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1 0000

0000000000000, Black / Scholes [1973]000,B-SO0000000O0O00OOOO
0000'000000000000, Merton [1973] 0000000 B-SO000000000O0O
goobooobog,obboobobdooobooobooooboobooobbooooob. oo,
Merton [1973] 0 0000000000000 000000000, Garman / Kohlhagen [1983]
0000000000200000000000000,000000000000000000
oooooo.oooo,B-SsO0boooo0ooooooooo,bo0g,booooooDboon
gboboooboooobooboboobobooobboobboobbo. bboobboon
ooooooooooobooobo,BSOOOobOOOoO0ooOoooOobOoUobOOobDbOOoDbOOoon
Dooooos.

DDDDDDD(VOIatﬂity)4D|:||:||:||:J|:JDDDDDDDDDDDDDDDDDDDDDD,|:|
ooooooooooooboooboooboooOooobDOoobOOoboboOobODO. BSOoOoDOo
goboooobboooobobooobog,ooobobbooobbooobbooobboon
gboogbob.bgob,oboobobbooboobobooboobobooboboobon
gbooobopoooboobooboboobob.boboo,obooboboboobon
gboboobooboobooobooobobooboobobooob.

gbooboobooboooboobobooboboboboboboboboobobobo 20000
O0000000o0ooo0o. 100, SVO Stochastic Volatility) 000000000000 (SVO
O0000000000000000000, Taylor [1994], Ghysels / Harvey / Renault [1996],
Shephard [1996], O O [2000, O 3 O], Fouque / Papanicolaou / Sircar [2000], Mele / Fornari
[2000], Jiang [2002] O0). 00000 SVOOOO, 000000000000000000.
ooo,Ssvobooooboboobooooooboooboooooooooobo,oooooo
gooooooooooobbob. oogboo, o0ooboooooobobbbbbbbbon
O0000,0000000000000D0C0C0O. DO 100000, Engle [1982] O ARCH
(Autoregressive Conditional Heteroskedasticity) D0 000000000 O Bollerslev [1986] O
GARCH (Generalized-ARCH) 0 00000000000 (ARCHOOOOOOOOOOOOO
00000000000, Bollerslev / Chou / Kroner [1992], Higgins / Bera [1992], Bollerslev /
Engle / Nelson [1994], Diebold / Lopez [1995], Palm [1996], Shephard, [1996], 0 O [2000, O 2
O], Franses / van Dijk [2000) 00). 000 ARCHODOOODOOOO0OO0O0OO00000O000
oo0ooooO,00C000000DOCOO00U0ODOOOdO0bOD. OO0, ARCHOODODODO t0O0OO
gbgbobdg¢«—-100bobouoabouoboboobubobobaa,ugobobooogan



ooooo0obOoOo0oDooOoOobDOoOo.ooo,Ssvoooooooooooooooooood
gbbodoboooood.

gooooooOooOooOO0bOo0bo0. 0 2000,BSO00OO0O0ODOOOOOO. O 300
o,000,0000 SsvOoOooooooooboooooooooboooobooonbooo
000000000000, 000000 svooooooo, Hull / White [1987] O Heston
(1993 D0 O0OOOO0OOOO.OO,SsvOOOoOoooooooooooooo.oo,svo
gobooooboboooooobob.04000,000000000D0ODODOODOO
0O ARCHOOOOOOUO Duan [1995| 000000000000 GARCHOOOOOOOOO
00000000000, 00000000000. OO, Heston / Nandi [2000) O GARCH O
goboooobbooobobooobbooobooob. oogbo s0obb,0000bo0on
gboooood.

2 Black-Scholes [0 0 [

BSOOOOO,00000 soboobobooboo,booooo0obogoobooboooboo
googag.
dS = pSdt 4+ o0Sd= (2.1)

000,,000000,d00000000,000000,dz 0000000000. 000
0000000 ¢00000000000,000000 ¢2000000000000000
0.00000,020000000000000.0000,00¢00 000000 KOOO
0000000000000000 ¢BS0000000000000000000 PBSO,O
00 BSOOODDDOOOO.

CPS = SN(dy) — Ke " T"IN(dy), (2.2)
PPS = _S§N(—d))+ Ke "TIN(—dy) (2.3)
g~ W(S/E)+(r+02%/2)(T )
! oVl —t
dy = dy—oVT —t

000, N() 000000000000, 00000000 (0000),700000005.
00000000000 PPSO,000000000000 (put-call parity) 000 O

PPS = CPS — 5, 4+ =Tk (2.4)

gboboodgboooobodan.



00 (S, K, T,r)0O0O0000O0OO0O0DO0OOOOOOOO,0D000000 200000
oooooooooooOooo. BSOoOooUooooooOo,()oooo,0o0,000D0000
0,0i)00000000000O0, () 0000000 (o0)oo0, 0000000000
ooo,000000,(v)00000,000000000000000000.DO0OO0OO
oooooooo,(v)0oooooO0o0oU0ooooO0o00oooOoOoOOo0DUOooOoOoOOoooooo
000000%.00,000000000000000000000000000000000
000.00000,000000000000000 ¢?200000000000000000
goodboboobooob,bob0obob0obobobobo. 00, B-SObOObOUOOOObOO
0000000000000 o00O0,00 (1988, pplss-177 00 000OO0OO.

go,0b0dbogddbooboboboboboobobobo 200bobbo. Dooboobo
0000000000000 000000000O0O000000D (Historical Volatility) 00 O,
BSOOODOOOOOOOOOODOOobOOobOooDobDooooooooooboobooboboo
000 (Implied Volatility) 000000 .

00000000 U000D00oooo00,00000 SOU0D0D0ODOO KOODOODOOOD (OO
00)00ooO0oo0O0000000ODOOOC0OO0O00. DO00DO0O0OUOoLOOO,0D0oO0O
SO0000000 KoooooOd, S/K =1000 at-the-money (ATM), S/K > 1000
in-the-money (ITM), S/K <1000 out-of-the-money (OTM)O0OO. 0000,000 ATM
000000000000000, ATM 000000000 near-the-money (NTM) OO OO
0doodbooooo. oD,000og Ssodoo00o0 KOoopooooooooooo,
ITM OO deep-in-the-money (DITM), O O OO, far-in-the-money (FITM) D OO, OTM OO
deep-out-of-the-money (DOTM), O O O O, far-out-of-the-money (FOTM) ODO0O. 00000
000000,00 K/SOOQO.O000oooooooooooooooooo.

3 Sviioboooooooobon

3.1 0000 Ssviooooo

0000,0000 SV00000000000000. 0000000000 «200000
00000000000000000000,000000000 2000000000 (mean
reversion) 0000000000 O0OOO.

