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1. 004dg

0O000,0022000000000000000 (longmemory) 000000 O0OO0OOOOOO.
gobooobooooooboboooobooooo,0oobooboobooooobo,oo0obo0oobooOooon
O000000000.00000000000 Baillie et al. (1996) O FIGARCH (Fractionally Integrated
GARCH) 0000 Bollerslev and Mikkelsen (1996) 0 FIEGARCH (Fractionally Integrated Exponential
GARCH)OOOOOOOO.UO,000000000,0000000000000 (fattall) 000000
000Do0O0Y. 0000 ARCHOOODOOOOOOD,00000000000000000.00000
goobgogouoboboooooobobobooboobobobooobob oo bobobobooo
000000000000, 000000000000oooOO, Student-t 00 (Student-t distribution), O O
00000 (GED: Generalized Error Distribution), skewed-Student ¢ O O (skewed-Student ¢ distribution)
0000000000. 000000000000 FIGARCHOOOO FIEGARCHOOOOOOOO 225
goooobbboooooobbboboooouobobDb.

2. 00000
2.1 FIGARCH 0000 FIEGARCH 00O

t0o0000 220000000 R, ODODO. PO¢t0000D2200000000000,¢0000
022000000 RROODODODOOOODODOOO

Rt = (hlPt — lnPt_l) x 100 . (1)
ooo0d,000 R, OODOODOODOOODO.
Ri=p+e, € =0z, 0¢>0, z~iid, E[z]=0Var[z] =1 (2)

000,000 0000000 O0D0ODOOOO0ODOODOODODODODODOOODORed. ODOOO
000000000 (independent and identically distributed) OO0UOOE[ ] 00000Veaer[ )] 00000
000000,00000000000000000000, Baillie et al. (1996) 00000 FIGARCHO
000 Bollerslev and Mikkelsen (1996) 00000 FIEGARCH OO OO OOO. FIGARCH(p,d,q) OO
DD,DDDDDDDU?DDDDDDDDDDD.

o7 =w[l =B+ {1 - [1—BEL) " e(L)(1 - L)} ;. (3)

000, B8(L) = L+pa L%+ +B,LP, (L) = [1—a(L)—B(L)(1-L)7 !, a(L) = a1 L+ L?+- - -+a, L1
000.00,L000000000 (Lagoperater) 000, Liy; =v;-1,(i=0,1...)000. (1-L)? 0O,

Yoooooo (2005) 0O, AR(1)-FIEGARCHOOODOOOOO 225000000000000000,0000000000
oooooo.



gbooooobooog.

S I'(d+1)
(1_L)d*2r(k+1)r(d—k+1)Lk

:1+Zd(d—l)..].c!(d—k—kl)(_Lk). 1)

000,0() 000000 (gamma function) 000, (1-L)¢ 0000 ¢00000000000000
0000. 0<d<100000,0000000 «20000000000000000000. 00,
0<d<0500000000000000,05<d<1000000000000000.d=1000,
000000062 000000000000000.d=0000000000000, Bollerslev (1986)
0 GARCH (p,q) 0000O0O0. 000, FIGARCH(1,4,1) 00000000000000.

of=w[l—B(L)] " +{1-[1-p(L)] "¢:(L L)'} €. (5)
FIEGARCH (p,d,q) 0000,0000000 0200000000000.

In(07) =w+¢(L)" (1 = L)1+ a(L)]g(2e-1), (6)
9(zt-1) = 021 +V[|ze-1] — Elzi-1]], (7)

(=0 +7)|zt—1| — vE(|zt-1]), if z—1 <O.
gooo,bb0o0dbbo0oooobboo00ooob0bo0bo0o0o0oDoDbOboooooooboboooa.
f<0000,0000000D00000000O0,00000000D000D000OC0O0ODOOODOOODOOO
000.0000000,0000000000000000D0O0D000000 w,B,a,0,yO0000000
000O00.d=0000, Nelson (1991) O EGARCH (p,q) DOODOD.

00 p,¢0000,00000000000 p=1,¢=00000000000,0000 FIGARCH
(1,d,0), FIEGARCH (1,d,0) 0000000000, FIGARCH (1,4,0) 0, 00000000000.

dlzes) = { O+ )21 = VB2, i 21 >0,

ol =w[l—=p(L)] " +{1-[1-75(L) L)} e (8)
00, FIEGARCH (1,4,0) D0OOO0OO0OO00OO0OOOO.
In(07) =w+[1 = Bi(L)] 11 = L) g(z-1), (9)
9(zt-1) = 0ze-1 + y[[z-1] — Elz-1]].
Joooobobbooooo 2200000000000 000O0ODODDO0O0O0D0OOODODOO.
22000000000

0000, ,000000,000000,000000 Student-t 00, 0000000, 000000
skewed-Student t 00 O0O00O0O0OO0OO0O.
(i)Student—tl:ll:l:l:ll:ll:ll:ll:ll:l Student-t 00 0O O0O0O f(t)(zt;V)DDDDDDDDDDDD.

