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Markov Switching Asymmetric Stochastic Volatility Model
with Application to TOPIX Data
-A Permutation Sampler Approach-

Abstract

The stochastic volatility model has been popular to explain a dynamic structure of financial time
series such asset returns. In this paper, we first consider the asymmetry that the increase in the
volatility is followed by the decrease in the asset return. Then, we consider a Markov switching of
two (high and low) volatility states using a random state variable which follows a Markov process.
The restrictions for the identification of the switching parameters are determined by using a
permutation sampler with Markov chain Monte Carlo method. The Markov switching asymmetric

stochastic volatility model is applied to TOPIX returns data, and model comparisons are conducted.
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0.2
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o000 ADOOCDOOO.

23 0000000

0000000000 (random permutation sampler) 00 000000000000000O
cobooooooooooobooboboooooooboooogooooooooooooon
0000000000000000000000000000000000 (DOO0oo0O0Oooo
(to,00,p00) O (p1,601,p11) 0 00 1) 0000000000000 O000O0O00DOOOOOOO
booooddoooooooooooooooooooooooooooooooooon
ogooooooooooooooooooooooooooooOOoOoOo0OOoOoOo0goon

SMCMC ODOO0000D00000 (2001)0 00 (2003), Robert and Casella (2004)000 O (2005), 00
(2005) 0000000000



000000000000000000000000000000000000000000
00000000000000 (000 Jasra et al. (2004), Frithwirth-Schnatter (2006) O O
0)000D0000000000000000000000000 Frihwirth-Schnatter (2001)
0000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000(00000000)0 MCMC
0000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000MSASV
000000000000000000000000000000000000000000
0000000000000 MCMCOOOODOOO Step6000000000000000

6. 00DOOoO0DbOoOooDooOog.

(a) 0ODO (1(0),1(1))000 {(0,1),(1,0)}0000000000000000
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020000000000000000000D000DOO00OODOOOOOODOOO0O0O AR
oooboooooo BICcobooOoooooboooOboUoooDbDbOOoooDbobooooboOboOo
00000000000 00000 100000000 AR(2)DO0OODOO0D0OODOOO OO
000000 AR(2)DOOUDOOUODOOOOIIIUOOOOO0OOD AR(1))ODOODOOOO,O
gobodboobobuodgboobobooboonon

3.2 ODUOOoogbbobuooobobodo

gboobooobooboobooboobooboobobooboobooobobobon
gbbobbooboobuooboobuoouobuoooobuoobuoobooboooobo
gboboboooboooboobooobobooboobooboooboboboobooooboobo
goboobooboboooboobooobbooboobooon.

¢i +1
2

wi ~ N(0,1), o?~7IG(2.5,0.25),
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gbooobooboooooboboooboboooobobobobooooo NIoooobobon
ogooooooboooobooobooboobobuobobooooooo sooobo mmoooo
goboboooogoobobobooboboboboobobobooboo20bb00ob0OobDOoDbO
000000 Ionnoo (w0000 2000000000000 00OO0ODODODODOOOO
ooobobobobdbed oU 20000000000 pOO0O0LOODOOOOOOOO
goboboooogoboboooboobobooboooobobooooboboboooboboooon
00020000000000 (u,0,0,p)00000000000O0O.
g40000000oobobooogoobobooo 1mIooooboboobobooo
goboooboooo20b0b00obo0oboooobooobo0ooooDoobboed e 2
goboobudtded pbobboobooboobboobboobooboooboobo
O0ooooooomooooooo 20000000000 (py0,0,p) D00O0OOOO
good.
gboooboobooboboobo3sooboonooboboobobooboboooboboooobon

Model A: (4,0,6,p) 000000 ASVOODO
Model B: (u,0,¢) 00 00000p00000 ASVOOOO
Model C: OO ODOOO, (0,0,p) 00000 ASVODOO.