Hull / White [1987] 0, 00000 SO00000000020000000000000000
0000000000 (analytic solution) 0000. 0000,000000062000000



goooooo,
do? = o?dt + S0 dzy (3.1)

0000000D0. 000,000000 d» 0 (21)00 de; 0D000 (0DO0DOD0D0O000O0
00000000000 p=0)000000. 00000000000 ¢, 0,00000 8,0
00000062, 0000 ¢t0000, C(S,02,¢1) 00000, (2.1), (3.1) O, Cox / Ingersoll /
Ross [19852] 000D D OO0 00000000,

1 5., 0°C 1., ,0%C oC 5 0C oc
205 —1—852—1——1—250 aa4+r585+¢0 952 rS + 5 =0 (3.2)

00000. (3.2)0000000000000000000000000 (risk neutral valuation)
00000000000000. 000000000000000000000000000,0
000000000000000000000000000000. 000000000000
C(S;,02,t)0 0000 KOOOODODOOODOOOOO0O0O00O

C(Sy, 00, 1) = e~ (T=0r / C(Sr, 02, T)p(Sr|S, 02)dST (3.3)

000,S 0000 7T000000,62000000000000, p(S7|St,0?)0 Se?2 00
00000000000000. 0000 ¢t00000 T00000000000000000

gooono
Vo1 /T 24 (3.4)
=77/ oLds .
goooo.oooo (3.3)|:J|:J|:|D|:J|:J|:||:| S, 0000d0oooon
C(Spo0,t) = T / / C(Sr)g(St|V)h(V|0?)dSrdV (3.5)
_ / e~ (T=0r / C(Sr)g(Sr|V)dSr| h(V|e?)aV (3.6)
0008 000, (3600 [-]0BSO00000OO00O00DO00D0OO00O. 000 BSO

gbooobooo,0b00obooboboobooobobobon CtHWI:J(S.G)DDDDDDD
gbbodgboooood.

cHw /C(V)h(waf)dv (3.7)
= Ev[CES (V)] (3.8)
ooo,
CBS(V) = 8,N(ds) - Ke "IN (dg), (3.9)
o I(S/E) + (r+ V)T - 1)
° V(T — 1)



DD,EVDDDDDDDDDD(riskneutralworld)l]l] vooooooooooo.

3.7 000000000000 0DO0O0O000O,00000000 (risky world) DO OO
goooboboooobobo.y=0000,00¢0000000000000000DO0
RN CtBS(V)DDDDDDDDDD (Taylor series) D 0000000000 ODOOOOODOO

oooooooo.
102CE5(V) 1O3CE3 (V)
E&MT—uwuguﬂT—Ux 200" — k-1
2 103 K2 o
+15,5\/T — tN/(dl)(dldQ — 3)(d1d2 — 1) — (d% + d%)
6 8a?

3k _ 18K)ek 24k + 18k2 + 6k3
X&[e (9 + 18K)ek + (8 + 24k + 18 +6)]+

Vo= )+

= CP94

e (3.10)

V =E[V], k=6(T—1)

000,CES(V)O (3.9)00 V=V 0OOOOOO B-SOD0OO000, Var(-) 00O, Skew(-)
000,E)0000D000.0000000000,SVO00000000B-SO00000000
000000 NTMODODOODOODO0OO0D000000000000000.
000,00000000000 SV0000000000,00000000000 Ornstein-
Uhlenbeck 00 0000000000000 000O0O00O0D000O0O0ODOODODOOODOO0
oo.

do? = k[0* — o?]dt + dodz (3.11)

000, 000000000, x000000D00D00O0O0O0OOCDODO. OODODOODOO,
00000000 s00000D00DO0OO0OODOO ¢*0O0D000D00DOO.000D00O0,000
000000 0000000000000 0000D0.d20dz 0000 (p#£0)0000O
O, Stein / Stein [1991], Ball / Roma [1994] OO0, dz 0 dz 000 pO0O000000 Hull /
White [1988b], Heston [1993] OO0 0000 DODO.

0000000000000 D00O00o000DO, Hull / White [1987] D000, (2.1), (3.11)
0, Cox / Ingersoll / Ross [1985a] D00 00000000000 ODO,

537 % T 552 TP 5 555,2 T30 7 o1 955
e, ac
* 21 A B 7=
+H{K[]0" —0*] — Ao }802 rS + 5 0 (3.12)

00000. 000, A2 000000000000000000000000. Hull / White
[1988b] 0,0 0000000000000 DOCO0O0OO0ODOOOOOOOO (pricing bias) OO0



O 1 0000SvOoooo

go ooooboooo oooo p* oo
Hull/White [1987] do? = o?dt + 60dzy p=0 Taylor series
Hull/White [1988b]  do? = k[0* — o?]dt + dodzs p#0 Power series
Stein/Stein [1991] do = k[0* — o]dt + ddz, p=0 Fourier inversion
Heston [1993] do? = k[0* — 0?|dt + dodzy p#0 Fourier inversion
Ball/Roma [1994]  do? = k[0* — o?|dt + dodzs p=0 Fourier inversion (MGF)

*O000000Ob000booOobooooobooboooooDo.

000 (Power Series) 1000 000000000000000. Stein / Stein [1991], Ball /
Roma [1994] OO0 DO OOO0OOOOOO,A=0000000000000000O00000O0O. OO,
Ball / Roma [1994] O 00000 (MGF: moment generating function) 0000000000
goobooobdoooboo. ggbboobboob,b1obboobboo.oo,bbOon
goooooooooooooooobobbbobbbb oo oooooooooog, oo
gogodoooooboboo.

3.2 O0OOOSvOoooooooogo

0000,0000000000000,0000000 (closed form solution) 0 0 0 O Heston
[1993] 000000000, Heston [1993] 0, 0 0000000000000 (2.1), (3.12) 00
0000,00000000000000000 (3.12)0000,00000000000000
0oo0O0O00O0oO.

CPV = 5¢, — Ko(t, TP, (3.13)

o00,Sy, 0000000000000 00ODO0O0, Ko(t,T)e, 00O O0DO0O0OOOODO
0o00,¢; (j=1,2)0 ITMOD0OO0ODOO0OO0OO00O0O00O0O00DOOODOOO0. z=mn[(S]0O0O0O,

0000 (characteristic function) O

fiz, 0% T ¢) = eCT @)+ DI —t)o” +ide (3.14)

O ~1:9) = roi(T—t)+ 5 {(bj — poesi +d)(T —t) — 21n lﬂ”

l—g
b — podi+d [ 1 — T
DT -t¢) = = 52 1 — ged(T—1)
b —podi+d
7= b~ pogi—d



d = \/(po0i —b;)? — 82(2u;0i — ¢?)

1

ur = 7u2:_§7a:’%0*7 51:H+)\—,05, b2:/€+)\

000000000 (0000, Heston [1993] Appendix 00) 0, 000000000000
000000000,0000000000000000 (00000000 ; fourier inversion).

e K@, 0% T 0)
ip

000, Re[] 000000000 (real part) 00 0. (3.13), (3.14), (3.15) 0 30000000

1 1
@j(m,JQ,T;ln[K])zi—l—;/o Re[ d, j=1,2 (3.15)

00000000000 000000000000. Heston [1993] 0, 000000000C0CO
gboboobooboboobooobobooog.

