MRAIRS 7 4 ) 7 4 LEE T I .
STk E T IVDFE

1. [FC®HIC

PAE, EEEMIE ORI TR, R 7 4
T4 LRI NBE 2IRDE— A v s DEENCIEH
DEE-TVE, K57 4074 FHREY 70
fBlEThbEEBIT, A7V a EORTEER
TbdHb. 27T, bLENEREZEL TEH
T5OTHNE, TOEFHES FLWMA LN S X
S ISRERANE 7OV ARTET 5 C &3, BT
ORI TR, RED) R 7EHE VS BEN
CEBRICE->TOHEETHS., F7374Y T4
OEBEWIRINICERLT 2HR5E 71L& LT
2, InETic, RKELHTT, 220 bD0%E
ZExhTWwb., 12103, Engle (1982) 12k ->T
L% & 1 72 ARCH (Autoregressive Conditional
Heteroskedasticity) €7V & TN EFES 7
EFN (KX T, DT, 22 LceEFvER
PiLC, ARCHMEFILEIES) THD Y, &5
121, WRMNKXS 5+ )57 «ZH (Stochastic
Volatility; LI'F, 8L T, SV) € F L TH 5.
ARCH B! & F L3855 4 — 4 Ol = & LI
o THICHiETE 30T LT, SVEFIL
FERE & MR ISR 2 OWEEL Wicw, /¥5
A — & OHEE I IR ATEITR B HEC LN AT S
5.

SVEFLOHEEITRINETEIESENRS
ErREshTway, zodT, HicdH%E
£HTWVWB S DIT, Jacquier, Polson and Rossi
(1994) 1Tk > THES NI~V 7ET Y 7

EE we W

#1 )V v (Markov-chain Monte Carlo; DL T, #% L
T, MCMC) #E&EHOV oA ZHEEENH 5 2.

SV £ 7D & 5 18 LR ZFHTINITKS 5 s v
EFIVDOEGE, X5 A= DHEZ N LA XD
FEERE O TSR 5 S EhiTEmL, £
5 LIcETNE A IMET 2551, [
DFEEHNTN T A — 5 DIEZRRIHDP O
YFNVIL, BTy v rEsnkERERvw TS
SA—=EWET L EVSHENRELON S,
MK SR VWRFMOHEESH NP SO v T

) v 7RI LTS B DA, MCMCiETH
Y. MCMC# & @ LEIFICY v 7y v 7rsh
K SWTROEZEZ Y v 7Y v Bk
ORI TH b, RZEM7EH DIT Gibbs sampler &
Metropolis-Hastings (MH) 7 )V 3 1) X & b
5.

SV & F i A HEET BEG, NT A=Y
R THBEEBTHE2 X557 4 ) 7« bl
FERAMMDP OO VT ) v IRITH. ZTOEE, &
77474 BEAORESILIHEOT, Th
HEVDICEHRINICY v 7 ) v ST AR EAL v
k& 75 5. Jacquier, Polson and Rossi (1994)
3, SMEWOKRF 7 4 )7 1 ZHLITH V7Y
v 79" % single-move sampler & FFEN 5 %
HOWTWih, CoFEEHWSES Y7 v
JEnfofEicswEHCHBEZEL, MCMC %0
PR E W b, HEEHEOEERREN K E (15
T & 7% Shephard and Pitt (1997) 1T & » T/RE
nTwa. 27T, 0%, Shephard and Pitt
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(1997), Watanabe and Omori (2004a,b) 5 IZ
& - T multi-move sampler, Kim, Shephard, and
Chib (1998) T & - T mixture sampler & FE(d
NBEDIRNERSF 4 VT4 DH VYT ) v
TEPRESNTOVS, KX Tld, 5Lk
Mmm&%mutSV%TW@«4x%i&®
RIEDRBIZOWTH —NA A2{T>TW 5,

~NA ZEEHE T, @, 'OV B
& (marginal likelihood) % Al % %3, SV €7
VDA DFHE LR € T VDB DS
RESNTVWEDT, 9 LIcHEZOVTHIE
HICgiLTcwa, £, SV EFIVIIHEELHE
LWLy, ARCHHEF L EENEE, T
TETFNVOMGRIESEDBINTI B M7, L

L, &5, #HEEHEORFICEY, SVET LD
EbITbN B LI > T& . 22T, Kig
X T, 95 L7zSVEFIVHEDRIEDREIC
SVWTHY —_A 2fT-T5.

AKX DL DR IZIR DB TH 5. £,
WO 2 Hic, WEHOLNDMEL SV EF L
IO WS 5. < H3HIiT, SVET LD
MCMC % H W7o N4 XHEE AR L, 264
T, SVETFINORIDFEEITOWTH — XA
T 5. RICESHIT, SBROBMICTOVTHE
N5,

2. SVEFIV

HEHOWLNAHH SV € 7L
MoREREN 5.

&, o 25

v = exp(he/2)e, € ~i.i.d.N(0,1), (D
hivr = ptolhy — p) +me,
m ~ii.d.N(0,07). (2)

ZIT, yrldt oM E/LFE» SFEEHD
HBgEZKRELEZbDTH B, (1) RiE, y %
K57 407 0 EMEN S IEE DMHERER exp
(hy/2) &2 & AT 73 BERE TR B AR 1 e 5 TR
TR e LTELTVLS, (2 KiF, £

T4 YT 4 D2 FDIEUE he WK EL 1 © H A
JgETFIL (AR (D) EF) KD bDOEREL
TW3 Y &51T, BEEn 3 E I
0, o2 SOIEBATITHED, e (=1,...,
15&@@11%5&&@?5 BTG T
PRl EAs > e HOEH X O Fi-HOEHD
MRS T4 )74 03& 0 FRITZMEAEH S T
EWHIoNTEBD, £5LEEIF 40U F 4 ZEH
DIEAWRIEEIEZ B IcdIiTiE, e & ny ORICH
BAAZBAT B LEND B0, £ 5 LIfhiRic>Ww

TR 4.2fizsMo &, £, hy OFEE hy
3 b QWEIENATH V0, o2/ (1
—¢2) OEHAHIHES bDERET S, D
ETFNCTHEET RERA NI A —51d (i ¢
0 THY, TON, EEBLOW, h ke b
Va vy ORiEEAERT NI A -9 TH B, K
WNTE, hBEFNTHEEEZ, | ¢ | <1
THLENETEY. z20OHE, oD 1ETN
WHEWRERS T4 )T o IXT 5 a v 7 OF
BENE W Licin b, HETSE TR, ¥5 74
V74 ER (KT 93LELELKEATT 1Y
F4OEWL (KW) BHAfE S EBAONTS
D, THLKBERERS T VT4 75245
v 7 (volatility clustering) &WES, TD Z &p
5, £ 74 )T 4ITHT B Y a v 7 3EHMED
W EMDbh B, ERE, SVETFTUVEHIET S
L, o DHETEMICIE LIS W EAE SN S DA
WThb O,

KHNT A= (1 @, 07) ZFELHTOH
THRTE, SVEFLVOLEREHIIRD L HIck
ahs.

Loy = fly,--yr6)

//f(yl ,yr|hiy ... hr)

f(hi,...  hr|8)dh; ... dhr,

Jofisme] oo

[l
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flhﬂht.,eﬂ dhy ... dhr.

T,
1 o |- ZJtQ }
ylhe) = 27T€Xp(ht)e p{ 2exp(he) |
1
(ht|ht—1a ) =
exp [_{ht S }2]
20
(l|6) = —_—
2na2/(1 - ¢?)
(h1 — p)?
o | gt

ORISR T IS Wic, SVEF LD
NG A= F IR AOHETE T B T L <, L
IR BHEE DS MERITTS 5,

3. RIIATEHEEVTA
HEE
3.1 RSA—=9DHFVTUVY

N HEEETIR, 9, RAVSI A -4 01

WoEERWRA X

WU HF N 7 (0) 2EET 5. Eko~1 X
BRI, FRIDMHZ A ZDOEH
, f(yl0)m(6)
Oly) = I
T = Tryomem @

WKLo TF—s yZBHIL ZOEERDTf Oly)
KHEFIL, BontHRAMICHESVWTNI A -5 D
BEMEET ALV bDTH-7". Lirl, "4 X
OTEH 3) Rofdich s f (Yo BLETHY,
LEh-T, SVEF VO L S I EREEMMFTIIICK
FHRMVEFLTHE, FEAMENM XOTEH%E
ffi-> Tk 3 2 &b TEBWL. 29 Lk
BEiid, MohoHRIC K > THEESTN SR
Mo A—4% ODEEH 7Y v 7L, Bonik

Mk & EF LV oFE (B

IS VT NS A=Y DEERIET 5 E0WHF
EsEons, kT SR VRAIOFER
DL SDY T ) v IEARRIIL TSNS D
»MCMC T & %. MCMC i 1%, #HED I v
S ooty vy rERIEY, 1EFHTY Y7
VIOENKBEICRESE TIROEEY v 7Y v
735 HEORIRTH D, KENIE DS DIT Gibbs
sampler & Metropolis-Hastings (MH) 7 /v =1
RLDH B,

FIFFSER M Oly) 24 XOTEH %2 fH -
TSR D B3 T EDNTERBVWETFTLTH, K
HMNT X =—40%20WL >hd 7oy
(O01,..., Or) T IIGEDOEMEATERDTf
(0i KO0+ y) G=1,....0) F+~NTkv o
n, o, TI Loy v ) v I ETAAIER
Disdmwn, (O1,..., 0p BTN TN 1EEHT
HoTHEERETH-ThLBWV.) TH L1k
BEICHW 5N 5 DA, Gibbs sampler Th 5.
w09 ..., 0P ) moxs— b
L #9, &UMHF®RIMES(0,1609,
09, ..o, 0P xyrrry
7L, RS, KUENERSAS (0,07,

9(3) ,...,0(2>, y) 7’%@9(;) )
2. CNEHVEL, HEIf(0r 0L,
9(1),... ;(Cli y) 75>b(9(1) o i) B