0000000000000000000I000000 Model B,O0OO IIDNIOODOO0
00000 Model ADDDOOOOODODOOOOOOONODDOOOOOOONODOOOOO
0000000000000000000000000000000000000000000
00000000000000000 x00000000000SVO000MSSY)0000
0000000000000 SVOOO0 (SV)OASVOOO (ASV),0000t0000000
SvOOo (SVt), ASVO OO (ASvt)0000000000.
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3.3 0OO4n

0000000000000000000(000000)00000000 Model A, Model
B,Model CO MSSVOOOODOOODOOOOOOODODOOODOOODOOOODODOODD
Upebdlbcscubboobooobooob,guobboobbobobooboobooboobn
00000 uwo<m 0000 (p,o) 000000000000 0p<o 0000000000
oboboboodb o< bbb oobooboobobbobobonobobo
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00000000000000000000000000000000000000000o
0000000000000 000000000000000000000000000000

00000000000000 (w,02,6i,0)000000000000000 o < p1,00 <
o1 000000000000000000p;00000 B(5,025000000000000
00000 p; 000000000000 000000p,;, 000000 0.95 00000 0.090
0000000000000000000000000000000000000000 5000
000000000000

3.3.1 00000 (u,0,¢6,p)000000000000000

O30000I0D000000000Model BODODDODOOODOOOOOOOOOOOOO
gboobooobooobooobooobuobboibobbobooboobooboobooo
0000000000 10000000000 ooooog (p,e) 0 (o,p)D00O00OOOO
gbooooboobobooob w00 00O O0bOOOODOOODODOODODO
oooooOoOobooOoooooooD g > 000oo0ooooooooboboOooDoboOoo
gooobooognoi1boo9sunoonboonooobooboboooboobooobobo

040000 I00000CO0O0O0OOModel ADDODOOOOODODOOOOODODODO 10
gboboboooboooboboboboobobboobooboobobooobooboooobo
ooboboboobooooooboooo IbobbobooooooD o<
0oo0bOobobobobobobobO pppm<po< 00000000 O0OODOOOOO
goboobooobboobooobooobobooboobbooboobooon

gs0bobmoobobooboboooooooooooboobobobobobOoDbo
gogoboobogobi1bogoobogoobooboo IbooboobooooboboboobooDbo
O¢o> 000000000 DO0OO0O0O0O0O0O0O0O0O0O0O0ODDOOO0OOO pdpo<p1 <0
gooboob noobobooooooobboobobooboDoboboooboboooDOoboLO
gboboooogobobooooboboooboobob0oebbUobobOObDODObODbO
o.00oogbobboooboboooooooo nooogooboboooooooboon
gopbooboogoo

gsb0sb00b000ooboboboooboobbooboboooobobono1obnoo
obobooboobDbOw<m,oo<on0boobboobboobboOobbOobDbOonDboonDn
00000000000000000000000S500000000000000%00
gobodboobbooobooobboobooboooboobooabod

"D000000000 Geweke (1992) 000000000 (0000000 CDOOO pO000)0MCMC
OU00Uo0OoO 10%000 50%0000000 ;O 00000000 OUOOUOUOODODOOODOULOO
UOw=p000000000000D0C000DO0COO0OOOOOOOCOOOOOOOOOOOOCO0O00OAO0
0000000000000000000000000000000000000000000000 (DO0)OoO
0000000000 00000O000O0O0OUOOOOoUOOn O (205 000.