1.00 p000000D0D00O0ODOOODODO. p>0000,02000000000000
0000000000000, «?00000000000000000000000000
Udd. p<0bO0OD0O0OD p>000000000000.

2.p>0(p<0)000 BSOODOOOOOO,0OTMOO00000O0O0DOOOODOOOOOOO
oo, IrMobdboboobobobobooobooboon.

3.020000000000000000000.

4020000 FITMO FOTM OOOO0OO0OODOODODODOOOO NTMOOOOOOOOO0OO
goo.orTMOOO0OD0O ITMOOOOOOODODOOOOOODOOO.

0000000000000 D0D0D0D00000 «20000 p0,0000000 200000
0000000000000 000000000DO0O00ODO0. D00, Heston [1993) 00 00O
000000000000000000000000,0000000000000000004

3.3 0000 SviOouoooboboooooogo

00000000000,0000000 (2.1),(3.11)000000000000O00OOOOO
gbooo.bgooboboob,0oboboooooobooboboobooboboobon
O0ooOoooooooooon. (2.1),311)0o00o0oooU0ooooood

S
In—— = pu+woy, (3.16)
St-1
Ino?,, = a+Blnof +mn, (3.17)

()= ()L, 2 ])



oo0. 000, w,n 0000000000 (i.4.d.: independently and identically distributed)
000o0o0oUooo,wOn U000 pO00000OO0OO. 0O00O,0000000000 (3.17)
gooooboooooooooooooboonooooooo. oo, goooogoog
o0ooodooooooooooooo, o000 odooooooobo, o0ooooo
oo, oo ooooon CtSV

O, 00ddtooodotudooouobooouonooouoooooao
PV = e T DE [Max(St — K, 0)] (3.18)

000. 000000000,000000000000000000 (3.18)00000000
oo.

000,00000000000000 (3.16),(3.17)00000000000,000000
0000000000000.000,000000000000000 {u)L,,{w}l,000

000.00000000{p}L,00000000000.

ns = op(pus — ws\/1 — p?) (3.19)

gbboodgbooooobooaobo,

1
us ) Liaan (|0, Pon ) s =t,--o,T (3.20)
Tls 0 ,0077 077

god. oo, bgobuooouooooon U?DDDDDDDDDDDDD Sy O (3.16),
(3.17) 00000000000 OOO0O0O0LODOOO0OO0 SyO0DOO0. ODOO0DDODOOOODOO
NDDDDD,DDDD{STJ}Z-J\LIDDDD.DDDDDDDDDDDDDDDDDDDDDDD
ooooooooon N
C‘t:e_T(T_t)%Z[Max(ST,i—K,O)] (3.21)
i=1
00000o0o0o00o0o0oooOoOooooooO0oO. (321)0 3.18) booOoOoOoOOOO
O00000,00000 (law of large numbers) 00O N — oo 0000, (321) D0O00OO,
Ele"T-Y Maz(Sy — K,0)) D0DD0000000. 000 (3.7) 0O Hull / White [1987] O O

gooooobod

. 1 X
CHW — ~ Y chi W) (3.22)
i=1
1 T
Vi=m— D o5
T—t s=t+1



gboboobooobooboobobooboobobobobooboobboon.

O000000000000000000000000O0000D0O000000O Boyle [1977] O
O0.0000,000000000000000000000000000. Johnson / Shanno
[1987] 0 SvOOOOOOO0OOO0O0O0O,000000000DO000DOOO0D0bODOOOOoDOO
O0000000.000,00000000000000000 (Control Variates) O 0O0O0O
gbbodgboooobooboon,

G =P 1 (67 -6 (3.23)

¢SV opooDoDoDODOODDODOOOOOD0OO0O0O,

¢S 0B-SO0O000000000O0O0O0O0OOOOOOO,

¢’V osvoooDoDOooooODOoOO0O00000000000nnoao,
¢’ 0B-S0O0DDOODDODOOODNONDD0NDO00NDO,

000000000000, Hull / White [1988a] 0, 0000000000 (Lattice Method) [
gooboooobbobobooobobuoooboboooboooobL.bobooobooooboo
(Antithetic Variates), 000 00000 (Stratified Sampling), 1 0000000000000
000000 Latin Hypercube Sampling), 00000000 (Importance Sampling) 00000
00000000000 (b00b0OoDO0oU00O00000o0bOoOOoU0o0oOOn, Barraquand [1995],
Broadie / Glasserman [1996], Boyle / Broadie / Glasserman [1997], OO /00O [1997], OO /O
O [2000], Jickel [2002], Tavella [2002] O O).

34 SvOOooOOooooooo

SVvoOOOoooooooOoouoooOooO, Wiggins [1987], Scott [1987], Chesney / Scott [1989],
Melino / Turnbull [1990], O O [1998], Mahieu / Schotman [1998] OO0 . 0000 SVOO OO
ooooooooooo,o02000000o00.

Wiggins [1987] O, AT&T, Beatrice, Ford, IT&T, IBM, Mobil, Sears, Union Carbide 00 8 O
000000 S&P500 index, CRSP (Center for Research in Security Prices at the University of
Chicago) value-weighted index 0000000000000, O000O00O0OO0OO0O0OOO0OO
000000 IT&T O S&P500index 000000000000 ODOODOODOODO. OOOOO
00000000000 (MM: Method of Moments) 000, 000000000000 0OOO
do0oooOobOoooo. Ssvoooooo B SOOODoDOooOOoooOobOoooooobooooa
0O . Scott [1987] O, Digital Equipment Corporation (DEC) 0000000000 MM OO

10



gboboobooobooboooboooboobboobooboooboobooboon
0.SvO000000 B-SOOO0OO0OO0O0OOOO0OO0OO0OO0O0O0O0O0OOoooooOO. Chesney / Scott
[1989] O, Hull / White [1987], Scott [1987], Wiggins [1987] 00 00000/00000000
oooooooooooo.svoooooo,0ooboo0ooboooooobooooD BSOO
ooooo0ooOoooO,0b000b0O00d0bO00bOOO00O0O00 BSOOoooooboOoooo
O000O0O0O0OO0O0O. Melino / Turnbull [1990] O, 00000 /00000000000O0ODOO
O00,0000000GMM: Generalized Method of Moments) 00 000000000000
0.0000,00000000000000D000DODO0OODOODODOOO. OO [1998) O,
0022500000000 Harvey / Shephard [1996) 0000000000 v, O n 0000
0 pO000000D0O0DOOOOOSVOOOOODDOODOOODOODOODOO. (3.16), (31700,
ye = In(Ry — p),hy =In(o?),& =n(u?) 0000000000000 000000

ye = he+& (3.24)

hitr = a+ Bhe+ s+ (3.25)

