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2.1 Simple Genetic Algorithm (SGA)
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DEDBEAE (fitness value f 1) 25D (2) £EY A X £HY A AN 3, —EflHL T %0
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3.1 #igiBH# 15 (Degeneracy structure)
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4 SGA®DMacroscopic Kinetic Equation
4.1 Macroscopic Kinetic Equation
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Group B2, C Dfitness value £ 134§ BIREIT W, [ (1,517 OHI6) 2 EHIC b D, UTFD
bi-modal %2534 Td 5 LARES %o

[+, 8, [f A-Y 1 &, +[1-0,0)] (1B, )[fp‘(lf)]q‘ | ®;

’ l-o,¢r20,;¢)B; ‘(@)
o ;(t)=Y;(t)e, )/ x;t), (i =B2,C)
REZER €/ () CowTH, LFICRT, @i » @} i3, Nommalized constant Td 5o [5]p,

q, BIXUDS (IDS) 2 bk ¥ 5. WEAGILE. RS, BEDRT A= Th b, [5]
Group A, Bl DRI, X (5) & ¥ 5,

1

Fal) =850, Fyu () =5t for=f | Eg00. O
4.2 Crossover coefficient P Pre

3. LTO®REET S, (1) GroupB,C % bl 2Hamming FEkE*Lc LT 5, (2) &
{ZF Dcrossover?D 728 Dcutting point %1 &35, BIZTFE 1 2561 OFHREswapT 5, (3)
crossover 3% 2 DDBIEF#s1,s2L R, TN, Groupj,k 2 HBIENZ LT3, (4)
s1,52 ®Hamming FE#E#n1,02TH %, nl,n2 DR Y 5 A EHIL n1S<nl <nlL,n2S< n2<n2L &
5, (5) s1,52l22WT, crossingpoint DEMIC BT, Bl L [ U E Y. ml,

Fi(ht)=
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=Y, Y Cll, m) CL-LL-n\-my) Chmy)C(L -LL -nsmy)
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+2 ), Y C(, m)C(L-LL-n,-my) Cmy)C(L-LL -nymy)
Pl Ly mm.m)e (AFNANQ) ’
I
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THY. BILBOFHERDL ¢ 113, GAD IRV — 5 p ) W R IRE T,

8= Z CILY <5z, ZoMEMAT, LI6DRAMECig & H 1 ITRT
43 Mutauon coefﬁcxent

Mutation coefficient 11 2 ISR T 82 =6 1 ThHb, 6§ 3L 6 41, GroupB 7b=6c«ml‘
BFER, Group C 7 5B~DUEHERTH 5,

=[-(Le/L)]CL L)/ ¥, CL Y 8, =0-(e/DIALLe)/ 3 ALY )
4.4 Replication coefficient I=1,Lc I=1,Lc
(a) Critical fitness value

f crit () % replication &5 ﬁfz(:f'@%/.l\o)ﬁmess value £ 35 &, EFEDSGANZAEITIT,
feit®=NY(®)/ (2K) withY(t) = ¥ Y, jOx ;(Mand Y (1) = [OfF (1) df

L. . i =A, Bl B2, c (8)
(b) Replication coefficient
~ €i(t) &+ Groupi Dferit LT DEFFERERL T 5 &, Thid,
f a(t) .
e,-(t) =.[0 F;(f,t)df with f,(0=min[f, 1,10 . ©)

THY, BigDEHE»H. £OMHEIE, .
B,.,jk(t)=1— & (1) (j#kandi =j) B .()=- 1+5- ) (j #kandi =k) ,
Bi,jk(t)'_'o (j=k) /B‘.,jk(t)=0 (j #k,i#j,andi# k) , (10)

e’ i)y & F@®

£20) = Ifa(’) [fp,'(l_f)]q,' [@; With fa@=minlf,, 0,10 , (11)
0 13
Vi) =[l-e;()]x;(1), | (12)
4.6 Tnitial Probability
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4.6.1 & Group DA RAFFERER