000005000 10000000000000000000000D00000D0000000O000O0
oo, 100000030 06200000000000000000.
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oo (Qoooo) 95%0000 Ch 0OO0O0Ooono

o -1.992  (0.197)  [-2.410,-1.649] 0.56 399.7
p o -1.035  (0.154)  [-1.319,-0.712] 0.54 289.3
oo 0309  (0.045) (0.225, 0.381]  0.74 568.3
o1 0430  (0.067) 0.354, 0.572]  0.69 672.2
do 0915  (0.022) (0.869, 0.953]  0.77 438.1
¢ 0875  (0.028) (0.811, 0.910]  0.89 502.0
p -0.382  (0.041)  [-0.470,-0.305] 0.10 141.0
poo  0.998  (0.001) (0.995, 1.000]  0.86 97.1
pui 0998  (0.002) 0.992, 1.000]  0.79 421.3

03:000000000000. 00 (I) Model B.

o0 (Cooo) 95%0000 Ch 000000

o -1.196  (0.161)  [-1.481,-0.825] 0.15 60.7
w1 0.097  (0.205)  [-0.318,0.509 ] 0.40 25.0
oo 0354  (0.073) 0.226, 0.515]  0.68 36.9
or 0368  (0.044) (0.291, 0.466]  0.70 19.8
¢o 0814  (0.084) 0.622, 0.942]  0.13 40.5
¢1 0922  (0.020) (0.877,0.955]  0.46 17.1
po  -0.326  (0.116)  [-0.556,-0.094] 0.98 21.4
p1 -0480  (0.071)  [-0.613,-0.334] 0.41 19.1
poo  0.996  (0.003) (0.987,0.999]  0.30 17.5
pu 0997 (0.003) 0.990, 0.999]  0.16 66.7

04 000000000000.00 (II) Model A.

o0 (CooD) 95%0000 Ch 000000

o -0.132  (0.197)  [-0.553, 0.196]  0.85 27.3
pi 0244 (0.110) [0.026, 0.460]  1.00 268.8
oo 0181  (0.018) 0.147,0.219]  0.25 28.3
or 0457 (0.087) 0.304, 0.650]  0.78 73.6
¢o 0978  (0.006) [0.964, 0.989]  0.11 61.3
¢ 0.664  (0.115) [0.384, 0.843]  0.38 63.8
po  -0.696  (0.083)  [-0.841,-0.526] 0.79 775
p1 -0450  (0.101)  [-0.642,-0.241] 0.05 32.0
poo  0.995  (0.003) 0.989, 0.998]  0.07 45.3
pu 0991  (0.005) [0.978, 0.998]  0.13 166.3

05 000000000000, 00 (IIT) Model A.

oo (Qooo) 95%0000 Ch 0OO0Ooono

o 0.957  (0.238) [0.499, 1.440]  0.40 29.2
w1 1.940  (0.165) [1.599, 2.249]  0.23 55.4
oo 0265  (0.038) 0.197, 0.344]  0.88 17.4
or 0419  (0.083) (0.295, 0.611]  0.63 23.9
do 0954  (0.015) 0.920, 0.977]  0.71 14.1
1 0734 (0.112) (0.462, 0.893]  0.17 152.0
po  -0.529  (0.117)  [-0.745,-0.288] 0.69 28.8
p1 -0.368  (0.127)  [-0.623,-0.139] 0.19 79.5
poo  0.996  (0.003) 0.988, 0.999]  0.56 112.5
pin 0994 (0.005) (0.983,0.999]  0.87 25.5

06 000000D00C0O00O0O. 00 Model A.
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L L L ! L ,
-1.0 -05 00 0.5 -0.50 -0.25 0.00

10

L L f h L L , L L ,
-1.0 -05 0.0 05 025 050 075 1.00-1.00 -0.75 -0.50 -0.25 0.00

05 00000000, 00 (II) Model A.

3.3.2 0J0O0OO S, 0000000

000000000 Pr(S; =1y 0000000000000 0OO0O0OO0O0OOOModel A,
Model B, Model CODOO0O 000000000 MSSVODOOODOOOODOOODOODOO
O000000000000000Model A Model BOODODO Model CO MSSVOOOO
gboboboboobooobooobooobooobobo,obbobooboobobobobooboobo
gobgoboobooboobooboboooboboboobobooboobobooobo
gobobdebdboO0lIbOO0bOO0O100bO0bO0ODbODLDODODODLDODbObOODLDOOOOO
OOModelADModel BOOOOOOODOOOOCOOOOOOOOOOOOOODODOO19710
goboobooboo 93 obogboboobooboobbobooo 200b 0000
goleesgoooogooboooogbooooobobooooobooboobooboon
000000 (S,=1)0000000000000DO000O00O0O00O0O0DO0O0OOOOOO
gopbooobod