2
51 so~iid (|0, JU )=,
m; 0 st 05 —C

000" 000, ¢ = Ei[En|u], v=Er(n&) —Es(p)E(&) 000, s, 0 R, 00000

0.0000,R 00000000000 10-10000.000,0002000000000
00000000000. 0000, 0000000000000D0000000000000
0 QML: Quasi-Maximum Likelihood estimation) 3 0000000000 00000,0000
00000000000 000000000000. 00 [1998) 0, 0000000000, SV
000000 B-SOO000D00O0000000000O0O000O. Mahieu / Schotman [1998] O
000SVOOOOOO0O0O0O003000000000,ATMO0O0O000O0SVOOOO000
00 BSO0D0D0DOO0O0OOO0D. Mahieu / Schotman [1998] 0000000000000,

3.5 SviOOooooooooboosvooooo

Mahieu / Schotman [1998] 0D 00000000 SV OOOOOOO, (i) Harvey / Ruiz /
Shephard [1994] 00 00D0000000000000000 QML, (ii) Simulated Estimation
and Maximization (SIEM) 4 | (iii) 000000000000 (MCMC: Markov-chain Monte
Carlo) 000000 O0O0DO0O (Bayes procedure), 1 30 0000000000000000O0.

h
RIY = wem)<§>ut (3.26)

hy = Bhi1+m (3.27)

11



02 SvO0O00OO0oOooOogoo

gd ggd goooo* gogog p** god

Wiggins [1987] S&P500 index, IT&T  1962.7-1984.12 0 0 pZ0 MM

Scott [1987] DEC 1982.7-1983.6 OO p=0 MM

Chesney/Scott [1989] O000/0000000  1984.1-1984.12 OO p#0 MM

Melino/Turnbull [1990] ooooo/ooo 1983.2-1985.1 0O 0 p#0 GMM

00 [1998] oo 225 1994.1-1995.6 OO p#0 QML
Mahieu/Schotman [1998] 400000 1973.1-1994.2 OO p=0 SIEM, etc.****

*000000000000000000000.
~+00000000000000000000000.
~*00,0000,0,0000000.

e QML, Bayes.
o iaan (O] °
Tt 0 0 op

0O00,R’" 0 2000000000000, ¢?exp(hy) =0?20000 RY 000,y 00
000000000 (scale parameter) DO O, w,n 0000000000000 O0OOOO,
wOn, 0000000000000, (3260)00 ¢, =mR?0000000000000,

yr =B+ h+&, & ~ii.d.N(—1.2704,0%) (3.28)

000,B8=mhvy? ¢=hel000. (i)o§:w2/2DDDDDD QMLODOODO ‘QML1’,0§D
0000000000 QMLOOOD ‘QML2, 000. 00 & 000 f(&) 000000000
000 (mixture model) DO O OOOOO.

3
F(&) = piN(pi 0Z,) (3.29)
-1

& =E(z), 2=1,2,-- K, &(i) ~ N(ui,08;), Pr(z=1i)=p

(ii) f(&)ODDODO0ODOO0ODO000O000OO0 (fixed mixture) 000000 Simulated Maximum
Likelihood 0000 ‘SIEM1’, f(&) 000000000000000 (flexible mixture) 0000
OO0 MLODOOO ‘SIEM?2’, (iii) f(&) 0000000000000 00000000O Multi-move
Gibbs Sampler 0O 0O0OODOOOOONO ‘Bayesian’, D00 50000000 3000000
Doooooooooooogh.

I A I
O00000O0OO0DO0O0ODOOODODOODODODO (seasonal day-of-the-week effects) 0000000

12



000D00000000000000. D00000000000000000000000
oc®"9 g oooooo (3.7) 00 Hull / White [1987) 0 0000000000000,

Ct(SV’ 0o) _ e~ BIBS(W)] (3.30)

ooo,BS(W)OoOoUoooOoB-SOOOooOO.

BS(W) = F;N(d7) — KN(dg) (3.31)
%_MGW%HWN7%_%_W
W? = ﬁi(ﬂp“ﬁ) (3.32)

s=t+1
ooo0,FROt0O00COOOODOOD. 0000000000 COODODOOOO ATMOCOCODO
oooooo,b0O0,SsvOoo0ooOo0oo B SO0ODOO0OOO0ODOO. ODOoO0DOoOoDOOODO
gbobogboobooon.

l.00000000b0ob0oboboobobobob,bobooboooooon.

2.0000000000000,SIEM200000.

. ubgooooogoogoooooo,bobobgobooboooboboboobob. oba,
0/000,0000/0000000000000000O0O0,0D00000D000000O
guo.

4. 00000000DOO00,BSOO0OOOOOO0ODOOOO.OO0DbOO0OOOODbODOOOOOD
googoooboon.

gogodogoooobobbbobdoooooooooobobodoooooooooboobooo
good. oo, ggoboboobobbobdddoouoboboboobbbuduuooaon.
0000,0000000 (Financial Econometrics) 00 000,00, MCMCOOOOOOO
goggoboboogooobobooobooboboooo. oo, buoobbbooobobboooooobo
O00000o0. MCMCOOOOOOODO Gilks / Richardson / Spiegelhalter [1996], Bauwens
/ Lubrano / Richard [1999], Robert / Casella [1999], Chen / Shao / Ibrahim [2000], O O [2000,
030],00 [2001], Chib [2001] 0000000, 00,00000000000000000O
0000000000 Bauwens / Lubrano [1995], 00 [1998) DO 0OOOOOODO.

13



4 ARCHUOUODOOOODDODOOOODDOOOO

4.1 ARCHUOOOOOOOODODO

ARCHOOOOOOOOODOODOOOOOOOO,S&P500index 000 O00O0OO0O0DODOO
0000000000000 00000 Engle /Mustafa [1992) D00. 0000000 OOO
ooo0oo s,000¢000000 (S&P000000O)00O,000000O0 U?DDDD,D
0000000 200000000000000000000D000000000 GARCH(1,1)

oooooooools,
St
Si—1
€t|9t71 ~ ZZdN(O, Ut2)

=1l+r+e (4.1)

€t = Ozt 5 2t ’leN(O, ].)

ol =w+ae | + B0, (4.2)

000,¢ 0,00 0,000000067000,2%04id 0000000000000. 2,
000 t-1000¢-100000000000000000.00000000000000
00,000000000000,(3.18) 000000000000000C0. NODOOODOOO
0000000, (318)00000000000000 ¢;'°Y ooooo ¢;;°°? oooo
£;0000200000000000000 (loss function) 00 0.

N
Loss(w,a, ) = Z Eii (4.3)
i=1

0000,0000000000 (GSMM: Generalized Simulation Minimization Method) O O
0000000000 w,e,p00000000O00. Engle / Mustafa [1992] 00 OO, GARCH
gooboooboo B-SOobooobobooobooooboboo.oboo,boo0ooDoobo
oodoooboobobbbboboodooooooooo.
O00,ARCHOOOOO0OD0OOOOOOOOOODOODO,030000000 Noh / Engle /
Kane [1994], Saez [1997], Sabbatini / Linton [1998], Bauwens / Lubrano [1998], O O [1999] O
00. Noh / Engle / Kane [1994] O, GARCH (1,1) 0000000 S&P500 index 00 00 O
ydoudd. oo ooooobboboboboboobobobobbbobbboboooobooon
0oo0Y00,00000000000000000000000000000A0.

