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Abstract This paper discusses an actuarial approach to the option pricing problem for a market model

where the interest rates are stochastic and the stock prices are driven by generalized Exp-Ornstein-Uhlenback

process. According to the definition of actuarial pricing approach, the exact solutions of the general European

option and the exchange option are obtained with the help of the related theory of stochastic differential

equation. Then the European call-put parity relation is derived naturally. Furthermore, the new prices of

European call option and the put option with continuous dividend yield are deduced from the above results.

At last, a comparative analysis of numerical simulation is made between the above-mentioned results and

the B-S pricing formula. All the results are applicable to complex incomplete markets.

Keywords actuarial approach; Ornstein-Uhlenback process; Hull-White interest rate model; exchange

option

1 ÅÇÆ
È{É{Ê{Ë{Ì{É{Í{Î{Ï{Ð{Ñ{Ò{Ó{Ô{Õ{Ö{×{ØvÙxÌ{Ú{ÛvÙxÜ{Ý{Î

, Þ{ß{à Ô{á{â{ã{È{É{Ê{Ë{Ì{Í{ä{Ð{Ñ{Ò{å
æ�çéèëê

: 2008-04-30ì�í�îéï
: ð�ñéòëó�ô�<�õ�J (70971013, 70701035); 9�:�I�ö�÷�ø�
�õ�J (09JJ1010); 9�:�I�ù�ú�û�ü�<�ý�þ�<�ÿ���ô�<����M�N�õ�������õ�J (09FEFM04)����	�

: ��� (1981–), 
 , ����M�N�� , M�N���� : J�K�=�L�H�����@�A , Email: ljorg@126.com; ����� (1972–), � , ��� , MN���� : J�K�=�L ; ����� (1963–), � , ��� , �������� , M�N���� : !�"�#�$�A�%�H�����@�A .



�
12 � ��� , ü : &�'���(�)�*�+���(�,�-�.�/�0�1 O-U 2�L�3�4�5�6�#�$���7 119

8:9 � Ì:;:< , = Ð:>:?{Ñ{ÒA@CB:D:E:F{Ì:G:H:I:J . 1973 K , Fisher Black L Myron Scholes M:N:O:P:Q:RÊ{É{Í{Ì:S:T 	:UWVXR Ê{É{Í L:Y:Z:[:\^] [1]. U @C_:`:a:_:b �:L:c:d J:e:f{ã O:g:h Ì Black-Scholes(B-

S) Y:i , j:k:O:R Ê{É{Í �{	 ,
Ð{Ñ{Ò �{	 Ì{Î:l:m:n:o:H:p . q B-S Y:i Ì:r:s{Ð j:k:t:u:v:w:x:y:z Ì;:<:{{Ì

, | _:}:~:�{Ó , � Ì:�:�{Í{ä:� �:�:�{Þ:� J:� , � Ì:�:�:D:�:�:�:_:� , �:�{
 D:�:�:�{Ì{Ñ{Ò�:�:�{Î{É:�:�
. Black, Scholes

Ì �:� Ð:�:�:o{Ì , �:�:�:v Ô:�:� B-S �:�: :¡:Y:i:�:O:¢:£ Ì:¤:¥ L
v§¦§¨ Ì§b§© �§� . Cox, Ross L Rubinstein[2]

�§ª t 1979 K§« ã O§¬§­§i§R ÊZÉZÍ ; Merton[3]
_§`§a

_:®:¯:°A± O B-S R Ê{É{Í Y:i , ² `:³ �:´:µ:¦:¶ s:· O:¸:¹:º§»:�§�:¼§½:¾§¿:ÀZ
:Á �:Â:ÃZÌ:ÄÅ±CÆ ;

Darrell Duffie
`:Ç � Ì R Ê{É{Í ¦:¶ f{ã O B-S Y:i .{§È§É |§Ê§¦§¶ÌËÎÍ§Ï J ¦§¶ÌËÎÐ§Ñ§�§�§Ò§Ó§¶ �ZÉZÍ ¦§¶§Ô Ð j§k:t ÑZÒ:�§�§¤:Õ§Ö§a§_{Ì§;§<:{ ,`:×:Ø{Ì:®:¯:s:·{Ì