groogoIlIogoboloooboooobobboooooboobooboooooboo
goglegrg iodboooobooooobooooooobooooooooooooDbn
ggbooobuooobboobbooobboooobo 94u0bobuooobooooo
OO00O0O08UUDOIIIIoODn Model COMSSVOOOODODODOOOOODOOOODOOO
0019960020040 0000000000000000ODO0O0O0O0O0ODO0O0OO0ODOModel A,
Model BUOUODOUODUODODODOODUOOOOUOODOODLOOOODODO 19980 800000
goooooboobogoo IToobg20300000 200000000000000000
gobooboooboobooobooobooooboobooobooboon

gbooobooooboboobooboobobboobosboboboboboobOoon
O0ooboOO ModelCOMSSVOOOODOOOOOOOODOOODOOOOOOODDOOOO
00000000 0DOO0O00O0O0ODOOModel A)Model BOOOODOOODOOOOOOO
ggboi19ooogoobobooobobooboboobobooboboobobooobooobo
gbobobobooboobuobooboobuoobuooboobooboboobobooboobo
gobooboooboboobooobboooboobooon
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0600 (I):00S=100000.
Model A (00O 0O ), Model B(O O O), Model C (D DO0O), MSSV (ODDOO).

0700 I)00S=100000.
Model A (0D OO ), Model B(OOO), Model C (DDO0O), MSSV (ODOO).
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0800 ()00 S,=100000.
Model A (00O 0O ), Model B(O O O), Model C (D DO0O), MSSV (ODDOO).

09 00:.008=100000.
Model A (D O0), Model B (D ODO), Model C (D OO), MSSV (D OO).
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3.4 00000

oobo0o24000000000000O000DOO00O0O00OO0OODDODDODOLODOOODOODODO
goboobobooboobooobooboobooboobooboboboboboobo
o000 0010000000000 DOOOOODOODOOOOODOObOOODOOODOObO0O0
000000 Chib and Jeliazkov (2001, 2005) 0000 50000 0000000000000
0000000000000 (DoooUoO0oUooOooUooOs0000)D

SV SVt ASV ASVt
OO0 (I) -3284.96 -3286.93 -3254.99 -3256.43
(0.88)  (1.52) (1.49) (0.93)
00 (II)  -3363.79 -3360.75 -3335.41 -3332.87
(0.70)  (1.41) (0.63) (1.17)
00 (III) -4221.52 -4219.77 -4200.65 -4199.18
(0.32)  (0.51) (0.16) (0.46)
oo -3793.62 -3791.11 -3782.86 -3780.84
(0.34)  (0.40) (0.34) (0.82)

O070000@0000):00000000O00.

Model A Model B Model C MSSV

00 (I)  -3246.45 -3245.29 -3244.43 -3274.39
(1.77) (1.60) (2.30) (3.38)
OO (1) -3329.12  -3327.35  -3332.94 -3362.18
(1.03) (1.97) (1.85) (1.82)
00 (III)  -4201.39  -4199.18  -4201.24  -4201.40
(0.72) (1.40) (0.58) (0.45)
oo -3781.68  -3782.33  -3782.45 -3793.75
(0.64) (0.47) (0.58) (0.63)

08 0000 (000000000 DDOOUOOOO.