I35, PIEEE1IV-FEEREITT B,
DEIN—TTH T v rsnk (00,
oV . oW )y ey — LT, FRICE?2
V=750, (0P, 0% ., 0P) 2y
TV v e b, LEERORSTE, FlIv—-7T
3 (09 09, 0Dy vy v rshns
LI B, BOEHNEAHOTT, ook d 3
s, PUkEoksicLl Tty vy vy rank
(609, 09,..., 0D dREmHEERSGF (0,
Ogre.y Okly) D oH v 7 v SN IhERE
HicHmINEST 2 2 EnmonhTns®,. 22
T, POMNVN—TF MEFI+HnKEiEsET
3) THYT) VI NEEEETY, 51N
V=T AEFoTH T ) v ranr (09,
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00, . o a=Mm+1, M+2.. ..M+
N) &, FEREFEERMf (01, O2..., Okly) 25
YrTY)vrsnEERBTILENTE S,
SVEFLDOEE 0= (n ¢, 03), y
= (y1..... yp Tdh 5. © T T, IO Gibbs
sampler # H W THE KR HER D MSf (u, ¢,
0?7|y1 ..... yp) moH v 7N v Id s ikHic
F, PIZE, k=3, O,=u, O5=0¢, O5=
0%) ELT,

fulo, 0%, Yio.- s yr),
f (ol 0%y yp),
fColm ¢ yio yp,

DOHEOBRLY Y 7)) v rdnidLna ek
5. L»L, BEBHNS, o0& EHkn
b R D S, &2 AN, BIEAK
(hy,.... hp) BEMFITED

fulg, o2, hi...
f (o O’%], hy,....
fCo%lw b, b hp Yoy, (6)

ERHTHNCRY 55, TIT, (ul¢, o2 i
SVEFLD (2) A FIKEETNE/NT A -7
ThirEicEERLELY. Wi .. yp & (D
K AEWBUCTHEBELK (h,.... hp OEWRES
2T NBDT, BIEEK (h,.... hp Off
BRAOBEICE, (1 ¢, o) OA%EEH
4501 (Yi.... yp & (D) XpnE LK 3
7, (hy,.... hp) OEMNGZONEE, (Yi....
yp b (D) RbsFEE Ly, (hy,.... hp &
(2 XETEEZNTI VT &I D, 20
&, (@ R (hy,.... hp ZEREE T 2 H
5AR (1) EF Vit 07T, (hy,..., hp %
SEFITMA f & ER SR (O —(6) 1 fiET
kv onzocsd s, i, (hy,.... hyp
BEAZoNBE, Yu.... yp QLB 155
DT, FUEMFFERS MG (D—06) &, &FHFEPS

... yp ZHIBRT 2 LTS,
HANHGE LT, @, Il BIERNE o)
A Y =V SRS W,

u~N (go, 03, 05 ~IG (vo/2, 0/2),

¢ DEFINMHITE, FI3F74 ) F A BTHETH D
EDOREDT, |¢|< 1 OHEFHTUIW &zt

EMSE, £ A+¢) /2IN—90fhi%

RET 5. =7 DITHED HEREHIZ 075 1
FTOMELLENBVDT, (1+¢) /2h~—
RIS EGET 5L, 0< (1 +¢) /2<
1&0, |¢|< 1M nb,

O LEFHinHo FTiR, SUEMNFEBRIN
@), (6) BEhFhKRDLDFIHENB ",

ul o, o%, hi,.... hy ~N (ua, O%) )
o7lt ¢, hio by, ~1G (vy /2, 61/2,).
®
7L,
o2 — (’8(7;27
L {T -1 -¢2+ 1) + 07
T-1
5 ) (1—¢% (1-9)
= h
fi1 01{ = 1+ = El
(mﬂ¢mmf%}
il
vy = T+V0
T-1
§ = So+ (ha—p)?(1— %)+ D)

IS DOEMATERD M S BEHICYy 7)) v
rycEs?,

¢ DEMATFE B (5) ZIRD X H IR E
nazw,

In (f (¢ |1 02, hyoooos hyp)
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{hei—p—ghe—p)}?, -1<o<l (9

22T,

m (¢) % ¢ DFEFINMHLI B L,

(h = w?*(1 = ¢*)

252
205

In(p(¢)) = Inm(e) —

+%mm—&) (10)

Thb. COLIBRRE POy T ) v
9% 51T, Acceptance-Rejection (AR) 7V =
JRLEMHTNITY ZL0H 5,

WE, REEREKS 0 oy Ty v s
L7z, BEREDMTH 2 dEESY v 7))
vITERBROVLWLOELLD., KL, f O (3,
DirdEd (9 RDOEHIAD X 5 R HEELEE
(normalizing constant) PIZkDE 3T K
von, MAITCHEbDET 5,

ART VI Y XATHE, 9, f 0 ZiEL
LTWT, o, TIhoEEY 7Y v/ T
%, W01E34TOx CHEBSEY (dominance
condition) f (x) <cg (x) Zifi‘cL TV 5 LS
15 32 %5 % B # (proposal density function) g
(x0) EIEDEH ¢ Z#ERT 5. ThEfli- LI
DART NI RLEZLETTEE, f () 51
DOENBY VT v TIN5,

AR TIL T R4
[1]IREEEREKg 0 »od v 7 ) v 7 %7
W, S il x Proresh 2 T2 TR
p ZROEIITHET 3.

T (x(proposal) )

- cg (x(proposal) )

[2] [1] TSt i fi x Proposd) 2 s p ©5%
wL, R —p THEHET S, SHEINK,

SifikE T 7 VORE ()

x = x Provosad L LT SIS o

HlIZTF 1] ~NR 5.

oY vy v siFLhEEiicYy v 7Y v s
NEITKELTVWHE VDT, MCMC & T3
B, SV LT ITTHB, Fi,
COBEG, ZEWERD =F (x ") eg (x
(roposaly S 1 LI FCTd 5 T & E RIS 5 12
W, B 0 <cg (0) DBNEICKE D, T
OTNT Y ZLEFAVDBICHESTNE &,
MEBEMMg 0 EEHczf ) E—FOD
TN TZRERp N 1LITEL B E LD ITHESEC
EThH B, THLBWE, [2] THE & EE
W, 7)) SIS o TLE S, B
BigEAi Lo>, E— FOMITEZRER
ML 5L H1g (1) PeriRRDIFE—
R RE L W, BIAE, T— NI TR
KpH1IlcEi<Bd&dIccE NF &, N
D DEL Y TSN 7o S N2 < 713 5 Al RENE
BHb hicHLT PFOMHT VI )X
LT, EBEEHFELERR W, T IT, BB
HaiiT- LoD, T— FOILNTERERp »1
Wi 5L 91Cg (0 RcxEIONEEL WL
BASICIEMH 7T ) RABHWLN S,

MH 7 VIT ) R4Th, £9, f 0 ZIEBIL
TWTC, o, HEY VY TF) v rTEB LK
REEBE R 0 Z2ERT 5. 2L, Picd
Nfck DL, TORE, ARTNVITN)XLDXHI
Bt G EL O, 20 LT, #2459
XoMHAZ—=bMLT, UFOMHT VI X A
ZERITINE, f 0 S NEOME (...,
xy) EY VTV ITED,

MH 73 ) T A
[Mln=1&d5%.
[2] RLEERE h (O h o+ v 7 ) v L
5 fe i x oo % {5 TRER g
ZRD & SIEHS 5.
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f(x(proposal))h(xn_l)
f(xn—l)h(gj(PTOpOSa])) ’

q = min

[3] x ®roposal) Zffs g ©ZAL, W1 —qTHE
HT 59, ZRINFIBAITIE, x, = xProposaD
95, FHINIGHITE,
5.

[4]l n<NTHNIE, n=n+1&LT, [2]
KR%. n=NThhld, K135,

Xn=Xp—1 &

N 1IEEHCY v 7 ) vy S SNl -, %
ffioTHY7 ) v I %iT>TVWBHEDT, MCMC
#THB. MH 7 VT Y X620 BEEI1CD,
AR 7oV I ) X AfGlRE, REEEBE R O 20
IR AAEA Y MY, ZoTuTY R
LT, [B] THEMENS E LEFNCY v 7 v
rENIEETDFE E RO T, ZHEMER g
Kwe, Iy TMELELCEEY 7)) v 7L
TLEH. 22T, PiEY, %—bﬁquﬂ
WL 85 XD ICIREFEERAK A (0 Z#ES
BEF LW,
*#ﬁgﬁiﬁw)@b#/7U/7ﬁé
fedicid, x=0¢, n(f ) % (9 &L T
MH?w:UZA%iﬁﬁﬂﬁim.%®%@%
FEEEh (¢) OEIROFEIIOL o0EZ
5N 5%, T Tl Chib and Greenberg (1994)
TIREIN TV I HEEZHENT 2. HoS5E
(9) XchHdoln (p (¢)) ZHEHLLbD%E
E+In (h (), T8b5B,

In f(gb]/1,7(772],h]7... Jhr)

71
— 1 . .
~ EH- 552 {her — pp— ¢y — H)}Z»
T =1
— SEH Zt:z ht - l/')z
2032

{ Z }Lf+1 V(he — ) }2 .’

=1 t 1 hf“/’)

= E#+In(h(s), —-1<o¢<l, (11
LLTw3a® 2543& h(¢)lEEY

— W)/ X (e = ),
w2} o EBS % (—

to = Simy (hurr = ) (e
5y Wve = o2/ { e -

1, 1) OHifHEE L <Ol L 22 UIRniER 2 ic 72
%, COUMIERE M S REEICy 7Y v S
T&5., 9, EHOTEN (ng, vg) DS
vFY Il || <1HhnEEEL, Thbll
NehbnEENTIELN. h (¢) 220k
IIEIRG B &, SEMEqE, q= ¢ (PP
Jo (xp) EfHEICK B 2L, ¢ 0 &
(10) TEHZLSN 5.

