HRatEEE (1996) g [FTERFEORE ]
EA4% 1B 49-84 (B EEAR]

< )Va7EE T AL
Z DT FENDILH

wEtsEssEEr A BE ¥ A

(19964 TR %D

AR, wAavEE YT AL EO—BSGETLE LAE I HEBEEOEIc>VTEP
LB LB 2E P S - T3, BRI AEEES (1994.4) OFEET
LT, KIBICINELE L, Fit~0BHIET I MEZOBHREZEBMLIbDTHS., <L
o7 OREICEET 2B EEE FORBEEEAZ TR S LTA 2. B2 THE,
SO BT ARREOWELMELE LT, EBOHTOME T~ Vo 7#ET Y F A LD
ERES LN E AL 72,

1. 188 ¥k

<N ATHEPETHODLEINEFAF 17 Z%2FHLT, BLAONTHERIAL SOV VTV
B2z Xekhkela 7EEEYFHALOIELIES CRIEHEHYE T40FIcbiz > TH
BLIE AR LT &, RIS - THETEANOIBHABEE ST 3, et F~ QIR
B U T EN R OB « BN o 0N IEs sy, TEEFRTEMATRELOF
7 (simulated annealing?:) & OBSHETLIZ S S Fid SEREICH » TOH, ~A Xtz d
CMZIEWEF O ORIBICIGHES NS X5 KB - DI T HETH 5.

2N TEPEEYTFHLOEEVWIZIRIICOWTTH S, YHpEOSE TR, Hier T
Aol s EEEAET LD 7HEEEFHVEFEEEKRT . L XBIT 28E&E, B
EVFAILOKREVLD XN, FREEBINIEHRTEHIZV., FEEP LE T BOEHED
EVFHNOEBELEDNTVEOT, KT 5000 AMBSETH L. 5lf, HitFon
Fride)ba 7EEE 5 A oE (Markov chain Monte Carlo algorithms, (MC)2) W5 %
MBEELTEXTVWADT, ABFTRENEHVE, Zl - HEDEFLELTOT VI TIEE
FLEREBLBOES>ERELTHRLY, MEEERAEREGRTE, Ry rei 0 HEYNS
BH, TOEEE, TFVOLHILOL, ¥EE HEE) OXBHIBONr, <2 7EHEE YT
A oo T2NEREEEETOD», BELLTVWAELSTH S,

1.1 I 7EHEHOEYE (—iEm

PIFTR, BBHGELLOF Y TLVEBEREHDOFERELT, TEMHGVPEL ONLD/RIR
Ao 7@ AL — VTR EEEZS, IOV TEEO BHET BASRREARR
LDTHAH, PEtYE TR, EEOBMEFISEETELLIEbHE. COBA, wLay
HIC L AREERIYERD S+ 17 ACHYT 20T TH S, HerEDOILHTIEIOX
SIS ER ARV, “PAFIZ R EnwIA A -VARKRERLELNLZOT, K
BTd “< Vo 7HEBEOFAF I/ A" OLIBEBEF VB EICT 5.

9, ZOLIBeNT TEPEEEL RN FEEASA LS. EESTN BT IKs X
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S TEFEES IR, Ria Sy ~OBBHER (W(a— )} 2ROEMN (FMHE
&) 2HTLOREDNIT L.

(1L.D P°W(a—7) =P "W(r—>a)

REROLEREOZOES, (1.1) oEdic, We—7) #0TH3L57% (a,7) 2FAKS
S IAGEETHBITLE, W OhDEERAENNE, EESHEIM—ICEEL, (P} it—
g 5 EMRE A, (MRS, EEEE & 284811, ERORBPERTS, EXREICRE
HBHERE 50, T TS ks nBE&s2E25L33.)

1.1 Kid,
B Wir—a

1.2 P W(a—7)

7

EREF AN, InFFroR {Wle—7)) 3—RBICRBET SRV, I T, AR W odih
CEHRLELDEEIDITTH B0, NELERTIEHDO D bEFFE(LT S0P 126 1L E
PDEOHERETZ2ONERBTHS. WTLAE, W=7 0553 EALE2FELL, KE
a sy GEW KA b0DAEEFELT IO THS. BENBRHAES SICRT. O
Lot a v HEAARE TR AR SAF 3727 ERERCEICT B,

(1.2) ROLABHOEILE - TWBLDiIT, EBEROEREE 3 i 3amrEkt
ENTVARERL VW EAFRLTHBL. HatEP <1 XFaticHh 2 0Hh TE, RbE
BOBRHICETETER VBRI L VWO T, CORARERKEETDH 5.

LSRR L2851, FRESEFMNROFVWED S, MELs545E4HELT S, Gl
FHEATH S 5, BEL>—BNEERIC> VT Geyer (1992), Tierney (1994), Winkler
(1995) L EFasEI Nz,

PITwl, #ElHowra 7BESEL, WEBEARKEOEBHERET S, (THIL %

(1.3) L,=W(i—>a (a# 7
149 ~25.Wa=7) (@a=7

TEHT L, HURTESHE L) »oHRELT, t> 0BEBICKREaIcVEERP() =
(P} 1ZHER

(15) dfiit )

Aiktzd, COBRL OEAMRE (A} EXNTAERA~NZ b v (Vi itk o TEED,

= LP(®)

(1.6) P =P "+ 2. aV exp(dt)

i=12,...
L1585, o) 3OS PQ0) II&IFT 288, VORI BEHOEAE~NZ bV OF a R4 EE
a5 (Vo (BOK) BROED S ZREBOBEICELVI LIKED.

(L} DRDPTHEROBOISHP” = (P} #BEBE~/ tVELTH21,=0TH5. %7/,
PSS EE BT 5 &, L UADL BINTHOEK THZ ZEKbhE (RFADALHD.
ZCT, BEMEE R s vv{t) = {(—1/A} 2EFETEE, () BT XTEOEKT, 205
LEAD SO T, RRBYEREOTELL S (B4 3) FToRMERD 5. DT TR
WHEHTOREBEECE-T, 1, BEIKL->TRE ) ZBNEM (relaxation time) & M3,
T, R d AEE NI PV R IBHOENE - FEREI EICT 5, EEOFEIIHY
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Ko <ba 7 YT 508, FELERWSOpEI SHH B, TELOREFRIHETHE
Do ((TERADAZED,

TIPREOEE LS VO EKE, ZHOREHELT, 42K, 5250y 1
I RS TRESEELEZR, 1= —1/A X0 HHEVERELZTE, 2ROR0OnHN
PPiClifi L wH 2 EThb 20l &, ROKEN VI 7EBICHK > TEALT B & &,
FILIREED & ¢, LI EB A - 5 e D BT, 7, K0 HARE VERHILRTY v 7 ERE I,
CNOEEESHNLS VI AGBARGDERRE A EARELTVS

1.6) K3, HoREBVLFLESI, HELLKRELS o D EoMRELTE, £
T1EZGEAIL 2 ES 2 oFFECR VEMICE 2 L WHEKRTIRIE V., TR DILD
DlF, BHEHVIHNT EABEBZZL DAP LRV -THY, HTET 3BELEEOITHILT
ZEOVEETHZLIBBETH I, HitHBHOBEAEE N, DhbhOFHITRID
SZHERML SNV EEBZLABRY, B 2R#{bOBE&O “NER” LREEL TR S0,

