gbooooooooooD 20170 100 1

ARCHUOUOUODUODODOOOOGOOO225000000O
Joodoooogoogoors

gbobooooobo oboo

1. 00og

000,0000000000000000000 ARCH (Autoregressive Conditional Het-
eroskedasticity) 0 D 000000000 2250000000000000000000000
00000000, ARCHOOOODODODOOoOOoDOoooooooooo,oooooo
0000000000000 0000000000000000000Y . 00 22500000
00000000000 ARCH OOOOO, GARCH (Generalized ARCH) 00 0O, EGARCH
(Exponential GARCH) 00 O, GJR (Glosten Jagannathan Runkle) 0 0 O, FIEGARCH (Frac-
tionally Integrated EGARCH) OO 0O0O0O0OOO0O0O0O0O0O0O0O0O0OOOOOOOOOOOOOO
0% . 0000,0000 ARCHOOOOOOOOO, 0000000000 0000000
0000 MS-GARCH (Markov Switching GARCH) 0 O O, MS-EGARCH (Markov Switching
EGARCH) O0OUOO0O,000000000000O000O0OOO0O0OO0ODOO0OO EGARCHOO
0,00 tEGARCHOOOOOOOOO225000000000000000000.

2. 000000000obobobooobbboooon
2.1 MS-GARCH O00OO0OOO0ODO

Satoyoshi and Mitsui [2011] 0, 00000000 225000000000000000000
oo0o000oOoooo0oO0OoOooooOO MS-GARCHOOOOODOOOOooOoOoDOoOooOD. O
0¢+0000 2200000 R,OODOODOOOODODODO.

Ri=p+e, e =0z, o0r>0, z~iidFEz]=0, Var[z]=1. (1)

0000000 wDO0O0O000D0-, 0000000000 000D0DOO0000DOOO0O004.4.d.
0000000000000 (independently and identically distributed) DO OO0O00O00O000O
c200000000000D0D0DODO0.

Ut2 = wSt + aSt 6t2—1 + 6StE[Jt2—l|Qt*2]7 (2)
we, =wo(l —s¢) +wisy, s, =ao(l —s)+a1se, Bs, = Po(l — s¢) + Bise. (3)

00000006200¢t-1000000000 Q1 ={R;1,Ri2,---}0¢t0000000 s
000000 ¢ 0000000000002 = Varlelli_1,5) 0000(2) 00 Q0 ¢t—20
0o0o0ooooo Q-2={R—,R5,---}0000@B)00 s, 0000000 OOOOOOO
0000000000 (transition probability) OO

Pr[s; =1|s;—1 =1 =p, Pr[s; =0]|s;—1=0]=¢q (4)

*00000 [2014a] DOD000,0000000000000000.
YVODO00,00 [2014b] OO D.
HARCHOOOOOOO000 22500000000000000000000000,00 [2014a] 000 .
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S/K < 0.91 deep-out-of-the-money (DOTM) DITM
0.91 < S/K < 0.97 out-of-the-money (OTM) ITM
0.97 < S/K <1.03 at-the-money (ATM) ATM
1.03 < S/K <1.09 in-the-money (ITM) OTM
1.09 < S/K deep-in-the-money (DITM) DOTM

(0)sSsooOooUO0,KOOOooOoooooo.

00000000000Prs;=j|st—1 =4 0000:0000 ;000000000002 00
000,0000000¢t000000000O.

00000000 225000000 19900 20 22000 20050 30 10000000. MS-
GARCHOOOOOOOOOOOOOO,0000000000. 0ogoooooooo,od
0000o0o0o0o0oooo,0D0o0000oo0ooo0ooooooooooooooooDon
00% . 0000000000000000000000000000000000000000
00.002200000000000 2000500000 20060 400000000,00¢0
O0O00O0o0Oo0o0O0Obo e08, 000DODOODOO 671 O0OD0. OOOODO 200000000
00oooooooo0. ooooopooooo,000ooooooooooO0. ooooo
0000000000000,00000 (Mean Error Rate; MER) OO0 200000000
(Root Mean Square Error Rate; RMSER) D00 000000.00,00000000 5000
O0ooooooOooo (@ 1o0o0).