.
� Q �:a:_{Ì:D:¤:Õ:�:� , Ù:Ú:¦:¶:Û:Ü · O:�:v Ì:Ý:Ø . Þ �:�:D:¤:ß º ,

� Q Î:àâ{É{Ì{È{É{Ê{Ë
,
D:E:á:â:¤:ß:�:�:ã:ä:å ß á:×:Ø 
 a R:æ:ç . è �{Ì:é ¶ Ð:ê:ë{Î:ìAíAî�Ò:�:Ã:ï:ð:s·{Ì ½:ñ:ò:ó:Ò:Ó:ô:õ È{É{Ê{Ë , Ù ä Û B �:ö:t:÷ � . | í Föllmer L Sondermann t 1986 K:« ã{Ì:`ø Ô:ç - ¦ �Ìùûú:ü:ý:þ £:Ù:õ:÷ � , q:ÿ Æ:� ��� J:×�� .

1998 K Bladt L Rydberg[4] � l « ã O:R Ê{Ì:å��{É{Í ¦:¶ .
å��{É{Í ¦:¶��:R Ê{É{Í������:�:~:�Í{Ì Y�	:æ:À{ß É���� ,

í Q Ö�
��:S�� w:x ,
ð�
��:D��:�:Ö:a:_ Ë Ô��^Ë ¤:Õ{Ì:�:�:��� , �:² �:�:a:_ Ë� Ô��^Ë D:¤:Õ{Ì:�:� = ��� . ����� � [9]

`:å�� ¶ s:· O���� Í{ä���� Ornstein-Uhlenback(O-U)
���{Ì

� i:R Ê{É{Í Y:i , ��� � [11] �� O:t å:8A@Co:�:�A@ ��� Í{ä����:J{Ó O-U
���{Ì R Ê{É{Í �:� . ���Í{ä �:� O-U

����!�" O Ç�#:�{Ó Þ:� J:�Å@ � Í:�%$�&ZÎ ¦(' �:�ZÌ�)§Ý ,
� ��*�+�,�-�.�/�0�1�2�34

. 5�+�6�7�8(9;:�<�=�>�?�-�@�A%B�C%D�E%F�G%H�F�I%J�K%L�-%M�N . O�P�I�Q�R�S�T(U , V�W�I�-�X�YZ�[ 9 , :�<�\�]�^(_;`�-�a�b , c�d�:�<�-�e�f�g�h�i�j�d�:�<�-�e�f ; V�:�<�k�l�m�n�> , o�e�f�<�p�m
O . q�r�s [10] t�u A�*�v�w�R�S�2�:�<�x%y Hull-White 7�8�z�-�{�|�d�}�A�* . ~�����:�<�7�8�����:
<�����>�?�-�����\(';����l�](_;`�k�l�����-�.�/ .������� ����:�<�����*�x�y O-U ����- Z�[ 7�8 , R�S�2�����A�*���V�+�6�7�8�z�-�d�}�A�*���� .��� ������-�A�*�A�� , : t ������������-�����v�w , ����2� �¡�¢�£�¢�¤�d�}�¥�¦�§�d�}�-%��@%A�*�¨
¡ , ©(ª;«�����2� �¡�¬�}�­�}�-�l�*�¨�¡ ; 0�®���¯�\�°�:�<�-� �¡�¢�£�¢�¤�d�}%-����%A�*�¨%¡ . ±�² ,³ +�6�´�µ�¶ B-S A�*�¨�¡�0�1�2�D�^�7�·(¸;m���¹ .

2 º¼»¼½¼¾
¿�À ��Á�Â�Ã�>�?�-�Ä�Å�Æ�X�Y Z�[ . Ç�A Z�[�È V�É�Ê�Ë�Ì , ��Ê�=�Ä�Í�Î�Ë�Ì , Ï�Ð�Ñ ; Ò���Ê�=�Í

Î�Ë�Ì , Ï���Ó . Ô�A���Á�H�F�Õ�Ö�×�Ø σ Ù�-�Ú�Û�Ü�<�Ý�? (Ω,F , {Ft}t≥0, P ).

Ç�A���Ó�*�Þ���� S(t) ß�à�á���â�D O-U ��� :

dS(t) = (µ(t) − α ln S(t))S(t)dt + σs(t)S(t)dB(t), S(0) = S (1)

o(9 S > 0, σs(t) =���Ó�-�e�f�< , µ(t), σs(t) ]�=�>�?�-�@�A�B�C�D , α =�Ö�D .