EH, HEEHOBPKELLEE, ROED S 2REBOKIGZ OFREEERTEA 20, Bt
g4+ 32 20 & TORBNBEIEEEIRMICHEZL 2 L3RGV, &4, BTICHER
ERPBBENLEFTVOESE, H5EEL FRIENHHOMBIIEMEKIcEbE T &
BEV, TOXHBES, BFDOILOREILEHBHHL i3 E, 1 3—EH IR
TEEEZLONS. BRERELSEFINICEASINTVWEEFLOBA D, BEXMOERD
FHBEINS L, BRIRRIIROED 5 2REDRE LI D IFA»IEED 5 5,

MRS 0, BIEOMEY GERicd, FRNIKS) L LIt Ths, BEILk-TH,
BRI THRE YA+ 317 206 E TRENEBBIEEHLOTELRD I 3. 20 L5 BIE&ICE,
L EE-ERCELNEZIEDD S,

BEED SEET R LN TELE Y F AL OETE, SHEEPRKBRUIGEMT 2 L5 LEA
BlEBZ Ty v FVERETRY, FhAERELTCHERELHES S, CohETR, S
DA D L, MRUNEAERASAZONZODTHLLE, & 21, BEESHOD
A 10 EE (1—e) MOEMEDOES, 1000H0EAIcz0E FHETIIE (1—)'™ DFF
EORUEBICHEABRNSES S, IOPKIYVHOST T Lo 7HEET Y F A v oEBERI N
TXFERHEBTH 5. BEREHOHGDIEL, BHNOSHSEYUEHERIC L >THY 20
HRETRLEMENDLS, HROFEEEI RETH 2.

g, o 7EEE T AV aERIEB Y A RENERICOWTEZL BRI, 280 OHAL
I TEPED R T v THEEREHOBEKMTH b DEE LM VED BHBHIE
KHBLEBLS TEEZSRY., BEHYE TR, siEE2EryFhrvaxsy 78 (MCSE) LU,
BEETVy TR (REY < 70 78 SLTRBILTWA, LECo A—EMICEHT % &
BAREDRFIEOHEM TR - LEATH 5.

1.2 22 7EHEZHBLI-HKITEDOHE

B < v a 7B OED S (* b o# Y 27k« Gibbs sampler) (2 W TIRIROH TR~
LZ2&IILT, ¥4, TR, fFofoea7EEOFW 2R,

EMERL O +HEVER T L 7EEL SIREHR LS v A0, BAOhSHH» L0
SYFLHYTNERLEEZEERATLE, FREOFHFARB A LT, BAohisn
H P To Ale) OEFFE

(1.7 (A(a)) =2 AP’
H 20T
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(1.8 A(a)) = [ A()P da

&, D &I IET 5.

(1.9 (Ala)) = 11m—* Z Ala,)
m=1
2w, o) E@ewvo 78S SRS TIREH LY v 7 AFTH 5.

WEH Ly vy 7 VORRS = v a 7 BEEOBAKHNL VRV E VS RHREABETH 5
LIzHELLEY. INRKROXHIICEZZ LS. Y IVBERHEENERIVERE M
OH%EAD. 0L, BMEHIOECHERE (RETE) JTLIRETELVRY YTV LE
BT ET, EXM/ROREOHTICHET B ENTESE, M/RBTHRZINIE, O
BZFIDFNF IO WK BOTEENRD 2 PFHECNKET 20T, 2EOFEHbEEL
WHEIINET 5.

Ei, FrILRROAE AT LREETH L. HROEKELTEE (19 LD
NIRRT B ((MRADASLED. Lichi-T, HEIBOFHE I, 2 FESBERICE S VE
FT, KANHEBICYy Y IR EBONEY, BL, v FuERIEVES, KETE (k&
ZIEAEONE) OFRREHEEEE T 2nIclE, ¥ 7 AVBOEBIC > W TOREBESHKET
%% (Kikuchi et al. (1994). 77 L, ThyfEIIB0RP X DBEHREBIT LT 2567
A 3).

Tty (1.9) OFHEOLHOY Ial—v 3 YOES MS IREOBHEERE ¢ kL THak
=& ZF1008% E 10T & AEF LV, FREICE, FELAVEEEA
OMBANSEHTE 2 LS5 ICB AT, X0 TARCNERVLL I Y, BREOEMEHE 7 2H
G T EOMN R RELETHAD (& T, DMRRMNBAOCAIF 28R, £ T, 9171
BHNETER, VLT, O EREMET S L (BHD) THEH, ThIFHETEY
DEVESLH B, BMIOLDICKH>TWS EHBIID I LG4 E & DS, AARZHHIR
BEHH v 1al—Y3s YORSAZEZATAEGRAL TS B I LILRIE 5.

(1.9) OHBONE o *REH IS IOHHUTHECONSEETH S, RS M OB NHE

& M BT -, -
M

(110) oo = Ml > {( 3 A '")) <A(a)>}2

—1 m=1 m—l

LT rbhbiITES oTa kmEHOHEOm BHOY Y T VOEKRTH B, Tk,

(ACa)) i iMMﬂﬁ@#/7w%éﬁ{%ﬁotqﬁ’Tc XPZBEDET B, MO >T, i &
NIEWES, MAKRELTA3CONTHEOMERENT S Hicihz, ORBEDIZMES

CEHTER). o DHEEIRSVTOL D B S N7-ZEH 13Geyer (1992) iTd 3. D one
HBENE— FPL0F50MTELT I ENTES (FRADAAT) 725, O LRIEEMN
HERBD OfDIC ZEERLZ WV,

EEROHEICH 1z - T, THIREOEEMIC X 354 7 2E2RL edicEREsh 39 v 7
FOROOES4E2+4 “BT3” (FHBOHMERFERLE W) CEPEHETHS. i3,
(1.10) Rk EEHTEOHELRUTH 5. BTAFORS IROREOENRHE, L0+
SEVWCENEFE L, BENGHTEOEER TIPS 0OPEELVWEETH 5. EEH
BARD 1/2 ED /4 5B TR ENREZVD, F-o20 LRSS -TEH LTWEDITTH
WV, HEICWAE, SPIOMAEELIETIOR, MIREXNPT o0 BRI Y v T
W TRBVEHIIEE (6) Da, R a, DRI VEE L ZUREEND 27D TH B ((TERADAS
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D). v 7URRO 2 RELTELO0EMPERTIEVIDE, AS-ASHOIHERNITH
BB, BRNOHREFTDESBTLROFETH 5.

