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�
������	��
����������������, �������
�������
�������
������ (�����Æ���). ��, ��
� “����”�, ����� !��"���, �#�$�%&�'��(��)�
����*�+�������, (�����������),  !����("�)��
�����. � �����-#$.��/��, 0%� ���!!�""#���� 
!��������$&'��.

�����/���, %��-��(������, 1��(����"�)
����. ����(&��2�#�#)*�3�, '(�, �(&��$%2, ��)�
&�(&)��4�-, +/(&5�6), �,*�6�'7(6), -'8)9���)�
��+�', �(&5�6)���&�.:�����*;, 0%,/#�����
��(-�$&5��. 
���	�&�
+/+<��=�(+!,�	�, ��->�
.)�!..)�//00, 11�?234'5 Carr (1988), Brealey � Myers [1], Geske �
Johnson [2], Trigeorgis [3].

@2��� !��A<��B, �3���'8�@/2����0 �2!. 4��
�5 n@2��,&1� 0 < t1 < t2 < · · · < tn < T ,�2 T ������, K � !��
*��C*��. �# t1 �6,�4"�)���� S(t1)D(C*�� K �, ��C*��
0 �2!� S(t1),2E�7, 5� K. 863,3�����6 ti, i = 2, 3, . . . , n10 !,8
6( t1 �6. 0%'F,  !����� T ��C*��� min{K,S(t1), S(t2), . . . , S(tn)}.
�97�:$82 !��0G�HI?2, 5$A4;�59'5 Cheng � Zhang [4],
Gray � Whaley [5], Nelken [6], Gray � Whaley [7] �, A$?2���<2� B-S $%#=*
�, 1&���, "�)����6�(:>7?J8, �9�����98�-�::, Æ��
�;;�. K�%@, 5$ !����34A�<B<�, ���=���!!�"".

L B-S (- 1973 8;=8. [8], Geske [9] � B-S $%#C##������D>(-.
� Elettra � Rossella [10] 2, Elettra � Rossella �"�)��98����-��(�E�"
"#, ?9D�5�=&-00�@A&4>, #�#������(-, B)# Geske (
-. A�(-���C#���(-��/�C"".

'(�, ��;D��3�2, 
����2�!/�. (+2, � .)!,',�?�
�, �F��&3@�!!�, 0%������2� �����A:'��. � Frey �
Sommer [11] 2EG#=������0F HJM H:�
����������, BÆ
B)#A/""#����(-. ��29I#C# German �� [12] �2��DG, I!
JHK3I�, ���!!�""#, B-S )M����5 �"�)����EFGNL:.
'(�, =��6� Vasicek H:�, MH B-S (-!���(,*���,  Æ��(NJO
)���, I B-S )M�����K�!"�)����NJ EFGN�. A�DG�!K
��. ��L 4 M&��:-34=�NHKA�'(. Frey � Sommer ��2��?2#�
!!��00#�������������, 
 Geske (-=*#B). ��EEG=�
�6��OP� Vasicek H:�, �������������, C##A/��)M�
���PK(-.

5$!!��00#������, QRL15�$HI
%Q#?2, OI'5 Amin
� Bodurtha [13], Amin � Jarrow [14], SMT�SNU [15, 16] ��R.

��L 1M&?9PQR(#�#���!!�""#��)M���S���(-;=
��6�(OP� Vasicek H:�, ��)M��PK���(-�L 2 M&2C#; L 3 M
&E� #���6�O<H:�""#@2��� !)M������,#�#5�@
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2��� !����(-; :-\�34�L 4 M&, %HK#=��6� Vasicek H:�,
"T B-S�)M������"�)��� S �EFGNL:,0%
(U�C*��� K1

� B-S )M���C*��� K2 ����, ��K�V�� S∗, W# C(T2, S
∗) = K2; %

.�3G.