Rt =w+ aRt_l + € (44)
2 2 2

o E; of_

Tyt 6t1+56t1 (4.5)

ny Ny Ng_1
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000,R 0000 (S¢/Si-1—1),n 0 (t—1)0000¢t000000000000+10(t0
0000000 (t—1)0000000000),d0 ¢t+0000000000000000000
0.000,+=000000000000000,n,=3000,00000000 »000
00.0000000000000 (ML: Maximum Likelihood method) 0000000000
00000000.000000000000,0000000000000B-S000000
(3.7) 00 Hull / White [1987) 0000000000.

CCH = E[S,e TN (dg) — Ke T~ N(ds)] (4.6)
e I(SYE) + i+ V/2)(T 1)
o V(T —1)
dio = do— V(T —1)
1 &,
vV = ﬁ Og (47)

000, d O S&P500 index 000000 (dividend yield) DO O. 000,V O00O00000OO
0000000000 o0doO0o0o0o0odDOg GARCHODOODOOODODOOooOoooo
googg.

Saez [1997] O, Spanish Stock index (IBEX-35) OO0 OOOOO0OO, GARCH, EGARCH,
PNPGARCH, NGARCH, GJR, AGARCH, VGARCHO 7000 ARCHOOOOY®¥ OooOo0O
O000000000000000000. Noh / Engle /Kane [1994) 000000000000
000000000 GARCH-S (seasonal GARCH) D0 OO00ODO.

2 _ .0
Oy = Ty

q P
w+n; (Z ier + Z Bjafj)] (4.8)
i=1 j=1

00,000000000000000000000O0D0000000O0O00 GARCH-M (in-mean)
000000000.0000,0000000000 BHHH (Brendt-Hall-Hall-Hausman) O
0000000000 MLOOOOOOOOO0OOOOO0OOO0OO0O0O0. 00000000000
0,0000000000000000000 (AIC: Akaike’s Information Criterion) O O 0O O
000 EGARCH(1,2-M-SO00000O00O00, (3.7) 00 Hull / White [1987) D000 Amin
/ Ng [1993] 00000

CAN = E[S;N(dy1) — Ke™ " T=O N (dy5)], (4.9)

In [Sy/Ke™" =] + (o2/2)(T — 1)
o} (T —t)
diy = diy —o2(T —1)

din =

15



To= > (4.10)

0 = —— o2 (4.11)

Jo0obo0ob0o0ooooDoobo0obooboob. ooDb0oooboOo,NTMOODOoooo
0000000 (overpricing), 00 000000000000 OOOO (underpricing) 0000
0.000, Hull / White [1987] 0 Amin / Ng (1993|0000 B-SOOOOUOOOOOODOOO,
Hull / White [1987] O Amin / Ng [1993] 00 00000000000000000000000
00O . Sabbatini / Linton [1998] O , Engle / Mustafa [1992] O 0 00O Simulation Minimization
Method (SMM) 00O 00O O Swiss Market index (SMI) 000000000 GARCH(1,1) O
0000000000,BSO0000000 GARCHOOOOODDOODODDOOoODooooOo
ggd.

Bauwens / Lubrano [1998] O, MCMC 0000000000000 0O0O0OOODODO GJR
(Glosten / Jagannathan / Runkle [1993] ) 00O 00O GARCH-Student 00000000000
gooooooooooo.

€ = zoy, 2zt|f24—, ~ Student(0,1,v) (4.12)
o} = wHated +aET, + fol (4.13)
€?+ = E?]‘{Et>0}7 627 = 6%1{€t<0}

000 »0000000. Bauwens / Lubrano [1998] O, Griddy Gibbs Sampler(GGS) 19 |
Importance Sampling 2°, Metropolis-Hastings (M-H) 0D 00000 3000 MCMC 000
0000,GGSO000D000D0000O0 Studentt 0O DDOOO0DOO0ODOOODOOODOOO
0000. 6 = {w,avwat,a",f} 0000,GGSO0000000000000000000
{6,...,6y} 000000 NOOODOOOOOOOODOOOOOOOO,00D00D000D000O

O, 0000000000000 ooooooooooog.
1 N
CMOMC = =T — N [Max (Sr(0;) — K , 0)] (4.14)

N ~

0000 Brusselsindex 00000000000, (414)00000000000000O B-SO
gbbodbooobooboobbuoobooobbod.

00 [1999] 0,00 22500000000 GARCHOUOOD GJROUDODODOODODOOOO
O00O000. GARCH(1,1)0O0O0O GJR(L,1)) D MLOOODOOOO,000000000O
0000000000000 0O0O000oooOoO0o. oooo, GARCH(1,1)OOO, GJR (1,1)

16



O3 ARCHOOODODOOODOOOD

gd god goooo* gooooobooobo ggd
Engle/Mustafa [1992] S&P500 index 1987.6-1987.10 OO GARCH GSMM
Noh/Engle/Kane [1994] S&P500 index 1985.10-1992.2 0O 0O GARCH ML
Saez [1997) IBEX-35 1993.11-1994.5 OO GARCH, etc.** ML
Sabbatini/Linton [1998]  Swiss Market index — 1992.8-1994.9 00O GARCH SMM
Bauwens/Lubrano [1998] Brussels index 1996.1-1996.6 OO GJR ML, Bayes
00 [1999] oo 225 1992.9-1995.12 OO GARCH, GJR ML

*O0000b0oO0o00ooboooOoooooooo.
“* EGARCH, PNPGARCH, NGARCH, GJR, AGARCH, VGARCH.

0000000000000 BSOO00O0000000000000000000000000
0000000,00,0000000000 OTMOOOO000O0O00000000000O00
0.00,GARCH(1,1) 0000 GJR (1,1) 000000000000000000, GJR (1,1)
0000000000000000000000000000000.

4.2 000000O0O0O0OO0O0 GARCHOOOOOOOOO

0000000000000 000000000, Duan (1995000000000 GARCH
0000000000000 GARCHOOOODDOOODDOOODDOoOO?2t,

St 1
In Stfl =r+ )\O't — 50’? + €, (415)
|2, ~ii.d.N(0,07)

€t = Ot 4, 2t ™~ ZZdN(O, 1)

P q
ol =w+ Z ﬁjaf,j + Z el (4.16)
j=1 i=1

000,¢0,000,00000006?000.-000000000000000,XA0000
O00o0oO0O0oo0ooO0O0b0. oo0o0obO0O0oooo0oo0,Ax=0000. GARCHOOODO
oooooooOooOoO0O0O00000O0,00000000000000O0O00C0O0O0O0O0OO
00D0000000. 000, Duan [1995] 000000000 (LRNVR: Locally Risk-Neutral
Valuation Relationship) 00O O0O. LRNVR OOOOO0O0O0O0O0OO0 QOO0OOOOO P
00000000000 (absolutely continuous) 00 000,000 300000000000
ooo.
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1. S/S—1|-, 00000 QUOOO0DOOOO0DOO0OOODOOO.