3.2 RSFAUF DYV TYVY
SVEFLVORANT A =8 (n, ¢, 02) O
S EERD MG, FECEEER (hy, ..., hp
ZMABERFY, o, EIhoFryT ) o
T&EBI&ENbh -1, T I T, Gibbs sampler
ZHEMAT A, BEEK (hy,.... hp b,
(n, ¢, 0% Fkk KES 2 -5 LTH]RA
v, kL, £595&, (hy,.... hp b%
HENEES PO Y 7Y v 7 LB TR S
B, (hy,. hp) BEADRESTHRIFH B0
T, TOH VT v ITEPRICITOR VL,
iz K 78 W28 2 s > CTHE BHEEARTTHEICTS -
TLESH. €T, MCMCH:%2H Wit SV £ F
DR ZHEE T, (hyy...o hp) ZODPITHR
B VYTV ITdTEhMBEL v FERD, C
nEcicREsnTws (hy,.... hp O¥ v 7
) v Uk

sampler, mixture sampler @ 3 D73 5.

I3 single-move sampler, multi-move

3.2.1 Single-move sampler

SV & 7V ®d MCMC % W 7o N A ZHEE
% $¢ % L 7 Jacquier, Polson and Rossi (1994)
3, SHOBIE %,
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fulw,¢,0% hyooos hiy hypoo by,

Y- yp &=1,.... 1 (12)
»o 1T 7y vy LTEh, TOHE
lZ single-move sampler &FRIZN 5. T DEMAF

BRI SRS v 7 ) v 7T B iV L
OPREINTVENY, ZoHEICRAER
MRS D 5. fiffici/zL 1T, £55 4
V7 4icxdd By ey 2 BEREESASVO T,
(hyyooor hp) BHVICHROHEBAH 2. TOX5
WKHBEOESWEKE N 2ty v 7 ) v g6 &
Gibbs sampler DI DEEAE W T E DR SN
TWwa, %K, Shephard and Pitt (1997) &, ¢
WLIZEWEHIC ORIV S IO ®E
ERBWC LAY Ialb—va Vitk-TRLT
W5,

3.2.2 Mixture sampler

%9 L7c#4&1C, Gibbs sampler O IXHH 0 HiE
AEb s 120K, HEomwERED L
FEDICLTH YT VI ETHIETHE, D
%0, sVEFLOEE, (hy,.... hp %

f (hl""’ hTI L, (b’ a%’ y1’~~~! yT) (13)

Ho—FILH ) v SRRV, TRET-
T W % @, Kim, Shephard and Chib (1998)
@ mixture sampler Td 5.

ColiETiE, SVEF LD (1) X%, il
QML THAEL I EITLD, ROLHIC
EEMA B,

In (y) =h +2z, zz=1n (e3. (14)

5454, 14 L& (@ K3, h ZIREZE
#, 19 XzEHELN, (2 X2EB R
&9 2 IR AEZERT (linear state space) € 7 b
s s Y, wIIREER E S vohT, BRI
KOBEAEFHLERHRAOBREZEH I VTN LIE

Stk & EFVORR ()

BoAmIchEs bz, gAY v 7 VIRREZE
(linear Gaussian state space) € 7V EFFUS, %
DBAITIE 13) o0 v 7)) v JIFHEHICIT
AB. ETAN, ToOBHOBNAER (14
DMz, =1n (€D OHMIBERSMH TR
W), mixture sampler T3, TNEZRKD LS 15k
BIERS M TIEMNT 5.

M

Flz) =Y aifw(zelmi,v). (15)

i=1

EEL i YY ¢= 14 rT EOER
v @my v) FFEEm, S8 v OEBES O
MEREEREEAELRT ™. Zo kT, 1,.... MO
ENMOEEED, S, =1 &1 BHERPr (S, =
D MNg G=1,.... M) Tdh 53 & 5 BHERE
S, AL, (Sp.. S b, ST A — 5%
(hy,.... hp) [FIRE, SRPEHERTER

D (Sl,..~s ST' U, ¢, U%], hl""‘ hT’ yl""' yT)

moYvTY) v rdh 2595, (hy..., hyp)
&, zZcHrryvranik (S,..., Sp @
E% (13) OFEMICmA 20T
f(hl""’ hT| ﬂ,gb,a%, Sl""’ ST’ yl""’

yp) (16)

HodrvFT) v rdhidiwEicins, S =1
MEZONBE, 7z DHMIEEE m, 5 v; ©
EHS e s, 22T, Sp..., Sp BEHZ
bhs s, (14) (2 XRBWEF Y > 7 v IKEE
ZE[] € 7 v IZ 72 % @ T, Durbin and Koopman
(2002) THEZ X 1 T\ 3 simulation smoother
A, (16) hoH v 7Y v ITEIENT
X %. Simulation smoother & (%, fREH v v 7
VIRREZE[] € 7V OB R £ 701 ER SR
DI|MERE N T A =y DfEPGL SN TY v
TV ITTETNTYRALATHS, ko
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ThZH 7Y v 7345 7»HiTid, simulation
smoother IC& > Tz 2% 7 ) v I Ltk h
=In@) —z TN L.

3.2.3 Multi-move sampler

(15) KXo kS5 uZEMmziTHT, (1, (@
Rafli-T, EHMNFERSMA (13) » SBIEL
B (hy,..., hp Z2—EHH 7)) v 7350
3, FFlcTrhRsvgaicddL vy, 22T,
(hy,..., hp) Z2—Eicy v 7)) v 74 50TRE
, W oo 7ay 70T, 12078y
JER—ERTH TN v TTEEWS FEEEZ X
5. BlZE, (hy..., hyp) DB1DOD T w5 27
E¥rE, ThoE,

S ooy Byl 12, 6, 0% Rt Rpgerts Yo -oos
Yk an

MHO—FIRH YT v IFTEENSTETHE D
UL, (hpeoor hpg) ICEHE VBN H 5
DT, A7) ooy v F) v IR TR
W, % T T, Shephard and Pitt (1997) (%, #
FEEH (hy ... hyp) TIRIEL, (2 Ko
(N egs oo M paieer) s

g Npsgeal #, 6, ‘7%;’ he1s hesgeirs
Yp s Yeak) (18)

oYy T) v ITEENSFEERELTL
5. (u, ¢, 0% &hy OENGZONLTT,
(Nppreoos Npppey) BV YTV v rash s,
2 Ko, (hy.... hyp) ZFRIJICHETE
%. T O} #H1E, multi-move sampler & L < (&
block sampler & FEE N 5.

SRS H QA8 oy vy Ty v I TS
J7 ## & L T, Shephard and Pitt (1997) 13,
Tierney (1994) D$2% L /- Acceptance-Rejection
Metropolis-Hastings (ARMH) 7V 3Y X 4% H]
WTWB 2, o7y Rald, BRcHAL

MH 7 V3 Y % 4 O x ®Proposal 2 AR 7 )1
TN ZaHOTH Y F) v ST BEEVS HET
bbb, 2959252, T, MHT VT Y X LDIHRE
FHERAMAPE L VWEERERS 0 &0 5 %<
HAMT BEH5ICBEDT, MHTIVIT Y X LD
KEENEE S, COTLVITYRXLATH, MHT
VT XAfERE, AR TV I ) RAD X D 1 ER
SRR ME W, £, ART VT Y XLDEE
FEER g (0 LEOTEcZ®ERL, #Y
M, »5 25— F LT, UFOT7 VT )X
LAEFETTNE, f O » 5 NEOE (x....,
xy) EY VTV VITED,

ARMH 7V T X4 :

[1] n=1&9 5,

[2] IREZEERI g (0 oV v 7Y v I EfT
W, BoNflxZo CTREMERp 2K
D& HICEET 3.

[8] [2]1 TEON/MEx ZMERp TZAL, R
1—p TEHTZ. TEINIEEITE, x
(proposal) — » & 35 % [4]icitds. FEHIS N
AR [2] NR B

[4] ZHEMER q 2LIFO & D ICEHHT 5.

@ f (xn—l) <cg <xn—1) Ko =1,
M) f (x,.) 2¢g (x,) H > f (x (Proposab)y
<ecg (x (proposal)) 513,
q= M
f(xn—l) ’
(© f (x,.) 2cg (x,q) 2o f (x Proposaly 5
cg (x (proposaly 7 2,14

f(_r(Proposal))g(xnil)
flxn_1)g(zProposal)y’

¢ = min
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[5] x ®roposal £ s g 245 L,
TEHT 2. ZHINIES
(proposal) o 42 FHI X B A, x,
=X, £T 5.

[6] n<NThNIF, n=n+1&LT[2]ICR
5. n=NThig, &T.

%1 —q

ZOW, [2], [81MW AR 7 v T Y X 4, [4], [5]
MBMHTIVITY)XLTHADA, TOTIIVIT) XA
T, BEEEHS ) <cg (0 @FHLEEFETL
B, bL, WHEZ2ITNTOx TETImic S
N57% 51, MH/Y— F OZEMERIIEIZg=1
ERY, ARTIWVIYXALATH VT ) vriEhi
EEHIIZETZ20T, ARMH 7V Y X4
HWEOAR TNV T ) XLICE D,
ST (18) DS (npq, -
TN VT

’ 77t+k-1) %
WiE, x= (Nppens
Nk (18) Z2f (0 & LT, ARMH 7V I
) XL EFETTRE LV, 2R, 1RREEY
g () ETE e #FER LI NI S0,
RNRIICH v 7)) v 7 a5 fedicld, g (0 B
FOEMcEAR Y- FBLUMH Y-+ D%
BHERp, B TXLL2F 11T EE L5
SONPE LV, D/, Shephard and Pitt
(ww)@,g&)%%#ﬁ$%ﬁﬁ(w)%é
FEMT LBk 1IEBEROHELT
EATWS, LT, #o50g 0 OFROMAS
BLUOZIDOoDH YT ) v TDOHEITHOVTH
L LS.