Ç�A�j�d�:�<���� r(t) H�F Hull-White :�<�7�8 :

dr(t) = (a(t) − b(t)r(t))dt + σr(t)dW (t), r(0) = r (2)

o(9 a(t) ã b(t) � σr(t) = t -�@�A�B�C�D . a(t) ä�å�6�:�<�c�d�l�]�k�l�-�æ�D , b(t) ä�ç�è�j�d�¥�c�d�:
<���é�-�l�](_;`�< , ê�É�ë�]�=�Ö�^�> , ì�= Vasic̆ek 7�8 . σr(t) ä�:�<�-�e�f�< .

{B(t) : t ≥ 0} ¶ {W (t) : t ≥ 0} =�A���V�Ü�<�Ý�? (Ω,F , {Ft}t≥0, P ) +�-�É�í�î�ï�ð�ñ�f , o�����é
D�= ρ.ò�ó

1[4] ��Ó�*�Þ���� {S(t), t ≥ 0} V [0, T ] +�Ì�ô�-�d�õ���ö�< ∫ T

0 β(t)dt A���= :

e
∫

T

0
β(t)dt =

ES(T )

S
(3)

β(t) = t >�÷ S(t) -�Â�Ã�`�:���ö�< , ä [0, T ] +�-�I�^�ø�ù�C�D .
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2[4]  �¡�d�}�-�����A�*���*�^�A���= : ê�d�}	�	
�1�> , ��Ó���d�� -	
�W�^�¶	
�1�*�-	
�W

^	�	� , V���Ó�*�Þ�I�J���ï�-�Ü�<	�	��z�-�D	��d�õ�^ . o(9 , Ä�Í�Î�Ë�Ì	��Ä�Í�Î�:�<	
�W , Í�Î�Ë�Ì	�
o d õ � ö < ( A � Ï (3)) 
 W .   ¡ d } V � d�����
 1 -���M ×�Ø�ä :   ¡ ¢ £ d } = exp{−

∫ T

0β(t)dt}S(T )

> exp{−
∫ T

0 r(t)dt}K,  �¡�¢�¤�d�}�= exp{−
∫ T

0 β(t)dt}S(T ) < exp{−
∫ T

0 r(t)dt}K.�
C(K, T ) ¥ P (K, T ) �	��T	����Ó�*�Þ�= S(t), 
�1�*�Þ�= K, ��d�� = T -� �¡�¢�£�¥�¢�¤�d�}

V t = 0 >�÷�-�*�^ , � ��� ����A�*�����A��� �¡�d�}�-�*�^�= :

C(K, T )=E

[(

exp

{

−
∫ T

0

β(t)dt

}

S(T )− exp

{

−
∫ T

0

r(t)dt

}

K

)

I{exp{−
∫

T

0
β(t)dt}S(T )>exp{−

∫

T

0
r(t)dt}K}

]

P (K, T )=E

[(

exp

{

−
∫ T

0

r(t)dt

}

K − exp

{

−
∫ T

0

β(t)dt

}

S(T )

)

I{exp{−
∫

T

0
β(t)dt}S(T )<exp{−

∫

T

0
r(t)dt}K}

]

3 ������ �!�"�#
�	$ V�+ $ Ô�A Z�[ 7�8�z , Ô�¯�2� �¡�¢�£�¢�¤�d�}���¦�§�d�}%-����%���%A�*�¨%¡ , ©	%��	&� �¡

d�}�´�µ���á���2�\�°�:	'	( , 0�®����� �¡�¬�}�­�}�-�l�*�¨�¡ .)	* Ô�¯�É�Á � v�Ï�z :+�,
1[12]

� É � ��- P , W1 ∼ N(0, 1), W2 ∼ N(0, 1), Cov(W1, W2) = ρ, � ³�.�/ - I D a, b , c , d , k,

\ E[ecW1+dW2I{aW1+bW2≥k}] = e
1

2
(c2+d2+2ρcd)N(ac+bd+ρ(ad+bc)−k√

a2+b2+2ρab
).

