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0 Ú ó

�X7K½|�×�uÐ, 7K½|FÃ¥yÑpÝ�Ø(½5Úpºx5. 7K¹

Ä3�Ý]ö�5p�£��Ó�, �%¹X4��ºx. £"Ï�´�«r´»�65Ï

�, §3�ÏF�ÂÃ�6u��Ï�3k�ÏSºx]�����½���, ù�¦�£

"Ï�3��F�ÂÃ'�p, d��~[B, �kïÄ�¿Â.

I	@Ï'u£"Ï��½d¯Kd Goldman �[1], Conze Ú Viswanathan[2]±9

Garman[3]JÑ, �Ñ
²; B-S �.ëY�/eîª2Ä�1d�£"Ï��4/ª).

Broadie �[4]K?Ø
lÑ�/e�îª2Ä�1d��îª£"Ï�½d¯K. Aitsahlia

Ú Lai[5]A^�Å©Û���5JÑ
��iÿîª£"Ï��O�ê��{. Cc5, N

õ¥IÆö3£"Ï��ïÄ�¡���
éÐ�¤1, �I��[6]?Ø
k�´¤��£

"Ï�½d¯K, �¬$^��ä�{?Ø
£"Ï��½d¯K, �[�Ñ
´»�6Ï

��ê��{. d	, �kNõÆöé£"Ï��½d�{�
é�\�ïÄ.

�
¦Ï��½d�\O(, IS	Nõ;[Æö3Ï�½d�Ú\
©êÙK$

Ä!·Ü©êÙK$Ä, ¿��Ä
�´¤��¹, Ù¥I	� Peters[7]ÄkJÑ
^©ê

ÙK$Ä5�x]�d��Cz. �� Rogers[8]qé©êÙK$Äe�@Ï��¯K?1


ïÄ, uy©êÙK$Ä´»È©nØe�½|�3X@|Å¬. IS���[9]�Ñ
©

êÙK$Ä��´¤^�Ï�½dúª. Ò|ð�[10]��Ñ
©êÙK$Äe£"Ï�½

dúª, �¡U�<[11-12]|^�VÐm�{��
·ÜÙK�/e��´¤��îªÏ�

½d, ¿�?Ø
õ�©êÙK$Ä�.e��´¤�� Merton �., *Ð
�k�(J.


 Kabanov Ú Safarian[13]O�
 Leland �{¥��´¤^îªwÞÏ�d��4���Ø

�, Grandits Ú Schachingery[14]K?�Ú`z
 Leland �{�y². Merton[15]$^��ª

�.�ï
ü�ã�Ï�E�üÑ, �Ñ
|G�½'~�´¤���Ï�½d�., ¿�

Ä
��|ÜÅ 3N���)��´¤�. ISÆö|^y |ÜEâÚÃ@|�nï

á
��´¤^�õ]�Ï�½d�., |^Ã@|�nÚéÀ|ÜüÑ��
©êÙK

$Äekù||GÚ�3�´¤^�Ï�½dúª.

�©3�Ä�´¤�Ä:þ, (Ü·Ü©êÙK$Ä�., ïá
·Ü©êÙK$Äe

�k�´¤�£"wOÏ�½d�., ¿�Ñ
ê�). ��, ÏLê�¢��y
T�{

�k�5.

1 ½d�.