000 700000D0D0D0O0O0O0O0OCOOOOOOOOOOOSvt, ASveO SVOASVOO
O0000000+0000000000000000 (0000000 Omori et al. (2007) 0
O00)0O0O0O0O000O0O0000D00O0oOoosSvOoOoO (ASV,ASsvy)0Doooooooooo
oo0Il0ooOoO0oO+«00O00b00O ASvtOooOoooooooooooooboooo

gg8bupooboobobobuobobooboooobooooooo Iobobobooboooo
O000 Model A, B,COOO0ODOOOOOOOOOODOOOOOOOOODOOODOOOO
MSSVOOOOOUOO0OO0ODOOOOO0oO000oOooooooo0oooooDoooog ASsvoo
gboboboooogoboboboooboobobobooooobooboboooooooboboon
MOoO00O000000OModel AQD Model BOOOOODOOOOOOOOOOOOOODODOO
goooooobo moooboboogoooooooooooboboboooooooon
000000 ASvV,ASvVtOO0O0O0OO000ooooooooogoo

gboboobooboobobobooobobbobbooobobbobbobboobobab
OO00oDOoOoOooOOASvVtOOOOOOoO0bOOoOoO0obOOoOoOobOoOooboOoooDboOoooo
gboogboobooooobooboboooboboooboobooobooboobooboobooboo
gboboboobuooboobooboobooboobooooobbobboboboobo
O00OoOO00DOOoO0oOoOoO0oD ASvtOOoooOoooOooobDoOoooooboooood
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4 ODOO0OOOO0OOO

odbooooooooooooooooooooODOOODOOOCOCOOOOOOOOOn 20
ooooooooooOoooOoOooOoooooooooooOOOOCOOObOOoOoOoOooooo
ocooooooooooooobooooooooOoOoOoOoOOOOOCOCOOOOOOOOOOo
coooooOoOOO0O000000000000000000oo0oooTOoPIXOOOO0O0000
OoooooooooooooooooODOOO0O000o0ooOooOooOoOoOO0Ob0ObOb0O0000o
ooooooooooooooooooooooboooOoOobocOobOOoOobobobOOoboOoOooooo
ocooooooooooooooooOooOOOCOOOOOoO0oooooooobobooooooo
Oo0+«00000O0C0CO0O000000O0O0DODOO0C0O ASvtOoOooOoooOoOOoO00O000oo
oooooooobooobooOoooooooobooOogo

oooooooooooOoOooooooOoOoOoOoOoOoOboO0oOoOoOoOooObOOoOOOoOoonn
00000000 Maheu and McCurdy (2000) 000 0000000000000 0O0OOO
ocoooooooooooobooboooooooooooooooOoOoObObObObObOOoOOOo
ocoO0O0O0oooooOooOooOoO0o0oo0o0o0o0o0ooooooooooODoOOOOO0O000on
ooooooooooooooooooooooooODOOOOOOCOCOOOObOO00000o
ooooooooooooooooooooooooOoOobOOOO00ooooobooOoooo
oobOooodob20040 9000000000000 O0OOOODOOODOOODOOODOOO
00O (Realized Volatility) 00 0000000000000 OOOO, Takahashi, Omori and
Watanabe (2007)0000000000000000000000O0O00O00OOOO0ODOOO
cooooooooOoOoOoOOOOOOOOOCOOOOOOOOOODODODODOOOOOOOOO
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0d

A 0O0OO0O0O0ODOOOOODbDOoOoOon

Al sO0O0O0O0OOO

0000000000000000s0000s,=1,...,10000000000000000

0000000000000000000000000000000000000000000
00500000000 ¢g(s,)000000000000000 Pr(s;=1|)=g()/ Y12, 9(5)
00000000000000000000000000

A2 (p,6,R)0000000

de Jong (1991) 00 000000000000 (augmented Kalman filter) OO0 000 DO
(u,0,h) 0000000000000 0OODO0OODOOOOOOOOO.

m(0]S,s,y%,d) < f(y'0,5,s,d)m(6), (A.1)
7T(/J/7h|07 S? S’ y*?d) X Tr(h|l’l"7 0’ S’ S?y*7d)7r(“|07 S? S’ y*?d)’ (A’z)

ooo f(y*e,S,s,d) 000000000000 w0 AOO0ODOOOOOOO0OOOO w(ul6,s,
s,y*,d)0,h000000000000000O000O0000OODO0O0OIintegration sampler [
0000000000000 0000ooOooOODoDOoO0 (oo BOO)O