1 Z[\]^_`^abcd
��� �!!�]�^, !K�VWX�_E (Ω,F , P ) 
YX, X� P �XNPQ

<, Ft ZY�6 t �YJ`, �� “L �2”, I` Ft �Za[��EFGN�, Æ F0 [b
Y5 F 'P� P - NPQ<.

2 S YX"�)� - ,* - ���; C(t, S) �,*��Z-)M� t �6���, �C
*��� K1, ���� T1, I B-S )M����; V (t) YX� C(t, S) ����)M� t

�6���, �C*��� K2, ���� T2, Æ T2 < T1.
W\cG, ���\PQ Q #, "�)���� S ��!!A&4>

dSt

St
= r(t)dt+ σ(t)dWt. (1)

A- Wt YX\PQ Q #�"T�7?J8, σ(t) �98�. ���� σ(t) �K��Æ��(
�E t, r(t) YX9����, �!!�.

W Merton [17], B-S )M����2V�� C(t, S) �

C(t, S) = BtEQ

[
B−1

T1

(
S(T1) −K1

)+∣∣Ft

]
, ∀ t ≤ T1. (2)

A- EQ YXPQ Q #��[-, Bt �� Bt = exp
( ∫ t

0
r(s)ds

)
. � r(t) �!!�, B(t) 1�

!!�. 0%���2, C(t, S) 2��[b\]O)���.
W(���!!�, 4��=]�PQ QT1 , I\]O) B(t, T1) &9�d�E^, QT1 $

( Q � Radon–Nikodým \:�(
dQT1

dQ

∣∣∣
FT1

=
1

BT1B(0, T1)
. (3)

�=PQ QS , I,*�� S(t) 9�d�E^, QS $( Q � Radon–Nikodým \:�
dQS

dQ

∣∣∣
FT1

=
S(T1)

B(T1)S(0)
. (4)

W00�[(-, - (2) '8e\�

C(t, S) = S(t)QS(A1 |Ft) −K1B(t, T1)QT1(A1 |Ft), (5)

�2 A1 = {ω ∈ Ω | S(T1) ≥ K1}. &�)M� C �(_<.
#;� B-S )M� C(t, S) ����)M�. ���� T2, ��)M���'�

V (T2) = (C(T2, S) −K2)+.

^�)M���� C(t, S) $(,*�� S �EFGN�, �F&86(��K��"_, I
K�- S∗, W#

C(T2, S
∗) = K2. (6)

(- (6) 1HK���� T2, =,*�� S(T2) J( S∗ �, ��)M�0(_, 2E��)
M���-�N, 0% A2 = {ω ∈ Ω | S(T2) ≥ S∗} &���)M� V �(_<.

W\cG, F

V (t) = BtEQ

[
B−1

T2

(
C(T2, S) −K2

)+∣∣Ft

]
, ∀ t ≤ T2, (7)
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�F, 
Y5� t ≤ T2,
V (t)= BtEQ

[
B−1

T2

(
C(T2, S(T2)) −K2

)
IA2 | Ft

]
= BtEQ

[
B−1

T2
C(T2, S(T2))IA2 | Ft

] −K2BtEQ[B−1
T2
IA2 | Ft], (8)

�2 I �XVL:. ] (2) Z` (8), .`� IA2 $(` FT2 �'P�, E5
BtEQ

[
B−1

T2
C(T2, S(T2))IA2 |Ft

]
= BtEQ

{
EQ

[
B−1

T1
(S(T1) −K1)+ | FT2

]
IA2

∣∣Ft

}
= BtEQ

{
EQ

[
IA2B

−1
T1

(S(T1) −K1)+ | FT2

] |Ft

}
.