< a 7EfE v A vekid, ERNCHEE - BES6E0HERETH - T, MODFEE
TRV, Lid-T, 1A, DHORBILERZOLOEREEFET A L TEA L,
BAZ20b0MNES LTHMNERBER, ROIEHOEYEAMER 1 1 & 2688 %51
BL, 2OBHEFAL CIRTESCRESSEI0MEGEETES. THbb, BHERlLsh
TV WA E P(a) £33 & %,

f(ﬁé@ me)>§<a”m

0 ~ 1 8P(a)
1.11 9 og | P(a)da = :<~ >
(11D o2 ogf (a)da f]3<a)da P(a) 04

LHRHEOTICE VT, ThAERST AT, bEORES (OxH) %2:31ET 2bTTH 5.
AELTIIVWAVWARBUOESEZ ONEN, LEATEEO HE” T TtbRW (Binder
and Stauffer (1984)). Z®@ % 4 7D AikiE Ogata (1990, 1991) 12k » THEH OB ICIEH
Sht. XOEBAREAOREEE L TR, HEINLT VY v I VICES CEFEROBRNE
Zond (XEIE1AIEABBE W),

LA, (P(a)™ =/ da/ S P(a)da #FI L THES S P(@da #3EL L5 ELTH
5FE L WKL, KBHEEETR, KIEP () ORSENERICAECRE0T, AlE<
A TESEE VFANOETHELLD T2 LBERIGEAEL B 5. CoEe, SN
ERcBRa CBRERC SiEBEshk.

1.3 27 EHOMEYES BEELNDER)

TR 7EBOMED FiioWTHBS RS 2 BEHEA L, BEERNTHERSMICTT
BEAGIETRT. £, 2HOAEOWMGEAEL—RES52 5.

131 X pbagRyRE

—fi, 52 ok mEP(a) £T58 (Thhrb5EEBO «© 3E8KY 5). BITTR, a=
{a}(G=1,..D VWS X3 BRERNZ VLS 5O IEBEEELS. {a) VBERER
DEE, BBFED) A PoRY RFEORERANLE T VT Y Xaid, EEOVHARE, SHZE L T
TOFIEEBOET L TELONS.

1. “Bhd CEE2RHIER o, Ik 5.
BALEARNLAEEE, BHEAFHVTIA2ERCETHS. FEDIIIODVLVTEITN SHER
BETHRIFNE, FBULHPFEHERTHIHERIRTV, HL, TOERLHEORPTE
LTS,

2. BHo, 2 EHEFT Ep, ‘B RO 7, 2ikD B,
BREOECHIIERRICT S, T4bL, q,0&D 5 5% {gf k=1,.., K} £95L
x, ABEHOCHERLY (K1) Ty, =g (gf # ,0BE0MH) &9 5.

3. bEDREEa = {2y, €yt EFIK Y = oy 1L g ITDOVT,

(1.12) r=P(y)/P(a)

iR T 3.
4. (0,1) O—FEEBRND %41, RND<ri3o, a, %27, TBEEH]Z 5.
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COTATY X APEMMAKERELT C L), ABIRES. 1B, 27y 71 THHEE
HOWTFIic—EDIEE T/ %:RA THFMIALERRSNE. 0lsE, BEOo=va7E
BOESHRE VS BEASLLELEERLYTV, &i(G=1,..,DKE>20VT, o, 05 %2ThrTEE
REZ, RAOw VI 7EPEEEINS [HOAKER2 DI THS. FAKIcELSL L, EAKT
ko4 vy R (1.338) OB, BT 2a0TRERICBY ST T, 0EO0BOKT
ALEOEHA—FEOHD» LE0DS, BOMBOKTFHIZS > 54 (checkerboard updation) 23
AReTH B, TOLIRFETTLTY XL OWFULHSHIREIZIL B,

(o) DEEMEAE & ZEROBEEAIR, RO Tl v. TR, 5Z 5N clERSMm
% P(a)da, aq,€ (—, ) &9 5,

1. BSEROBE LR, BYLHET) ZES.
2. da% (—¢,6) O—FEBE LT, r,=a+da &T 5.
3. bEoREa= {a,..., a;,...., 0 LB ERr={ay... 7. a) T2V,

(1.13) r = P(7y)/P(a)

iR 5.
4. (0,1) O—KEESRND %4 L, RND< 1%, a, %7, CHEHA 5.

{e) DREXR, SBNHHERD 2EELERTH L. KBRIICE, 27y 74 TRAITHR
Hxnz (“B1<") #4& (acceptance ratio) 250%HIEEHLIZLHRTE2ONMEVEVWDLAT
W3, IHARERITH O, RUEAZOMOEIRVIESTEE, BHBHEICETRESNLES
HIREETH B, 7277, acceptance ratio WA EXTETHEMMPEL B LI LWRBA T LE
BH 5.

FoOBIATR, SRS o BOBBEORES £ 2HEEKS VT 1 BOEROBEEEZ .
COXINREHKAEAREICIRIUEET 2 &5 BIERZIERNCEBEEICEL 5N 505, accept-
ance ratio DT 2 0T, —fEIEHT L AR EFRLEV,

A oY RETEHOF HEARESTHREN TV AEAREBIPTV. b- & bHEH
BEZIFZ, FHOBVEEO T VI XL L LT, B “BatTEARATER
LW &35 LTHA.

1.32 Gibbs sampler (#iai%)

Gibbs sampler &5 D R FETEEOCHETH 5. YWHE TV S BHE: (heat bath algorithm)
LIFIFHIET 2 LB bR B, Gibbs sampler ® 7L I ) X AR, {a) PEEREROES,
FEOVIHIRE, SHEL TUTOFEEZ I EST I L THRLNS.

1. BHHET, “BhIER o 2RO 5.

2. B, ® “L05BE TENFNHREEDHTS,
a,DED S B K EADEE (g k=1,...K) &35, EEL TV AL ORES a, (0 # /)
Bz0EET, jBHOB Y o, Mlg % & - 12REEE, ¥ = {a,...g,...a} £FT 5L

x, R %
P (M
1.14 e — ol o k=1,..,K,
(1.14) q TP () ( )
TrHET 5.

3. HEAEAWT, o 2R TREY BB SE .
Tody X LHIZE,
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k N
c@=2q¢ (k=1.,K), =073
k=1
« (0,1) O—FEEERND %58H:4 5.
* @ <RND< Q1.5, a,%¢g TEHXEHI.
EFnFEV,

25797 2&30E, BELTOAERSLAEZEE L E&E>EHMP (Flay,.. a0y, a0
a) Bo Ay TIT s CMVETY) TEEBEWT S, A oKXy 2EoBAELIRET T,
FLOa,BESEEMIE, LHIO o OREBIRELITV., 54, FMHEEEPHIINS
CEREBEICHEIDONED, BAONEOMBAER I EZ2ERER L ABE 0, E LN
W, X7y 71 TOEBORECSGR, A o) 2EOESLD b—#{kTx 3 (Geman, S.
and Geman, D. (1984), FHA) 75, @I A b oX Y REELECEHETEL TRWIEA D,

B ICETE T A3EHOKREE T4 EEMITHEL 52308, —RICREMS > THROHEIZH
KR 20T, BEREINATLEEL S, Gibbs sampler % EHEEH O € FIVICHEM
LEéas, —fBiciRATy 72 0582 BROFTENRE TH B0, HOEHERE 12D
BT B E0d 5, HMERHEEREHOMAEEATOT, BBERERIE L2
BELH OB BIRITEH I ANTHICEEEFVIZOHITH S, £, HE30HMOBEPEY
R ENF BRI DAE L TVWEEFTY (WY EAEESFTRETIV) DIHIC b Gibbs
sampler BEHICA v T Y A Y FTEBEDHBH 3 (Gelfand et al. (1990), Gelfand and Smith
(1990)). HHFE~OIEATEHIOL> BB LI LTRSS B T &5, #HEr% T Gibbs sam-
pler 52 h o R Y RBELDRIEFEEZED O EOOEHTH A D,