T, t+k<TOBGEZEZEZ LS. T0O8
&, SHEMNHEEBESN (18) O ELE >2bD
BIRD & HlcFKE 5 2,

2
ln (f(nt-laﬂw 771—+k_1| M, ¢; Onav ht_l’

ht+k+1’ Yp - yt+k)>
t+k

= EH+ Zln([(
s=t
+ In(f (heyhsrltt, &, 05 hyr))

Ys|hs))

i, x,=x

DTS EFLORE (EHED)

t+k—1

+ Z In(f 773\0

s=t—1

1
= 559 theskrr = 1= Plhesr — w}?
n

t+k—1
1 +

R Z 773 (19

Ihs) = —— — y—sexp(—hs) (20)

% h oD T2RETT — 5 —EBT BT &ic
0 (19 XZELTOLSITEULELbD% In

(g (Npqs--or Npap)) ELTOVS,
I (f (7 pgoeeen Mpgral &5 @5 0 heys
ht+k+1’ Yp oo yuk))

t+k ) ) .
¢3E§+Z{MQ+W—MWW)

s=t

50— b PG |

Nl'—‘

1 .
T35 {hevirs — 10— ¢(here — )}

t+k—1

— > 0

’/stl
t+kll

R

s=t
t+k—1

5 X, s

77s t—1
=In(eg (npyp---

1
v N k) (21)

TIT, vy Ys RUTO LS IcEREI NS,
s=t.. t+k—1Tdhnid,

Vs = = ~ (22)
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Qs = iLs“‘Usl,(iLs): (23)

s=t+k<TThhni,

i (24)
vy = ———, 24
5 — 2 ()
o — et [ma R
yS 'S S 8 0_2
7
{ht+k+1 e ¢(}Als - N)}] . (25)
7L,
. 17 . -
I(h) = 5 {vtexp(~h) -1} (26)
“ 1/2 ~
U(hs) = —? exp(—hs) @27
Thb.

wic, t+ K=ToEs, T85bb, HEDT

Oy 2 %EZLLD. TOEHA, FMIC hyp, &
GEnTvoT, (19 XE2ROXHicEHEHRZ
RIFNEE S0,

In (f (Degpees Mpgal &, @, 0%, hey,
Yp s Ypi))
t+k h 1/2
= E¥-— Z {i—l— ?exp(—hs)}
s=t
| tHRL
2
- = 2. (28)
2077 s=t—1 ’
ZzlT, COEAEKE, s=t..., t +kITNT

T, vy Ul (22), (23) RTEFSN 3.
Libzgswad, v, ysld, s=t,..., t+
k—1db30vids=t+k=TTdbhid (22),
@23) &, s=t+k<TThniF (24), (25)
XTEFEINB. 2T, TOEIHITLTERS
N3y, ZBIMNE, hy ZIRELKE T 2BIE0 Y

v 7 AREZERE 7V

Ys=hy + £, £, _1id.N(0,vy, (29)
hs=p+¢ (hgy —u) +n,
ns~1id.N(0, 02) (30)

EEAED W REEEE g (s Mgy
oIy v VIREEERIE F VT B T 55
AR

F e

hexs1s Yp -

) nt+k_1| o, ¢7 O—%a ht,l;
o yt+k) (3D

THB™. &t, ZIhoHF VTV v ITEED
IZ 1%, Durbin and Koopman (2002) 12 & > T®
HELSN TV S simulation smoother % {if £ 13 &
Ly,

F— 5 —BHETO A .., herp) 1,
(19 50 28) RoE—-FET20NEE
LW, T959nE, E— FOREAT,

F Onerseoos Npsgal 8, @5 0% heys by,
Up s Yrk) =G (Nppsees M prfeer)

LD, ARMH7 VI ) XL DZHEMERD, ¢
NDOuFNbE—-FOFHATLIICELS KBS, ZD
vz, (..., b)) 2RO &S 10~ X
W, By oy ) ICEM B E EATY B
L, (23), @25) K& Wr..., Y+ DEFET
x5, TI7T, thEf-17, (29, 30 X»
S AR Y v 7 VIRREZERE F v LT H
V=Y e T4y —ERL—F—EFETT B &,

E (hyl 2, ¢, 0%;’ heys Regsts Yp oo Yukd)
G=0,.... 0 k¥ 3. Thz (23, @5 KX
D (hy..., hev) TIRAT B EFB G-

Ut BRFEF B HAEE, ThEEn, (29

(30) K Sk A HHIRREZE ] € T vicB W TH
ANV e T4 —ERL—H—hETT
L, BB E (hyyl 1, ¢, U%;’ heys hegers

Yoo Yp) G=0,.., k) WK 2. chiak
@RS E, T — I (..., by 258
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LNBEDT, TITTA 7 —EBHETAELL,

COT7NTYXLTE, (..., np 2L
SHhDTE 7 THET BLEND B, k=0,
kg =TELT K+ 107057 (g +
Lo ng) G=1,...,K+ 1D n#HTs6DL
L & 9. Shephard and Pitt (1997) &, (k;,...,
kp 235 vy aiEATOWA, BRICE, U %
[0, 1] o—#afHros 7)) v 7L,

1,..., K

LTS, 22T, intx] I, xR bIL VI
HiEEERLTWE, 0k, 7oy %5
VY LGESE, nBHOY v ) v I TEWE
RTEMsNETa vy 7 WH-7cELTH, n+
1EHOY 7y v 7rcld, 85370y 7 )hE
BENM2o0T, BHBGOTY v 77 v 7T X5
FoTLEHIEVS T EEHERTX B,

PI_I#% multi-move sampler & FEIENL 2 70 =
) X LTH BN, TNaiE% L7z Shephard and
Pitt (1997) &, (19) Ho>

ln(f(ht+k+1 |,Ll,7 ¢7 03]7 ht+ﬁ7)) =

1
—@{hwkﬂ — = ¢lheyr — )Y
il

DIHZMEL TV B, TR, v, Js %, 5=
t+ K< ToEHicd, (22), (23) XTEHL
TW5, ZOR%EEIRL DD, Watanabe and
Omori (2004a, b) T® 1, Watanabe and Omori
(2004a) TlF, & 51T, Shephard and Pitt (1997)
OHiEEZDEEMVBE, /X5 X — DAL
OREEMIT N1 7 ZADHEL B T EDRENTO
5.

SHEE EFLVOFRRE (ED)

3.2.4 Multi-move sampler & Mixture
sampler O Lk

Asai (2003) (3, multi-move sampler & mixture
sampler & % L#% L, multi-move samp ler @ /5
DGR E O & DR 2 HE L TV 5,

% 7z, mixture sampler T3\ < D2 RTEL L
b5, £7, zz DIELWAHTIREL, BAEEH
DETEUL 2D Z{E->TVWBDT, HET
LIPS HECTERVWEVWSHTH B, K
I, Yy =00, In @ = &b, i
BRTEB{H-TLEILVWHIATHS. T
5 L 7z % B % 72, Kim, Shephard and
Chib (1998) 1, ¢ =0.001 & L, (14) D7
BzIn (Y, +0?) KBEEWZATVAEH, cD
EIRPHEERE R EE 5 AV E S hIINT
BBHERETHAD.

&RIC, COAFEEHEATE 2013, HIPIKE
ZEHETFTNVTRBITELET VLT LV HTH
5, A, VA7« 7LITLaBELT,
1 K%,

y;=a+bexp (h) +exp (hy/2) €,

WE A 70V, BIPIREZEME 7 v
HEWA L TER Y, F, SVETFLE
WElE %2 &) 32 THRIES E2 T FIVICHI¥R
2EBNMEGE TV (REIZR) b 570, =
NBHIREEZER] £ 7L T IR EH 75V, mixture
sampler 1¥, =9 L7z E FVICIIEHTEW,
EFIVOILRME E WSS 51, BIPIREEE
M E F I A~NDOEW A2 L& L7 W multi-move
sampler D G 8EF L W,

33 EFILHE

NA XFEF TR, T, T VHRIEBHER
4 v Xl (posterior odds ratio) % i\ TirH 11
5. yr= Wy, ..., yp &£95&, EFTIVM; &
TN M; OFRA » XILFRO L S5 IERS N
5.
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S (Milyr)

POR = :
f(Mjlyr)

(32)

T oA v XA 1 & EENE, EFLM; O
FHiERS NG, FgA oy X, DIFok5 i
KT ENTEX B,

flyr| M) f(M;)

POR = .
fyr|My) (M)

(33)

2CT, HLOH VIS yrMp) [f (YrlMp
i X4 X7 » 7 % — (Bayes factor), 5 2 IH f
My [f (Mp FHifiTA4 » X (prior odds ratio)
LIEEN G, FHEiA v X, @, 1ICHES
h, ©595&, HRA v XHEIANARXT 77
y—&—HT 5. £IT, FHkAt v XLOHT,
DEOEZFET NI, FRA v XEFIH TS
b, "M XT7 57089 =0hT (R &, TNV
M; (Mp) O (marginal likelihood) & I
¥h s, LIF, Chib (1995) ic k- THRESh
te AL DF Rk ST 5.
FELALEE N, N4 XOEH

(y7|M;, 0;) f(0;]M;)

f
0;|M;, = ”
1(0:lMs yr) fyy|M;)

OHAO RN T 5. 22T, 0;3EF IV
M; 052 —=5%KL, EADf (0{M, yp
BHERREL GLOf YrM;, 0D BLE, f
(6i|M) BHEFFEETHS, £7T, FILE
B TFOXIIcRTENTE S,

[yr|M;, 001 (6:[M:)

F(0:|M;, yp) (34)

flyrIM;) =

L7chio T, BIBLEZFRET 27001id, L
f M, 6, FHRIEESf (04M), HRERE
f OiM;, yp OfEEZhZNiHETRIELD

(84) KiF, OiPVMBBETH > THRE DI

75, Chib (1995) &, 6; %% OHKFHIZT 3
CEERRELTCVD, HAEEIHEYICEHET
x507T, DT, SVEFVOHEREE L LED
SRR VWTHRIHT A, LIFTR, BRFEIP
ZtEorho M; 13815 5.

331 ERBEOM

T, N5 2 -5 0HEKETLE%D

(B, 9,62 Tk, 0=01B 5 FHREE
DIERFRDEHITRT I ENTE S,

5

FOlyr) = f(lyr) f(G0lf yr)
f(dlit, 62, yr) (35)

FHE1HIZRO L HITEKT T ENTES.

F(ilyr) = / F(alhr) f(hrlyr)dhr.  (36)

| T#MA L 72 Gibbs sampler 2172 &, f (hylyp
Do hp iy 7Y v rsng zhia (AW
v WOPY 2422, 36) RRLIFO LS
ARTE 5.

