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øO7k, À¢4ívÈå�’eà$�Ñ{D−0,ñ�, }ÓvÈ‰“7‰“� ø_iGívÈ

å�_�, b?Dk}íj„Ûõ’e,FêÞíÛï, 1/b?6ŒUà6£üËR�Dã¿� É

k‹�ívÈå�_�, øÇáíê�3bO½Ê’ßí‘K�ÌM, 6ÿuø¼�Ïí–1� ÓO

êÔD.üìÄÖÊ%ÈÜ�2ÚÚrÆ½bíiH, ×¾íd.êÛb�í‰æbDu‰b³1

.u	ìí, 7uÓOvÈ7Z‰� ;W×¶}í’ßìg�, êÔû®}D’ß„VÑ{, ¸
Ò

I’ ¯, C¾‘AÅ05Èíu‰æb�É� Ñ7õ„,í@àDÜ�íê�, Ûbø_y¯Üí

_�Vº¯� øùî�ÏÑp_�q, 1‹Jj„, w2ç˘ Engle (1982) í ARCH _�, wHú

f$l¾j¶2°”‰æbíqì, cq‘K‰æbu¬ hôM�jíƒb� ARCH Ñl¾_�

ÇóhÜ, w(Fù.|Ví_�, Ö®�ì�à: GARCH, EGARCH, IGARCH,· · · �

D ARCH _�.°íÇø�qì, Ñ Taylor (1982) FT|� wcq‰æbÑø�Óœ¬˙, u

âÌ¶hôC¿R‰b (latent variable) F²ì� d.,˚ÑÓœš�_��˚ SV _�� SV _�

TXø_œ ARCH y��4, yû¡ÛõÕGí_�ql� !…,FÑø_x�s_Óœ§Uí_

�, ø_Êhôj˙�, Çø_†Êš�j˙�� hôÏÏàVä¿¾£‚šíÏÏ, 7š�j˙�

íÓœ§UáàVj„š�í�G¬˙,

_�íqì.°, ÿ}�.øšíiÿõ, Taylor (1994), D Shephard (1996) ‡ú SV D

ARCH T7<ªœ,wÑ SV �_óœk ARCH íiõ,

• ARCH _�ÖÍÊÀ‰b_�œñqTÜ, Oô.ƒÖ‰b_�v, }ßÞ¡b¬Öí½æ,SV

í_�ÖÍ,lœ˚Ø, y¡��Ú7l�?‰0§T¯5-, J_Òíj�V,l, ˛³µó

˚Ø� /6ª'ñqíø5ô.ƒÖ‰b_��

• rÖÜ�, Ìcq/<Ì¶hôƒíš�C¿R‰b}	à’ßÑ{� ù–š�íŸÄª?Ä

Ñ>q¾ÓO©ÙZ‰,7>q¾í×ü¦²k¼¦k
Ò,íF�m7� øï�hm7íß
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Þ, 
Ò}Çá|c, 
Ò,í¡D6}½hÇ,Fbí’ß, 1/*9>qV®ƒÇø_h

íÌ© , Clark (1973) cìm7¼¦Ñ�*úb�GÓœ¬˙,7øm7eÑøá‰b� ¥<

_�2, úkù–g�š�íVÄ, ÿuhm7íßÞ�

• Ê‹�C%ÈÜ�íà0_�, àJ�šÓOvÈ7‰“íš�, Í7Óœš�íqìªJÅ

—¥šíb°� / SV _�ªJàV·H>q¾Dš�íóÉÛï�

mÍl¾_�ı�?v|Ê’e™(�*íd
, FJ.�_�í�ZuàS, wÌÝ·ubj

„’ßÑ{íø<!…Ô4 (stylized facts), Wà: (1)’ßíÑ{0x�ò&¼C¾®}ºíÛï,

(2) š�ˇ�, (3) ’C^‹, (4) š�u�4, (5) ’ßÈíóÉ4Äv7æ, Ê¥jÞ, ARCH _�

íû˝˛%�˜\n�û˝,7 SV _�l‡n�íd.ªœý, O¡��rÖúrÖ;W!…qì

7Økí SV, 6„p?j„‹�,Þí�_4”, BbÊ-ø�øú.°qì, F?j„íÛïTz

p�

2.1 À‰¾SV

SV _�ì2Ñ:

yt = exp(ht/2)εt , εt ∼ N (0, 1),

ht+1 =µ+ φht + σνηt , ηt ∼ N (0, 1)�

w2, yt ÑÊ t ‚M�í’ßÑ{; ht ÑÊ� t ‚úb“(íš�; µ ªeÑš�í	ì®ÄM; φ

Ñš�íM/˙�;7 σ 2
ν †ÑÑš�í‰æb� {εt , ηt} Ñ�óÖ
í™Ä�G}º� à‹ |φ| < 1

†�*ø_0ìí AR(1) , �GíÓœ¬˙; à‹ φ = 1 , † ht �*ÓœØ¥¬˙� Clark (1973)

j„ ht ÑÊÀ¢
ÒÌ¶hô6Ì¶ãeƒíhm7, Ä¤ø ht eÑ¿R‰b�

SV _�¯¯õ„,êÛ’ßÑ{íø<4”� íl, cqúb�G}º¯¯’ßÑ{í‰æb

¬RíÛï� ÇÕBb6ªJ°| yt í�ÏD yt Ý‘K}ºí4”� à‹ |φ| < 1 , †ªJ°) ht
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íÝ‘K�ÌbD‰æb.

µh = E(ht) =
µ

1 − φ
, σ 2

h = Var(ht) =
σ 2
ν

1 − φ2 �

âk εt u�GÓœ‰b, Ä¤J ht Ñø0ìíÓœ¬˙, ¢ yt us_ ìíÓœ¬˙ó
, yt 6}

uø_0ìíÓœ¬˙� εt uø_ú˚í}º, FJ yt íÀb¼�ÏÑÉ, Xb¼�Ïªâúb�

}º°|, yt í r ¼�ÏÑ:
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= 3 exp
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ªø¥ªJ) yt í¼GÍb E
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t
)
/
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E

(
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= 3 exp
(
σ 2

h

)
≥ 3� ¥[ý SV _�2 yt íÝ‘

K}ºÑ¾®í}º, �Œkj„vÈå�’eò¾¼íÛï�

d.,�rÖú!…_�íØk, Liesenfeld (2003) , D Koopman (1998) wÑhôMí�Ì

b.øìbÑÉ, ªÑwFj„‰bíƒb, °ší, ht ÖÍÑ.ªcíÕG‰b, Owª?ÑwF

ªc‰bíƒb, _�ªZÑ

yt =x ′γ + exp(ht/2)ε,

ht+1 =µ+ z′α + φht + σηt�

Chib et al. (2002) †Ê_�2íš�j˙�2‹p�&á ktqt , àVj„Ñ{s
� .d†í���

ÇÕ Jacquier (2004) †[
 {εt , ηt} óÉ[bÑÉícq� à‹ εt D ηt íóÉ[bÑŠ, εt íø

_s
í-±, C6zÑ{íŠ§U, b²U ηt Ó‹, † ht+1 6Ä¤7Ó‹� ¥ªJÑ$�
Òí

’C^‹Tj„, ¹$�g�D$�íš�‰“�ŠóÉíb², Êó°Ù�í§U5-, ;¾7¨

Aíš�}ªß¾7Ví×�

SV _�ÖÍÏ.ÖD ARCH °vÈÄ\T|V, OFòƒ¡��, n\�˜í@à� ŸÄÊk

_�2í¡b,lÝ�˚Ø� F.d ARCH øš?Dñqíl�|–Nƒb, SV _�2í–Nƒ

5



b¨Ö¿R‰b, /hôíš…øOÝ�íÖ, FJ'Øø¿R‰b	}¥� 6ÄÑ–Nƒb³�¥

£j, ¡bí,l, 6ÿ³�„�j¶� o‚Ék SV íd., ×·O4k¡bí,lj¶à: øO

“�Ï,l¶ (GMM) , Ä|×–N,l¶ (QML) , �^½b‚š¶ (EIS) , DïªÚªPËµ˚

(MCMC) ¶��� ¡��íd.�ZwÑ MCMC ,l¶, iõœÖ/^0ò� J MCMC ¶,l

SV _�vz¿R‰b ht D θ = (µ, φ, σ ) ø–eÑb,lí¡b, ªJfnl�,�í–Nƒb

f (yt |θ) =
∫

f (y|h, θ) f (h|θ)dh , 7/U:¯9(}º π(h, θ |y) ñq_Ò� Bbª�Oú‘K

}º f (h|y, θ)D f (θ |y, h) LH‚š�Z|ø_ïªÚª, V_Ò|ñ™}º, 6ÿu π(h, θ |y)