133 Hil: Ao 7R

LD UIRERPARES LXL OESFHBT ECEFIL TR REEZL S (KD, 2RERN
2ODREDELLICVELE 2EEHS =1 THobdT I &It d. Z0LH7E 2IRER
D ExRA4Y vy 2y (Ising spin) &R ENRHB. ( TIXNVENLBTEHDO LI,
S,= +1HSIFRVELD, S, = —10EBAVELGY, TRFNO->TLEEEZ I LW,
QREZORICHAEERAMPET NG, CORBHEIEHOA Y VIR V2 IEEDLLDTH
%, 27, AV VEICHAEEROS A EF VO BEGEEL LD E LT, SR VBEET
ZAMEDA 2KEEFRAL, HEEHOESBTLOMBILLSRVWETFTVEEL S,

€
[ L
r)
[
r D
-

< ] 8t
¢ > D D
Cr

&—& . 2

1. FABFLoA v v7zEy,
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HERNMMERTEL L,

(1.15) PUSH = exp (/TS
(1.16) Z= 2 exp(]§38p$>
config. nn

ERB. TTT, Dy BRI 27 MO (S} KBIT 2TIEEKT 200 LT 5. L BIES
BT LTHET 2 (G, ) BT 2MERLT. JIEEORIEROTERTHSE. COEF
WEA Yy SER, FRECE 2IRGTEFB T EOEBEREIERHO 1 ¥ v FERI S =50
AREICEET L HICE, BTFOBRTORVERDIEL TRESHVY, ITTREL1HE
WLT, BTFERMERSHS L REHBBRASMEIIL ->TVWA LRET 5.

4 Yy FERE, EEETWSI w3 7EET L (Besag (1974)) ORGBMUESDTH 5.
4 Uy JHEEICET AXENIBO TERS B, TR, BEAERCET A2EBE hO
(1970)) = vEsle vy FHLVoEOBEH BT 3 —% X (Miyashita and Takano
(1985)) 2BBT 2L ED D, TOEFABVAVAEANY I =Y 3 VBH-T, £TF
ThA VY IERIEREDOPRLTLEIR>E D LW, JKEDA Y v FEREHHFETY S
auto-logistic model R IFIEFEFE TR TV EBON 5.

4 v v FER OSBRI,

(1.17) EUSH = —J22S:S,

(1.18) P ((S}) = exp (~E({S)))

(1.19) Z= Zf exp (—EU{S})
conjig.

EHET L, HFEIMETRLEOLIEVWKES (33 0E, Zhic “BE” T (L5HD) %A
NEEe) I 5% (118) 13 ‘zxauF— (117) KT B3 FIT2AHMTH3" L0,
CTERUF =" EVSEBIREKY ¥ 720 ELIOBRIRERSTS S ST TEREVD
THEsShZV, HERERZ 39K LRI 5,

s A VY IERNTHT B A P oR Y RE

9 (S} OWIIREL Y b T 5.

1. BEEHOTRE VS, 2#E 3.

2. BARRE VS, RS AEA L 20 7 ¥ -FAL

(1.20) JE=+2]S, X S

i € nn(j)

EEET S, KL, () d7 0 AFOBERTFREERDT.
3. (0,1) o—HkELE RND 3L L,

(1.2D) RND < exp (— 4E)
Ko, FHLTVWERE YORFEEXET 3.
1.-3. %2807,
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o A v 7HERLC4 4 Gibbs sampler
3 {S) OFPAREE R v 5.

1. EFEHOTRAE Y S, 2&5
2. BARAEY S, B+10LEL-10EE20FROXVF—E,,E_EZZThENHET 3.
3. (0,1) D—KREFRND ZFREL,

exp(—E,)

(1.22) RND < exp(—E)+ exp(—E.)

7o, FHLTWERRE Y2 +1T, FH3THRINE-1TEEHEZ 5.

1.-3. 20K
EEOFRETH,

exp(—E.) . 1 N ~
(1.23) exp(—E)+ exp(—E) . exp(/d\é) B (1— tanh (4E/2))
(1.24) AE=E.—-E.=-2] 3 &,

i € nn(j)
ERHTHIEA boRY 2k ERIUEEOHER TEL.

50%F LTI exp(JE), exp(JE) & LTHRERMBEROATN AN S, ThiEHICLT
EELTBYE, HEBEZAKBREWTEXAILA2HELTHL. 0oEE FOMEIC>V
TRfEBEBREI iz L,

1.34 —#33 : Metropolis—Hastings j%

Gibbs sampler TEF> FHEROHENALERBED O E>DHE R, THMEEHE> X
REBHTHREAEATEETH S, Ihxdb D L—8bdbE, # MoRY RS Gibbs
sampler DI G2 SLEOT VT Y Zan2EL T EMNTE S, T0E Metropolis-Hastings & &
REENA T E0H 5,

TUTY RLE, FEOWHRE, SHEL TUTOFIEERVERST I ETELNS. 7 1M
TRHESMA (7)) 1F, BA0ES] EREa= {a,... ;... 0} KERFELTE O, i,
RO IS, HEREZTVEDET S,

1. ‘B dlEE2R L5 o 2D 5,
BLEKNIEAER, HEEAVT 28R THL, FEDIKSVTRIN 3R
WETIRF L, BOHDPEWRTHZHLEE V. HL, JORREZHEORPTER
LTlRESREL,

2. B, 2 EOEHT B0, B LD 1, 20D 5.
HER A (r) it - T, HSEEROTERE, 225

3. bEOREa = {a,..., a,..., 0 EF Y= ey, 750 ) EDWVT,

_ Pnia)

(1.25) " Plan(y)

ZEET 5.
4. (0,1) O—HEESRND 2%4 L, RND< r#5o, a,% 7, CHBEHA 3.

A boR) REREED], a, 7DV,
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(1.26) n. (a) = K (1)
MR T ABES IR T 5. 17,

K () = h{jal""’a""“’a’} () = P(play,. 0y ey )
(1.27)
n () = h{]-al""'7f““'“’} (a,) = P(ajlaty e @y, Qpiyyenn, @)
& L7348 Gibbs sampler 12244 2. <04, (1.25) Ro4E - 5T Pla,..., o,
ey @) BFRLDBET, Hir=1L10 5T EDRES.
2N TEYPE Y FHLOEOT AT Y RARDVWTORFEOREBICOWVWTIE, 1415KRY
16 1O AEBBE iz L,

14 EHMICAT DRIE
141 BRFEHORSGIRREZDR
R BE 9 5 R,

1. BNLBVEGICEFNZRAIKBEI LELBLD,
2. BIAEELTAICEES LESRLR,

D2DIEHRFoN A,

BEFIZH>WTIE, Metropolis-coupled MCMC & (MCMCMC) (BEIFF|> I a b —F v N
7o =) v rH, R#EE. Geyer (1991), Ak« @ (1990), A« &K (1993), /N
(1995), =& (1992), HF#EE (1993b), EE (1994), Gilks et al. (1996)), simulated temper-
ing 7 (Marinari and Parisi (1992), Geyer and Thompson (1995)), </ F# / =h vik
(Berg and Neuhaus (1992), Berg and Celik (1992a, 1992b)) L EDHgka iz T v v 7
WEES FESEHENTWS, 7, FREHNL S F 17 2oL OBKP ORFEENTY
% (Noguchi and Go (1985), Swendsen and Wang (1986, 1987, 1988), Liang (1992), Qian
and Titterington (1989), Besag and Green (1993), Goodman and Sokal (1989), Neal
(1995)). N oDOHEEIASBEEICE LD EELN LY, BHINOBEICEY IV,