0000000000000 00RMSEROOOOO ¢tO00D00OO0O0O MS-GARCHOOODO
00o0oo0o00oOoo0DO0o0oooooooooooobOooDOoO0o0ooooooonDaMs-
GARCHODOODO DOTMOOTM, ATM, ITM 0000 B-SO0OOO underpricing 00000
00oodooooooooooooooooo bOTMO OTMOODOOOOOODOODOOOO
ooooooooo,MEROOOOD+t0O00O0O0OO0O MSOOOOODODOODOOOOOOOO
0000000000000 000RMSERODODOO tO000D00O0O0 GARCHOOODOOO
00000000 o00ooOo00o0oDoo0o0ooo0oOoo0ooo0o0ooooDoOo0. ooooooo,
MS-GARCHOOOOUOOOOOOOOOOOBIlack-Scholes 000 0B-SOO00)00000O0O
gooo0oOoooOobOoO0bOO0. 00o0boobo0ob0o0o0 t+ooooOooooooooono
OMSOOOOODODOOOOOOODODODOoO0oDOoOOooooooooooooooooooo
oooooooo.

2.2 MS-EGARCH 00000000

00000 [2016] O, Satoyoshi and Mitsui [2011) DO 0000000, 00000000000
000000000 MS-EGARCHOOOOOOOOOOOOQOOD. OO 22500000 RO
gbobooooboobooooon.

Ry = pa, , + U2A2,,,Ztv 2z ~ 1.0.d.t(0,1,v), (5)

pay, = po(1 = A1g) + mArs, po <, 04, =05(l—Agys) + 0702y, 05 <oi.  (6)

300 2250000000000000000000000,00000000 225000000000000 ARCH
oooooooooooooooooO,00000000C00O0000000000ODODOOOOOD0OOLOOODOOOBD
0000000000000o00o000o00o000U000. D000,00 [2014a] DODO.
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S/K < 0.85 very-deep-out-of-the-money (VDOTM) VDITM
0.85 < S/K < 0.91 deep-out-of-the-money (DOTM) DITM
0.91 < S/K < 0.97 out-of-the-money (OTM) ITM
0.97 < S/K <1.03 at-the-money (ATM) ATM
1.03 < S/K < 1.09 in-the-money (ITM) OTM
1.09 < S/K <1.15 deep-in-the-money (DITM) DOTM
1.15 < S/K very-deep-in-the-money (VDITM) VDOTM

(0)SOOODDODO,KODOODDOODODO.

(5)00000 ., 00000000000 2250000000000fattail00000000O0O
000000000000000000 ¢+0000000000000A,,0 A,,000000
gboooooboooobooobooooooooooooobb1obooboooooobooboboon,

Pr [Al,t = lel,t—l - Z] = pljv 7”.] = Oa 17 (7)

Pr [AZ,t = l|A2,t—1 = k] = qkl, k7l = Oa 17 (8)
1 1

pr = Zle =1 (9)

7=0 =0

00000000(7) 00 Pr[A,=jlA,1=i=p,; 0000 A,,000:0000,;000
000D00(8)00 Pr[Ag, =1|Agy 1 =k]=quDO000 Ay, 000 kO0O0D0D(000000O
00000000 A, 00000000000A,,=00000 wiA,,=10000 g 00
00000000000000 EGARCHOOOOOOO,0000000000

In JQAM =w;+ G 1n Jiu_l +0z—1 +v[lze-1] — E(|z¢-1])] - (10)

