BT B (1996) B (B EORE
FAAE 18 19-30 RN

BIZBT7TIVIY) X LEEVTFHIT T 4 IVY

o 6 LT T T ] yill <

(1995 £ 4 F =D

I BU®IC

BER 7 VT Y X4 (Genetic Algorithm, LI GA LH89) E@BEMIIN A R, HRE
KERED A S = XL ZEMT 5 HBLO—FET, TOERY D IC Holland (1975) ik »T
BEAN, FicEoFE S (Goldberg (1989)) itk » THRBHIKHENSED SN, ZDF
Fi, BB LCHERIERAZ RO ACREOFEN (A (1993)) %< 4, Simulated Annealing
# (LI#%, SA &W&J . Kirkpatrick et al. (1983), Aarts and Korst (1989)) & & G
BAITbNT WS (Goldberg (1989), Jb¥F (1993), F—E 2(1994)). TN 6O 7N T
RrEHWETR3EE, $LETH, SLon&ko FTHKNEKEREK (b5 VWidEN
KT 2REMOBERTHY, NENCHEEWIEEES S BMELEERENEL (KD S C
EWMEEL WL D HESICHICE ORI SFEE SN S (Sen and Stoffa (1992), &K (1993),
7 —E2(1994)).

GA ¥ SA B EOHEARBERIICKNE L T 5HBICE, MENROKENRE CHRL R
EEOEADER, ORNEEBDORTHE I VEa— 9 —DRENOEBALSVE - TEH LAHE
M2EH 5. F—IBTOEBEATE, BERLF -9 2EE T 2FRECED © 7 VOO,
DFDHEBL DN A —F —EEO BT EFVORA~NOEE A INICHET S, 0k
1, KEBEFVCLORREREL, ZOB@EN Y5 2 — 5 — 2R+ 2 RE( LS LEL
e, AROBEF CHERPCBRAKENICER T 2T, REERIEN L TECHER %
HET 54 FEPFIC L - THZ 5 B (Akaike (1980), HZE « H (1983), JbJI| (1993
a), RE (1993)).

NA ZEFVORGEELES, >0 4y 2 BEF £ 5 v (Lindley and Smith (1972),
Harrison and Stevens (1976), Akaike (1980), West and Harrison (1989)) 1%, SHME
DOFEY] 7S parametrization IZ X DIEFICERTH O, EBESFITHUNTFOML ORJEICIGHE
T3 (Gersch and Kitagawa (1988) OZEHR, H 5013 Ui (1993a) =#&H). «
72, B s FoZXEFVTRMOTLH CEMBTERY, HE5VEROE -7 E LT ad-hoc 73
MEPEEOMEOh THEESRE 2R IHES H 2 (Kitagawa (1987)). ThoOREE
HARGETWMOW I FEE LT, 52 — % —BlIC—RTHBSERIEEE b L S SR -
T, A9 RABURE~A AGRT € FVOHEE « —RILTH BIEA 7 ABUFERTE ~ 1 XERY| € 7
W BEICHENICER T 2 FEsREs o (Kitagawa (1987), dbJII (1989)). 77K c o
HiEic X BBETIE, REE~ Y L (state vector) DRITDVE L 2 ~4 DG LHBHENTH
W Epn, muEEEFY v 7L, BERIROBER parametrization & W OB & S
BRETELL - .

Bll, COHRIETREERIER BV &, JEN Y BRI~ RS 72 <
HiEsEEs 7 (Kitagawa (1996)), o7 I Y XalE, DSHEBRALG» O OEBET
boTT-CWBI &S, EvFAaraz 4% (Monte Carlo Filter, Pli& MCF & R&9)
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LEMFENTVS, B, EBEOM 2 HIERF|ORBEOIGHAAEEN & 5 H, FAM - A%
PEDEIE D 5 OIHFEMESED SnTWwa G (1993b), Higuchi (1995)). %£id, MCF
OFLTY XAFGA ORA S BERUEEE O EMNNML-TW0E (HEO (1994).
MCF i3, GA DEAHE I v T b « 4 4 —VOEHTIRNEL, £<& BHOR BRI
RITOLDTH B, HERELTHELEL ORNAPRBRY OIS, ARTHE, MCF % GA
LIES B LEIT 22 ET, MERLASNIEANE T VT Y X A2V TOEREH
LMicl, ZODH, GA MBS XHFTORHAA THRIRTE 5 2 & 2RT.