+	,
2 0���Ó�*�Þ S(t) ß�à�á���â�D O-U ��� (1), ��\ :

S(t) = Se−αt

exp
{

e−αt

∫ t

0

(µ(u) − 1

2
σ2

s(u))eαudu + e−αt

∫ t

0

σs(u)eαudB(u)
}

ES(t) = Se−αt

exp
{

e−αt

∫ t

0

(µ(u) − 1

2
σ2

s(u))eαudu +
1

2
e−2αt

∫ t

0

σ2
s (u)e2αudu

}

1	2 ª Itǒ ¨�¡�\
d ln S(t) =

1

S(t)
dS(t) − 1

2S2(t)
dS(t)dS(t) =

(

µ(t) − α ln S(t) − 1

2
σ2

s (t)
)

dt + σs(t)dB(t)

d(ln S(t)eαt) =
(

µ(t) − 1

2
σ2

s(t)
)

eαtdt + σs(t)e
αtdB(t)

3
ln S(t)eαt = ln S +

∫ t

0

(

µ(u) − 1

2
σ2

s (u)
)

eαudu +

∫ t

0

σs(u)eαudB(u)

� ln S(t) = e−αt ln S + e−αt

∫ t

0

(

µ(u) − 1

2
σ2

s(u)
)

eαudu + e−αt

∫ t

0

σs(u)eαudB(u)

y�® S(t) = Se−αt

exp
{

e−αt

∫ t

0

(µ(u) − 1

2
σ2

s (u))eαudu + e−αt

∫ t

0

σs(u)eαudB(u)
}

É	4	5�d�õ�\
ES(t) = Se−αt

exp
{

e−αt

∫ t

0

(µ(u) − 1

2
σ2

s(u))eαudu +
1

2
e−2αt

∫ t

0

σ2
s (u)e2αudu

}

3.1 6	7	8	9	:	; ò	<
W��	� ¿�À �	&�-� �¡�¢�£�d�}��� %¡�¢�¤%d�} . É�d�}�-�í�-�Ë�Ì�]�=���Ó , =�A�*�Þ�= K, 
�1��

= T .ò	,
1
� ��Ó�*�Þ���� {S(t), t ≥ 0} ß�à�á���â�D O-U ��� (1), :�<�����H�F Hull-White :�<�7�8

(2), �� �¡�¢�£�d�}�¶�¢�¤�d�}�V 0 >�÷�-�������*�^��	��= :

C(K, T ) = SN(d1) − K exp
{1

2
σ2

X − G(0, T )
}

N(d2)

P (K, T ) = K exp
{1

2
σ2

X − G(0, T )
}

N(−d2) − SN(−d1)
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o(9 ,

n(t) =

∫ t

0

b(t)dt, m(t, T ) =

∫ T

t

en(t)−n(s)ds, G(0, T ) = rm(0, T ) +

∫ T

0

a(t)m(t, T )dt

X =

∫ T

0

σr(t)m(t, T )dW (t) , Y = e−αT

∫ T

0

σs(t)e
αtdB(t)

σ2
X =

∫ T

0

σ2
r (t)m2(t, T )dt, σ2

Y = e−2αT

∫ T

0

σ2
s(t)e2αtdt

d1 =
ln S

K
+ G(0, T ) + 1

2σ2
Y + ρσXσY

√

σ2
X + σ2

Y + 2ρσXσY

, d2 =
ln S

K
+ G(0, T ) − σ2

X − 1
2σ2

Y − ρσXσY
√

σ2
X + σ2

Y + 2ρσXσY

.

1	2 ª;A�� 2 X :

C(K, T ) = E
[

S(T ) exp
{

−
∫ T

0

β(t)dt
}

· 1(
S(T ) exp{−

∫

T

0
β(t)dt}>K exp{−

∫

T

0
r(t)dt}

)

]

−

E
[

K exp
{

−
∫ T

0

r(t)dt
}

· 1(
S(T ) exp {−

∫

T

0
β(t)dt}>K exp {−

∫

T

0
r(t)dt}

)

]

4
= I1 − I2.