Bl & — R RRESEETH 5. BE BN 2H 5 0 I 3B OB EOHRE £
DEEDPICFRIDBPI B ENEO, BHEROBBEAE EREMZ LT L OEELTL IR
250, BTLEZESTREBY, HIEMBZDLEVEAELD S, EODTEVEGDHPPZ -
TESEIRVDOTHEET ILENS L. bbb A, ARRK SCHIRKEECENT 5IHE S %
OTRLFEV-HELZRERTH B, FHLHKR T S HAE T oL b SEMKESEV
HRZOFIIEBEIC/EACENTE S, ENMBEZHLLTEVIESICENEF = v 7/ TE LHER
SUEREVWEEbLNEY, I VEAEEIDLWTOHSMPSNITHFICE 3, BMOELE
BHBARIR S B b v AW ohaliNd 5.

« DEOBEDPER S BB ICIIEFIBMPESBUNRETH L. HHOE— FEKkD 5700
MENEELABEIIIREIC E 52 oNTLESBAE TS, <3 7EHEE YT A Lo kiR
WERESTRYD, FI0OKFEEATREERS S, LrLl, TR bRENRS - T, ERO
BODEDICERUEESIAONTLES I EBEIS. EROBDVDEDLZFIKESAONTY
BN EAEIDBICE, FIHREALEZ CAEG Y 2V —Ya VETRY, BRA—HT2
DPEIDTFEARLULHREV. 5 v 5 ARPHRERZ T TR, BIETMIRELHA S & L0,

 KEBPIHBRIL TV &, BEIOEEN FHE-> T HELBEWIEMNH L, ThEFHLC
EMT O TEEE Y FANOE—BTOREID DB, AL DIREDE  IZomBERd N
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XD, FORED “HFLL Hoh oW 2D, WALWARKRELZETHLD>DFBELHE
BATES, 0BG, WBECEDZWIT A3 HERIIVYE, GHOE— RS0 UDbh-T
WHIE, FNAEYEEREE L CTHEAT RS -0 EHET A L TEWMTE3ES L H 3.

s RD S A FTORERMPEL B AESEELT, Y2504 BER) TOESM (ill-condition)
MY 284, $bE, REEMCHEVAHRO “BR” BTE38808565%. 2o
ZETT—0:32E—HORABRTELBAZEPbbhEL51, BEHEIAF 172
o2 v 7EEHE V7 A Lo R ITEEEITTE L.

« Z DM, BIHHBELBERIDOTHLR A A — XL LTI, WHW 3B “critical slowing down”
RDIERy — U HBESWE ORI PN TFOBANEST 2EELENS B, T B THRX
BERES I BEAAO VI VB TORELEMIBEEORKI XL 5. I 3—BoHELEH
EBVABH, Ty ZAMTOREZHOBELEIAENICESIHEZEATVS

BB, “zRAF—" (DHOMAE log P(a)) OREVIEFIHOEMOHUEL T HDEIFFEL
W, “xRVF—" FESHCHLTHERTHY, BITREFVONEOEE ((fHAD
ALED) &R BTENEL. i, BROMEIRET =5 -952L, &, ¥ YT VHIE
REOEL L CTHEST A2 ENEETH 5.

1.42 #BMOEVG — I T7BOEE

A Yy 7R (115) e BV THEERT OEM/NE e &3, Elians vy —r g
HoOMNSBr 525 -hoMD, FEEHMcREZIE (K2@), JOMEBKELBLZEI S~
DRESEFARELED (M2m), “BARLA LT 2{E 7 = 0.4407- M EEPBROK

K2. 42y rEMOART AE/ Y v ROKE X1340X40, (8)] =1/5.0, (b)] = 1/2.5,
()] = 1/2.0 it “§XTHE OKED 513 U TI0000MCSEE.
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X110 5 Ry —DPHEREEBARVET LSS, ThiTE-T, A FofY RFERT Gibbs
sampler DEMEIEBMICE B 5. i3, APEOKRENL Y 5 25 — EREEER D K
4B THU, critical slowing down EFEEN %, FEAEHJOEE2FHITKEL T5LH0E
BOREED EHRBHORE (K2 () oVWFhhhBEMT 3EH1KRD, TOMOERICET S
R iR TR L.,

F 72, JHERA LD AZ VAT ICHM S IED DHER GBS, HEBORER
SHIRICER D Y SN OREEASBIERNICHEIL T, BARPHEHARWI &EAH 5 (Miyashita and
Takano (1985)). S, ® & b 5 ZIREEH (“B8" 0¥ % 3 MLl iR Ucs® OF » v A,
Wu (1982)) icBVT REBOEEMNAONE. OHRIEBROFH ORENDIGH T &R
B, ‘“xaavEie v s hvnEick s vavIBor vy 7Y vk > THERRE R
LANSRET — S MBS v I A E RV BRSSPI THEEN (HEAE,
Gray et al. (1994) 1) fgfgsnTwa, i, Fo YEHTEHOGE VGG IE, Kicdx
7o SEBAEHY MM IEELEE . ARRVThAO 0 [TIFIEHE - 7RENSVWEIRT
HWET 230 E X, HESREISIUDEE, BArORMREELZRED C B0 TED
HhRibT VWO TH S (Kikuchi and Okabe (1992)).

PLER~A BRI WA, HRSHELL0Y v IVERICHY T 256 TH 505,
G LRES O RFERAEL OOV v I MERTH 5. (1.15) ZHANME LT, FRNME
EZALHE, EZE,

(1.28) P({Sl}) :%€XD<JZSI~SJ-+ Zhlst>

Dk S ICIE—RER N b ESUSHICK L. ZOBE, hOOMIE L » TEMEEC B L
DHBL, WHDTEL B DB,

T TREEER OB IR, EEERTROBEBVAHEERI M E LTHVE
SHERITEL KB EME W, A1, Kitagawa (1987) THhbh T 2IEA Y ZF 1L
OEECERIED» SOV v FVERICERE O~ V3 7 8 E v F A Ve ga BT 5 &, &
BRI fRD TR 1 5.