2. 7idU X LOBIER

AETIRE S, GA & MCF 0%, mEOMIGA T 28 E W CIHFEFICEHREICTY. 2
TS % GA 13, GA OBR®BANTFEXOATHRENLDT, RELEHELIITD
HHID - HIcBA S 15 modification (BB (KK (1993) LW HSETERHIN B LS UTF
X)) Ao E TRV, BLWEERHHE, Goldberg (1989) X AHMEKR, H5 0
22 ER - ER (1993), ¥—Ex (1994) HAEHBEZBLC L TESLL

2.1 REOEEHATIVIIVZXA

BiR L7k 51 GA 0 B, HIEK f(2) 28K (b LAEB) KT 2 L% 27 0
BHTH 2. DkidRofisbonic, MERELXENBRORRILIcS 2. GATHz %,
k% =4 BT artificial creature EVE5. EMODNA%ZE#RL T, 2Tz 0BMHIZES
KR LS h—ADD It 2ERND->TVWBEET BT &M D, BT string LE@EFE. T
T X ald, BHE(LOMLTIC LD % Operformancel » 78 D DERMEE & D H (Whitley
(1994)), zhicBd 2FRIABOTLENICIThEOT, HET 2.

CTOT T Y X LM, BRIICEERERD TV T VT ) RADRRAT » TIBVT,
Hiem HOBRBEROBRELERT 25 TH L. 20EMNIE, f(2) DN LL, »oBROLHKME
L2 LS EEROBRROBHATS> Sicd 5. Chllk mBEOBE % (2=
1,...m} EBWAFAEDIFT, F1 OB population 2 RKXFT Z®W L Ed, [NERAFOD
(n) 13, EnBHOWMK, 2% v nHOELERBRBROBMTH S T & EPURINTRT

&25v 7 (L) & PTFRERTISOFTHRELOBERSN TV S,

1. Crossover ¥ 72 i3 Crossing-over (X))
(a) Z@ Vs m/2 80D parent % Z T RT EDL B,
(b) &7 ic%t LT Crossover &FEIZ N BT (ROARORZNEEMS 5 £ 5 Bl TiT
3tcsh, TOXSBEFMBMT SN TWS (Goldberg (1989)).) %R P, THT
(Z DR, MR 1— P, Tchild i3 parent L& F LI 3).
(¢) RO 2™ (0% b child) 2&~7 T 2 l$ D generate 3 5.
2. Mutation (ZERZER)
(2) Bonfgz™ L, WRP, THYSES VL BENEELD
3. Selection ¥ 72 13 Reproduction (7&iK)
(a) %% 27 O BRI O f(2{7) KD 5.
() 2" %

f(zi(n))

m)y
(21) P(Zz ) Z:nzlf(zi(n))
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DT resampling 3% 2 & T, WikgO Z®@ 2k d 5.
4. 1~b 3B,

GA @ MCF & Ottt 2EICT 3720010, X5 v 71 -3 OBIESES N Bk Z™
B2 ZW, Z8W EHRIIC S A ELTEL. LS ->T, 27y 71 OFIET parent & %
Boao, Z8 Y rkahs, ARk, &stringz™ &z3, 25, 2y ERILT 5.