Step3a0 0000000 0OOO0O0OOOOOOOOOOO (A)ODDODODOOMHOOO
0000000000000 000000000AD0DODOONDONONDO0 (0ooDooo
0000)00000000000000000000000 N(6*,%%)

ONog (615 .3 d)
00 6=0
_82 logm(0|S,s,y*, d)

-1
> = 5006’ ‘eé] (A44)

0 = 6+ O (A.3)

O0D00000OMHDODOOODODOOOODOOOOCDOOOD Acceptance-Rejection Metroplis-
Hasting (AR-MH) 000000 (Tierney(1994)0 00 (2005 00000000)00000
ggd

Step3b000000wpOdeJong (1991)0 000000000000 0OO0OOOOOOOO
00000000 (0O0BOO)OStep3cd hOOOOOOOO de Jong and Shephard (1995)
0000000000000 00000000 (simulation smoother) OO0 (OO BOO)O
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A3 sSOOOOOODO

00 SO00000000000000O0O0000O0O0oDUUoOoOoDooOoOoOOooOO (O
00 Chib (1996)) 00000000000 ¢=1,2,...,n—10000

sy f (heqa|Se, Se1, I, 1, 0) f(Se | Se—1,2) f(Se-1 | Le-1,9)

S, | I,,9) =
fSe ] 1 9) >o5, 225,y f (hasa] St Se—1, Li, 1, 0) f(Se | Se—1,2) f(Se—1 | Ie—1,9)
(A5)
000 9= (u,0,p), I = {y;, hu,dy, s}y OO
1
f (hes1|St, Se—1, I, p, 0) = X
\/ 27T(1 _p%t)USt
s, — - — Ay — Byyr — hy —mg)V
exp — {ht-i-l s, ¢St<ht /1'25'1—1) 2t t(yt hy mst)} Ot>2,
20‘St(1 —pst)
V1795 (1— %) — ps,)?
f(h1’507“70) = T/ &Xp— 5
2mos, 2050
gddbooodob. bgooouoooouobooooaa,
J(SelSts1s -5 Sn—1,In, ) o< f(hig2|Ses1, St L1, 1, 0) f(Seq1 | Se, 2) f(Se | 11, 9),
000000000 ¢t=n—~1,...,1,00000
f(St|St—l—17”'7Sn—17In7/l9)
= f(St|St+1,In, )
_ f(ht—‘rQ‘St-i-lySt7[t+17u70)f(5t+1 | Stvp)f(St ‘ Itﬂﬂ) (A 6)

Zst f(ht+2|St+17 St7 It+17 M, e)f(St—i-l ’ St7p)f(5t | Itaﬁ)

00000000000 Se_1|ln,®, Sn_z|(Sn—1,In. D), ..., S0|(S1, ..., 1,1,,9) 0000
00000 $S0000000000000000000.

A4 pU0O00O0D0OOO
0000 p; 0000000000000 pi ~ Blap,bp) 00000, 0000On; O
S;1=:00 S=j00000000000p;0000000

S o1 L= Pp1ogy1-8
m(pial S) o p (L — i)t 1WO—M1O’

00000000000 pi ~ Blaio+ni,bio+n;) 00000000 MHOOODOOOO
goood
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B O0O00b0dddoooooooobobbobobboood

B.1 0OO00O0OOO0OOO

w0y OOOOooooooooooooooooooooooooooooooon

Yr = Xtﬂ—i-Ztozt—i—GtutD a (t: 1,2,...,71) (Bl)
o1 = W6 + Tyoy + Hyu O O (t:O,l,Q,...,n—l)
ap=0,ur ~ 1L.i.d. N(0,I), t=1,2,...,n (B.2)