ª;i�����A�*��(9;d�õ���ö�<�H�F e
∫

T

0
β(t)dt = ES(T )

S
, Y(ª � v 2 X

∫ T

0

β(t)dt = ln
ES(T )

S
= (e−αT − 1) ln S + e−αT

∫ T

0

(µ(t) − 1

2
σ2

s (t))eαtdt +
1

2
e−2αT

∫ T

0

σ2
s (t)e2αtdt

3
e−

∫

T

0
β(t)dt = exp

{

(1 − e−αT ) ln S − e−αT

∫ T

0

(µ(t) − 1

2
σ2

s (t))eαtdt − 1

2
e−2αT

∫ T

0

σ2
s (t)e2αtdt

}

Y e−
∫

T

0
β(t)dtS(T ) = exp

{

ln S − 1

2
e−2αT

∫ T

0

σ2
s (t)e2αtdt + e−αT

∫ T

0

σs(t)e
αtdB(t)

}

ª;:�<�7�8 (2) � Itǒ ¨�¡�� [10]
∫ T

0
r(t)dt = G(0, T ) +

∫ T

0
σr(t)m(t, T )dW (t).

0�M�H�F�×�Ø S(T )e−
∫

T

0
β(t)dt > Ke−

∫

T

0
r(t)dt, �

⇐⇒ exp
{

ln S− 1

2
e−2αT

∫ T

0

σ2
s (t)e2αtdt+e−αT

∫ T

0

σs(t)e
αtdB(t)

}

>K ·exp
{

−G(0, T )−
∫ T

0

σr(t)m(t, T )dW (t)
}

⇐⇒
∫ T

0

σr(t)m(t, T )dW (t) + e−αT

∫ T

0

σs(t)e
αtdB(t) > ln

K

S
− G(0, T ) +

1

2
e−2αT

∫ T

0

σ2
s (t)e2αtdt

⇐⇒ X + Y > ln
K

S
− G(0, T ) +

1

2
σ2

Y

ª i {B(t) : t ≥ 0} ¶ {W (t) : t ≥ 0} =%A%�%V%Ü%<%Ý%? (Ω,F , {Ft}t≥0) +%-%É%í%î%ï%ð%ñ%f ,
�%� A

�[Z[X X, Y =%¶ Ft \[] -%É[^[_%�%�[-%P , Y EQ[X ] = EQ[Y ] = 0, σ2
X =

∫ T

0
σ2

r (t)m2(t, T )dt, σ2
Y =

e−2αT
∫ T

0
σ2

s(t)e2αtdt,
3 ª � v 1 \

I1 = E
[

S exp
{

− 1

2
e−2αT

∫ T

0

σ2
s(t)e2αtdt + Y

}

· 1(X+Y >ln K

S
−G(0,T )+ 1

2
σ2

Y
)

]

= S exp
{

− 1

2
e−2αT

∫ T

0

σ2
s (t)e2αtdt

}

· E
[

eY · 1(X+Y >ln K

S
−G(0,T )+ 1

2
σ2

Y
)

]

= SN(d1),

I2 = Ke−G(0,T ) · E
[

e−X · 1(X+Y >ln K

S
−G(0,T )+ 1

2
σ2

Y
)

]

= K exp
{1

2
σ2

X − G(0, T )
}

N(d2)

3  �¡�¢�£�d�}�A�*�¨�¡�= C(K, T ) = SN(d1) − K exp
{

1
2σ2

X − G(0, T )
}

N(d2).` v�ø��� �¡�¢�¤�d�}�A�*�¨�¡
P (K, T ) = K exp

{1

2
σ2

X − G(0, T )
}

N(−d2) − SN(−d1)

ª;A�v 1 -�´�w�ø�G	a	b���� :c	d
1 V�7�8 (1) ã (2) z , ����A�*�����-� �¡�¬�}�­�}�l�*���é�= :

C(K, T ) + K exp
{1

2
σ2

X − G(0, T )
}

= P (K, T ) + S
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c	d
2
¿�À 7�8 (1) ã (2) z�\�Â�Ã�°�:�< q(t) -� �¡�¬�}�­�} , o�V	e�>�÷�-�����A�*���*�^��	��= :

C ′(K, T ) = S exp
{

−
∫ T

0

q(t)dt
}

N(d
′

1) − K exp
{1

2
σ2

X − G(0, T )
}

N(d
′

2)

P ′(K, T ) = K exp
{1

2
σ2

X − G(0, T )
}

N(−d
′

2) − S exp
{

−
∫ T

0

q(t)dt
}

N(−d
′

1)

o(9
d

′

1 =
ln S

K
+ G(0, T ) −

∫ T

0 q(t)dt + 1
2σ2

Y + ρσXσY
√

σ2
X + σ2

Y + 2ρσXσY

, d
′

2 =
ln S

K
+ G(0, T )−

∫ T

0 q(t)dt − σ2
X − 1

2σ2
Y − ρσXσY

√

σ2
X + σ2

Y + 2ρσXσY

.