Sy
2. B9 2, =€
(St—l t) ‘

3.0000 PODODOO Var® (m( S )‘Qtﬂ) =Var® (m( S )‘QH) a.s. 2.
Stfl Stfl

D0DO0EQ() 00000 QODOODD0DDO, Vard(), VerP()0DOODO 0000
Q, POOOODOOOODO. LRNVROOOOOODOOOOODOOODOOO,00000 0D
0000 (timeseparable) 0 OO0 (additive) 000, 0000000000000 10000
gbooogobood.

l.00b00bobooboooogoogooob,boboboboooobooooboobob PO
gbooooboobobooobooboboon.

2.000b0000oo0oooobooobOo,0bobobbooo0obL0obO0b POODODO
gboobooobogobooooboo.

.0000000000.

000000 POOO (4.15), (4.16) 00000000, LRNVROOOOOOO0O,000
000000 Qoooo,

S 1
In—— =r—Z02+&, & ~iidN(0,07) (4.17)
S 2
p q
of =w+ Y Bjoi;j+ Y il — Aoyi)” (4.18)
j=1 i=1

000 (D00 Duan [1995] Appendix 00 ). 000, 00000000 QOOOODOOOOO
jdddddo,000000ddd00 AOODODDODOOooOoOoOooOoObODOoODODOoOoOoOoOoOo. O
goo,0o0ooooo spO0ooOooOoOoOOO.
1 T T
Sp = Spexp |(T = t)r — 5 Yoot + Y& (4.19)
s=t+1 s=t+1
oooo0, GARCH(1,1)-MO0OOOOOoOog,0Q00 7,0000 KOODoOOooooooo
ogooooooo,

CtGH — o (T-0rpQ [Max (St — K,0)|£2] (4.20)

DDDDDDDDDDDDD.EQ[-]DDDDD UbOOOO0DOoOooO.

(420) 0 000000000O,SVO0O00DU0OD0OO0O0OO00OO0O0OOOOODODOOOOOOOO
00000000000 0. 00000000, Duan / Simonato [1998) O OO0 OOOOODO
O000o0oooOoO (EMS: Empirical Martingale Simulation) 000 0000000000O0O.
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EMSOO0ODOQOOOODOOODODOOOO00 Siq,Si49,---, S, 000000DO0O0COOOODO

gono.
Z ..
S:—‘rj,i = St ;+‘7‘7’L7 j = 177T_t (421)
t,2

Spvi

Zivji = Stz (4.22)
Sttj-14
1 XN

@J::e”WﬂNEZQHJ (4.23)

i=1

DDD,S}HJDD 000 EMSOOOD t—f—jDDDDDDDDDDD,S},iD S, 0S5 0o
0O.000000 EMSOOODO.

Stepl: t+j—100 00 t+500 000 S44j/St+j-1, 0000,t+5000000000
00 Z.,;; 00000.

Step2: Z;,,;,, 000000000000 Z,00000.

Step3: (4.21) 0000 t+ 0000 EMS 0000000000

D000 EMSO0OO0 S5, 00,0000 Stepl-Step3000000. 0000000000
oooooo
N
1
CFMS::e*T*WjVE:AJmﬂsii—1L0] (4.24)
=1

gooooboobooob. obboobbooobOo,EMSOOODDOOOODODOODOODOO
0 Barraquand [1995| 0 0000000000000 O00O0O0O0O0O (MMS: Moment Matching
Simulation) D 00,00 ITM, ATM,00000000000000C0O0OO00OO00O0OOOO0O
O000. 00, Duan / Gauthier / Simonato [2001] 0, 0000000000000 O0O0O0OOO
00000,00000000000000000 (EMQMC: Empirical Martingale Quasi-Monte
Carlo) 000000000 EMSOOOOOOOOOOOOODOOOOOO.

4.3 00000O0O0O0OO0ODOO0O GARCHOOOODOOOOOOODOO

Duan [1995] 0000000000000000000O000000, 00O [2000], Duan /
Zhang [2001], Bauwens / Lubrano [2002], 00 /00 [2004 000. 00000000000
000 GARCHOOOODOOOOOOOOOO0OO,0400000000. 00 [2000 0,00
22500000000 GARCH (1,1) 0000 QMLOOOOOO,0000000000000
0000000000. 0000,0000000000000000000000000000
0000000000 GARCHOOOOOOOO BSOOOOOO0OO0OOO00,000000
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00000000,DOTMO0000,0000000000000000000000
Duan / Zhang [2001] 0,0000000000000000 Hang Seng index (HSI) 0000
0000000000 NGARCH(1,1) 00000000000000000.

S, 1
In to_ r—di + Aoy — —0't2 + €, (425)
Si—1 2

0l =w+aol (21 —7)* + o, (4.26)

000,d000000000000000 (index portfolio) 00 0000,y00000000
(leverage effect) 00000000000 0. 0000000 Q OO0, (4.25), (4.26) 00,

Sy 1
In 5 r—d — 50? + €, (4.27)
of =w+ao;_i(z-1 -7 =N+ Boi 4 (4.28)

O00.0000 EMSOOOOO0OO00O00O0O0 GARCHOOOOODOODODOOOOOOOD 20
000000 (MMSE: Minimizing the Mean Squared Error) 000 000000000000
O00000. Duan / Zhang [2001] O, GARCHOOOOOO B-SOOOOOOOOOOOO
gbbodgboooboobooood.

Bauwens / Lubrano [2002] O, MCMCOOOOOOOOOOOOOOO GARCH, GJR OO
00000000 STR (Smooth Transition GARCH) DO OOOOO0O0OO0O00OO0O0OOOOOO
goog.

O't2 =w+ alef,l(l — fi)+ aget{lft + ﬂlaffl (4.29)

fr=1=exp (—(e—¢)?) (4.30)

000,c0000000000 (threshold) OO0, v 000 (saturation) 000. 0000,
Brussels index 100 0000000000000 0000. 000000,000000000
00 MLO GGSOO00000000000OODODODODOOD. 0000000000, OTM O
ATM 0000000000, ITMO0 STROOODOODOOOO000000000000000
00.00,000000000000000000,B-S000000000,0000000
00000D000000000000.

00 /00 [2004]0,MCMCOOODOODOODOOO0OO0OO0OOOOO GARCH, GJR, EGARCH
0000000000000000. 0000, Tierney (1994 00000000 Acceptance-
Rejection / Metropolis-Hastings (A-R/M-H) 000000® 0000 (4.14) 00000000
0000000000000.0000,00000000000000 GJROOOO GARCH,
EGARCHOODOOOOODODOOOOODODOO00000000.00,0022500000000
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0400000000000 GARCHOODOOOODOODOOO

go gogo gooooe gobooobaooboo goo

00 [2000] oo 225 1995.1-1997.12 OO GARCH QML

Duan/Zhang [2001] Hang Seng index  1997.1-1998.1 OO NGARCH MMSE
Bauwens/Lubrano [2002] ~ Brussels index 1996.1-1996.3 OO GARCH, GJR, STR ML, Bayes

O00/00 [2004] g 225 1995.1-1997.12 00 GARCH, GJR, EGARCH Bayes

*O0b0boooboboooobooooboooDo.