W00�[�afVaF

BtEQ

[
B−1

T2
C(T2, S(T2))IA2 | Ft

]
= BtEQ

[
IA2B

−1
T1

(S(T1) −K1)+ | Ft

]
= BtEQ

[
B−1

T1
S(T1)I(A1∩A2) | Ft

] −K1BtEQ[B−1
T1
I(A1∩A2) | Ft]. (9)

863, �=PQ QT2 , A-NJ* B(t, T2)b9d�E^, QT2 $( Q� Radon–Nikodým
\:�

dQT2

dQ

∣∣∣
FT2

=
1

BT2B(0, T2)
. (10)

����!!�""#, 4�#�##;�$(��)M��S���(-.
ef 1 �4���!!�, ^�"����� C(t, S) $(,*�� S �b�EFG

N�, �F��)M�� t �6���W#-K�

V (t) = StQS(A1 ∩A2 | Ft) −K1B(t, T1)QT1(A1 ∩A2 | Ft) −K2B(t, T2)QT2(A2 | Ft), (11)
�2 QS(A | Ft) �'0 A �PQ QS #$(` Ft �00X�, QT1(A | Ft) �86�X,
A1 = {ω ∈ Ω | S(T1) ≥ K1} � B-S )M� C �(_<, A2 = {ω ∈ Ω | S(T2) ≥ S∗} ���
)M� V �(_<.

gh W00�[(-F

EQ

[
dQT2

dQ
IA2

∣∣∣Ft

]
= EQT2

[IA2 | Ft]EQ

[
dQT2

dQ

∣∣∣ Ft

]
.

W( B−1
T2
B(T2, T2) �PQ Q #�\, cW- (10), #�

EQ

[
dQT2

dQ

∣∣∣Ft

]
=

B(t, T2)
BtB(0, T2)

,

Y8 BtEQ

[
B−1

T2
IA2 |Ft

]
= B(t, T2)EQT2

[IA2 | Ft] = B(t, T2)QT2(A2 | Ft). 863
BtEQ

[
B−1

T1
IA1∩A2 |Ft

]
= B(t, T1)EQT1

[IA1∩A2 | Ft] = B(t, T1)QT1(A1 ∩A2 | Ft),
Æ

BtEQ

[
B−1

T1
S(T1)IA1∩A2 |Ft

]
= StEQS [IA1∩A2 | Ft] = StQS(A1 ∩A2 | Ft).

W(- (8) � (9), I# (11).
��(- (11) �c=�S�, 9G��dedF<�9>, 1!G�98��2!!, V�

�00�"���� C(t, S) $(,*��� S �EFGN�.

2 ijk^ Vasicek lmnZ[op\]^abcd
]�
B)W Geske [9] ^C���)M����(-, =��)����98����

(�E�, Æ���!!�.
Vasicek H:�%>DC����e3_H:f�, W(%�'`9V, ������2%

`*��e3_H:f�. A�Of9>�W Vasicek [18] DC�, ���[ga� Ornstein–
Uhlenbeck9>.I��� r0�X����2VPQI\PQ Q#!!A&4> (eU� SDE)

drt = (θ − art)dt+ σdZt
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�V�D, �2 θ, a � σ ��::, Z(t), t ≥ 0 �PQ Q #h�"T�7?J8. GYgF,
AA&4>�D��5a[<�����bgNi�jc'd9>. $(jc'd9>%�
�?2, OI'e5S3h�� [19] �jhi�� [20].

� Vasicek [18] ��2, ?9D�:A&4> (eU� ODE) C##\]O)���. �
�]H:2� θ, a� σ B)���(�6 t��L:�"", IA$i�i�K��, Y8I�
�� r ��

drt = (θt − atrt)dt+ σr(t)dZt, (12)

Æ�� Z(t) j W (t) �c$�, �c$j:� ρ. �A/""#J�\4f1'8C#\]O)
���. 2 a(u, v) = exp

(− ∫ v

u
asds

)
, ã(u, v) =

∫ v

u
a(u, s)ds, �F
Y5� s ≥ t,

rs = a(t, s)rt +
∫ s

t

θva(v, s)dv +
∫ s

t

σr(v)a(v, s)dZv. (13)

?9M&k&, 5∫ T

t

rsds = ã(t, T )rt +
∫ T

t

θvã(v, T )dv +
∫ T

t

σr(v)ã(v, T )dZv. (14)