3.2 f	g	:	; ò	<
¦�§�d�}�ä���Ê	h�8�-�d�} , ø�G	i t i�Ë�Ì	j	k	l�v	m�-	n	o	p	q�A�*���¹�s	r	s . t���d�}	u�\	m

V���d�� T >�÷�\�}�5	v	w	x�G���Ê�Ë�Ì�§	5%Ò��%Ê�Ë�Ì . V�Ô�A�-�Ü�<�Ý�? (Ω,F , {Ft}t≥0, P ) z ,
� ~

d�}(9;É�Ê�Í�Î�Ë�Ì�-�*�Þ�����H�F�z	y������������ :

dS1(t) = (µ1(t) − α1 ln S1(t))S1(t)dt + σ1(t)S1(t)dB1(t), S1(0) = S1 (4)

dS2(t) = (µ2(t) − α2 ln S2(t))S2(t)dt + σ2(t)S2(t)dB2(t), S2(0) = S2 (5)

o 9 Si(t) =[z i Ê%Ë%Ì%-%*%Þ , σi(t) �[�%T[�[z i Ê%Ë%Ì%-%e%f%< , σi(t), µi(t) = t -%C%D , αi =%Ö%D
(i=1, 2). {B1(t), t ≥ 0} ¥ {B2(t), t ≥ 0} -�����é�D�= ρ.

¦�§�d�}	{�ø�G�¢	|�ä	
�1�*�Þ�= S1(T ) -�Ë�Ì 2 -�¢�£�d�} , p�ø�G�¢	|�ä	
�1�*�Þ�= S2(T ) -�Ë
Ì 1 -�¢�¤�d�} . ê	Y	}�ê�d�}�d	~�-���ö�=	^�> , ��g	�	
�1 . ª;������*�^�A��	X , ¦�§�d�}�V t = 0 >
÷�-�*�^ V (0, T ) = :

V (0, T ) = E
[

max
(

S1(T ) exp
{

−
∫ T

0

β1(t)dt
}

− S2(T ) exp
{

−
∫ T

0

β2(t)dt
}

, 0
)]

(6)

ò	,
2 ¦�§�d�}�V t = 0 >�÷�-�*�^ V (0, T ) = :

V (0, T ) = S2N(d3) − S1N(d4)

o(9
Y1 = e−α1T

∫ T

0

σ1(t)e
α1tdB1(t), Y2 = e−α2T

∫ T

0

σ2(t)e
α2tdB2(t),

σ2
Y1

= e−2α1T

∫ T

0

σ2
1(t)e2α1tdt, σ2

Y2
= e−2α2T

∫ T

0

σ2
2(t)e2α2tdt,

d3 =
ln S2

S1

+ 1
2σ2

Y1
+ 1

2σ2
Y2

− ρσY1
σY2

√

σ2
Y1

+ σ2
Y2

− 2ρσY1
σY2

, d4 =
ln S2

S1

− 1
2σ2

Y1
− 1

2σ2
Y2

+ ρσY1
σY2

√

σ2
Y1

+ σ2
Y2

− 2ρσY1
σY2

.