1.5 Simulated annealing

WE, 52 oNERM P (a) KXt LTI L7534,

P (a)l/T
ZaP (a)l/T

AEZ L THEEEVS, BETHANSVEXICR, 06 P 3EAHERORED Fickdd
5 (EE T—07TR, Aro®)FE0o7 L) XA3RFANLTERNEEERZE3). <
NEFELT, <3 7HEEEyFALVIEIBVT, TORKZEVWEIADPSERELT, ¥-<
DET—>0ET52ET, HOTHNRELORBEAM JENTES., WK DET=0ET
ZEWE, BUHHST=0:F50IcH~T, BESEROL S, BFINEREREDO D
D OIRITHIEELEZVWEVWS T EiLh b, ONEE, MEBEAKE (IEHE) i<
H5DEMEERY (anneal) 12k - TR FiEliz & AT, simulated annealing 7 (B
X70E L) LM <o 7EgEE Yy FAVaEO—FEE LT, simulated annealing &5 &
ZOTREL, w7 EEE Y F AL EEMEGSEREMICES &V D F A % simulated
annealing & FESSD Td 5. simulated annealing ®% % (3 Kirkpatrick et al. (1983) THIE
ENTUR, L<HVOhB XD -T2,

(1.29) Pr(a) =
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simulated annealing &35 % < W 7o»icld, BREETHRLLTVWIREOESICARY
BREEPSENTOL I ENEL L. £/, BBECREESVEESNAESLY, AU
RETRVWESIEWIAETH S, EBEOER, BRWICBIRERLEBREY 2T ->TWa0
KHMT 207, EiELhh3, AMPEERS T LTY RA%5Z2 2RO LETE#IEHL
TLWBEEZINE, HABEEIBRTEERESS. HFENILE, BOTYW - DEBEETETF
B IHER] TR RERICHET 3 LB FHT% 2 (Geman, S. and Geman, D.
(1984), Winkler (1995)) %, Z D& 5 RAFARICEBRNIEHRS S 20 E 5 3D LWL,

simulated annealing B2OE&IY, 5 v ¥ LHES TR TENBIGE TEENRBEKAE > C
EAERLACTETH A, HICEHTVEREL, <L 7EE v 7 AL aiEOAROHRESE
BoDY Y INVERTELDI, KBILEVIXIRTDAEZ BENP—HTHELI I ETHE.
bbAA, 2L OIFOMETIE, GIUN) BEBOLSBEWREFE>. Lhrl, D L2
2O E —— et & A TREEHMOHERNGL SOV » 7 ) v I EFNHESEERE
BRELOTH S (Iba (1989), FEE (1993a)).

1.6 BEWE &< ICHEIADICAIZDONT

1.6.1 BEmRUHE®

FEE o LI 7HEEE VS AL OEIRO VT, EEMICEEASED-AL LT, Binder
(1986 (1sted. 1979), 1987 (1sted. 1984), 1995 (1Isted. 1992)) b 5. TN o ITHEEMN
TECHAPT IRV, 2 MEOEEE Binder and Stauffer (1984) &b H 2T
CAMEI & THh 5. Binder & Heermann i & 2#5}t2E (Binder and Heermann (1992)) #5[d
U Springer-Verlag 7» STV A5, ZHhRERBEROMBITHSHFILMIIIE > TWT, RETEED
TFEHCERSGFOAEAMBVEESD,

HHZHIc L s~ v vETE v A vaFEoRE LT, Gilkset al. (1996) b 5. N
KEPEY 7O HERETH 20, RFONEEEATEOEKREY. T, BEEAR~NOE
HAEdub & U L oEREIC Winkler (1995) 2% 5. RAWMEE LT, DLV, |
Roy. Statist. Soc. DRI LB ICHEE LTI > OHRX EHNHBMPEEHEIN TV EIDAHIZ DL
(Smith and Roberts (1993), Besag and Green (1993), Gilks et al. (1993)). Besag et al
(1995) FEGEKFlcES SO HE LR TH S, Z0E»OWE L L TIE, Geyer (1992),
Tierney (1994) 78 & 5386 0, Tanner A (1993) OBFIZGERNH 2. D5 5 Tierney
(1994) IR & QRS EHAHIICE > TV 3,

A bR Y 2EIT Metropolis et al. (1953) %5, simulated annealing {2 Kirkpatrick et al
(1983) Bz hZFh “FHM” TH3. HEFEARAPT V. HKETOX@Ek <13 Hastings (1970) 28
Metropolis et al. (1953) &Hicg|HaN B4, A Po XY AEEMTICRRLALZEVWSBEKT
1275, —tanEERLALZEVSERTH B, simulated annealing i B L 7- S ERAY
WHEE L TEHHPE® Tsuda and Kiyono (1964) 1ok 2 & Dhidb %, Geman et al. (1990)
1213, simulated annealing O ERFEH E LT Cerny DZBHIFoNTH 5B,

RTINS o 1o, HEFEREILTOS ¥ Y 2Ny FEA S molecular dynamics
(EE'VYFHNOEDNA T Yy FEE) SHEHERICEAINTVE, INLDOHEE A boBY
ZETOhr =P ()/P(a) B1EBOSDADOEy, = o, - da i LT HFELE VL 5 IES
TR ARET S, KA, Pla) a0l 5B 5175 A ofrFll det A 2 & TR,
TEOENBGEETH A, v VaxvHERACNA 7Y v FEOHEHOH T 2>V T,
Amit et al. (1991), Grenandar and Miller (1994) K7 Neal (1995) %, FHR FYHEH cR%R
EnEEEIL > W Tt Kronfeld (1993), Neal (1995) kU Z OXERkEBBEI N1z,
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162 & (CHSHW

% RSO BRI O WTIEEAERRE o 72, 2 HTREEDOHIEICD
WTRPHELVHEARNT B, I THEADEHIC>LWTOBMBERREXBRESH TS
Lind 3, WHAKAZERTOBENEZVABVI EEBHbY LTHL. Giks et al. (1996)
DEEDP L HUFOEAFIOVWTOFENZERPBEON 0T, FO0BRsShL. 1,
23 7 HENE V7 A O EOBEEA OIS BT 4 preprint server 2 WWW _ETHIHT
x5 (http:/ / www.statslab.cam.ac.uk / “mecmc/ html/ listam.html).

2T 7ENE VT AN O EOEHEADIEHA L LTRL ASER2 T SN TVDE, LK
R DAL B AT NS BT X R VB DIEH TS 5. ZOR»OERZIGHRI A X
GEtOFEMBEICHT 2 b0 TH S, HTLONA XMBABSAV OB O LS SH — FX
O3 7 2F v O, missing data S L EE, BELREESUHE 2E&Hhid, <3
7 E v 7 A Vo EOFEHEA OISR O KIS 3 RE ORI R T 5.

+ 9, PR L(ylz) ©yicET 3 EBLERMSBIRICHETERVWEAOILHTH %
D, WDE>3BHOMNBIFoN 5.

« ZEHEEEANDOIGH

B - R R0 SR E A AR A RESFODL 5/59 v EDTFOY—TLBR,
B & - CHEMFAD 5 A — 5 2HEET 5 LRSI, TOEFAVTHE, BRIER
(AR ORI T RARBEIHN T 2) P EOREE b5, ThERRT 5701,
B - R id< 3 7dgi® >y 7 7 voikaBA L (Ogata and Tanemura (1981, 1984,
1985, 1989), HFEicoVWTRER/ - B (1986)). <z 7EgE v F H L0k, 0
HFETRy > TNy Y OERRUBRAIEC BT EMOF = v 7 BRI TED, 05l
BEEOHEZObOFASHTVS. ChLRERICRTSRVEofAHEE VLS. [H
CAROBIZE & LT id Penttinen (1984) #3d% 5. Strauss (1986) s ZREnifclo.

e a7 TS5 T e 2 7EADIEH

Frank and Strauss (1986), Strauss (1986) I social network O (7z & A XRA « Al
ARG RS R A1 T ES) #FEDOTEFNE LTV TSI T ETVEEAL, a7
e v F AV oEOmEEEHR TS, F1, Crossand Jain (1983) @757 25 + (JLED
DEFNLE LTI ZEBERL, v Iy Yy OEREE L TO= L3 7EEE Y Fhva
HAEA Lt (72720, EBMoMEcMT 2EENREL TV S I EnfEfs TV 3). <V
2 7BIET ABHOZOBROREEIC O VT, THBO “NA i E 2 ORE~DIGH” @
“BifEE 7V » ZE FUNDOIH OEEBREINWV.