#;EG\]O)��6 t ��� B(t, T ) , �2 T �\]O)����. W\cG, E5

B(t, T ) = EQ

[
exp

(
−

∫ T

t

rsds
) ∣∣∣ Ft

]
. (15)

qf 1 =���� (12) �, t �6���� T �\]O)��� B(t, T ) ��

B(t, T ) = exp
(
− ã(t, T )rt −

∫ T

t

θvã(v, T )dv +
1
2

∫ T

t

σ2
r(v)ã2(v, T )dv

)
, (16)

Æ B(t, T ) �PQ Q #��#;�Of9>

dB(t, T ) = B(t, T ) [rtdt− ã(t, T )σr(t)dZt] . (17)

gh W(- (14) � (15), 4�5

B(t, T ) = EQ

[
exp

(
− rtã(t, T ) −

∫ T

t

θvã(v, T )dv −
∫ T

t

σr(v)ã(v, T )dZv

)∣∣∣Ft

]
.

c��7?J8�glNiVa8mk;
+/e:YQ���, E5

B(t, T ) = EQ

[
exp

(
− rtã(t, T ) −

∫ T

t

θvã(v, T )dv −
∫ T

t

σr(v)ã(v, T )dZv

)]
.

W%KndlI#- (16). 3�km(-� (16), # dB(t, T ) = B(t, T )
[
rtdt− ã(t, T )σr(t)dZt

]
.

qf 2 =I����� (12), C*��� K1, ���� T1 � B-S )M�����(

C(t, S) = S(t)N
(
d(t, T1) +

1
2
σ(t, T1)

)
−K1B(t, T1)N

(
d(t, T1) − 1

2
σ(t, T1)

)
, (18)

A- N(h) YX"T�n!!Ri�ok&7L:, Æ

σ2(t, s) =
∫ s

t

σ2
r(v)ã2(v, s)dv + 2

∫ s

t

ρσr(v)σvã(v, s)dv +
∫ s

t

σ2(v)dv, (19)

d(t, T1) =
lnSt − lnK1B(t, T1)

σ(t, T1)
. (20)

gh ��!^CA�c�6K, OI'8e5:c�����e��oJ86K.
#;� �OP� Vasicek $%#����)M�. �A/""#, p/4��]��)

M����!���(,*��, A��NJO)���, 1&�H, ��)M�����
�(pRi St � B(t, T1),  !��. Frey, Sommer [11] �2#C, j!!���K��"
"c<, �!!��#, !,K��2K� S∗, W# C(T2, S

∗) = K2, I"�����$(,
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*����2�EFGN�. ����L 4 M& - :-\�342, 4�EG#=��6� (12)
�, B-S )M� C(t, S) ����,*�� S �EFGNL:, A&HK#�A/""#, ��
K� S∗, W# C(T2, S

∗) = K2. A1&HK#=��6�( (12) �, B-S )M������
�c 1 �00. W�c 1 'F, �#q Geske (-B)�!!���"_, ^��dlPQ QT1

� QS #'0 A1 ∩A2 $(` Ft �00X�, Ædl'0 A2 �PQ QT2 #$(` Ft �00
X�. �� Girsanov �c, 4�#�##;���)M����(-.

ef 2 =��6�- (12) �, ��)M���6 t ≤ T2 ����

V (t) = StN

(
d1(t, T1) +

σ(t, T1)
2

, d2(t, T2) +
σ(t, T2)

2
; φ(t, T2, T1)

)

−K1B(t, T1)N
(
d1(t, T1) − σ(t, T1)

2
, d2(t, T2) − σ(t, T2)

2
+
ϕ(t, T2, T1)
σ(t, T2)

;φ(t, T2, T1)
)

−K2B(t, T2)N
(
d2(t, T2) − σ(t, T2)

2

)
, (21)

