
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1 %I‘g( Introduction)

H Holland #&HEEH L (GA) LK, A LI'E
T A B G R ST e I DAL [l RN ] A
PIFATRAIE SR A, 7EA 2 TR N F A, 198 7)™
T2 IR RN I B ST B A% 2 RS
R, GA FEL N EIAL: LRI E
AN AR BRI 1 06 pi, L 2 2 B N R3S oA
HUWCSA. PR, i X S in) @, Gl TR EER GA JEAT
ek, LI T B Goldbery! AF B BT H I
SE T LR He IR A, 51— R AT IMT AL B
JIEN, — kU, B RN VR R IR 2 B AR,
S R 7 VA S 2 3 38 K R R RO A0, AR
FRARE b, PR V20 75 B 50 560 R, — il 5, X
R v SR o 5@ THIT 8 RE AR A, B AR AR 5
BRI ORI, 5 SRS MFE T HET.
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VEHSZHM) DNA 5T 45 AR TR RN A HLEE )
JA7R, FEH T — R 2 RS R B E HILE(MPGA).
TEMPGA T, AL S B 51— 4 TANAREN
XA DNA XEEST T, DNA 70 T [ XU E S5
IR AT DA T 18 AR A5 B 0 R AT #e, R RS e fE
) &5 B AR 25 A 11 5 AR, 3T 6 1B IE T X Al 5 1)
(TLAM) A4 7 SRES A AN B A 4 R A R M e,
W, RN OE M RV R 2 A8 SR, AR
ZANARIREAR, B0 K e e AR T IR — AN K.
R, A FBER — N O R O N ARl
TEAN AR, X b o R B R4 7 S — ML s 2 e
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2 JEANMEE R X (Fundamental concep-

tions and definitions)

EX 1 —% DNA HHEE(HF), 5EN—%
TLAMEE R AR IR A JE I SR S A8 3 A2 OB () S5 AR
R, FR A B, o R LB B 1) 5 AR R 21 e —
MKEE.

EX 2 A x FRAMGEOL R, iR 2 £(x)
27, H fx) 2 x IIE N R, ot LR B IS Y
fE.

ES 3 A x AR AN, W« K E
HERAR AN

EX 4 MPGA 1, X Z RS ], B
M AEAREE, Ky B AR, W M AR AR )

Er. B =2 Jmil i s a5

SESC B PPN AN L3 N B R, 40 i —
A VP S ARIIAN B, B S A,

FEX 6 MPGA ', id{X (= {x:i(t), x2(D),
oy xa( D) (n RERFIED) b — BRSP4, FR{ X
(£)} 73 A (59) WS A AR ( 59 e SiRT L
584 59) WSk, WAL iR A5 AT 1) 2) . 3):

D 3 x(h) lmP{x(H) € M(B)} = 1 (1)

2) Vx(h) lmP(x(h) € M(B)} = 1 (2)

3) Pilm{X(f)} ¢ M(B)} = 1 (3)

3 2 BA O B AL 575 (Multim odal

partheno-genetic algorithm )

3.1 Bk

FAP AR

Step 1 FEHL™ AW GHEALMHRE, & = 0.

Step 2 ffi3E ST AR T AL NI I8 Y. B2

Step 3 HLE N HIERAE EL 2 L 4L,

1) e BESPPREANA ) T FR BR.

2) Ik B A S R EAMA I K BE ()

3) TFEE N I I H A5 B AR A

4) B t=t+ 1.

Step 4 gl

FEAR AR AR L B i bs B ™ AR % H K
BECILE 1), FRE K K BE NI FE, A R IR AR
BB 2 st PSR I 22 IROT XA BT BB )
JaAR(THE) .
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ENgENRET
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Fig. 1 Block diagram of the algorithm

1A [n

4S5 100111010...101001
(3p&£) — 011000101. .. 010110

g

Tl 011000101. .. 010110
FHEi 100111001...010110
F#m 100111010...110110

Ko A2 AR S

Fig. 2 Examples of crossover operation
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Dt B IR A4 B A S0 S A P A, TR 5 22 %2
AR AL E B, TR (10— MR R T Ak

m = int[ g(s) ] (4
Horb g (o) IO BIHRR AL, s= (o) FRAME x 1)IE
W int)  CRBUCE AL

3.2.2 JEFEHLE

AR GEE ikt — MR AE A AR AR A
NS P Y i NEilfapres 55123
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(2) fhRIEPEL

IS SRE AR R A o A e 1 b tH — AR
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4 WS T (Conve rgence analysis)

4.1 TAHIH

WA R NES RS Ax A RHEFIXR, TH
J2 JURRRIR — 0 K R I X

(1) HRKZFR: £V a€ A= aRa

(2) fEBKFR: 45 aRb, bRc= aRc

(3) RAFRKAR: 45 aRb, bRa= a= b

(4) )T R R AR F A AR ARSI RO FR G
2 MBI A FROM B R BE WP ER G

(5) BIFRFE: AR ZMWMIT KRR, HV a, b€ A,
B4 aRb, B4 bRa.