1	2 ª;¦�§�d�}�-�����A�*���-�A�� (6) X :

V (0, T ) = E
[(

S2(T ) exp
{

−
∫ T

0

β2(t)dt
}

· 1(
S2(T ) exp

{

−
∫

T

0
β2(t)dt

}

>S1(T ) exp

{

−
∫

T

0
β1(t)dt

})

]

−

S1(T ) exp
{

−
∫ T

0

β1(t)dt
})

· 1(
S2(T ) exp

{

−
∫

T

0
β2(t)dt

}

>S1(T ) exp

{

−
∫

T

0
β1(t)dt

})

]

4
= J1 − J2

M�H�F�×�Ø S2(T ) exp
{

−
∫ T

0
β2(t)dt

}

> S1(T ) exp
{

−
∫ T

0
β1(t)dt

}

, �

⇐⇒ exp
{

ln S2 −
1

2
e−2α2T

∫ T

0

σ2
2(t)e2α2tdt + e−α2T

∫ T

0

σ2(t)e
α2tdB2(t)

}

>

exp
{

ln S1 −
1

2
e−2α1T

∫ T

0

σ2
1(t)e2α1tdt + e−α1T

∫ T

0

σ1(t)e
α1tdB1(t)

}

,

⇐⇒ Y2 − Y1 > ln
S1

S2
− 1

2
σ2

Y1
+

1

2
σ2

Y2
.
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ª;A��	Z	X Y1, Y2 =�¶ Ft \	] -�É	^	_����	-�P , Y EQ[Y1] = EQ[Y2] = 0, σ2
Y1

= e−2α1T
∫ T

0
σ2

1(t)e
2α1tdt,

σ2
Y2

= e−2α2T
∫ T

0 σ2
2(t)e

2α2tdt. 0�®(ª � v 1 \
J1 = E

[

exp
{

ln S2 −
1

2
e−2α2T

∫ T

0

σ2
2(t)e

2α2tdt + e−α2T

∫ T

0

σ2(t)e
α2tdB2(t)

}

· 1(
Y2−Y1>ln

S1

S2
− 1

2
σ2

Y1
+ 1

2
σ2

Y2

)

]

= S2e
− 1

2
σ2

Y2 E
[

eY2 · 1(
Y2−Y1>ln

S1

S2
− 1

2
σ2

Y1
+ 1

2
σ2

Y2

)

]

= S2N(d3)

J2 = E
[

exp
{

ln S1 −
1

2
e−2α1T

∫ T

0

σ2
1(t)e

2α1tdt + e−α1T

∫ T

0

σ1(t)e
α1tdB1(t)

}

· 1(
Y2−Y1>ln

S1

S2
− 1

2
σ2

Y1
+ 1

2
σ2

Y2

)

]

= S1e
− 1

2
σ2

Y1 E
[

eY1 · 1(
Y2−Y1>ln

S1

S2
− 1

2
σ2

Y1
+ 1

2
σ2

Y2

)

]

= S1N(d4)3 ��¦�§�d�}�A�*�¨�¡ V (0, T ) = S2N(d3) − S1N(d4).

4 �����������
� i�+�6�´�w ,

¿�À  �¡�d�} . æ�D	�	��Ï�z : K = 60, a = 0.0003852, b = 0.0214, σs = 0.2, σr = 0.0008,

α = 0.1, r = 0.05, ρ = −0.25. ñ t Matlab �	�	��Ø , ����2�G�z�´�µ .

�
1 �A�A�A�A� O-U �A�A�A�A�A�A�A�A�A� B-S �A�A�A A¡A¢£

1 �	������2�V�+�6�Ç�A�æ�D�-	'	(�z , ������Ó�W�1�*�Þ�-	-	¤ ,  �¡�¢�£�d�}�¶�¢�¤�d�}�-����
A�*���¨�¡�¶	¥	¦ B-S ¨�¡�-(¸;m�´�µ , V�����A�*��(9 ,

¿�À 2�����:�<�����*�x�y O-U ��� . y £ (�+
ø�G�¢�� , §�É�Ê�����-�´�µ�V�d�}�=�*	¨�>�\���A[©	� , ® ³ i�*«ª;d�}	Y�*«ª;m	¬�>	§�É�ë�-	©[��©�E
U®­ . §	¯	©	�	^�ä(ª;i�ñ t 2�����A	°��	Y ¿�À 2�:�<�-�����B����	°�ß�à O-U ���	±�Ì�ô�- . ª;i	°	¨
d%}%-%1%�%�%g%m[² ,

3 7%8%-[³[-%g%m%O[´[µ[¶%d%}[°%Þ , Y[§%Ê[µ[¶%T%W%¯%�%Ê[·[| t . ®%V[°¸ª m[¬
-�d�}(9 , µ	¶�d�}	°�Þ	¹	¬�-�ä���Ó	°�Þ �	º -	-	¤ , «�>�É�Ê�����z�-�D�^	�	��E�O .»