�2 N(h, k;φ) YXhq"T�n&7!!Ri�ok&7L:, φ ��c$j:, N(h)5�c
2, σ(t, s) 5 (19), Æ
Y5� s > t,

d1(t, T1) = d(t, T1), d2(t, T2) =
lnSt − lnS∗B(t, T2)

σ(t, T2)
, (22)

ϕ(t, s, u) =
∫ s

t

ρσr(v)σv

(
ã(v, s) − ã(v, u)

)
dv +

∫ s

t

σ2
r ã(v, s)

(
ã(v, s) − ã(v, u)

)
dv, (23)

φ(t, s, u) =
ψ(t, s, u)

σ(t, s)σ(t, u)
, (24)

A-

ψ(t, s, u) =
∫ s

t

σ2
r(v)ã(v, u)ã(v, s)dv +

∫ s

t

σ2(v)dv +
∫ s

t

ρσr(v)σv

(
ã(v, s) + ã(v, u)

)
dv. (25)

gh p/dl QS(A1 ∩ A2 |Ft). ir7?J8�Va, � W (t) � Z(t) �c$�, c
$j:� ρ, �F�PQ Q #��K�hL�j Z(t) gl�7?J8 Z1(t), W# dWt =
ρdZt +

√
1 − ρ2dZ1(t). � S(t) 6� (1), �F

dSt

St
= r(t)dt+ ρσtdZt +

√
1 − ρ2σtdZ1(t). (26)

Wkl�c� (4), 5
dQS

dQ

∣∣∣
FT1

= exp
(
−

∫ T1

0

σ2
vdv +

∫ T1

0

ρσvdZv +
∫ T1

0

√
1 − ρ2σvdZ1(v)

)
.

�q� Girsanov �cHK Z̃(t) = Z(t)− ∫ t

0
ρσvdv, Z̃1(t) = Z1(t)−

∫ t

0

√
1 − ρ2σvdv �PQ QS

#�pcÆgl�7?J8. 0%�PQ QS #, ,*�����&1��!!9>
dSt

St
=

(
r(t) + σ2

t

)
dt+ ρσtdZ̃t +

√
1 − ρ2σtdZ̃1(t), (27)

drt =
(
θt + ρσtσr(t) − atrt

)
dt+ σr(t)dZ̃t. (28)

c�j��kl�c�7?J8�glNiVa, KndlI'#

QS(A1 ∩A2 |Ft) = N

(
d1(t, T1) +

σ(t, T1)
2

, d2(t, T2) +
σ(t, T2)

2
;φ(t, T2, T1)

)
. (29)

�j, dl QT1(A1 ∩ A2 |Ft) � QT2(A2 |Ft). 863, K�PQ QTi #gl( Wt �h�
7?J8 W i

1(t), W#

dZt = ρdWt +
√

1 − ρ2dW i
1(t).
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W�c 1, NJO)�����9>
dB(t, T )
B(t, T )

= rtdt− ρã(t, T )σr(t)dWt −
√

1 − ρ2ã(t, T )σr(t)dW i
1(t). (30)

c�j��kl�c� Girsanov �c�- (3), (10), 'F

W̃ i(t) = W (t) +
∫ t

0

ρã(t, Ti)σr(v)dv, W̃ i
1(t) = W1(t) +

∫ t

0

√
1 − ρ2ã(v, Ti)σr(v)dv

�PQ QTi , i = 1, 2 #�pgl�7?J8. 0%, �PQ QT1 #
dSt

St
=

(
r(t) − ρã(t, T1)σtσr(t)

)
dt+ σtdW̃ 1(t),

drt =
(
θt − ã(t, T1)σ2

r(t) − atrt
)
dt+ ρσr(t)dW̃ 1(t) +

√
1 − ρ2σr(t)dW̃ 1

1 (t).

�PQ QT2 #
dSt

St
=

(
r(t) − ρã(t, T2)σtσr(t)

)
dt+ σtdW̃ 2(t),

drt =
(
θt − ã(t, T2)σ2

r(t) − atrt
)
dt+ ρσr(t)dW̃ 2(t) +

√
1 − ρ2σr(t)dW̃ 2

1 (t).