GA T3, BWEH r() % evaluation function & 5\ I3 objective function &\ 5, % 7z
>im_ f(=z™) % population fitness &V, T @ population fitness THIRIL & 1172 evaluation
function Off, p(z/P) O &% fitness LS (Whitley (1994)). HEATH 2 08 EEEL
THLE, f(2™) iEstring 2P HEZGTEFZBTH 55, fitness LM LR T 20D
AVN—BELTHANICEZ AR TH 5. gidboRiILEiC L5 &, evaluation func-
tion @{E&if(zj,}")i , 2579 73D p(z™M) 13, p(zfu’f)i) 1B,

P EiE, BEERMNEFHEZBEORPEZEWIILED GA I 4 33T, simple genetic algo-
rithm (LIt SGA EFES) EFHEN BN & 0 O (ZER - BB (1993)) i3, BN
Bz OFSLOBBAD®RITS. EBICE, 27w 7 1-3Th-» TITONZBIELEMT,
PO EEESDEL TTL I IR TREBENL OB ELN TV S,

25y F3EBVT (™) BARENT 3L BEKER S HICR, M) ET~<TE
BTHFIER SRV, EEOBINICH: - T, 2TO f(2) BIEMICE S & 5 15EY 5L
MEEZ, LB (27 #FHOTp(EM) 25ETS. flAR, SALDTFRY-T,

exp(f(z)/T)
7 exp(F(z{)/T)

EWVWAHFELBEINTVS (Sen and Stoffa (1992)). T id, annealing temperature. — &
NERBOEBERFEIEEES, Hodi, BRAFFECEIOEFEIRELEET S, FIKEAE,
BEATAMBECH L T OEBRETRT 5T &0, SBboshRE{EES 2EHETO GA DX
R&nw s,

2.2 p(z™) =

2.2 Simple Genetic Algorithm (SGA)

SGA 38 » & & EARMIEBIEN T THERE NI GA T, Canonical GA £ I TV 3
(Whitley (1994)). 2z 37 b A ThhEbBOH, 2H5—& LT SGA DRBEHIERL
DFHAZIER DR VDT, EELodicAy T —LT 5.

2.1.1 FSHk

FEbDHER, GA OBEBLO performance #F L EART 2D T, BEIEICE U LD
EBEETRARMPMBEELEINS (Goldberg (1989)). 9, z RIFEH oz LT 5. F
ElicidEE@o 2 EXE LA L, PEAERELARSFZR T 5bit B 2HET % (Stoffa
and Sen (1991)).

2.2.2 SGA DEKMFHEE

1. Crossover ¥ 7z Crossing-over

(8) 92 V5 F v ¥ L2 2 oD string RUH L GEE it & 5 pRH W),
GE0 20 o1 BT Em/2 DK B.
(b) iz, UC[0,1)) O—HEEEFREL, FOEMB P LORZVE SITROBIE 2 ~
L. TnLTR O, DTo#fErliEs.
i. string OYIWIAsEE U 2854 (crossover site ETRIEN2) % 1~ [—1 OBEEH»
53 v LIES BREEEIETE U< <I-1).
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i, 200 &2y Y ORI, bit 25T 5.
2. Mutation
(a) TNTO2l st L, UW0,1)) OFEEAEREL, ZOfEL Py LHRKETVE5FRD
BIEI~NES, FNLTRSEUTOBREERKET.
i, ERERMRBIAES%E, 1~ I OBHEH» S vy sIn@Es BrEliE I, &
5L, <D,
i, I, bitB%, Kix (07851~ 1748560) S¥5.
3. Selection or Reproduction
() 2.1HiD X5 » 773 OBIEICF U
4. 1B &3,

2N M VOEEE, SEEHLARESSE B (1993) 724, TaEKRRSEK
string 2% L, 1, 2 OEEETAI LWV,

23 EVFANOT4INS
2.3.1 —RLREZHRR
~NA REERFE F VO RELL, RO XD B BIREEREF &Y S Ul (1989).

(2.3) (v27ne7L) 27 =gG""0™)
(24) @Er ) Yy =hrGE"w™)

22T, 2™ AR e O K IGTIREER 2 b v, ¢y 3E%Ie © X0 5 —BRE. o™ i, O
g(v) Pt S L Rt noise sequence TH 5. F i w™ 2, r(w) OREIZ LMD A H 5 —
noise sequence ¢, w™ = h (g™, z2") TEicEE 2T . a5k y® &2 oMKT
b5 low™ /oy ™| = lon" /oy ™| & w'(y™, 2™ LI it 5.