1.1 �.b�

(i) #Nñ��¦;

(ii) Ã@|Å¬;

(iii) Ý]öUÃºx|Ç r �\½�Ñ;

(iv) - {Bt|t ∈ [0, T ]} L«Õ1À1âr B 3 t ���d�, ÷v±e�§

dBt = rBtdt, B0 = 1; (1.1)

(v) b�I��¦d� St ÷v�Å�©�§

dSt = µStdt + σ1StdBH

t + σ2StdBt, (1.2)
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Ù¥ µ �¤£Xê, σ1, σ2 �*ÑXê, BH
t �± H �ëê�©êÙK$Ä, Bt ÑlIOÙ

K$Ä, dB = Φ
√

dt, dBH
t = ΦdtH , Φ ´ÑlIO��©Ù��ÅCþ;

(vi) ïñI��¦I�|G�½�´¤^ κ|vt|St, Ù¥ vt ´ t ���´I��¦d�

Cz�°�, vt > 0 L«ï?, vt < 0 L«ñÑ, κ > 0 ��´¤�½'Ç;

(vii) éÀÝ]|Ü�Ï"£�Ç�uÃºx|Ç.

1.2 �.í�

½½½nnn 1 �Ääk2Ä�1d��£"wOÏ�, �A�´»�6Cþ Jt = max
06u6t

Su,

b�I��¦d� St ÷v�Å�©�§ (1.2), K·Ü©êÙK$Äe��½�´¤Ç�£

"wOÏ�d� V = V (St, Jt, t) ÷vXeêÆ�.:






∂V

∂t
+ (σ̃1 + σ̃2)S

2
t

∂2V

∂S2
t

+ (r − q)St

∂V

∂St

− rV = 0,

V (ST , JT , T ) = JT − ST (0 6 ST 6 JT < ∞),
∂V

∂Jt

∣∣∣
St=Jt

= 0 (0 6 t 6 T ),

(1.3)

Ù¥

σ̃1 = Hσ2
1t2H−1 +

√
2

π
κσ1(δt)

H−1,

σ̃2 =
1

2
σ2

2 +

√
2

πδt
κσ2,

ùp δt L«éÀ�mm�.

y ² �Ä��Ï�ï�éÀ�Ý]|Ü: �°£"wOÏ�õÞÚ ∆ °I�]�

�Þ|¤, KT|Ü�d��

Π = Vt − ∆St, (1.4)

d©ê�Búª�

dV =
(∂V

∂t
+ Hσ2

1t2H−1S2
t

∂2V

∂S2
t

+
1

2
σ2

2S2
t

∂2V

∂S2
t

)
dt +

∂V

∂Jt

dJt +
∂V

∂St

dSt. (1.5)

3¢S�¹¥, lÑ½|�´�mé Π \±N�, |Ü3z��mã δt S?1�g�

�, Ù¥ δt �Ã¡�þ. 
�d�Cz�

δSt = µStδt + σ1StδB
H

t + σ2StδBt. (1.6)

ò�´¤�w¤duÝ]öïñ7K]�����¤^, ±�´���½'Ç κ 5L

«, �Ï�3k�ÏSI��¦Þ�u) vt °�Cz�, �´¤^� κ|vt|St. XJÏ�3k

�ÏS�¦�Þ��u)
�gCz, 3²{ δt �mã�, Π �Cz�

δΠ = δV − (∆δSt + κ|vt|St) − q∆Stδt. (1.7)

�
��éÀ�8�, I¦þ~�ºx,�∆ = ∂V

∂St

©
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òª (1.5)!(1.6) �\ª (1.7), ��

δΠ = δV − (∆δSt + κ|vt|St) − q∆Stδt

=
(∂V

∂t
+ Hσ2

1t
2H−1S2

t

∂2V

∂S2
t

+
1

2
σ2

2S
2
t

∂2V

∂S2
t

)
δt +

∂V

∂Jt

δJt

+
∂V

∂St

δSt −
( ∂V

∂St

δSt − κ|vt|St

)
− q

∂V

∂St

Stδt

=
(∂V

∂t
+ Hσ2

1t
2H−1S2

t

∂2V

∂S2
t

+
1

2
σ2

2S
2
t

∂2V

∂S2
t

)
δt +

∂V

∂Jt

· ∂J

∂t
δt

+ κ|vt|St − q
∂V

∂St

Stδt. (1.8)