� *¥_:¯9(}º2ªJ°) π(θ |y) ,D π(h|y) � iÒ}º π(θ |y)ªJªø¥àV,lDR

� SV _�í¡b;7iÒ}º π(h|y) ªJúÌ¶hôíš�, h = (h1, ..., ht) d¬˙, �ËDã

¿�

2.2 Ö‰¾SV

.cuõ„,CuÜ�íÛb, Ö‰¾_�Ê‹�,uÝ�½bí, øjÞ, ÊrÖí‹�²µà’

ßº0, êÔ−�, Cu’ßìg, ·Ûø’ßÈíóÉ45¾ª , /˛%�ÛÖíd.éý, ‹�


Òíš�, uF
ÒF’ßí, C6z‹�’eu�u�4CÕÈ^‹í, ]û˝’ßÈíóÉ[

bí‰“¬˙, AÑ‹�û˝,'½bí{æ� Ö‰¾ GARCH Ê¥jÞíû˝6'Ö, Bauwens

et al. (2004) �Ì�íd.�è� Í7ÄÑÊ,l,í˚Ø, U)w_�cq‘KóÉ[buìM�

Engle (2001) tÇ[ ¥_cq, OÉ?dƒÂ‰¾� Ö‰¾Óœš�_�, ÄÑ…™qì.°, w

’ßíóÉ[b, uÄv7‰í, £cì©_võÈíóÉ[b, w*(…™í¡bu.øší� Ö

Í MSV ú’e…™íÌ„ªœý, Í7Ö‰¾Óœš�_�Êõ„jÞíd.6u¡��nÐ/

|V� �ø_ MSV â Harvey, Ruiz, Shephard (1994) T|, w!…qìÑ

yt = diag(exp(ht/2))εεεt , i = 1, ..., n, t = 1, ..., T,

ht = µµµ+ diag(φ)(ht−1 − µµµ)+ ηηηt , , i = 1, ..., N ,
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yt = (y1t , y2t , ...ynt)
′ , [’ß i ÊvÈ t íhôM, 7 εεεt = (ε1t , ...εnt) , D ηηηt = (η1t , ...ηnt)

Ñ�Ìb�kÉ, u‰bä³}�Ñ 6ε , 6η íÖ‰¾�G}º� ’ßÈíÑ{Dš�, u�óÉ4

í� à‹wÑ�G}º.D¾®,øOªø εεεt qÑÖ‰¾ t }º� °ší,rÖAú!…í_�TØ

kZG, Vj„.°í½æ�

Jacquier et al. (1995) øÄä}&‹p MSV _�³Þ,

yt = D ft + εεεt , εεεt
i.i.d.
∼ N

(
0, diag

(
σ 2
ε1, σ

2
ε2

))
ft = exp(ht/2)ut , ut

i.i.d.
∼ N (0, 1),

ht = µ+ φ(ht−1 − µ)+ ση, ηt
i.i.d.
∼ N (0, 1)

w2 ft uø_õ.cíÄä, _�í;¶uøÑ{í‰æ„jAs¶}, 1�âø_œÑQ&í‰

b!Z, 6ÿuÄä, àFVj„F�’ßu°‰�í¶}, 7 εεεt , †ÑpÎÄä	à(, _�’ß

íA�‰�� ¤�qìíßTuw××Áý7¡bíb¾� ¤_�6\„p?Dzp,ò&¼Dš�

ˇ�íÛï, J£Ñ{ÈDš�ÈíóÉ4� Pitt, Shephard (1999a)D Aguilar, West (2000) }�

ÿéN_�, T|.°í,lj¶, 7 Shephard et al. (2006) é{Ïá6�*Óœš�� Î7øO

Ö‰¾_�î}Xƒí½æ, Wà¡bÖ, ‰æbu‰bä³ÌìÑ£šì, y‹, MSV í–Nƒ

bµÆ, U),l_�í¡b,é)‘‰7�v� …dSà Shephard (2006) í_�, !…,w@à

(2002) ,lÀ‰¾_�íj¶, %¬ªœ5(, Fb„p…íí‚šj¶, uóú�^0í, Ê-ø

�øú,lj¶Têcízp�
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