REE~7 P VOHTER, —BUICBKRO LS BaHOHLATSA 505 (Kitagawa
(1987)).

(2.5) &2 p(z(n)‘ Y(n—l)) _ fp(zw- 1)|Y(n—l))p(z(n)|Z(n—1))dz(n—1)

P(y<”>\ z("))p(z(“\ Y("‘ 1))
Syl z2™)p"Y " )az"

cooplziy) B, yME5AONkEETOr &R ESR. 212, YO = [y, y™].

gD BRUR() B, B4 0ERELTEET, £0Lke(w) &r(w) BRI REVSE
BIEA I, REZERE SV (&H 5 \Wid Dynamic Linear Model (Harrison and Stevens
(1976), West and Harrison (1989))) *EEiZh, #LX (25), (26) THROLWAZSHHT
NTHY RSB, > TRENY FVvORER, ZOPEHBELSWIETEZHET S, —#ic
Kalman Filter S8Frsh 2 73 X 4TI 5 2 515 (Kalman (1960), Fil (1983),
JbI1l (19932)). —4, FEH 9 ARG O ® F L ORE~N T PVOHEER, EABETH -
FELTHIEN Y LS (25), (26) OBASEERICITLBINIFL ST, HSHMENE
STERAMEOER, RENZ P LAED TERG (K<3) 0B&D0ATH % (Kitagawa
(1987), 4BJil (1993a)). MCF i3 K »HERAE L (202LF) »o, L/phswigsag (L=
1 ~5) OFEFEE L TREI N,

MCF ic BT, m D particle (GA T string 15t ™i=1,...m} &, 2 05
2D P OOEBRBETE. 020, 2P TpGWl) REMT . fE-T, 2" OHBEHKER

(2.6) (B pG™WIY™) =
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PP =z ) RBiICEST, TRTUmTHA.

LDOTAFTIR, GAEHR (Vv v ey 7 2F— (1982) ERENBKE (75
X)) BEHOKIHMGERCENE, 2HEBH (0, ¢ ) OBMREEZB DI, HhE%E
fp,qt) =1/m 2,7 6(z—z) &4 37 7u—F (Klimontovich formalism & " ¥ 1 %
(Klimontovich (1967))) &RILTH 3, b5 5A, 6(-) BF VI, 213 —MRfLEEREg &
— A LEER p TR S N A AMEZEREEELE, oz 13, FOZEMATO i &FH O particle ®
FEE A RY . BHIRME m O particle ©EEEBH L, % ONWOKERE ToOABK O KRR
BAMHEET B particle simulation &FEHIN 5 simulation $[F L 74 F7ICESTWTW 3,

232 FZINITUXL

MCF &2 57w 7 (#L) &, DT RT 2o0FFHEELOERENTH S,

1. T#l
c 2V st LT T O®IEAEITY, RO 2™ % generate 3 5.

(2.7 <n> — g(zm D <n>)

22T, o ROGEH () »oBoAKEK BRODIT, THlRO " %,
0 &Y. g(-) B, LRl (23) oy xFaeFLBNCER CORETE
5 &Pli=1..m &, &P Pli=1L..m} & Pli=1,..,m », pGE""
YO ) RO q(v) & 5 BOBOFAE L 1A sequence TH B30 5, (25) DY R F
LAEFADT O R ATERSNSTRNM, pGPY" ) hooEBEEEL NS,
£ -7, p(z(n) — ZI(DZ-)‘Y(nﬂ)) =1/m.
2. A¥
- (2.6) RO p(y™z") ik

w (n)

a (n)
(n) (n))

(2.8) p(y(")‘ Z(")) — p(w(n)| Z(n))'