W7?J8�glNiVa, KndlI#

QT1(A1 ∩A2 |Ft) = N

(
d1(t, T1) − 1

2
σ(t, T1),

d2(t, T2) − σ(t, T2)
2

+
ϕ(t, T2, T1)
σ(t, T2)

; φ(t, T2, T1)
)

(31)

�

QT2(A2 |Ft) = N

(
d2(t, T2) − 1

2
σ(t, T2)

)
. (32)

A<q(- (29), (31) � (32) Z`�c 1 2�- (11) I'#- (21).
.`k=�����(�E t I�A!!�, - (21) Ie\� Elettra and Rossella [10] 2

�- (11).

3 rs\]^abcd
]�� =��6�OP� Vasicek H:�@2��� !)M������, �"�)

�� S. �#HK��eE, �M&�EG5�@2�� t1, C*��� K Æ���� T �
 !)M�. A&`r�, �4�@2�� t1, 5 S(t1) < K, ��C*��0 !� S(t1),
lf��C*��5� K. 0%����6 T ,  !)M���'�

RC(T ) = (ST −K)+ I(S(t1)≥K) + (ST − St1)
+I(S(t1)<K), (33)

�2 x+ = max(x, 0) Æ I 5YXXVL:.
� = t > t1 �, I(St1≥K) � I(St1<K) $(` Ft1 �'P�,  Ft1 ⊆ Ft, Y8= t > t1

�,  !)M�����(

RC(t) = BtEQ

[
B−1

T (ST −K)+ I(S(t1)≥K) |Ft

]
+BtEQ

[
B−1

T (ST − St1)
+I(S(t1)<K) |Ft

]
= I(St1≥K)BS(t, S,K, T ) + I(St1<K)BS(t, S, St1 , T ),

�2 BS(t, S,K, T ) &� S(t) ��C*��� K, ���� T �Z- B-S )M����, W
- (18) K�. 0%#;^��� = t ≤ t1 � !)M����.

W\cG,  !)M� t �6����

RC(t) = BtEQ

[
B−1

T RC(T ) |Ft

]
. (34)
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W- (33) � (34), 
Y5� t ≤ t1,

RC(t) = BtEQ

[
B−1

T ST IA | Ft

] −KBtEQ

[
B−1

T IA |Ft

]
+BtEQ

[
B−1

T ST ID |Ft

] −BtEQ

[
B−1

T St1ID |Ft

]
,

�2 A = {ω ∈ Ω |ST ≥ K, St1 ≥ K}, D = {ω ∈ Ω |ST ≥ St1 , St1 < K}. sm(PQR(#�
00�[(-8m (3), (4), �-'8eU�

RC(t) = S(t)EQS [IA |Ft]−KB(t, T )EQT [IA |Ft]+S(t)EQS [ID |Ft]−BtEQ[B−1
T S(t1)ID |Ft].

O�Lst�(

BtEQ[B−1
T S(t1)ID |Ft] = BtEQ

{
S(t1)EQ[B−1

T ID |Ft1 ] |Ft

}
= BtEQ

{
B−1

t1 S(t1)B(t1, T )EQT [ID |Ft1 ] |Ft

}
= B(t, T )EQT

{
S(t1)EQT [ID |Ft1 ] |Ft

}
= B(t, T )EQT [S(t1)ID |Ft].