(6) BARIC: 45 b€ A, WFE x€ A, HbRx=> x
= b, WpFH A BK—AEKRIC.

Zom GIH[7] WA & NIETWTES, W
A AN THEEE LR WA 20564
KTt
4.2 WS e B

fE48 GA 2B B AT IS, TR Sl If
ANJE TR AR A, MPGA AS UK A% L. M p-
GA B/ WS ENJRT I AR A, BPARSCE S« i =
£ B0 Z BTN )L FRATHE I R SRR
« g7 WSk, /7 TR LA SIPE s 2 (A1) 5% & i R T
ghipgh .

B 1 MER(59) WSk b kb M (59 WS
JUT 584 (59) U — A KR LT 582 59) sk
= AhAbMER (59) I Si= BER(59) 1k

SCHRE 5 10 GA ARSI e A L 110 R.
o n] DU s XCEDW AR B 1 i 2518

SEHL 2 0 Z RS )

(1) $&h R B EMARIE R MPGA JLT- 564
S9CEL

(2) FebbBotiE ek BAR 9 A1 MPGA
JLT 5828

EWT 00 R sds A AR FE, XA 5 I %1 (1)
FBRIBRAE iCAE xi( 1)), LT8G N BE 4R 24 i [H)
(A BE, B FRAN F(xi(0) y A ¢ B
H. BRI, R BRAE (i z) £77E.

WA= {y:y= f(xi(b),(i=0,1,2,.-.)}, A&
H P 7 Ok JRe <7 B — AN PR A, HoE IS4
PN B, HElH A MR KITE, B
f:z= lin f(xi(1).

NIH z€ A=3I N> 0, fif 2= f(xi(N)); 183
FEBNF (i)} RRAYES F(xi(j))= 2z, XV j2

N
WX = {x;x=xi(j), jZ2N}, LURIEY]: XHMEE
x€ X, H x€ B
(A4S TE g A ) % x HIgahd hys ..o»
ab-.bb, S, a, b€ (0,1}, k20, * NIBEFF. T

k
IR, FEBOR k+ 1 A7 B AME XARERE = A — AN e A8
wo* ba..ga, TN G EANE X HERF 2 53—

JAs o abeeb, XY RHS T x B ERD AR

AT, B (AR AL CIEAE x ), T £(x)
=z, WALZ
f(x) 2 flx) M f(x) 2 f(x)
(0] z A& A W KTG)

B x S — AR AL B ox (S i) AEEME, = X
C B,MPGA JLF 582 F5L.

X2 YERE AR, LB AT RN R e, &5
AR AL (BRI R, A .

3% LU LR R HAOR B S AP 4 kG o
PR B BEE, WAL P IE, xi, (1)) HBFAT I8 7 1,
(R e N SR N e 1 R N VA A B - 5 S 2 7o
J§OT.
5 ;g{ﬁﬂﬁ“ﬁ( Simulating cases)

T 0T TP AN 4 22 AR o ) S T A
DS IIE=RFRINE STV it o= it
(1) fi= cos(2m* x1)cos(2m* x2)e (xf+ /10

- 1< x,x S 1 (5)

25
(2) fr= 0.002+ Y, .
Pl 2 (xi- an

- 65.5< x1,x, < 65 (6)
PR £ 8 U AT 13 AR & Y B AR I
(RS U i IR L RUAE 0, 0), TGN R 1. BREK £,
JEFH AN Z BN REL, A7 25 AR AL
15t A8 SRR AR M () IR 45 2R 13X PR A R ) 22 /1 068
TR Ty B N JRI BB, PR bR 251 D 23 0l L 1B 3
S 4 AT B, BEAS AR I G i
N6, KA RERE, BEHL™ WA R, 50k
WG, AT 2 AN AH S I R, A
BN 30 ZHHE ] 100 B, BREL £, 1913 MBI T
JUF-CLRER8 RN 4k th; BRI £, AORSEAS KUt BT AR
B MG 0. 1o MR B S5 R WIE 5. 5Kk
ARECA 100, Z5H s ORI T T

1




5 1 R

SCAE — Pl 2 B ORI AR Sk 473

m(x) = int[ 4. 0’ ] (7)

3 BREL fFi(x1, x2) EE
Fig. 3 Graphics of function fi(x1,x2)
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4 BREL fa(x1, x2) WETE
Fig. 4 Graphics of function fa(x1, x2)

6 ?:nki/ﬁ(Conclusion)

A S 3 X 308 A SRR S B R S 1A
B R M RS ORI (M PGA). Hbr
AN I A R U ES s 2 R B 2 A fe ik
PR R AR HL AT, 5 158 Bl 35 AT K
AR B, R FE R LEFE. A HH LB
Hil TSI ) 7L, e AR B A 2% 1) 2 S P A ) 1
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Fig. 5 Relations between m odal num ber achieved

and population size
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