00000000000000000000000 (000 de Jong (1991), de Jong and Shep-
hard (1995) 0 0 ).

et = yi— Xof— Zar,0 Dy = Z,PZ] + G,G,,0 K, = (T,P,Z, + H,G;) D; ' (B.3)
a1 = WiB+ T+ Kiey,0 Py = T,P,Ly + HJ|
L, = T,-KZ, J,=H —KG, (B.4)

000 a; =Wos, Pr=HyH), Go=0000000000000000

n

I 1
Y /-1
log 27 — 3 ;:1 log | D¢| — 3 ;:1 erD; e (B.5)

nm

log f(y"|8,0) = — 5

0000000 ¢ = (y,...,5)0m, 0 y0OOOODO00O

B.2 0OO00O0OO0OO0OOOOO

OO0p0O000000O000O00O0O00DO00DOO00O0O0DO0O0O00OO0B =b+ Bu,p ~
N(mo,Mp) 0O OOb,BOO0OO0OOOOO0OOOO0ODOODOOODOOOOOOOOODOD
gobooboobobooboobobooboobboobooboooboon

fo = w—Xeb—Zyay, ajyy = Wib+ Thay + Ki ft
F, = XyB- Z,A}, 1= -WiB+TA; + K\F,
G+1 = @+ F/D;'fr,  Qu1 = Qi+ F/D;'Fy. (B.6)

000 af = Wob, A = —WoB, 1 = My'mo, Q@ = M;' 00000000 e = f; — Fip,
w=a —A;p000000000D00000D0O00

n nm 1 &
log(y™|p,0) = ——Zlog2m — 5 Z log | Dy| (B.7)
t=1

2

/
1 n B n B n B
3 {Z fiDy -2 <ZFt,Dt 1ft) o+ pf (ZFt/Dt 1Ft> M}
t=1 t=1 t=1
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000000000 p~N(Qyl1ga+1,Q,1) 0000000000000 O0O0ODO
0o

log f(y"|0) = log f(y"|p,0) + logm(u|f) — logm(uly",0)
nmy

1o 1 1
= log27r—2;log]Dt]—210g\M0]—210g]Qn+1]

1 - B B -
—2{(th/Dt 1ft —|—m6M0 lmO _q':l-i-lQn%l»qu“l)} (BS)
t=1

o0000 (B8 OOODOD MHOOOO ARRMHOOOOOOOOOOOOOOOOOO in-
tegration sampler 0O OO0 MSASVOO0OO0O0,0000 000

1 1 0 0
1 1 0 0
B = b= . B= Cu={ "),
1o 0 10 I3}
1 0 0 1
Xt:<m5t,0,0,0),|:| thl,D Oét:ht,D Gtz(’l}st,O),D

Wt = (07 dtpStJStaSt eXp(mSt/2)7 {(1 - St - ¢St(1 - Stfl)}7 {St - QSStStfl}) ) O

Tt - ¢St7 Ht - (dtpStO_StszUSt eXp(mst/z)v gs; \/ 1— P%t> )

O Wy=(0,0,1-S5,5), Ho= (07050/ 1_ ¢%0)

~—

goboogooo

B.3 0OO0O0O0OOOOOODOODOO

0000000000000000B.1000000y"0000000000000 uly®0

000 (u,...,u,) 0000000000 ..., 00000000000000000000
000000000000000000 {e, Dy, K¢}, 00000000V, =0,r, =0,Go =0
O00t=n,...00 000000000000

Ct == Ft([ _— G;D;th — JéUtJt)Ft/, D Et ~ (0, Ct), D ‘/t = Ft(G;Dlet —|— JéUtLtQBg)
ri1 = ZD7tey+ Liry — V/C e, 0 Uy_y = ZD;7 ' Zy + LiUL; + VOV,
n = Ft(Gth_let + JtIT’t) -+ €t

ooot=00000U,,r,00000000000. FF=HO0000000 a1 =
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