0%C###;�S���(-

RC(t)=S(t)QS(A |Ft)−KB(t, T )QT (A |Ft)+S(t)QS(D |Ft)−B(t, T )EQT [S(t1)ID |Ft]. (35)

m=�N, ���6� Vasicek H:�, ��#�#5� !�� t1 � !)M���
�(- (36).

ef 3 =��6� (12), 5�@2�� t1 � !)M���6 t ≤ t1 �����

RC(t) = S(t)N
(
d11(t, T ) +

σ(t, T )
2

, d11(t, t1) +
σ(t, t1)

2
; φ(t, t1, T )

)

−KB(t, T )N
(
d11(t, T ) − 1

2
σ(t, T ), d21(t, t1) − 1

2
σ(t, t1); φ(t, t1, T )

)

+S(t)N
(
−d11(t, t1) − 1

2
σ(t, t1)

)
N (d31(t1, T ))

−StB(t, T )
B(t, t1)

exp(ϕ(t, t1))N
(
−d21(t, t1) − 1

2
σ(t, t1)

)
N (d31(t1, T )) , (36)

A- N(h, k;φ) � N(h) 86(�c 2,

d11(t, s) =
lnSt − lnKB(t, s)

σ(t, s)
; (37)

d21(t, t1) =
lnSt − lnKB(t, t1) + ϕ(t, t1, T )

σ(t, t1)
; (38)

d31(t, s) = − lnB(t, s)
σ(t, s)

+
1
2
σ(t, s), (39)

Æ σ(t, s) 5 (19), ϕ(t, t1, T ) 5 (23), φ(t, t1, T ) 5 (24).
gh 86(�c 2, p/3@dl QS(A |Ft) � QS(D |Ft). � �PQ QS #, S(t) �

� (27), Æ r(t) �� (28), �F��7?J8�glNiVaKndl#

QS(A |Ft) = N

(
d11(t, T ) +

σ(t, T )
2

, d11(t, t1) +
σ(t, t1)

2
;φ(t, t1, T )

)
. (40)

W('0 {S(T ) ≥ S(t1)} j'0 {S(t1) < K} �PQ QS #$(` Ft �gl�, �F

QS(D |Ft) = QS(S(T ) ≥ S(t1) |Ft)QS(S(t1) < K |Ft)

= N

(
−d11(t, t1) − 1

2
σ(t, t1)

)
N

(
− lnB(t1, T )

σ(t1, T )
+

1
2
σ(t1, T )

)
. (41)

#;dl QT (A |Ft). �PQ QT #, W( S(t) de dSt

St
=

(
r(t) − ρã(t, T )σtσr(t)

)
dt +

σtdW̃ (t), Æ r(t) �� drt =
(
θt − ã(t, T1)σ2

r(t) − atrt
)
dt+ ρσr(t)dW̃ (t) +

√
1 − ρ2σr(t)dW̃1(t),
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�2 W̃ (t) � W̃1(t) �PQ QT #�pcÆgl�7?J8, W%'#

QT (A |Ft) = N

(
d11(t, T ) − 1

2
σ(t, T ), d21(t, t1) − 1

2
σ(t, t1);φ(t, t1, T )

)
. (42)

%.� EQT [S(t1)ID |Ft]. � {S(T ) ≥ S(t1)} gl('0 {S(t1) < K}, �F
EQT [S(t1)ID |Ft] = EQT [S(t1)I(S(t1)<K) |Ft]QT (S(T ) ≥ S(t1) |Ft].

W(
S(t1) =

St

B(t, t1)
exp

(
− 1

2
σ2

1(t, t1) + ϕ(t, t1, T ) +
∫ t1

t

ρσr(v)ã(v, t1)dW̃ (v)

+
∫ t1

t

σvdW̃ (v) +
∫ t1

t

√
1 − ρ2σr(v)ã(v, t1)dW̃1(v)

)
,

Kndl#

EQT [S(t1)ID |Ft] =
St

B(t, t1)
exp(ϕ(t, t1, T ))N

(
− d21(t, t1) − 1

2
σ(t, t1)

)
N (d31(t1, T )) . (43)

q- (41)–(43) Z` (35) 2I#��(- (36).