L 5 m
Hilyr) ~ 57 X F(alhs"), (37
m=L

(85) ROHLEWF 2THIZRD L HIcEKIN 5.

f(a'ana yT) =

/' F(637 hr) f (| y ) dr. (38)

INEFHET BT, hpZ f (hyl &, yp
WDHF YTy LBEFNEE LBV T, B
7212 Gibbs sampler %17 5 bENH 5. BRI
3, uZxpEELT, LUNOREMNITD O
DELY VT v TET.

f (0’%| ¢ l/:l, hT)’
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f(¢ | 0%, ﬁy hT)’
f(hT| (b’ O-%]’ [/2’ yT).

o, BHE hridf (hy ¢, o2 1,
yp PoF v v rdrb0E L TEOTH
% 73, multi-move sampler % ]l \» 235412 13,
RIToy s ety v 4 22THES
nr WP, W% 2o, 38 KREUF
DEIIHETE 2.

K

(Uﬂ |:u’7 yT 2

@20 pP).  (39)

&R, F8IHIE

F(DIR, 62 yp =SF(B1h b
(hy| fr, 62,

2, hp f
yp dhp. (40)

LESNBH, CoBE, f($] 0, 62 hp)
DOREEEHER DI SO T, FiIdok >k
ETEHET A ENTERL, T LIKBAI
lZ, Chib and Jeliazkov (2001) THREL L TL
BUTNDE S BTHHEZEM S BENDH B,

F9,

f(¢ | /sz 627]7 ﬁ) yT)v f(th ¢) /./2, 627]7 yT)’
MOEDIE LY Y7 ) v AR, BonE
909, WY g=1,....60 935 Ki,
(11) XTcBEZoN A2 MH 7 V3 ) X ADIRER
FEBAEh (@) %{d- T,

h (¢ | 1&7 6—%]’ hT)7 f(th ¢’ 1&7 6%’ yT)’
MDOBOBRLY V7Y v IERITL, BoNnicfii%
6P, W G=1,....0) &43. choofiz

&, (40) KL TOLIICEHTE 5.

(D

La(69, $l. &2 h%" (ol 62, hY)
J- 12 'r]vh7">)

PV . (4D

™

1‘1(¢ ol

22T, q (x, y &, ZEMWER

g(x,y) = min {fi
J(@)h(y)
ThHd?,

3.3.2 ALEDFE

SV EFNVOLERBEHAICEFMHTEZ RO
T, YIalb—vavicko->CTHlid 3 HEMN
RshTwas, 25 Lkt
(1994), Danielsson and Richard (1993) 12k - T
RZE S N7 AGIS (Accelerated Gaussian Importance
Sampler) % Kim, Shephard and Chib (1998) i
& - THE S I 72 particle filter % i - 72 503 b
5., 22T, BEDHEIC O WTHEICHT
5.

Y= Wy E£95&, LER

%, Danielsson

T—1
Fyr10) = f(116) [T f(wes1lve. 6).

LETENTE, SSRAEHED [ Yy,
BLUTFOXSiIckTENTES .

f (yt+1|yt,0) :fff (yt+1|yt, ht+1, 0)
f (ht+1|yt, ht, 0)f (ht|yt, 0) dhy,dh,.

Ini, f (hy, 0) o ZH 7 ) v TE
nﬁ,ﬁyfuyfémt@hwhm:L”q
M) E{fi-C, Wi f (hly k7Y, 6) (Th
g+ ¢ WP —w), 5k o OERS 7Fﬁ)
o™ (m=1,..., M ’a}*f/7 Yy oL,
Thzaf- T,
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M

1 m
0) ~ i > f(yt+1|h§+f)

m=1

Flyerily,,

LLCEHHRETE 5.

Particle filter £ 3, t =02 52 % — b L TH
KIS f (hly, 0) o hEF YT Y v 7T 5
TNT)ZLTHSB . WE, f (heylye,, 0) 2
Sh™ (m=1,...,M) BHv7Y SNk
ET 5. f (hly, 0 &, K™ (m=1,...,M
Effio TIRD L HITRT T ENTE S,

f(hulyy, @) o< f(ylhe, 0)f(hily,—q,8),
— Jwilte.6) [ Sulhis.0)
Jhe1|y,_1,0)dhs 1,

M
1 m
Flhe, 057 X FOulni™,0).  (42)

m=1

1%

(
(A
A

In f(ye|he, @) = X — _ht - 76XP( he)

THh, N h OB DT, HUDEK
ARG % Inf* () EL, hy=h <1
RDF—5 - T35 &, MOARELDBESN

3 28)
¥ 1 2
In f*(he) = —gmf-%emx_m)
1 y2 . .
< th - 5 exp(—he)(1+ he — he)
= Ing(h). (43)

cog (h) = (42) ROHELO f (b K™ 0)
DORFRD LS ICEKFT LN TE S,

( ) (ht‘ht lvg)OCﬂ-mfN(htmt\t o )

£, fy (h§P, 02) @ k(Y. 3 o2
DI OMEREERIAERL, S 51T,

hl(ﬁl)1 = pu+ d)(h,ETl) — )

o2
+ 7”{%2 exp(—hs) — 1},

Tm —

1 m m
exp (‘F[{M + o(hy 1) ~ W) - }Li\t—)?]> '
n

27T, (42) AP CRDO XS IcHEEHZ S
na.
f(hily,, 0)

x htwg%fMMme)

<

1 M
h7r X F(hlh). 0
m=1

L« (m)
X ﬂmZ:l W'rrb,f]\f(h/t‘h”[,;]50-1%)‘
L7chi-> T, REEEREZRSG ERS

M

> mf(ulng? o),

m=1
ZRWEREZp=Ff*"y /g (h) & L T,
BIHEITHMILAZAR T VT Y R AZ(TAE, f
(h|y, 0 »Sh %S v7 )y rTEb, ki
L, T = T/ Z;@L Trn-

3.4 EFIOZH

Particle filter ic & 0 f (hy, 0) 5 K™ (m

M) Ry IL, EhEfioTS

(hyarly h7P,0) 254> 70 v 7 Lz b (m
=1,....,M) & LEOFMIITLEL, EF
VOBMITOMOWB T ENTE 3,

Yer @%iﬁ{ﬁé yt+1 ETBE, oy & OELM
& Lﬁ.&% yt+1<yt+1 &f& 66%4
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P7’(l/;2+1 <yiily,,0) =

//Pr(ny < yﬁﬂm)

f(hes1lhe, 0) f (helyy, 0)dhe1dhy

LEsNBz0T, K™ (m=1,...,M) %ffi-<
PITo kS icHEETc 5.

Pryt <y |y, 0) ~

1 M

2 02 (m)
M mEﬂ P’(!Jf,+1 < yzt+1‘ht+17 0).

cotilE W, LT B s, EFLOEREMIE
L, upy EHGEHIC BT 75 [0, 1] ©
—BENTTICHES T EMFISN TV S (Rosenblatt
1952). % T°C, upty A HEMEIERSG O BRS
BIB D BIR FL (+) ok > &ML, =
FU @) (0T i 02 B 12 B 75 R T 43
fIchES. 2o, ml AFEL, ZANEL
I IS REEE IE IR IS > TV B D &S RE
EITHTEICE-T, EFVOZMMNTE S,

4. SVEFILOEE

MCMC %2 Wi~ A XHEEH €TV 2L
ELTOEHBARER DT, BETIZ SV EF L
b, ARCH M€ FV[EER, & £ STk
BITbNBEIICH->TETWE, KEITIE,
ZH LSV ETIVDORIBICOWTY — A &[T

D.

41 BEBEOHH
BREMSZLRIIERIM LD bEOE VS
T ->TWE (REMNZZMAZ) T &l
LIS TWS (Mandelbrot 1963, Fama
1965). Yy SV ET I IHE->TWABEE, &
Z (D AoRZEHe, WIFESMTH->ThH, y,
DREFIZBMAE ™. Lhl, £hroEE-
T, €; DM IFRSM TRV & ERS 7

SHEE EFLVOFRRE (ED)

W, e IWIEEARUA DS U T, £
DD EE T 4 v FDBRWHENMIT S EIZE
ETH 5.

Watanabe and Asai (2003) 5 &, €, ® 73 i
ICHEHEE R, 2 Fa—F v b0t —
fi% 1L 2% 2% 5> 7 (Generalized Error Distribution;
GED), 2 DB HDEAIHEHTIRY,
MCMC A2 WTAA ZHEEL TV 5B, &6
HETCEH L 7oA B o255 L, TOPIX
TR D, MELL— kTR 2>DIEHRM
DIREGAHPIR LU TR T VARV EORERAEHE
T3, e, DOMITEETERS LN DS %=
ATREYBLEEITE, MO ITA=5 by T
VYT AMENS B, PIAE, tHThoHBE
IZ2 W Tld, Watanabe (2001) 23%h=R )75 4 »
7T Y IHEEREL TV A,

BIOHEEELEZ W TEEO AT Z2iT>o TWV0 5
DI, Liesenfeld and Jung (2000) 73 5. %
TlE, YIal—vavicksiEihd (Simu-
lated Maximum Likelihood estimation; SML)
MHOWOLNTWS, i, SVETFTALTIEEL,
ARCH ! € 7V % (i o TR DT 21T > T
% & dIz, Bollerslev, Engle and Nelson (1994),
Watanabe (2000b), & (2000, 2.4.2 fi) »% &
5. TNSOWETIE, 2 2DERNHORES
M3 S TH 59, Bollerslev, Engle and
Nelson (1994), Watanabe (2000b), ¥ (2000,
2.4.2 i) TR AL t S EH O I
BEhTWwa, IhoDNITTETXRT, tifh
DELYTRFT VARV EDEREMLFLATYL
5.