1 �A�A�A�A�A¼A�A�A�A�A�A�A�A�A�A�A A¡A¢½A¾
40 45 50 55 60 65 70

JAKALAM 0.1037 0.4721 1.4301 3.2462 5.9985 9.5682 13.7383¿AÀ LAM 0.1092 0.4884 1.4620 3.2931 6.0546 9.6272 13.7959

T 1 å�6�2�����A	°��(9 , ����:�<�¥�Ö�:�<�z�-�¢�£%d%}	°%Þ�´%µ(¸ m . ª;«�ø	X , É�Ê�7�8�z�-�¢
£�d�}	°�Þ	Á�\���ê	Â���Ó	°�Þ	Ã	Ä%®	Ã	Ä%-�.%/ . 5�V	Å���Á«Æ;A�-���Ó�W�1	°�Þ�z , ����:�<�z�-�d�}
°�Þ�]�O�i«Æ;A�:�<�>�-	°�Þ , ®	§�É�ë�-	�	Ç�����ê	Â��	°�-	Ã�O , \ * Ã	Ä�²	È�h�-�.�/ .¿�À �	É�¦�§�d�} , æ�D	�	5�Ï�z : S1 = 60, T = 2, σ1 = 0.18, σ2 = 0.25, α1 = 0.12, α2 = 0.16, ρ = 0.5,

�	5 S2 =	-�P , ø�������A	°���¶ B-S A	°�¨�¡�-�´�µ��	��Ï £ 2 ±	� . y £ ((9;ø�G�¢�¯ , ����A	°��
z�-�¦�§�d�}	°�Þ	Ê	Ë�M�O�i B-S 7�8�z�- , §�ä�:�<�7�8�¥���Ó	°�Þ�7�8�-�E ` ±	Ì	Í�-�´�µ .
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�
2 ÎAÏAÐAÑA�A�A�A�A�A�A� B-S �A�A¡A¢

5 Ò�Ó�Ô
Õ	Ö u A	°�����z , ��Ê�Q�ÑØ×ÚÙ	Û�ô�Q�ÑÝÜ W%V%-	°%Þ , ì�=�~�Q�Ñ	Þ	ß�W�X�Ù%V Z�[ s[° u �[��z


�W�-�d�õ�^ . Ï�X�Y Z�[ ä�Ú�Û	Y�Ä	à�:%- , s	° u È V	Y	á�� , u A	°�����\	o . 5�Ï�µ Z�[ ä�\	à�: ã
E%Ú%Û%- , §%>%s[° u �[�%E È V[Ù È V%®%E[á%� , t%u A[°%�%�[â%\%�%A%-[ã[ä . V �%� ±%� t -%�%�%A
°%� 9 , X%Y Z%[ ©[å%\[æ .[ç -[¥[è%Ç � , p[â /[é �%o%´%µ ³[ê[ë%Z%[ ]%ä%\[o%- . ~%�%�%p%�%� ³ d
}�-�A	°�\�2�E ` i	¥	¦ B-S 7�8�-	­�¡	ì , � ³ i Õ	Ö - u ����A	° , ª;i�Ä	í	î	ï�s	° u ,

3 ����m�=ð	ñ
.
��� V��	&�-�����A	°���- �	ò + ,

¿�À Ë�Ì	°�Þ�-�I�J�a	ó�® ��� á�� O-U ��� , ª;:�<�-(_;`�a
ó	ô ] Hull-White ����:�<�7�8 , Õ���: t ������������-�����v�w , ����2��	&� �¡�d�}���¦�§�d�}�-��
@	ì , ©	%��	&� �¡�d�}�A	°�´�µ���á���\�°%:�<%-	'	( , 0�®�Ô�¯�2� �¡�¬�}�­�}�V�+�6�7�8%z�-%l	°�¨
¡ , ±�²�0�1�2�D�^�7�·(¸;m%��¹ , ­	��¯	§�É�Ê�7�8�z�-�d�}[°�Þ%@�I È V�E ` �[�%-	�[� .

��� ±���´
µ `	õ	ö k�i�`	÷�-�E�Ú	ø Z�[ .
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