��N�üÑ
�)��´Cz°� vt �

vt =
∂V

∂St

(S + δS, t + δt) − ∂V

∂St

(S, t). (1.9)

éª (1.9) ?1�VÐm, ��

vt =
∂2V

∂S2
t

(S, t)δS +
∂2V

∂St∂t
(S, t)δt + · · ·

=(µStδt + σ1StΦδtH + σ2StΦ
√

δt)
∂2V

∂S2
t

+
∂2V

∂St∂t
(S, t)δt + · · · , (1.10)

Ù¥ H ∈ (1
2 , 1). �ÑK

√
δt �p�Ã¡�þ, Kk

vt ≈ (σ1StΦ
√

δtH + σ2StΦ
√

δt)
∂2V

∂S2
t

. (1.11)

¤±3�mm�� δt �, Ï"�´¤�

E(κSt|vt|) = E
(
κσ1S

2
t Φ

√
δtH

∂2V

∂S2
t

+ κσ2S
2
t Φ

√
δt

∂2V

∂S2
t

)
. (1.12)

é ∀t > s > 0, ©êÙK$Ä�Oþ÷v

BH(t) − BH(s) ∼ N(0, |t − s|2H),

E(κ|νt|St) =
[
κσ1S

2
t

∣∣∣
∂2V

∂S2
t

Φ(δt)H

∣∣∣ + κσ2S
2
t

∣∣∣
∂2V

∂S2
t

(St, t)Φ
√

δtδ
∣∣∣
]

=

√
2

π
κσ1(δt)

HS2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ +

√
2

π
κσ2

√
δtS2

t

∣∣∣
∂2V

∂S2
t

∣∣∣ + O(δt)H

≈
√

2

π
κσ1(δt)

HS2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ +

√
2

π
κσ2

√
δtS2

t

∣∣∣
∂2V

∂S2
t

∣∣∣, (1.13)

¤±

E(δΠ) =
(∂V

∂t
+ Hσ2

1t2H−1S2
t

∂2V

∂S2
t

+
1

2
σ2

2S2
t

∂2V

∂S2
t

)
δt +

∂V

∂Jt

· ∂J

∂t
δt

− q
∂V

∂St

Stδt +

√
2

π
κσ1(δt)

HS2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ +

√
2

π
κσ2

√
δtS2

t

∣∣∣
∂2V

∂S2
t

∣∣∣. (1.14)
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qdu

E(δΠ) = rΠδt = r(V − ∆St)δt = r
(
V − ∂V

∂St

St

)
δt, (1.15)

�nÜª (1.14) �ª (1.15) ��

(∂V

∂t
+ Hσ2

1t
2H−1S2

t

∂2V

∂S2
t

+
1

2
σ2

2S
2
t

∂2V

∂S2
t

)
+

∂V

∂Jt

· ∂J

∂t
+ (r − q)

∂V

∂St

St

+

√
2

π
κσ1(δt)

H−1S2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ +

√
2

πδt
κσ2S

2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ = r. (1.16)

du´»�6Cþ Jt = max
06u6t

Su é t w,´Ø���, �ké§?1%C©½Â

Jn(t) =
[1

t

∫ t

0

(Sτ )ndτ
] 1

n

, (1.17)

K Jn(t) é t ´���©

Ï� St é t ´ëY¼ê, l
� n → ∞ �,

lim
n→∞

Jn(t) = max
06τ6t

Sτ = Jt. (1.18)

K± Jn(t) 5Cq�O Jt, k

δJn(t) =
( St

Jn(t) )
n−1St − Jn(t)

nt
δt, (1.19)

�� n → ∞ �, δJt → 0. l
k

(∂V

∂t
+ Hσ2

1t
2H−1S2

t

∂2V

∂S2
t

+
1

2
σ2

2S
2
t

∂2V

∂S2
t

)
+ (r − q)

∂V

∂St

St

+

√
2

π
κσ1(δt)