=7 (w"w'(y
EEFE. Ih&b,

(n) 10, (n) (n) ) _ (n—1)
) _ _(n) (n)y r<wi )w (Z/ y ) p(z ZP1‘Y )
2. 4 4 i Y - n I n 7 n n n—
(2.9 p( pe | ) sor (W™ w (y< 5 z,ﬁf) PG = 2y )

r(w)w' (Y™, 250) - (1/m)
m r(w("))w (y(n) Z(n)) (l/m)

r(wm)w (y(n) Z(n))
Zm_ LT (w(n))w (y(n) Z(n))

BELNB, T, wW=h'W" ) Lk,
ez &, (ww (ym 28/ (wiw' (Y™, 251 OHEHR T resampling L,
FlLomBoz™ 285, Th%, 20 L7, &7li=1L..ml & Y™ 28AL
kbEToz™ 0Nt p(g<")1Y<">) POOERMERLE, p(z™ =Y )
=1/m&nsd. k-7, R @D 0" Vi 2 TH 5.
3. 1~ L3,

EEOBITTEL EbN 2 EFVTE, w @™, z2™) 2z KEELETVESEL, 20k
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5184 (29) Koo w (¥, 20) OHERST, HMFTHEHELHVEKTE 3.

3. 7hIYXLOXEER

3.1 MCF®GADEISHSDHA

3.1.1 FH

Crossover & Mutation ®—# O F-5 % 2 BRI A NIE, parent Z9 " H 5, RO,
5% child ZJ ~OMRIRTH 5. —F, FHOBREOHES, 27" o, 5" ~olift
SRTH L. PE-T, FHIOFE X3 Crossover & Mutation iZ & » T7E & 11 3 RFICEBEKAYIC
s LT W5, Crossover & Mutation TH1Z 54 5 randomness (3, MR OE OIEH (xE
OBICEL 2, BROELSX (b2WVWEELN) ITHMT 5. MCF T, FRITMA SN S VX
F o)A RBEOREEH > TV 5,

312 Bk

2 s Selection K EZL B LTV A D, (29 ©r(Dw'(-)/m %, (21) O evalua-
tion function f(-) EBEWMANEHASHLTH B, nicky, (1/m) 2 r (Dw'(+) TEYX
N5 (29 ONFOp(y™| YY) ik, & n D population fitness LR T&E 5. 7272 L
MCF {235 W\ ¢ evaluation function i, 7 (- )w’'(:)/m OEBICEKRIAE LD, SAondT—
sy ofdicn & EbIET 3.

2T » TV BH8IE%E GA OB, SBT3 &, childzy) %, A onABEy™ ~0
% child ORIGEIIE U Tk S ¥, HIKHE O parent DB 2 2(ED 3 Fhi L1505,

kO 7o+ 20ENk 2FE %X Th 5 Resampling O HESFHAIE I LV, RELICE
6 Eich T 50 (Goldberg (1989)), BPAMDEAE %KD 5V 2 ORFE~NDBERZEL T
BN HENSRSEHESN TS (Brindle (1981)). MCF i1 % Resampling 7k & L
T, AT R DEONSOEEOHREEEASZ 2500 EE L, W OhOHIEERE b
Lz, SGA TEEBEHENTVWA L —L v PHELD B, Stochastic Universal Sampling
(Baker (1987)) ELEREh 2FEEE01IH A, EMROE (Whitley (1994)) s B THEE
LWERE5Z2 32 EpRanTwd (WO (1994).