4 tuv^wx
�A�M&, q��:-\�4f
HK�2 B-S )M����j"�)��� S fE

�$j. �#HK4n, �M&��- (1) � (12) 2�e: σ, θ, a, σr -�::, b-5Y 1.

o 1 p


θ σr a ρ σ K T r0
0.06 0.02 0.8 0.25 0.2 100 1 0.03

�u 1 2, ��tn#=��6� (12) �, C*��� 100, ���� T = 1 8� B-S )M
����$(,*��R\�u_. �u2'8)C, �%""#, B-S )M�����,
*�� S �b�EFGNL:.
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�#=�NHK S∗ �K�V, ��n9#Y 2. � ��)M�, ����� T2 = 0.5
8, "� B-S )M������ T1 = 1 8. �Y2'8)C, =��)M��C*��
K2 = 12 uv!R, !�"�)M��C*�� K1 GN�, S∗ 1�GN�. A= ��K�,
0� B-S )M����! K1 �NJ vD. �#=*<B, Y 2 2A&1^C#a��(
-�Æ-� !)M�� B-S )M�=��6� (12) ����, e:�pb55Y 1. W
%�] !)M����<c3� B-S )M�����b, A1��K�, 0� !)M�
��'�J(c3� B-S)M���'. 9GC*���>, =���,*�c$>QNJ
�,  !)M����1�NJ, ^�NJ�wQc
<BD, Æ
Æ-��qx>QBJ,
<B r, 
Æ-��qx�
(-�qx�px. O�, =C*��NJ�,  !)M�
���1�vD, A�y86( B-S )M�.

o 2 B-S uo�Twstuo�TU[tw S∗ u

C*�� ρ R-C price B-S price K2 S∗

ρ = −0.5
90 16.8930 16.2270 12 98.72
100 10.2940 10.0213 12 108.0
110 5.9281 5.6965 12 117.2

ρ = −0.25
90 16.9330 16.2815 12 98.69
100 10.3460 10.0958 12 107.96
110 5.9976 5.7738 12 117.17

ρ = 0
90 16.9720 16.3358 12 98.65
100 10.3980 10.1695 5.5 98.0
110 6.0265 5.8505 2 97.4

ρ = 0.25
90 17.0100 16.3899 12 98.64
100 10.4770 10.2426 12 107.9
110 6.0718 5.9264 12 117.1

ρ = 0.5
90 17.0490 16.4437 12 98.61
100 10.4970 10.3150 12 107.87
110 6.1202 6.0017 12 117.06

p
 a = 0.8, σ = 0.2, T = 1, r0 = 0.03, S0 = 100, σr = 0.02, θ = 0.06 w t1 = 0.5.

R-C price oyUzstuo�TU[t (36).

B-S price oyUzqYZrs (12) w B-S uo�TU[t (18).

K2 zzxuo�TUvw[t.

�#cÆ<B, �u 22tn#=��6�( (12) � !)M�� B-S)M����.
cj)�# !)M����b(c3� B-S �,   , 
(a��,  !����:
y�( B-S ����.

5 wy

���!!��00#, ��PQR(� Girsanov �c, #�#p/�� -����
 !� - ��$����(-.
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�������. Geske [9] ?2#��)M������. � B-S $%#, I;;
��2, ,*��6�:>7?J8, Æ,*���98��::, 9����1�::, ^C#
��)M�PK���(-. K�%@, Elettra and Rossella [10] B)# Geske (-, ^C#
=,*���98��9����z��E���""#���(-.

  �;^C�$(����2�!/�, (+2� .)!,',�?{�, ��&3@
�!!�. 0%� ���!!00#���������A:'��.

����PQR(, �!!��00#, p/#�#��)M���S���(-; n�,
�����6�OP� Vasicek H:�00#, �� Girsanov �c, C##��)M��5�
@2��� !)M��PK��(-. ��2'8)C, ������, PQR(�
A:'��, Æ Girsanov �c��/A: ��51, py�|�d�E^,e\����
��dlÆ,/C#PK���(-.

z{ |z 2007 8Q{|}}~.}?t~y|)m^}���)m, 1A:|z�~�
#C#e��o [11] �DC�$5�-�~���, W#��5#?���=.
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