L T(w+D)2 2\
f(t)(Zt, V)= T (0/2) Val = 2) (1 + - 2) , V> 2 (10)

000,y 0000 (degree of freedom) OO0 0. Student-t 000 000000000000, v>4000
goo0o300b0o0b0o0o00. dd,v—-oo oo ooooooboboooog.




(ii) GED: GED 00000 feem(-0v) 000000000000.

v exp (—% |zt/)\y|y)
A 20T (1/0)

T (1/v)2(=2/v)

, v>0, A\ = T (3/7)

. (11)

fiaep)(zBv) =

o0, 0000000 oooonot. v=2000 0000000000, v<200000
gooboooooobuog,y>2000000000000DO0DO0O0O00O00.

(iii) skewed-Student ¢t 00 : 000000 skewed-Student t 0000000 fu(20v,§) 0000000
goooo.

_ (v+1)/2) 2s (2t m)? —(v41)/2
Fom{eEs) = D(v/2)\/m(v —2) (£+ 1/§> <1 t— 5 ¢ > . v> 2 (12)

ooo,
1 if > _m
Itz{ A= (13)

ooo.o0o00,v0000000O0O0O0ODDOD.¢ODOOO0O0ODO0O0O0ODOO,0D00O0O0O0O0D. OO,

D+ 1)/2)/r—2 (g_1>7 8_\/(“1_1)_7”2 ”
VAW /2) :
000. ¢€=1,0000,In(f)=00000000000 Studentt 00000000, ¢>1, 0000,
In(¢) >00000000000000.00,6<1,0000,n()<000000000000002.
2 0000000000, 000000 Student-t 00, GED, 000000 skewed-Student ¢ O OO
00000(Q2) 00 2 0,00, 2 ~ iidN(0,1), z ~ iidt(0,1,v), 2z ~ i.i.dGED(0,1,v), 2 ~
idd.skt(0,1,1,6)000000000.

23000

00000000 e 00000, FIGARCH (1,4,0) 0000000000000 0O0OOOOO © =
(o, A\, w, d, /1), 0000 Student-¢t 00, GEDOOOOOOOOOO »O00000 ©=(p, A\, w, d, b1, v),
000D skewed-Student t 0000000 ¢ 00000 O = (1 A w, d, B, v, & 000. 0O,
FIGARCH(1,d,0) D0 DOD, 000 FIGARCH (1,d,0) 00000000000 040000009 .
gdoboouoooooouooogd.

L(@) = f(R17R27 e aRT|@)

11 (5) w

=1

~+

0oooo0O0,0000000,

InL(©) = —Zln(ot) + Zlnf (;) (16)
t=1 t=1 t

O00.GERCHOOODOOOOODODDODOOO0O0ODODDO0000D0DDO000000Y.

2)0000, Bauwens and Laurent (2005) 000 .

0D0000000000000 © = (u A\ w, d B1 6, ), 0000 Studentt D0, GED 0D00D0D0D © =
(w, N\, w, d, B1, 0, v, v), 0000 skewed-Student t 0000000 © =(pu, A\, w, d, B1, 0, vyv, §) 000.

Y0000, Xekalaki and Degiannakis (2010) 00 0.
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0000000000000000000000.000000000,20000 105000 20120 100
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3.20000

gboooboobo,0 200000000, 000000000000 O0O00O0OA0.

(i) FIGARCH (1,d,0) O0O0: p00O000,00000000, skewed-Student t 000000000
Ooo000,GED OO, Studentt OO ODOO0O0O0O0OOOOOOOOOOOOODOO. wOOOOO,00
ooooooOoo0oooooo0oOooooobobD. 0bo0oobDbboo dooboOog, 0.481, 0.510, 0.493, 0.836
ooo0,b0000000000000. bOoO0,d000000<d< 05D0000000DO0O00OOO
0os5<d<l10000C00C0OD0OO000000O0OOODODODOODO. /00000000 OOOOOO
gbobobobo,0oooooooooooooooooooobooboo. oo0oo0 vOODbOOo,:0o0,
skewed-Student t 000000000 ODO 8749,9369 0000000000 0O0ODODO,00,v>40
oOoooo. 0o0,Geb00000OO0OO0ODOD 1490000000DDO0OODODOOO0Vv<20000
gbo. goboobbog,gb 220000 000b00boooboobbooboobooboobn
O00.00,00000000 n(§)0O00O0ODO —0.1060000000000,000000000000
gboooboooo.