313 XE

EFVOLE (Y i, kOLS>HETE B (Kitagawa (1987)).

p(Y(N>) :p(y(N), Y(N—l))

_ p(yw)‘ Y(N~ U)'D(Y(NAI))

N
H p(y(n)| Y(n*l))

n=1
N
(8.1) = [I (& n D population fitness)
n=1
(3.2) = —¥& (family) O fitness

o7, EFLOLEEE, (31) TEZSNS family fitness DHETH 5. YV FBEE VS
SWIEVRA L E, BAEEE, BABNEEBEDDL ET, family fitness E&RKICTSH LS
EEFILOBIRIEFNCGX 5, 31.1-313 IoRLIIED DL 7o v -4 BO(1994) kK F
EDTH B,
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3.14 FEBit

S Y ABAILE b ET, BECH-T, 27 (0 <n) 08, 2F0 pY™)
A3k B TE 22 EB{bE WS, MCF OAA TIZ, Storing the State Vector DFE, Two-
filter Formula = X 2751 (Kitagawa (1994)) RS hTw s ()i (1993b), Kitagawa
(1996)). #H#EZ, 2z 0L AELEEHRTH 2D (23), (24) it 2 €7V (Bh2b
ATEFNEREEIND) LBOWTEEBSH KD 2FHEE (FE Baum-Welsh 7 v T Y T4 L
IEiZ N 3 —— [EREIZ I3, Baum-Welsh 71 3 Y X 4 & forward-backward 70 7Y X & %l A
LbetFEx ——) LABNICEELCTH S (Baum et al. (1970), Huang et al. (1990)).
TR, BIEICOVTGANRESEAL SHMETS. BREERSICT 57291, string Xt
5 3 2™ 2 En RO AR—@EAxE L THHT 5.

D7z HIT, WO OEKAERL THBL. 7, EBtoFREzckvoni, &
n—1Ro i BHOAZ, 2070 TR, &/, TOAEZOEMNIE > TEBE, BHH
WREZRNICHYET 2ROLHUBEE

=1y __ 1 2 -1
(3.3) Sl = zé,i), zé,) zé’;

TEHET L. REERY F vz 2E a1 R E TN RE

(84) X0V = [zm, z? ..., z("fl)]
] (n—1) _ (n—1) 2=
TET. X =S, DEHE%,
35 2V =20 2P =2, 2" =20

Ed s p(XEVIYED) 38 (= 1...m) TRESATVEET S, -7, p(X“Y
=S8V YDy =1/mTHB.

Smoothing by storing the state vector Ic & 2 5l%, BITD 2 20FwE THKE N THL
5,

1. FritRoFt
(a) STV itk L TR OBIEAITY, Fin HROAR ™ 22 3.

(3.6) 17 = g(z$ "0
OB, TRIEECL.
b) RO L HBEZDL 5.

W _ [0 ® (1) ()
(3.1 T = [zslzélzs"l "

Zhid, i BHOFIMRE TORRRIZ, EatEREMAZFLOERRRED> 5l &
2EHT 2. YOV obeTto XD onmik, TWGE=1..,m) TRESQ,
p(X(n) — E(n)|y(n71)) =1/mTH5B.

2. Ik - HAE
BBy 0 b ETORKROEFHLR, AWEFL LS BEHETROLS LRD S
ns.
W) -y, ) — @)y &=-D
(3.8) PXP = TP y®) = pGIL Y ) p(X LY

p(y(m‘ Y(n—l))
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_ p(y(")lt,-("))-p(X<") — E(n)ly(nfl))
p(y<n>|Y<n71))

r (ww' @™t (/m)
7 (ww (Y™t - (1/m)

L, w® =y ™), Fhw' ()i’ (28) REFLL, 23.1TERS K
B TdH 5.
T % p(X™ =T Y™) O MR T resampling L, ST 2 #E3. T OESR,
pXP =STIY ) =1/m L2 B. COFHEE, 23205K L.
3. 1IR3,

ZOVBILDSER p(ZTIY M) kb a0 AT 01, p™Y™) ZELS % m A
DRZAPn WREL B A ERBCBTIRNTEICKRLC L -TLES 2D, dFHEHANTEE
W (Kitagawa (1996)). COHHREHETH S, EZBMIHEI LR, 27 v 7 1 (@)OEE
TEELEn HROAM £ OBE Y™ ~OBSETTNTHRE->TLE S, BREBALEAR
BoTLEHN, WHAREHOERMTRTH A5 E, Bn e », “REOBFH " B
BAO@EIEHENE, JOKRRIOBRTEREINTED > T L& 5 AIREMEDIERICE 15 5.
nBREL L - THERDEL vicid, FHRTORREE~OBEILES o A &EERE L T
BVWEBKETHL, H-TndEREESIT, TOLIUTLEDOVOVIHIGETE KRG
DR S WIS LT 5.