» DNA finger printing Ot~ D HH

Geyer and Thompson (1992) <% DNA finger printing DR ORE A F & L T auto-
logistic model (f ¥ ¥ 7 EFL) iKxtd awva 7EEEY F AT FEOHEBHRBL LT
Z. CoXBRBHTIREV, HEeosT, BRI sinTw 5.

~NA RfgEtE 2 OB OB T AIEAICR I EZER OB H 5.

. B E 7L TERE FAANDIGH

BB TR~ D <L 784 E v 5 » Lo koS i Geman WEOMLHEOEEIDO b L TE
F L7 (Geman, S. and Geman, D. (1984), Geman, D. and Geman, S. (1986), Geman et al.
(1987), Geman and McClure (1987), Geman et al. (1990)). simulated annealing iZ & % [E)
BEREEOHE IR I FET 3 (& 213 Camevali et al. (1985)) 43, [~A XD
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PO IAR ), [simulated annealing HROWHIE, [=v o 7ie S V0T, TEEREOHE
Al BEEVEODORKE L TRRLALEZARIDOHFOREND 3.

Geman, S. and Geman, D. (1984) <3 simulated annealing D2 Tth < a2 7 H € v 5
AN oiEOIEHAPRAIN TV S (ZARADIERIC DV TERBIN TV I, FEELHE
BWEKDIPELEELALWL), ZHSHLT, 20RO TRERN AL SOV v F vk
BeEnEAuAHFEOHELEHI N TS (2 &21F, Marroquin et al. (1987), Geman
and McClure (1987), Dubes and Jain (1989), Ogata (1990, 1991), Besag et al. (1991), {#
FE (1991a), Rue (1995), Besag (1986) D2.4Hi/s &2 RHR).

BRI D7D DA A 8= 5 2 — SHEEORMREIR, &2BWRTRIERE - BoftFiRE
INBEIBERAEICLZ/5 2 - S HEORED “LRELF -5 ~DIERLEBRLEMBT
x5, CRICBHELEE L TR, & A1E, Geman and McClure (1987), Qian and
Titterington (1989, 1991, 1993), Gray et al. (1992), Ogata (1990), Ohtsuki and Kawato
(1991), Besag et al. (1991), Veijanen (1991), Dinten et al. (1991), f#EE (1991a) KX E»EH
5,

TN TIEADTINT THEPEE v F AL OEOIERIE Y WTOERES LT, £ESbih
7o Winkler (1995) & 2. %/, < a7 BBRLABAHEPHRXEL LT, Basag
(1986, 1989), Journal of Applied Statistics, 16 (2) (1989, M EGNE O£ ),
Chellappa and Jain (1993), Possolo (1991) &b iIF o5, HEEHUES & OEI A
H&E Db DI DWW TIE Marroquin et al. (1987) #&RBxh o,

PHADOWMEEPLESGER IS T 21 AP EF Y v Vi EERE - TWwW B (active con-
tour model, deformable template model 72 &), F/, IOASHLOHFELT, £ “GK O
koA LT 25 A0 H 5. ThOORBEICNT 3w va 7HEEE Y 7 LvaiEolk
ABE L T, Phillips and Smith (1994), Storvik (1994), Amit et al. (1991), Grenandar
and Miller (1994) 7 E A XN\, Journal of Applied Statistics, 21 (1) (1994) 35E
WKHTIHBEOFRTH 35, BRICEINIECOEEICBGET 3/ AEREATVWE LS TH
5 (RAF).

s B RFE FOUANDIRE

CONHFTOR NI 7 EEE v FANVBRERRITTH S, R - B4 Y 20REERE T,
ZALLSOBHBBEEZEPHRESN TV S, EH IS T VB XA S W45, Gordon and
Smith (1990), HEE (1991b), Carlin et al. (1992), Barry and Hartigan (1993), West (1995),
Chan and Ledolter (1995) &4 HFTHL.

s BNt T oy DIGH

ZJ@/¥—+ 7 b o (Rumelhart et al. (1986), Cheng and Titterington (1994)) iZ\Wb @
% neural network D5 53 - b ER L TWBEFALTH B, T DEFIVTOD overfitting
ICHEDVDEDELT, ¥4 =% (“VF7XME") KHEHET O LEINGEIKET 5 H
EBREsh w3 (A (1991), MacKay (1992), Williams (1995)). Z#iit, TEIESHH
KBIFBY v VEEkTE0—#t (AR (1985)) IKBEENE. TOHBND <L 78
EUFANBEORAICDWTIE Neal (1995) 2586 3.

« By 7+ 4 » (query sampling, active learning) ~®JiH

WEFTTEBLATF—542bL1, ROF— 5 OREGEEAEL EVAHE (FNF¥1 v,
query sampling, active learning) PEEHEHE N TV, ZOHE TS, vz 7H#HHEE v
FAHVaEEERICTH L. BHSISHA S L THE (1994) %, X O ARBIEHIE LT Paass
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and Kindermann (1995) 2&FTH<. BETREE S— & 7 b oy EFIVIET 5 query
sampling ~® = /L3 7HE§HE v F HVaEOIGHDHR L STV 5.

CEEEG,CS 2 — 5 RERO N T B FIUANOGH

a7 BT VT A O EAEEL S A — 5 AR E FOVITIGH T 5 O IR ICBLRER
v, BT FUCKEEIICBT B S L b—TEORE 7 A — 5 THBH, ENUAOHILNS
WhH s, HELFOEYE (WbhWAHAEERER) DD EROME S A -7 rHEoMErE 7
MEWEETHE D EED SWONIE, - Fohs, <3 7HEBEE Y F AV oEBD LD DR
2D 5L TENREEIN S,

WhH W 3 neural network OS¢ lE, Hinton& Sejnowski it &2 “Fuvy<wr=<wyy” @O
BfFsid % (Hinton and Sejnowski (1986), Sejnowski et al. (1986)). T# BEESERPIE
ek - THERBA VY IR > TS S EHHEE (0L Z BRI OSHREORE) 2%H
X ¥ 3% CTH 5. Hinton 50T, EM 7T ) X 40 Estep DAtAD itz Va7
HGHE VT AV oESHVSNTWS, Hinton 50 “Fiywry=y v’ ZHEETVELT
23 3L, BHO (HY BEEROH 5T 7 VICHEET 5. HporrFw (B &L
< Bayesian network EFEENZ b OMB YD, RASPARFRSNATOEEITHS (&%
¥, Hrycej (1990)).