R@13) TEHbIh 5,

‘ : _ L
Xp ip=cl/ 2" , Fpiim0=7C0 LCLL D/ 27,

o 1
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1
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4.6.2 Fitness value {Z 1 o 7= $)SEEE 4
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5 Parametric study
5.1 BIzF RV — ¥ —DigHELEAL

2. 3. 4|ZProblem 1iZ3B} A Replication rate(L X Wl K), Crossover rate, Mutation rate %5
L5 2 5 HBOTH L SGADKERERT. (1000 BRAH) L EZWEZE{bTit, Bl FE
FEXRIT K = 400 {HETH/RA TS ¥ . Mutation, Crossover ratelZxf L Tid, KE LETIXEIS %2
WwZit%, HLBREFATETNS,
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6.1 Crossover D1XE| ’ :
[X8ix. Group A,B %%, A2 HFHEMEROKEICH S L &, RORHICHFEHEENLL LIV
7 }¥ % % Crossover & Mutation coefficients (&1, 2) DEREFNIPLRDIZDBDTH 5,
EERZ Lid, Mutation 1213 L A L ORRETHREE Y M S 505, Crossover iX, BHE Wi
Aicit, BBEEOEMED LTI L THD, 2D, dXa/dt=0D MO LG % FHT,
Crossover DB ZFIH L 72@LONEDTTERTH 50 K5 DAEILTIE, Crossover & AZIF)
HALTWwAY, #XEL (6) 1<xt L Tix, Crossover iZHh W THAZ LiTbh b,
6.2 SGADH D Chaos
K9iZ, Problem 1T, K =250,450 DB DOMWERKE TOFEMRORE) %R T KO
. 2% b, Replication rate DI IO T, ChaosH & FHEE~EE L TB Y, Chaos DF ¥
THEAIRDEL T LD A,
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Appendeix

A= {(”l-":)i (s <n, <ny)and(n,y <n, < ny)
m<L—n,andm<L—_n,andm< [andm,< |

Q ={mm): and
{ b ) m 2]-k, and my 2]-k;

+ [, +m - my=0) and (ny+my-my #£0)]
Q4= {(mp ). or
[, +my -my, #0) and (ny+my -my =0)]
Q= {(ml,mz); (n,+my -my =0) and (n,+m,-m =0) }
Qp* = {enm): A<n +m-m SLe)and (1S +m,-m SLe)
. [(1sn, +m -my SLc)and (ny+my-my =00t Le <py+my-my))
Qp= {(m,,m,): or
[(n, +m-m, =00rl_c<n, +m '”lz)and(lslz"'”lz -my Slﬂ)]
o [Lc<n,+m-my <L)and (ny+my-my S Lc))
=4{y,m): or
¢ { ) [(n,+m-m, <Lc)and(Lc <n,+my-m <L)]
Q" = {enm): @Le<ni+m-m SLymd(le Sny4m-m <L) }
7 A; = {(nl, m): (n; =0 and n, #0)or(n, #0 and n, =0) }
AL ={mn): (m=0 asd n,=0) }
A; = {(n,, ny):[(1<n, <Lc)and (n, =00rLc <nj)lor[(n, =0or Lc<nand (1 <n, <Lc)] }
Ap* = {0 nd: 1Sn SLoand (1S, SLe) }
AT = {@um): (e SLyand (3, SLolor [ SLe)and (Le <n; <L) |

At = {una): e<n SLymd(le <n <L) }

Tabie 1(s) Crosaover cosfficients (L=18and Lo =2) Table 2 Mutation cosfficients
8x, Sxp, 8xp; Sxc 8x, Sxp, 8x gy Sxc
AxB CAAB = -0167| Cayany =0.167 | Cazan2 = 0.167 | Cc ap =0 MuttonotA | Maa=-1 Mgip =8, |Mpap=1-8, [Mc,y=0
AxC Crac™ -0370 | Cpypc » | Crrac= Cac =014
0226 8, | 02261 §y) MuatkootBl | MA.1=0 Mpy,81=-1 Mpy,p1=1 =8, | Mg, 3= 8,