Chib, Nardari and Shephard (2002) T i,
EHONMAEALZDLEEBIT, Vv v TENA
72 E 7% MCMC iEZ VT~ A XHEEL TV
%. %7z, Jacquier, Polson and Rossi (2004) T
3, BMEHONMEEZ S EEbIT, LINTHtH
TE5RIT7 4 )T 4 BHOIEAUEEZZE L 7o ®
7% MCMC 2 W T4 ZHAEE L TOW 3.
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4.2 JEXIFESV EFIL

PR i, Bl B -7 HOEHA LD b
TH-HBOBEHOH BRI F 4+ )74 EE 5
A% 5 T EMAISNTWS (Black 1976) *.
SVEFNLNTIAH LERTT 1 )7 1 ZEoIEt
WEEIRA B cdicid, DIV XS IciiET e,
&, ORNTHBIZZEA T HIT &,

€t N 0 ag POy '
e o\’ POy O',,Q]

2ZT, blop<oThnid, HAME TR
ENBRTT 1 )T 1« KOOI L BEAHT
by, p=0ThNEFE, WEDIEFIRNED N
SV EFIVICIL 5,

Yu (2004), Omori and Watanabe (2003),
Omori, Chib, Shephard and Nakajima (2004)
51, 95 LIRSy €7 V& MCMC i
ZHWTNA XHEFE L TV S, Yu (2004) 3
KI5 40T 4D 7Y v JIT single-move
sampler ZH W THB Y, TOHEFERICH~NI X
STV, FIETTHH L 72 multi-move
sampler [FIEAFRSV € F VI @BEHTE LWL O
T, Omori and Watanabe (2003) (&, JEXf Fr SV
£ 7LD multi-move sampler % H72ITHRE L TV
%. %7z, Omori, Chib, Shephard and Nakajima
(2004) 1% mixture sampler % #L 5 L T\ 5,
Jacquier, Polson and Rossi (2004) 13, €; & 7,
DTS, €; & g ODRIICHBIZEAL 72
£ 7 )L % single-move sampler % ]\ T~ 4 XH#E
ELTVEM, Yu (2004) e, & ny OEICHR
ZMALKAPETREOHNROEOREREGT
W35,

FEXSTR SV £ 70 Z Ml D HERE 5 % F O THEE L
TW5 b DITid, Melino and Turnbull (1990) &
Harvey and Shephard (1996) 73&% %. Melino and
Turnbull (1990) (& — #% 1t 4 & 7 (Generalized
Method of Moments; GMM), Harvey and
Shephard (1996) @ # V= >« 7 1 b & —ITHE

- < &t Ml & A& (Quasi-Maximum Likelihood
estimation; QML) % ] W\ T W 3 . GMM %
QML 13 MCMC £ H W 72 N XHEEE & Hox
THEE & D 2h# MK W (Jacquier, Polson and
Rossi 1994).

43 2IATRAL 9 F VT SVEFIL

So, Lam and Li (1998), Kalimipalli and
Susmel (2004), Shibata and Watanabe (2004)
513, 774U 7T 1 OFGu DEN—ETIIE
<, mOE S = 1) SRV (S = 0) 2ib
2b0EEZ, (2 XELTOXSKIELT
W3,

hy= wo+uy S+ & (hey — g
— M1 St—l) + 7 (44)

#i% 513, Hamilton (1989) i< HE W, S, i3~V 2
7RIS bOEREL TV 3B,

COEFINVEZINVI7EEE YT Vo EE
HOTA XHEET 2551C1E, Sp= (S, ...,
Sp) & f (Srlhp @) P ov v 7 ) v LTS
R oB0N, ChEEETH L. y N5 2
5N 3% &, (4.3) i Id Hamilton (1989) @ <
NATARA yFVITETIVICKESDT, Carter
and Kohn (1994) % Chib (1996) ® multi-move
sampler ICL D Sy = (Sy,..., Sp % f (Sylhy,
0) o1 YT ) I TXB,

Lidoiwx T, (44 XEHVIEE, ¢
HEEMAYKIRITE N L TWa, £ 72, Kalimipalli
and Susmel (2004) E PN T + — < v Z DI
IZ& 0, Shibata and Watanabe (2004) (ZEj&iT
A L 72 A B o i € 7 v 02l L b,
i SVEFLL D b2 VI T XA v F VT
SVEFNDLEPUTIEF ARV EDFEREE
TW5,

44 EWEIEDOEA
X357 407 4 EWGlEOMICZEDHEBEN

— 126 —



WERNER T 74 ) T ZHET IV

HBHTENMONTWS, SV EFIVERNGE%
& B TR L 72 € 7 VI, Tauchen and Pitts
(1983), Andersen (1996) 5T K % B[ 2 &

55 i iR & (Dynamic Bivariate Mixture; DBM)
EFNVMH L, ZOEFNVIE, 1THDOSBD 1]
1RO THE L 2 s 2 b3 & Bs & i3k <
H2BH, 1HOWSEHPHAEH TS LIk
D, HZDKXF 7 1) 74 EHGIEEORICTIE
OHBEAEENS &4 5 EF L TH S, Tauchen
and Pitts (1983) € 7L T3, &t HOHG[[IE
IL»5Z2on5 &, MEEIFEy, EHGIE v,
RD X DI H TN IS TERIATRICHED .

Ye I~ N (0, U%It)v vl ~N (i, a%]t).
Andersen (1996) € 7T, MIBZE(LED )
BIE LT, BEIEONHEBIROLSERT Y Vo)
T 5.

vi|I; ~ Po (my + my Ip).

VWERD, In ) HAR (1) €7 LICHES
boL L, v, 2MAlTELE, SVETIVICIEED
T, INSDEFIVIESV EFLVERGIEE S
BIECTHIELZEFMICBE > TWA, 22T, C
DEFNDNFG A =5 —bPROKLHEET 2
TENREETHY, £/, TOEFNVIHEIR
BEMETVICERT Z2 LN TERVLDT,
mixture sampler (Z{#Z 75\, Watanabe (2000a,
2003) (3 multi-move sampler %= H \» T~ 4 X
HEZITV, HEE225 MO HRT — % Tk
Tauchen and Pitts (1983) € 7 VI3 fiksZ(bLFE D
2 D H AR %8/ NGF L, Andersen (1996)
7OV & @ B CHHB 2 NI 5 & D
HAHE T3, Lamoureux and Lastrapes (1994)
3R (Method of Moments; MM), Andersen
(1996) & — &t (Generalized Method of
Moments; GMM), Liesenfeld (1998, 2001),
Lisenfeld and Richard (2003) &>~ 2L — ¥ 3

ok s EFVOSEE (LD
VT & A (Simulated Maximum Likelihood
estimation; SML) =W THEEZEIT-> TV 5.
Asai and Watanabe (2004b) &, & 5 7 « U
T4 EHlEE R 2ZEH ARG E TV TER
fb L7z € 57 v %& MCMC % W T~ A XHEE
L, 5104 v v 2 REBIE O 95% 15 FIXH
BRHT, K55 4107 ¢ EHGIEO MO KREE
DO ET>T0 B W

SHORE

KX TH—_A Lick iz, SVEF I,
IAE, HECHEOBFRM A, ThictE-T, ©F
WDIEENTThbN B EIICE - TX, &2 A
2, ARCHM EF )V EHN53 &, ERDOF—%
ADIGHBERLELEEZVERBSAB V.
12, EEOF— 4 2HOT SV EFILPZTNEF
JESE/EFVEARCHRE £ 7V &% LIKT 5
VAR INETHEDITONTESS, &
BOEEHFMESTA L.

o ks LT, £4, SVEF L,
ARCH & 7 L3z MCMC Hx2H W T~ 1 X
EL, BELEZILKT 2LV FENEZEZS
3. ARCHZE & 71D MCMC % L 7z~
4 XH#EEH: &, Bauwens and Lubrano (1998),
Nakatsuma (2000), = < % & (2003) 5 i
Lo TIREXNTWSE ™, %72, ARCHHEF NV
GRS c X 2 DT, SVEF IV L
DI LE AR & . 5 Lichih%
fT>TWwa&DIiTild, Kim, Shephard and Chib
(1998), Watanabe and Asai (2003) 23H 0, W
97 b, Bollerslev (1986) @ GARCH € 7 /L O
HEH e, ISt OO & S BHEORE WS %2 KE
L,SV%Tw®£§ﬁet1%%Eﬁ%ﬁéﬁm
L 7235431213, GARCH & 7V D 5 03 L FE s
m<a6% nd BN, WHE UomaE RV

T, SVEF VO BEULIENSG 85 &
@#%% TW53,

£72, K374 )74 DFRYT7 5+ —= v RIC

2RO EZETH L, TOBE, BEEL0

— 127 —



BRI fC% 55 355 (2005)

BESF 1V T4 DEOEMNRATH S &V
ETHDH InFTELLITONTE LD,
VAERTT 4 )7 OREEKEEZT, =h
LSV, ARCHBIEF VDX I 5 1) F 1 DHEE
fili& 24 2 & 05 FikTd % *. Andersen
and Bollerslev (1998) 1%, (1) X2 5 b » %
L9, LOEH T exp (h) OEFFE T T
$, 20EBHLEATVD Y, TOHERE
ARCHEIE F VP SVETFT VORI T4 1) T 4D
FHANT =< 2EBENTFMHLTLES T &
ZEMLCEY, Yy, AhF—shoit
H &N 3 realized volatility % 5 & & 2424 L
TWwa, F/z, Deb (1997) &, SVEF P ¥
lal—va Yl TATLICRESE 7 —
SEHOWTRS T4 )57 4 ZHET L LV €

v ANV aERETO, SV EFIL AR LR
# (GMM) » Bl Lk (QML) & o7k L
WEBICE S WEBES SETHET 54D
b, ARCHHEF VAR LHEET 2 &tk D
RSF 4 VT 4 ZHEE LT BN T  —< v 28
Bl ofERE28 Ty, BEERZFED,

RIS, £3740)F 4 @A 7Y a Vil ER
ETAEBEMERL DT, 47 a ik EH W
fHE b EERTH L. SV E F LA MCMC 4%
HOWTANA XHEEL, #7 v 2 AlilgEiELT
W3 bz, T (2004) 1 B 0,

CRILES R RS 3 =)

x

1) ARCH# £ 7 1z > W TE L < 4, Bollerslev,
Engle and Nelson (1994), #%i (2000) %% £
DT &,

2) ZOfhOHEEHIT > W T, Ghysels, Harvey and
Renault (1996), Shephard (2004), ¥ (2000)
EBMID T &,

3) MCMC ki >WTEE L < 1E, K#% (2001), th
(2003) #ZMWD T &,

4) (2 X% 2KV LD AR €7 L% ARMA € 57V
WKIERT 2 DEESTH 5.