BELABELTT—9» 5EETOF RN E O ik b o fr BBtk E #E T 5 RE
(pedigree analysis, linkage analysis) 2% 5. ZOREICOWVTIHE, zoEETRTATYX
AOEMIEEEA S 2 - DI LRIV ERILEHY, ZLORXPBEPLDODS
(Thompson (1991, 1994), Kong (1991), Geyer and Thompson (1995)).

RO ELRZE VIR 13 DNA BEF| 0 local & L < i global e WFTFNT 54 Ay MCBET 3
50 TH 2 (Lawrence et al. (1993), Liu (1994), Liu et al. (1995)). Hl « £K& (1993) i
T NFFNT 54 VA Y OEEAIIET v v T VO—FE (KR T R 2RV T
Dik-TVAD, REFEELTofELrPRTVRVESIBbRs (FD.

A4 ZOPSETIRE FRIRA SRS A — 5 OWEERIREE LTRSS T L b TE S, TOHH
DL T T EE v F H L oEQEAE LT, Carlin and Chib (1995) KU % OXX#K, B
BE (1991b) L EEBBINIcL,

BB S A — 5 A EUSROME — BESL — ~OILH

HEHNL SHD T V= FRAPNTVB I EERELLET LT, EOT/NV—TIRET 5D
WEEDTINNE LTER ST A - BH0ONE I ENHE. TNVE L iZ LS missing
data & L TR0 5.

AT BTV TEME Y F A A OEOBAE LTAPDRTVDRY TR -G To
FERE RO S/ ME~ D simulated annealing ZEOBATH 5 (KE (1992)). < OB
A REFAURBEEINTVEHLITREVOT, REETHEE L TOBERACRESNS.

LDt E F LR & D EFHK L 728 & LT finite mixture model (Titterington et al.
(1985)) WED L HHEMH 5. finite mixture model iIc <3 JHEE vy F ANV EEIBHL
}-ifF%E & L Tl Celeux and Diebolt (1985), Celeux (1986), Celeux and Govaert (1992, 1993)
% 0 Diebolt and Robert (1994) 2% ¥ 503, fi4HESEM 703 XA ERRT B AR
LEBLTWS, BROKBLTE, BESHD/$5 % —4 (normal mixture 75 & &3 O
0N LBV — TAERD TR ~VoORBERSME VT T EEE YT vaik
cH v FAULTVSE CBEDOEM 7T ) XAk 3R WTREERSMECTESBI OND).

FOERENDO R, SHoNMREhEE T, ZOpar AL TF - BEA LN 54
T& 3. Ok >R social network D F— F B EMLAEL S, IO LEEANDOT VI



TN TR E VT ANOEEFORKITEADILE 65

7HEEE Vv F AV oEOBREIC OV TEFESFE 28 TS, Iba (1992) ZREI N,

o N XFFEF— A DIGH, “data augmentation”

Gelfand, Smith 72 % | Gibbs sampler ® & ¥ & £ BRI ICH$ 2)J6H% 542 T (Gelfand
and Smith (1990), Gelfand et al. (1990)). BEHL 0420 E2b1F 5 &, FRSHEOLHED
LT V=ML TCVBEIBEFLTHS. ThoDflDE < Tld, Gibbs sampler 28
GffilcA v 7Y A v bTER, Fh, BPREBELOEKERFICVET L5151+ 3I7 R
DAfER b0 b dH 5. Tanner b K » THIAFORETHIZIEL s N/ “data
augmentation” (Tanner and Wong (1987), Tanner (1993)) ©F 7 =+ 7 $ Z O THE
% 505 (Gelfand and Smith (1990)).

2. $B2EB: BHIHR

FE1HORB TN LI, BH I A—FEEVEFTVOEER S V-—TL LT, HRO
SHEO DO S NV ESALBENS S, T, 2055 “HEBRF—2icd &K
SEOME 2B B35, SEIBRLUEREF L E LTELHS N TW S finite mixture
model DIBE, HEIREIWNBEAFNEHLTF—shEZ o505, eyl T, TIT
WY LF 294 7OMBETE, SHETANEHROZFICOVWTF - HBELoNEHABRERE-T
W5, PUTT, 2051 70oMEBOU -2y B, < vavEEEyFAvokE®EAL
THENT 2. B4 7OROE Gl — s BTSN, <330 HBEE) O
2EL LI Iba (1992) BRI\,

2.1 FIREDHEA

Z 1 KED D 5/NER (5, 6EE) D “RABMR ofHED—TH 5 (Hansell (1984) D
7 — % %#Wang and Wong (1987) X b5|HD.

FKloF—s%n, 45, KO, EEEZhENL JITHIET 5. jHTIORKATHNE, K
oG DML, F5TRINE0E L, ABNE2TA. K1 BIENHTH 205, UTOH
FeRBROEROAIER LT, MiRKET. 34bB5, G, D Ba» (7, O RGowgnsy
BlThhid, MEZE1E95. I5LTTEA7—90R3THSE. DFTRE, IhE {n}
TRY. ny; = max(@,,n,) TH5,

5%, FAEHERAEZDLIE LI, RIOHEAHMOBERPBOWETHS. LLAE,
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HIAS 3 5.

(ik4) Wang and Wong (1987) i “RAZ{EEH0OME” 2REFEHOATELITE
FU (EEEIZZOEIAFRTH S “p, EFNV) KELIKT oy 7 BEOEBEMSAAILE
FNAELITVS. HOOWMERapriori i 7oy 7 EF VIOV TOEDTHSD, IHEI
%LT,ﬁw—fﬁﬁ§%i¢6iﬁmﬁéztﬁfééh%anm.%L:nﬁﬂ%ﬁ&
KA X - TRE GES BEPBERSIEIREEAED S/ Vv— T332k IV EDD
KD 23, L, EFVEPBOERICEETHESLS.

BOBAELT, Fv—THAES - P LD, “GMEAN BT 2287 0v-7%
W 0FT B ELARETH B, CNICLE - T, KAOKREMERICK > TRESES B
MTE2E51cB5 s NE. FOREHKTBE, T o0hFPHRBRICHT SR
HELTR—EELS 25 cBbNED, EFVEROBELSZ 2088 LWIEAS. £,
COHETHIBSHER S £ 2 FMbd A EBTER,

B O

HED oL OBMEATES, TAXEHEBEATCTIS - LEERER, HUERLEK #ONCK
K, FEEZBE, TRAKK, RESEK, IOESKICEH LT, FRHERKIIOR
O “BOHSE 142601 L a2y LTTFaVE Lz, ENBREIEKRXERE
FTEEIHHPTTFEVELL, INSOHLRCHEHLET.

HEA FYFANMNOEDIOOZI I TEHEOERE

Al LOBEHEEOHEEDEES

L OFEEE () OWERKRO X 5 LTHhh b, £9 exp(iL) HAERPIEOHERITA T
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Markov Chain Monte Carlo Algorithms and
Their Applications to Statistics
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This paper consists of two parts: PART 1 is an introduction to Markov chain Monte
Carlo algorithms. Basic notions of Markov chain Monte Carlo algorithms are given and dis-
cussed with concrete examples. Brief surveys on applications to statistics are also given
with references. In PART II a case study is given. A Markov chain Monte Carlo algorithm
is applied to a stochastic a posteriori block model for social network data. Through numeri-
cal experiments, we show how Markov chain Monte Carlo algorithm works for a model
with a large number of discrete parameters.
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