Bxd Carap = 00419 |Cpimp=0 Ca289 =-0249 | Ccap =0207 MotstionotBa | M2 =0 Mp1,32 =0 Ma2,32=-6, |Mc 52 =8,
cxB Caac =20 Cance Crzpac= Ce, pc =036

x10-) - 0364 0384 Muuuonetc | Ha.c =0 Maic =58,6, [ Mn,c Mcc=~5,
cxc Ca.cc= 500 Corcc= Cpa.com 1351 Cocc™ =8,(1-6)

x10°6 J1S1x10-38, | x10°3(1-8;) |.1510008x10"3
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Fig. 2 Appearance probabilities for
Problem 1 with L =16, N = 1000,
ac=02, aM=005, andX =
0-
(a) prediction for IC1.
(b) experimental result
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Fig. 1 Environments for Problems 1, 2, and 3
(a) UDS for Problem 1. (b) UDS for Problem 2. (c) UDS for Problem 3.

00 0.600 0.800 1.000

‘.I--lnnnluun LB A SLELENLE
[} i

q B (C);
..... [+
W

Frequen

0.000 0.200 0.400 0.600 0.800 1.000

Normalized fitness value

() to3>

utation rate
1. e 1 S 1 ST
: ARNOE i Y -
0. : o 08 .
) ] ,‘ ®
o.6 . § 06 |
[ 1 !
04 L . 2 0.4 frrevreesgPionaeceist
o,z:. ............ : 0z
0.0 ] o 0~='-"-=0.2 ol o.::sml : L e, 0’.;&-:::'
° 20 o o 0 1000 Crossover rate . X . .

1.0

o
©

o
]

o
>

0.2

Threshold value K

1000. . and K = 400.

(a) prediction for IC1.
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Fig. 3 Appearance probabilities for
Problem 1 with L =16, N = 1000,

ac=0.0-1.00, M =0.05,

Mutation rate
Fig. 4 Appearance probabilities for
Problem 1 with L = 16, N = 1000,
ac=0.200, aM =0.00- 1.0,
and K = 400.
(a) prediction for IC1.
(b) experimental result
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Fig.5 Time-dependent appearance probabilities for
Problem 1 with L =16, N=1000, ac=0.2, aM

Generation

=0.05, and K = 450. (prediction )
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Fig.6 Time-dependent appearance probabilities for
Problem 3 with L =16, N=1000, ac=0.2, aM

= 0.05, and K = 450. (prediction )

— 901 —



1 1
1’"" T e oy
0.8 - ELACTHE I R YT
0.8 ". ]
2 06 T | f . ® ]
= B - 0.6 '
§ F - = |81 I & 1 _IB\ ‘
! | ] ;
s 04 : 8 o4 7 el
U o 3 ’ p
] ! :
0.2 I; ] A
] 0.2 T
v !'. A r /
0
0 400 E%% 1000 o 200 400 600 800 1000
Generation Generation
Fig. 7 Time-dependent appearance probabilities for Problem 4 with L =64, N = 1000, ac=0.20,
aM =0.05, and K =450. (a) prediction for IC1. (b) experimental result
1 ! Y : Equilib i
X : Equilibrium point : Equilibrium point
fo?crossoveeo operation (@ for mutation operation (b)
~= : Crossover pressure © o ~gff= : Mutation pressure
v
@ dXA=0 o §°
Q.
3 g
& dXA>0 <]
s dXB <0 %
£ - z
.:E XA < dXB =0 :-:5,
[<] dxXB <0 ]
o o
dXA <0
dXB>0
dXA <0 Y
0 Probability of Group A 1 0 Probability of Group A 1
Fig. 8 Crossover and mutation pressures (a) Crossover. (b) Mutation
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Fig. 9 Periodic oscillation and chaos in the predicted results for Problem 1
with L =16, N=1000, ac=0.200, and aM=0.05. (a) K=450. (b) K=250
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