5 ©=0, ¢=1EWETIHETIVEHY, T5L
TETFNET VS AUt =27 SVETFTINE
3B SV LA =2 SVEFIICO VT
L < &, Harvey, Ruiz and Shephard (1994) %
Ruiz (1994) #BWD I &. 7, SVEF LI
BOVWT, ¢=10EIDERET 2HEICO>VT
1%, So and Li (1999) % Wright (1999) 2Z& 0
2 &,

6) Jacquier, Polson and Rossi (1994) 13, €11 & T
DSV EFNERETE Lo XkE S — <AL, ¢D
HEEMEIC1E 0.8 5 0995 T TOMEME SN TWH
HELTVWS,

T T LIERD <A G EIT >V T, K -
Kk (1989) ZZ&Wo &,

8) HlFIEFIc > TiE, KAk (2001) 25O C
&,

9) ZOTAEFOMME® I &% “burn-in” &
32

10) oF A YT RAIGES & 0D O, B
1/ oL BH YRGS 05 T ETH B

1D EHic>W\WTid, JEH (2004) 2o &,

12) (8) LS BHH v =DM oH v 7Y v 45
23, Hr=Nfhoy 7Y v LTHiE S
nNFEE0, ERSGLA v <0HhE -tk kL
HohteDfmrooy 7)) v 7iconwTld,
Ripley (1987) 2ZMHoD T &,

13) HHcoW T, JEES (2004) 2SO &

14) [0, 1] =B 64 v 7 ) v 7 %7V, Boh
Tz us LT, u<qTHhNIEE, THTH
FHERHITIE L0,

15) MH 7V 3 ) X A DIREEERKOETHIZo 0
T# L < (%, Chib and Greenberg (1995) % £
DTk,

16) (11) ROEHIFTNTYIL 5 C IR,

17) TOHET, | ¢ | <1 OHPHICA B HERIIE VI
AT, holEzeMi>bnENH 5. fthokikic
SV, JEE (2000, p.97) #BMWEOT &,

18) Shephard and Pitt (1997), &5 (2000, pp. 98-100)
WO &,

— 128 —



19)

20)

21)

BRI 5 7 1 ) 7 ¢ KBT 70 0 TR € P VORE ()

RHEEZE € 7 Vi > W Tk L < (4, Harvey
(1989), Durbin and Koopman (2001) % £ [H D
Z &,

(M,ql,...,qM, my, ... ,vM) DR
122\ T %, Kim, Shephard and Chib (1998),
Mahieu and Schotman (1998), Omori, Chib,
Shephard and Nakajima (2004) 2ZH D C &,
22T, (hyoo by (g By (pseeos
Yt Wy Up) BEEDPSHIBRS L TW
plliciEEancw. (@ K&o, hiF 1M
HiOEIcDHkfES 50T, h th, 5L
snaE, (hy.., h,) ORGEERT 0L,
(hppooiy b)) & (s hy) BBV,
70 Wy Yoy Wy Yp) B ORI D
& (o) & (s hy) ORI
DT, TN HMBHEITL,

s My Vg, e

22) ARMH 7 V3 ) X AICH>WTEEL < 13, Chib and

Greenberg (1995) , &S (2000 3.5.3 i) 2.

23) EHHUZOWTIE, S (2004) £SO L.
24) BT (29) O3y 13 (22) 723 (24)

25)

26)

KTEHZRSN 55, (22), 24 Ko HOI"
(hg a @D R&VIFEROT, v, BEBTH
5. ez, @D K&, y, =081, I
(hy =0moT, (22) &b, vy=0&B>T
LES. 220 0FBoVEEZSEATH
L5007 -y OB, (22) RoNRB LU
(21 o' (hy) %, c %0 ICEVEDERH (4
€, —0.00001) LT, min [I' (hy, ¢] iziit
AN XV,

(29), (30) K S BHHIEA ¥ v 7 v IRREZEL]
ETFTND T, EHEAFEES R (3D %, (19)
AEEBHICEMTNE, 2D MiEohs.
pxMHT/IVITY) XALTIFHEL, ARMH 7T /)VIT
VRLATH YT v ITREAICE, Cokik
REEZ W, 20541213, Chib and Jeliazkov
(2005) TIREEN TV B HEE > BENH 5.

27) Particle filter 22> WCFEL < (4, Pitt and Shephard

(1999) =& T &,

28) Kim, Shephard and Chib (1998) (&, h; @ 1 #] 5&

29)

Ml by =+ ¢ Qs W nQY — )
TrF—7—EHLTVwED, T595LART IV
T XRADZEMERMEL, 7 v sk
BB EDB B, h OFRT A, TF— 5 —
B4 2L, o LcfERELKEL.

(43) &0, ZEMEp N1 EZBA S5 L1IFT
$, BEEIEERIShTO S,

30) FEL L F, J#EP (2004) 22O C &,

3D

BEZ DL D IS EL 2 00 Z9H LT
W% b @iz, Christie (1982), Wu (2001) 7% &
5.

32) SV E 7L ® QML #ERE 1T 2 W Tld, # & (2000

33)

34) Asai and Watanabe (2004a) (3,

340D Mo L.

A YNV ZREBIRE T 2 — % DIEFEEIR
IZ78 > TW B, MCMC % HWic~ A XHEET
E, NI X =5 ERRMP O YT VIS
50T, v Ty IENKNT A -5 DIEE
RATZLFTT S LS FERIHEL» S
Frv TS LTWE T LT, HEHHST
L2 —
s OIFFHIERIEIT TS - T W3 & DI, Hansen =
Jagannathan bound 23 0, ZhiZ>W\ T MCMC
FEaExHOTHEOSTZT- TV 2 b0DIL,
Gordon, Samson and Carmichael (1996) 73d %.
Ihoohiks
WL, =9 - B (2003) Ok bk
MEh & OFEREF TV .

TA %, SVEFILTIRE VA,

35) FEL <13, #EH6 (20002.3.381) 2SO &

36)

=4« #EH (2003) ¥, GARCH € 7 /L% MCMC
HEf-TNAIMEL, £ 7 v a Vg ZEFHE
LTW3,

SE X

FBERH (2004) [SV EFNEF VI A 7 ¥ a V&N
FOEHHIE | COE 7 4 A B » ¥ 3 v~—s¥— No.
23, HLTET KRS .

KK (2001 [=ova 7 e

iE

HEHE v A VOO R
DR THAM 2] 9315, %35, pp.

305-344.

— 129 —



BRI fC% 55 355 (2005)

BAE R - BAEA (1989) [~A1 Xifilt¥ & 2 DIk
H SO iR 2.

R RIE (2003) T7 7 4 F ¥ 2D 72 ® MCMC (<
& B NA RG] R IIITET.

I EHHIE (2003) [N A XHEERIC X B
GARCH # 7" v 3 Vil 3 & 7 v o3kt ) [HARK
FHFaxEt] 55 33 %, 5 345, pp. 807-324.

WA (20000 [H 57 4 U 7« BB E 7 0] GIEHIE.

B (2000) [V F « 2=« % v 7 5 —%H
WRHERI R T 7 4 V) 7 4 KB E T ILONA XHEE
% e [~ 7@E v 7 vo ke o
PGS 5 9 F, BAEREHTEAL, T

Andersen, T. G. (1996) “Return Volatility and Trading
Volume: An Information Flow Interpretation of
Stochastic Volatility,” Journal of Finance, Vol. 51,
pp. 169-204.

Andersen, T. G. and T. Bollerslev (1998) “Answering
the Skeptics: Yes, Standard Volatility Models Do
Provide Accurate Forecasts,” International Economic
Review, Vol. 39, pp. 885-905.

Asai, M. (2003) “Comparison of MCMC Methods
for Estimating Stochastic Volatility Models,”
Computational Economics, forthcoming.

Asai, M. and T. Watanabe (2004a) “Comparison of

MCMC Methods for Estimating GARCH Models,” COE

Discussion Paper Series, No. 18, Faculty of Economics,

Tokyo Metropolitan University.

(2004b) “Stock Return Volatility and Trading
Volume: A Bayesian Impulse Response Analysis,”
COE Discussion Paper Series, No. 19, Faculty of
Economics, Tokyo Metropolitan University.

Bauwens, L. and M. Lubrano (1998) “Bayesian
Inference on GARCH Models using the Gibbs
Sampler,” Econometrics Journal, Vol. 1, pp. 23-46.

(2002) “Bayesian Option Pricing Using Asym
metric GARCH,” Journal of Empirical Finance, Vol.
9, pp. 312-342.

Black, F. (1976) “Studies of Stock Market Volatility
Changes,” 7976 Proceedings of the American

Statistical Association, Business and Economic
Statistics Section, pp. 177-181.

Bollerslev, T. (1986) “Generalized Autoregressive
Conditional Heteroskedasticity,” Journal of
Econometrics, Vol. 31, pp. 307-327.

Bollerslev, T., R. F. Engle and D. B. Nelson (1994)
“ARCH Models,” in Engle, R. F. and D. McFadden
(eds.), The Handbook of Econometrics 4,
Amsterdam: North-Holland, pp. 2959-3038.

Carter, C. K. and R. Kohn (1994) “On Gibbs Sampling
for State Space Models,” Biometrika, Vol. 81, pp.
541-553.

Chib, S. (1995) “Marginal Likelihood from the Gibbs
Output,” Journal of the American Statistical
Association, Vol. 90, pp. 1313-1321.

(1996) “Calculating Posterior Distributions
and Modal Estimates in Markov Mixture Models,”
Journal of Econometrics, Vol. 75, pp. 79-97.

Chib, S. and E. Greenberg (1994) “Bayes Inference
for Regression Models with ARMA (p, q) Errors,”
Journal of Econometrics, Vol. 64, pp. 183-206.

(1995) “Understanding the Metropolis-Hast-
ings Algorithm,” American Statistician, Vol. 49, pp.
327-335.

Chib, S., F. Nardari and N. Shephard (2002) “Markov
Chain Monte Carlo Methods for Generalized
Stochastic Volatility Models,” Journal of
Econometrics, Vol. 108, pp. 281-316.