32 GA O A XHIRER

321 YAFAL/IAX

parent 2» 5 child ~OHRIZR D, MCF iZid ¥ 257 4 € F Tl & 11 5 deterministic
BERE « BILORIENS 255, —HGAOHIZRZDLSBb0REL. FAZEXRMCY 25
LEFNERZ DB g(-) ELT, ROLDBYRTF L/ 4 AWNEHCANENE b0 %%
ZA5.
(39 2™ =g o™

¢ () B3, RN OBRIZ deterministic BEEELEZ 5, L2 A0, GAIKIIZ0D X 5 LHRH
75 HRRORE S 1RV, THe Y —0BHOMESE L TR &, GA Tgenetic drift &
W, MORUEL SMERICAEUERE L TEELORIRE T F2 X5 B b0n T OBE I
*Iad 5.

SGA @ Crossover &Mutation i2 & - TEZ SN 3 EHOESEE, MCFDY X5 4/ 4 X
OEEMOEZ S, 4, fEHS Mutation D F 0 HiED 5,

Mutation (&, 200 12/ 4 XEMA T2y AEAHT 7o 22O T, 5241 MCF O Filll®
BRI r — R EEBZ 5B, VRAF LA XOSHHOWEILR, Y27 L EFVOEEKNIEIE
BUEBDOT, MCF CREHE ") =z"V D5 v yavi—2 27 VEEZ L,
Mutation D& v/ B2 KR LTV B 720, 55/ qw) oAk HEE V5K
REFTV, LhL, 280 &, BECEREE -zl 2> TED N2 0™ ONTHE, ¢(v)
DI RRD & 5 BRI ER 2.

!

(3.10) 90) = (- B a0+ B X ol 2™
i=1
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w( DR, z=00Ex1, TN TRODMEEE 2B ¢ &, P,O1HO NS 2A—5—
THEINTWL 3,

Crossover D&, —icid ¢(v) TEZURIMCERT 2 L HE L VY, KDL S K
EDLETHBLEIENTE A,

AD I OB, 1< <[, HRT2. 554, lh,<I-1.

A2) parent BEHED 3 20V D I, bit LMFTEBRENBEE, —BAMIE-TLE LT
3. o%0, K2V Ol bt UFOTFMO bit TRES W TAKEE i~ &35 &,
Plglm=) = 1/(2%=) (72721, 0 < zime < 2me—1 OFED) LRET 3.

T, BENICL, = kD% & -0, §(0) OFBERDS. &, 257" O kbit BT
DOFR D bit TEESN2RUEE xF L35, 27 pizy; " & D Crossover 12 & » T 3 &AL
H, TS LY =) EFNOEEDD, vy =22 THE. EORELY, &2y 0N
RBOBO0<r <251 OBPAT—RTH 55, v, DN p(v,) i,

k*
81D plyy=dllc=k P.=1) = 2 Zz,c'd\ (—(2F—1) <d <21 0%
E35.
Iold, 1 <k<I,,, OMOEKEL BRI DT,
1 lmax 2k—1dl ; ;
(312)  ply;=dIF.=1D = ; 2 PR (—(2mx—1) < d < 2'—1 DEED
max k= 1I,

L3, 27T, 1, = ceiling(log,(|d|+1)) TEZRENBE. ceiling (x) &, z L EORSE/N
SVEHAEEZ 2N (0 DR, kL, d=00L,E1ET5. oXEELKE
EN N

1/ 1 1 ldl/ 1 1
@13 ployy;=dlle=1 = lm,,x< gl glmax ‘?( AT gl >>

(—(2hx—1) < d < 2mex—1 DEEHD
EAB, [T,

o Pc/lil_@<1_1>>
(3810  plyy;=d) = (1 PC)ﬂ(dHlmax\Zld” s T

(—(2m=—1) < d < 2Mmex—1 DEED)

PEOLNG, BEIC, =7 PL=10E0, plv,;=d) 2K 11TRT.