000000, Duan [1995) 000 00000000000000,0000000000000
000000000000000000000000000000000000. 000, Duan
[1995) 0000000 (415) 00000000 (scaling invariant) 000000, 00000,
0000000000000 In(Sy/S;—,) 0 % 000000000000000000000
0000000000 (0000,00 [2001,050]00).

Hafner / Herwartz [2001] O, Duan [1995] 00000000, 000000 AR(1) 00000
0000,00000000000 TGARCH (Threshold GARCH) 2 00000000000
0000 AR(1)-TGARCH(1,1) 0000000000000 0OO.

Rt(: — ]_) = Ut — Aoy +aRi_1 4+ opze, 2z ~ ZZdN(O, 1) (431)

o7 = w+t((@+a D)t +6) oty (4.32)

ooob, 0000000 1,000000000 000000000 D-OOD0OOOOO
gb,00boboobobbooboboboboobooboo.ob, 000000000
LRNVROUODOODODOOD. 0000 POODO 0000

5 o~ id.dt,(0,1) (4.33)

000000.000,¢,(0,1) 0000 »0000000 Student—t00000.0000 2
gobooboooboobooobbooboooboon.

U, (%) = G, (%) (4.34)

000,G,()00001000000000 vO Student—¢t00000. 0000 QOO0
0,»0t00000000 (431)00,

Ry = py— Moy +aR 1 +09, (2 — N\y), Z ~ii.d.N(0,1) (4.35)

21



(7t2 = w+ {(04 + aiD::l)[\Ijljl(Zt—l - )\t—l)]Q + 5} Jt271 (4.36)

2 = U NZ - \) (4.37)

v

ooo.oog, O

_ r—=
BRI, N(Z, — A)| Q] = — 1 (4.38)

Ot

o0opoooopoo*» . p, 0 22..-XN1 0000000 1,000000000 00000
O000000.0000000000000000, (3.7) 00 Hull / White [1987) 00000
ooooo.oooo0og, TGARCHOOODOOO B-SOOooooooo,orM O ITM OO
00o00oo00oooooo,ATMO0ODOODOODODOODOODOO0OO0O0ODOODOO0ODOODOO0n. o
0,0000000 AR()ODOOOO,AR(O)OOOOD FITMO FOTMOOOOOOOODO
00000, ATMO00DO00O0O0O00O0O00ODOO000000000000. 000000, 0
gooodooooobooo,o0booooobooog.

O00,Duan [1995) 000 0000000000000 O0O0OO0OOOOOOOOOOODOOOO
O 0O. Ritchken / Trevor [1999] 0 NGARCH OO UOOOOUOODOOOOOOOODOOOOODO
000O00. Duan / Simonato [2001] O, GARCH, GJR, EGACH 0000 00O Markov chain
Approximation 00000000000 O0O0OODOO.

4.4 GARCH OOOODOOODOODO

Heston / Nandi [2000] 0 000000 Engle / Ng [1993] 0 NGARCH 0 VGARCH O 0 O
000000000000 GARCHOOOOODODOOOOODOOOoO.

log (S;) = log (S¢_a) 4+ 7% 4+ No? + oy (4.39)

p q
of =w+ Y Biofja+ Y ai(z-ia —0t-ia)’ (4.40)
j=1 i=1

000,AD00000 (time interval), »* 00000 ADODODOOOOODOOOOOOOOO.

Nelson / Foster [1994] 0000 (4.39), (4.40) 000 GARCH(1,1) 000000000000
00 (21),(311) 000000 (000 Heston / Nandi [2000] Appendix B O O). 000, 3.2
000 Heston [1993) 00000000000, 0000000000000000000000
oooooo.

et — TR [ Max(Sr — K,0)]
—r*(T—t) oo —ip £x(,;
_ 15T+e / Re K f.(z¢+1)
2 0 i¢

do

22



O5 GARCHOODOOODOODDOOOOOODOO

go godg goooo* goooboooog goo

Heston/Nandi [2000] S&P500 index  1992-1994 OO0 NGARCH, VGARCHOOOOOO ML

*0000000000DbOO0o0ooooooon.

ey (L1 [ KT f(ig)
Ke Tt<2+ﬂ/0 Re[ s do (4.41)

DDD,EDDDDDDDDDDDDDDDDD,f*(¢)DDDDDDDDDDDDDDDDD
000000000000 (D000 0OHeston / Nandi [2000] Appendix A O0O). 00000
0 GARCH (1,1) 000000, 00000000000000 MLODOODODOODODO (OS50
0). S&P500index 000000000 OOO0O0OO0,GARCHOOOO B-SOOOOOOOO
000,0000000000000000000000D0000. 00,0000 GARCH O
O0000000000,0000000000 (Edgeworth series expansion) 0 0000 Duan /
Gauthier / Simonato [1999] DO 00000, 000000000000 ODOO.

5 Uogoon

0000,00000000000DOO0O0OC0ODOOO SVOODOO ARCHOODOOOODO
gooaooboboooouoooogooiogouoooooooooooobooboooooon. oo
00000000000,00000000000000000,0000000 (SI: Stochastic
Interest-rate) 0000000000000 00O. SVOOOOOOOOOODOO, Baksi / Cao /
Chen [1997) 00020000 SVOODOOODODOO0OO0O000000OO SVSI (Stochastic Volatility
and Stochastic Interest-rate) 000, 0000000000000 ODOOO SVJ (Stochastic
Volatility random Jump) 000, 000000000000 0OO SVSI-J (Stochastic Volatility
and Stochastic Interest-rate random Jump) 0 0000000000000 000. 00000
gbbodbbooobooboobboobooobbod.

ARCHOOOODOOODODOOOOOODOOOOOoODOOOoODOOoOoDoOoOooDO,0b00o0
0000000000000 0000000000000000. Duan (1995 0000000
oboobogbobooooooobobooo,ooooobooobobobuoboong asc0obO
00000000000 O00000 Hafner / Herwartz [2001) 0000000 2 O ¢t0000O

gbbodgboooboobooood.

23



00000,00 SV/ARCHOOOOOOOOOOOO, ML, QML, MM, GMM, MCMC
0000000000000,0000000000000% 000000000000. 00,
SVOOOOODO ARCHO 00000000000 O000O000000,0000000000
000000000000000000000000000000000.
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[

000 (00000)0000000000000000000000000000 (European option) 000,
0000000000000 O0oUoUo00DoOU0O0OU0U00o0UO0d (American option) OO 0.
2|]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD,DeRosa[2000]DDDDDD.
*00000000000000000000000000000000 Wilmott [1998], Hull [2000], 00000
00000000000000000000 Wilmott / Dewynne / Howison [1993], Wilmott / Howison / Dewynne
[1995], 00000000000000000DOO000000000DO Hamilton [1994], Campbell / Lo / Mackinlay
[1997], Mills [1999], Gourieroux / Jasiak [2001], Tsay [2002] 0 0. 00, 0000000000000000000
0,000,000000000000000 Lamberton / Lapeyre [1996], Pliska [1997], Neftci [2000) OO O .
‘000000000000 0000000000000000000,00000000000000 (Oooo
ooooUooOoooUoOo)oooUooooUoOooooo.
B-SO000000D00DO0OONODOODUOODOUDO0DO0NOODOoooon.