Chib, S. and 1. Jeliazkov (2001) “Marginal Likelihood
from the Metropolis-Hastings Output,” Journal of
the American Statistical Association, Vol. 96, pp.
270-281.

(2005) “Accept-Reject Metropolis-Hastings
Sampling and Marginal Likelihood Estimation,”
Statistica Neerlandica, forthcoming.

Christie, A. A. (1982) “The Stochastic Behavior
of Common Stock Variances: Value, Leverage,
and Interest Rate Effects,” Journal of Financial

Economics, Vol. 10, pp. 407-432.

— 130 —



WREES 7 4 ) 7 4+ EHEF L

Danielsson, J. (1994) “Stochastic Volatility in Asset
Prices: Estimation with Simulated Maximum
Likelihood,” Journal of Econometrics, Vol. 64, pp.
375-400.

Danielsson, J. and J. F. Richard (1993) “Acceralated
Gaussian Importance Sampler with Application
to Dynamic Latent Variable Models,” Journal of
Applied Econometrics, Vol. 8, pp. 153-174.

Deb, P. (1997) “Finite Sample Properties of the
ARCH Class of Models with Stochastic Volatility,”
Economics Letters, Vol. 55, pp. 27-34.

Durbin, J. and S. J. Koopman (2001) Time Series
Analysis by State Space Models, Oxford: Oxford
University Press.

(2002) “A Simple and Efficient Simulation
Smoother for State Space Time Series Analysis,”
Biometrika, Vol. 89, pp. 603-616.

Engle, R. F. (1982) “Autoregressive Conditional
Heteroskedasticity with Estimates of the Variance of
United Kingdom Inflation,” Econometrica, Vol. 50,
pp. 987-1007.

Fama, E. F. (1965) “The Behavior of Stock Market
Prices,” Journal of Business, Vol. 38, pp. 34-105.

Ghysels, E., A. C. Harvey and E. Renault (1996)
“Stochastic volatility,” in Rao, C. R. and G. A.
Maddala (eds.), Statistical Methods in Finance,
Amsterdam: North-Holland, pp. 119-191.

Gordon, S., L. Samson and B. Carmichael (1996)
“Bayesian Estimation of Stochastic Discount
Factors,” Journal of Business & Economic Statistics,
Vol. 14, pp. 412-420.

Hamilton, J. D. (1989) “A New Approach to the
Economic Analysis of Nonstationary Time Series
and the Business Cycle,” Econometrica, Vol. 57, pp.
357-384.

Harvey, A. C. (1989) Forecasting Structural Time
Series Models and the Kalman Filter, Cambridge:
Cambridge University Press.

Harvey, A. C., E. Ruiz and N. Shephard (1994)

SHEE EFLVOFRRE (ED)

“Multivariate Stochastic Variance Models,” Review of
Economic Studies, Vol. 61, pp. 247-264.

Harvey, A. C. and N. Shephard (1996) “Estimation of
an Asymmetric Stochastic Volatility Model for Asset
Returns,” Journal of Business & Economic Statistics,
Vol. 14, pp. 429-434.

Jacquier, E., N. Polson and P. Rossi (1994) “Bayesian
Analysis of Stochastic Volatility Models (with
Discussion) ” Journal of Business & Economic
Statistics, Vol. 12, pp. 371-417.

(2004) “Bayesian Analysis of Stochastic Volati-
lity Models with Fat-tails and Correlated Errors,”
Journal of Econometrics, Vol. 122, Issue 1, pp.
185-212.

Kalimipalli, M. and R. Susumel (2004) “Regime-
switching Stochastic Volatility and Short-term
Interest Rates,” Journal of Empirical Finance, Vol.
11, pp. 309-329.

Kim, S., N. Shephard and S. Chib (1998) “Stochastic
Volatility: Likelihood Inference and Comparison with
ARCH models,” Review of Economic Studies, Vol. 65,
pp. 361-393.

Lamoureux, C. G. and W. D. Lastrapes (1994)
“Endogenous Trading Volume and Momentum in
Stock-Return Volatility,” Journal of Business &
Economic Statistics, Vol. 12, pp. 253-260.

Liesenfeld, R. (1998) “Dynamic Bivariate Mixture
Models: Modeling the Behavior of Prices and Trading
Volume,” Journal of Business & Economic Statistics,
Vol. 16, pp. 101-109.

(2001) “A Generalized Bivariate Mixture Mod
el for Stock Price Volatility and Trading Volume,”
Journal of Econometrics, Vol. 104, pp. 141-178.

Liesenfeld, R. and R. C. Jung (2000) “Stochastic
Volatility Models: Conditional Normality versus
Heavy-Tailed Distributions,” Journal of Applied
Econometrics, Vol. 15, pp. 137-160.

Liesenfeld, R. and J. F. Richard (2003) “Estimation of

Dynamic Bivariate Mixture Models: Comments on

— 131 —



BRI fC% 55 355 (2005)

Watanabe (2000)” Journal of Business & Economics
Statistics, Vol. 21, pp. 570-576.

Mabhieu, R. J. and P. C. Schotman (1998) “An Empirical
Application of Stochastic Volatility Models,” Journal
of Applied Econometrics, Vol. 13, pp. 333-360.

Mandelbrot, B. (1963) “The Variation of Certain
Speculative Prices,” Journal of Business, Vol. 36, pp.
394-419.

Melino, A. and S. M. Turnbull (1990) “Pricing Foreign
Currency Options with Stochastic Volatility,” Journal
of Econometrics, Vol. 45, pp. 239-265.

Nakatsuma, T. (2000) “Bayesian Analysis of ARMA-
GARCH Models: A Markov Chain Sampling
Approach,” Journal of Econometrics, Vol. 95, pp.
57-69.

Omori, Y., S. Chib, N. Shephard and J. Nakajima
(2004) “Stochastic Volatility with Leverage,” CIRJE
Discussion Paper F-297, Faculty of Economics,
University of Tokyo.

Omori, Y. and T. Watanabe (2003) “Block Sampler
and Posterior Mode Estimation for a Nonlinear and
Non-Gaussian State-Space Model with Correlated
Errors,” CIRJE Discussion Paper F-221, Faculty of
Economics, University of Tokyo.

Pitt, M. K. and N. Shephard (1999) “Filtering via
Simulation: Auxiliary Particle Filters,” Journal of
the American Statistical Association, Vol. 94, pp.
590-599.

Ripley, B. D. (1987) Stochastic Simulation, New York:
John Wiley & Sons.

Rosenblatt, M. (1952) “Remarks on a Multivariate
Transformation,” Annals of Mathematical Statistics,
Vol. 23, pp. 470-472.

Ruiz, E. (1994) “Quasi-maximum Likelihood
Estimation of Stochastic Volatility Models,” Journal
of Econometrics, Vol. 63, pp. 289-306.

Sandmann, G. and S. J. Koopman (1998) “Estimation
of Stochastic Volatility Models via Monte Carlo

Maximum Likelihood,” Journal of Econometrics,

Vol. 87, pp. 271-301.

Shephard, N. (2004) Stochastic Volatility: Selected
Readings, Oxford: Oxford University Press.

Shephard, N. and M. K. Pitt (1997) “Likelihood Analysis
of Non-Gaussian Measurement Time Series,”
Biometrika, Vol. 84, pp. 653-667.

Shibata, M. and T. Watanabe (2004) “Bayesian Analysis
of Markov Switching Stochastic Volatility Models,”
mimeo.

So, M. K. P., K. Lam and W. K. Li (1998) “A Stochastic
Volatility Model with Markov Switching,” Journal
of Buisiness & Economic Statlistics, Vol. 16, pp.
244-253.

So, M. K. P. and W. K. Li (1999) “Bayesian Unit-Root
Testing in Stochastic Volatility Models,” Journal
of Buisiness & Economic Statlistics, Vol. 17, pp.
491-496.

Tauchen, G. and M. Pitts (1983) “The Price Variability-
Volume Relationship on Speculative Markets,”
Econometrica, Vol. 51, pp. 485-505.

Tierney, L. (1994) “Markov Chains for Exploring
Posterior Distributions (with Discussion),” Annals of
Statistics, Vol. 22, pp. 1701-1762.

Watanabe, T. (2000a) “Bayesian Analysis of Dynamic
Bivariate Mixture Models: Can They Explain the
Behavior of Returns and Trading Volume ?” Journal
of Business & Economic Statistics, Vol. 18, pp.
199-210.

(2000b) “Excess Kurtosis of Conditional
Distribution for Daily Stock Returns: The Case of
Japan,” Applied Economics Letters, Vol. 7, pp.
353-355.

(2001) “On Sampling the Degree-of-Freedom
of Student-t Disturbances,” Statistics and Probability
Letters, Vol. 52, pp. 177-181.

(2003) “The Estimation of Dynamic Bivariate
Mixture Models: Reply to Liesenfeld and Richard
Comments,” Journal of Business & Economic

Statistics, Vol. 21, pp. 577-580.

— 132 —



Watanabe, T. and M. Asai (2003) “Stochastic Volatility
Models with Heavy-Tailed Distributions: A
Bayesian Analysis,” COE Discussion Paper Series,
No. 1, Faculty of Economics, Tokyo Metropolitan
University.

Watanabe, T. and Y. Omori (2004a) “A Multi-move
Sampler for Estimating Non-Gaussian Time Series
Models: Comments on Shephard and Pitt (1997)”
COE Discussion Paper Series, No. 8, Faculty of
Economics, Tokyo Metropolitan University.

(2004b) “A Multi-move Sampler for Estima

ting Non-Gaussian Time Series Models: Comments
on Shephard & Pitt (1997),” Biometrika, Vol. 91, pp.
246-248.

Wright, J. H. (1999) “Testing for a Unit Root in the
Volatility of Asset Returns,” Journal of Applied
Econometrics, Vol. 14, pp. 309-318.

Wu, G. (2001) “The Determinants of Asymmetric
Volatility,” Review of Financial Studies, Vol. 14, pp.
837-859.

Yu, J. (2004) “On Leverage in a Stochastic Volatility

Model,” Journal of Econometrics, forthcoming.

— 133 —