(i) FIEGARCH (1,4,0) 00O0O : pn 00000, 0000000000000000000,wO OO
oO0,000000000DOO00O0O00DODOO0ODO0O0OD. OOOODODOOD 400000, 0.167, 0.467,
0.223,0.138000,00000000000000000000.4d00000 0<d<0b0000DO
000,0020000000000 ¢20000,00000000000000000000. 6,0,
goooogoooooooooooooOoOoooooo.oooooogggUoo oo, 000d
OO000O00O0O0000DoooO0o0o00D. 00D vODOO, Student-t O O, skewed-Student ¢ 000 O
0000000 5.845,1210 00000000000 000O0 v>4000000.00,GEDDOOOOO
oooobog shrogboooboooooobobo vc2000000. 0D0Db0O0O0O0ODO,0000¢O
022500000000000000000000000O00U0DOOO0OODOO0. 00, In(¢) 00000
—0.1100000000000,000000 2200000000000000000000000O0DO0O0O.

59000-15:15 00000000 2250000000000. 16000-00 3:000000000000000000000000
0. 00, CME (Chicago Mercantile Exchange) 0 SGX-DT (Singapore Exchange Derivatives Trading Limited) 000000
goo0 225000000000.
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Ri=p+e, e =01z, o >0, 2¢ ~idd., Elz] =0,Var[z] = 1.
FIGARCH(1,d,0) : 0? =w[1 — (L) "+ {1 —[1 - (L) 711 — L)} €.
FIEGARCH(1,d,0): In(o?)=w+[1—B.(L)] 7 (1 — L) %g(z-1),

9(zt-1) = 0ze-1 + [[z-1] — Elz-1]].

FIGARCH(1,d,0)

FIEGARCH(1,d,0)

n t GED skt n t GED skt
I 0.035 0.049* 0.050* 0.028 0.011 0.076* 0.010 0.008
(1.546) (2.249) (2.247) (1.249) (0.513) (2.242) (0.482) (0.363)
w 0.094* 0.079* 0.084* 0.037* 0.765* 0.914* 0.502* 0.426*
(3.066) (3.262) (3.175) (2.189) (5.066) (3.939) (2.034) (2.094)
d 0.481* 0.510* 0.493* 0.836* 0.167* 0.467* 0.223* 0.138*
(3.962) (2.608) (3.660) (9.924) (3.254) (9.650) (2.440) (2.664)
51 0.425* 0.494* 0.459* 0.807* 0.924* 0.388* 0.912* 0.945*
(3.229)  (2418)  (3.193)  (11.63) | (12.18)  (2.046)  (4.474)  (17.55)
0 — — — — —0.089*  —0.225* —0.082*  —0.082*
(—4.668) (—4.104) (—3.947) (—4.186)
vy - - — — 0.156* 0.006* 0.139* 0.138*
(5.476) (2.668) (3.874) (4.685)
v — 8.749* 1.479* 9.369* — 5.845* 1.557* 12.10*
(6.089) (21.43) (5.887) (9.177) (21.21) (4.724)
In(¢) — — — —0.106* — — — —0.110*
(—4.308) (—4.258)
Log-lik. | —5526.07 —5481.37 —5488.41 —5472.48 | —5486.08 —5559.74 —5461.73 —5448.24
Q(20) 12.25 11.61 11.90 11.66 14.38 20.52 13.70 13.72
Q?(20) 20.36 36.25 24.56 29.76 19.52 27.52 19.50 20.83

*LOO0OO0Os%00000000000.0000O0O0O0 toO0ooOg.

00, FIGARCH (1,d,0) 0000 FIEGARCH (1,4,0) 000000000000000000000
00 Liung-Box 0 Q000000000. 0 20 Q(20)0 Q2%(20)0,002000000000000
(66-1)000 200 Ljung-Box 0 Q000D0O00000. 000D0,0000000200 20000
0. FIGARCH(1,d,0) 0000 FIEGARCH (1,4,0) 000000000000000000000000
0.000 Q(20)0 Q2%(20)000000,0000010%00000000000000000. 000
0, FIGARCH (1,4,0) 0 000 FIEGARCH(1,4,0) 0000, 00 225000000000000000
ooooo0ooooooo.

4. 0y

000, FIGARCH (1,4,0) 00O, FIEGARCH (1,4,0) 000000000 2250000000000
0000000000000 0O0OoooO. FIGARCH (1,4,0)0 00000000, 0000 Student-t O
O, skewed-Student t OO0 000000000 225000000000000000000000Q00O0ODAO,
GED OO0, Student-t OO OO0 O0O0O00OOOOOOO0OOOOOOOOOOODOOOOOOOO. OO,



FIEGARCH (1,4,0) 00000000, 00000000000O0000O0O00OO0O0OOO0OOOOOOO
gobooboboobo. bo,00 2000000000000 000000DO0O00DOO0ODOOO0O0
OO000.002200000000000000000 Student-t 00O, GED 00O, skewed-Student ¢t O
goobooooboboooobobooboobobooooboboobob.0boobobobg, b
00000 220000000000000000000000, FIGARCHODOO, FIEGARCHOOO
0000000000000000000000000000% . 00,000000,000000000
gboooboooboobgoobobooboobg.
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