GA BV TREBLOMEREHTET AL PP, OEEZEDL SVWT LS X VOB —DD
FHEET& 3. R8O & ad-hoc KM 5.2 2D TR, PP P, OEXEHNICE{/LEED
SBBLETH LN, A I LT GAZBEAT 2 IAbSN TS (Grefenstette (1986)).
MCF 8133 PR Pyld, Y2574/ 4 A0S q(v) 250 T 5 DICBELNT X =5 —,
SF N A XEEFOFEA A T hyperparameter & FESS & DI T 5.

3.2.2 fitness

fitness @ A ZFEt DS 5 DEHOTIZ, 3.120HHICL VI TIKHLMLTH 5. MCF
1251 5GA O evaluation function A4 2 DT, K27 v F7HICA->TL 57— 5 y™
2, GA @ evaluation function iz 37\, % H 2T MCF Oia ciA%EiT 5 &, GA
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Crossover

0.15
5

0.10
L

Probebifity

0.05
1

0.0

100 0 0 5 100
Vij
1. Crossover T5 %2 6N 58{F%, MCF DY 25 A/ 4 RTEZ LN AEHO
RO LI|A KO, D51

TREAXTy 7EILEE (F-%) B520hbETHRIKDTFEXAIT-TVAE LD EBINT
3. o0 GAOHEIKE, 7y 7RILF -4 28HBIL, D6pE" YY) 0EN%E,
ZPW T TWA T LT D, COBEN ST EE, BBEILOMES LFs it BAIND
evaluation function OBEMEIDETE, 2% fitness scaling (& %\ 13 fitness streching &
wnad sk s ER (1993))) 25 GA TR $HEEIGMAMEIC L 5. fitness scaling O —
ELTREE N, (22) THEALGNBLISIREARRKBOTD, IV ra—LXF XA~ TO
RETREGEFICHERE TS, Cho0EFIET T, MCF ofila T, Bll, 1 Xos5
Ty (w) 2FEE S DRBILE TR L EBEIRTX S,

4. £&£8

GAEMCFOT7H+uvy—lEREHTAIEIcLD, MEOHRICEETA 77 % WM ICH
METXE, £, RL2DT7 VT Y XLADHIE « HEXRETE 3. HlZld, GA % MCF O#l A
PoHBE, VRAFL)ARTHAT EEROES XFDE 2 b, Crossover ¥ Mutation 72 1F
T, DI XFREEHEZ > 2. MCFOFEHEXD, THRIDEIEIC GA © Crossover %
Mutation DE{EEZ E D AR TEEDDZ B, ERILFNODORANEZF LI - TR ENDD
%% (Higuchi (1995)).
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Genetic Algorithm and Monte Carlo Filter

Tomoyuki Higuchi
(The Institute of Statistical Mathematics)

The “Genetic Algorithm” (GA) has been proposed to get an optimal solution for a non-
linear multiparameter optimization problem, and well applied to many inverse problems as
well as the “Simulated Annealing” (SA). These methods are characterlized by using both a
random walk in model space and a transition probability rule to help guide their search.
Recently, the algorithm with a name of “Monte Carlo Filter” (MCF) has been presented for
the generalized state space model. In this study, we investigate the relationships between
GA and MCF. The major objective of this paper is to cast GA into the Bayesian framework
by its interpretation from the viewpoint of MCF.

Key words: Genetic algorithm, Monte Carlo filter, generalized state space model, dynamic lin-
ear model, Bayesian approach.