Ct(BS, oo)  _ Sie "I TN (ds) — Ke " T=Y N(dy)
Pt(BS, ooy _ 7Ste—rf(T—t)N(7d3) + Ke—rd,(T_t)N(,dél)
g = W(S/E) + (ra—rs +0°/2)(T ~ 1)

3 ovT —t

di = ds3—oVvVT -t

0o00,r 00000000000, 000000000000000. 0000, Garman / Kohlhagen [1983]
og.

‘0000000000000, 000000000000000, Vasicek [1977], Brennan / Schwartz [1980],
Cox / Ingersoll / Ross [1985b], Heath / Jarrow / Morton [1992] O 0. Kim [2002] 0,00 22500000000
000000000000000000000000. 000000000000000,00 [1999]00. 00,0
0000000000000000 [1997]00.

"C(v,t)0oooooooooo,

k k
373 o oty +
i=1 j=1

Cv,y, = 0°C/dY,0Y;,Cy, = 8C/Y;,C, = dC/ot, Y 0000000000, 0 Y, 0000000, A 0000
00000000000,000000. 0000, Cox / Ingersoll / Ross [1985a] O 0.
®X,Y,Z0000O000000000000000000000000

N —
N —

k
D Cripi = i) + Cr —rC =0,
i=1

P(X|Y) = / o(X|2)h(Z|Y)dZ

0oooo0ooo0
P@ﬂﬁ):/@@ﬂvmomﬁmv

ooo.
000000000000000000000 (fourier transform) 000. 00000,0000000000
000000000000.000000,00000000000000000000000000
W (x,o?, T;In[K]) 00000 fi(z,0%T;¢) 000000000000

fi(z, 0%, T5¢) = / e ®;(x, 0%, T;In [K])da

0o0Do0OO000D. 0oooo .
filw,0®, Ty ¢) = ™"
00o0o000. 00, fir,e*T;¢) 0 &;(z,0%,T;In[K]) 00000000000O.
HOoOo0DU00O000000000000000000 Bates [1996], Scott [1997], Baksi / Cao / Chen [1997] O
oag.
24, 0n 0000 Corr(ue,m:) =p 0 20000000000000,000020000000000000
ooooo,oo,(3.24),(3.24) 000000000000

Yy = M4y +6&
hiv1 = a+ (8 —0.2242p0,s¢)he + pons:(0.7979 + 0.2242y, ) + n:r

&t . 0 \% 0 1
( n:r St i.1..d. N 0 s 0 0_72’(1 _ 0.8846p2) ,t = 1, 71—’
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0000000.000,M=0 12704,V =7%/2000.

BooDoo0oD0DO000000 QMLOODOOO0 00, Hamilton [1994, Chapter13], O 0 [2000, O 3 0]

0000, Tanner [1996], Shephard [1996, Section1.3], Kim / Shephard / Chib [1998], Mahieu / Schotman
[1998] O Appendix 0O O.

BO00D0,00000000000000000000000000f=exp(h:/2)0000000000 200
00000000. Kalman smoother 10 0000000000000000000000000O0OO0DOODOO0
0ooo0oooooo. .

o%yr = Y exp (ht\T+§Pt\T)

000,90 ¢*Ele)0000000000000000000000000. hyr 0 Py 0,000000000
000000000000000000000000. 00, Simulation smoother 00 0000000000000
000000000000 O00O0O0O0.
M
2 1 ~2(j)
UQ”T:MZUH%
Jj=1

ooag, &flg) 0 mixture indicator 0 0 0 0 0O O Kalman smoother 0 OO .

YOpoU00,000000067 O GARCH (p,g) D0DO0ODOODODOOOOO.

q P
2 2 2
o =w+ E Qi€;_; + E Bioi—;

i=1 j=1

000,p>0,¢>0, @i >0 (i=1,---,9), ;>0 (G =1,---,p), > i j+>" 6 <1000. GARCH
(p,q) DOOO0O0OOOO, AIC (Akaike’s Information Criterion) O SIC (Schwart’s Information Criterion) 00O
00000000o0ooooog.

Y0000, French / Roll [1986], Nelson [1991] OO .

18 () GARCHOOD:
q P
ol =w+ Z Qi€ + ZﬁjUf—j
i=1 j=1
(i) EGARCH 00 O (Exponential GARCH):

P q
n(of) =w+ Y Bin(or_;) + Y i [yzi-i + ¢ (|ze-i = E(|ze-4]))]
j=1 i=1
(iii) PNPGARCH (Partial Non-Parametric GARCH) 0O O :
4 4
or =w+ froi_y + Z a1, Pi1(e—1 —io™) + Z a2,y Nit—1(e—1 +i0™)
=0 =0
B 1 € >i0" - 1 &< —ic”
Pie = { 0 otherwise ’ Nie = { 0 otherwise

P:y0Oe>i0" 00000 1,0000000000, N0 o< —ic* 00000 1,00000000000000
O000oO0o0. s*000000000DODO.
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ATM
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B-S
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EGARCH
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GARCH
GARCH-M
GGS
GJR
GJR-M
GMM
GSMM
HSI

IBM
id.d.
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LRNVR
MCMC
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Akaike’s Information Criterion

almost surely

Autoregressive

Autoregressive Conditional Heteroskedasticity
Acceptance-Rejection / Metropolis-Hastings
American Telephone and Telegraph Company
at-the-money

Brendt-Hall-Hall-Hausman

Black-Scholes

Center for Research in Security Prices at the University of Chicago
Digital Equipment Corporation
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deep-out-of-the-money

Exponential GARCH

EGARCH in-the-mean
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Glosten Jagannathan Runkle
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Locally Risk-Neutral Valuation Relationship
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moment generating function
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QML
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SSE
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Metropolis-Hastings

Maximum Likelihood method

Method of Moments

Moment Matching Simulation
Minimizing the Mean Squared Error
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near-the-money

out-of-the-money

Partial Non-Parametric GARCH
Quasi-Maximum Likelihood estimation
Standard and Poor’s 500

Stochastic Interest-rate

Schwart’s Information Criterion
Simulated Estimation and Maximization
Swiss Market index

Simulation Minimization Method

Sum of Squared pricing Error

Stochastic Volatility

Stochastic Volatility random Jump
Stochastic Volatility and Stochastic Interest-rate
Stochastic Volatility and Stochastic Interest-rate random Jump
Threshold GARCH
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