0x,,00t-10000000 Ay, =1000000 R,O0D0D000000(10)00 E (|2-1])
00 [2vv—2I((v+1)/2)] /(v —1DI'(v/2)y/7 0000 (5)~(10)000000000,0000
000 EGARCHODOOOODODDDOOOO switchingDOOODOOOOODOOOO.
00220000001995090 13000 20140 90 10000000. MS-EGARCH O
0000000000000,0000000000. 00000000000,0000000
0000000,000000000000000000000000000000000O. 00
000000000000000000000, Satoyoshi and Mitsui [2011] 000000000
000000D00000000. 00 22500000000000 20100 100000 20140
1000000000,00000000000000 1120000.0000020000000
00000000000.0000000000,000000000000000. 00000
0000000000000, MERO RMSEROODOOOOOOD. 000000OD0OD0OO00O0OO
00000000000000000000000000000000D0000000000O0,
VDOTMOVDITM 00000000000 200007000000000000000
0000000000000 00000000D00000. RMSEROOOOO,000000
00000000 switching0ODODOD0DO000D00000000D0000000000,00
00000000 switching 00 MS-EGARCH 0000 DOTM, OTM, 00,0000000
000,EGARCHOOOOODODOOODODOO00O000OD. 0000000000 switching 00
MS-EGARCHOOOOOODODOOO0OO0OODODD0O000O00000000O00000O0000000O0
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0000000o0ooOooOoOD. 0000000 MS-EGARCHOOOO,MSOOOO BSOOO
000000000000 0000000000 switchingOOOOOOODODODOOOOOOOO
000000000 switchingOOOOODODOOOOOOOOOOOOOD. OO,0000D000
000000220000000000000000000000 switchingOOOOODOODO
0000000000000 switchingOOOOOOOOOOOOOOODOOOODOODO.

. gdbbbuoooobbboooobbboooob

00000 ARCHOOOOOOOOOO 22000000000000,000000000O
000000000000000000. 000,00000 [2013]00,0000 GARCHOD
00000,000C00000000 EGARCHOOOOOOOODOD EGARCHOOOOOO
u,go0oooooooon.

0000 EGARCHOOOO,0000000000A0.

Rilli—1 ~ NM(p1,--+ y PR ML, K5 Oy 5 Olcy)s (11)
o} =wi+ Bilnoy,  +0zi1+7 (21 — E (|2-1])] (12)
Zip—1 = [Ri—1 — E(Ri—1|li—2)] Joit—1, 1=1,2,--- | K (13)

000, NM O, Normal Mixture 000. (12) 00 E(|z4|)0 /2/f 00000000, 00
00000000000000004000,K=400000.00,00000000000
0000000000000 ¢t0000000000 +0000000000000000. v
00000000 K=4000 t0000000000000.

Rt|It71 ~ tM(Ph EERY 27 B V5 P 7#4;0—%& e 7UZt; V) (14)
000,tM O, tMixture 00D0. 0000, (12)00 E(jz_4)) 00
[2VI=30((w + 1)/2)] / [(v — DD(v/2)V7]

0O0000o000oo0O0 tEGARCHOOOOOO.

0022000000 19910 2026000 20090 120 9000000.00 GARCHOO
goooobooooogo,0obooobooooobo. boobboobobooo,oooooobobooo
goboboo,0o0ooobooobooooboboooobobooooooboboobooobo. oboo
goboooobooobooobobooooooooooooboobooooboooboO. 0o 2250
gbobooooobo20050 600000 20100 10000005600000,000000
gooobbooo 741, 0000000000 816000. 00000 3000000000000
goooooo.oooooooogog,cboboo,0ooooooobo 1boooooooogg
cboooi1ioooooOoOoOodooooooooooooooOOOO0OOO0OO0OO0OoOoOoOoOoOogn
goo0ooOO00oopoooOoO0O0oO0O0oO0Od,MERO RMSEROOODODOOOOOODOOTOOOOO
0000oooOooo (C2000).

ooooooo,00000000000ooon0 EGARCHODOOOOOOOOODoOoOO
ooooooooo,00,vboTMO DOTMOOOOOOOOOOOOOOODOOOCODOOO
ooo0O.0pooo00O,00000000000,0000 EGARCHOOUOOODO ¢t EGARCH
ooooooooooooooo. BSSOooOoooooooooooooooooooo. oo
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gbooo200b00o0boooboobooobooooo,oboocobooobooobooooon
gooodo.bo,bo0ogoooboooboooboooboooobo,booob0oooooooaoon
gboooobooboooobooooboboooa.

4. 000

O00,ARCHOOOOOODOODD 2250000000000000000000000
O.MS-GARCHOOO,MS-EGARCHOUOO,O0000 EGARCHOOO, OO ¢t EGARCH O
oodoooooooooOoO0,0000000gooooDooooO00 B-Soooooooooo
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0000000 Realized Volatility 00 0% 0 Hansen et al. [2012] O Realized GARCH 0O O
050000000225 000000000000000000000000.
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