H−1S2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ +

√
2

πδt
κσ2S

2
t

∣∣∣
∂2V

∂S2
t

∣∣∣ = rV (0 6 S 6 J < ∞, 0 6 t 6 T ). (1.20)

þª¥ ∂V

∂St

´���Ïf, 
 ∂
2
V

∂S2

t

´�´�ªÇ. d©z©Û��, ∂
2
V

∂S2

t

ð���âk¿Â,

Ïd, �k�´¤^�£"wOÏ��½d�.�

∂V

∂t
+

{
Hσ2

1t2H−1 +
1

2
σ2

2 +

√
2

π
κσ1(δt)

H−1 +

√
2

πδt
κσ2

}
S2

t

∂2V

∂S2
t

+(r − q)St

∂V

∂St

− rV = 0(0 6 S 6 J < ∞, 0 6 t 6 T ). (1.21)

Ø�-

σ̃1 = Hσ2
1t2H−1 +

√
2

π
κσ1(δt)

H−1,

σ̃2 =
1

2
σ2

2 +

√
2

πδt
κσ2,

Kª (1.21) �z{�

∂V

∂t
+ (σ̃1 + σ̃2)S

2
t

∂2V

∂S2
t

+ (r − q)St

∂V

∂St

− rV = 0, (1.22)



52 uÀ���ÆÆ�(g,�Æ�) 2018 c

ª>^��

V (ST , JT , T ) = JT − ST (0 6 ST 6 JT < ∞),

>.^��

∂V

∂Jt

∣∣∣
St=Jt

= 0 (0 6 t 6 T ).

nþ�y





∂V

∂t
+ (σ̃1 + σ̃2)S

2
t

∂2V

∂S2
t

+ (r − q)St

∂V

∂St

− rV = 0,

V (ST , JT , T ) = JT − ST (0 6 ST 6 JT < ∞),
∂V

∂Jt

∣∣∣
St=Jt

= 0 (0 6 t 6 T ),

Ù¥

σ̃1 = Hσ2
1t

2H−1 +

√
2

π
κσ1(δt)

H−1,

σ̃2 =
1

2
σ2

2 +

√
2

πδt
κσ2.

du�. (1.22) ¥� σ̃1!σ̃2 ´��5�, ·�Ø´¦Ñ�.¥ �©�§�)Û),

��Bu?Ø, 3e!¥�E Crank-Nicolson ê��ª5?ØÙê�)��¹©

2 �.¦)

du3þ�!¥ïá��.´�� 4 �¯K, ØBu¦), �kòÙ=z¤ 3 �¯K©

�XeCþO�

x = ln
Jt

St

, V (St, Jt, t) = Stu(x, τ), τ = T − t,

Kk

∂V

∂t
= −St

∂u

∂τ
,

∂V

∂St

= u − ∂u

∂x
,

∂2V

∂S2
t

=
1

St

[∂2u

∂x2
− ∂u

∂x

]
.

�ª (1.22) C�

−St

∂u

∂τ
+ (σ̃1 + σ̃2)St

[∂2u

∂x2
− ∂u

∂x

]
+ (r − q)St

(
u − ∂u

∂x

)
− ruSt = 0. (2.1)

�. (1.3) C/�






∂u

∂τ
+ (σ̃1 + σ̃2 + r − q)

∂u

∂x
− (σ̃1 + σ̃2)

∂2u

∂x2
+ qu = 0,

u(x, τ)|τ=0 = ex − 1 (0 < x < ∞),
∂u

∂x

∣∣∣
x=0

= 0 (0 6 τ 6 T ),

(2.2)
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Ù¥

σ̃1 = Hσ2
1(T − τ)2H−1 +

√
2

π
κσ1(δt)

H−1,

σ̃2 =
1

2
σ2

2 +

√
2

πδt
κσ2.

(2.3)

�e5|^ Crank-Nicolson �ªòª (2.2) ¥���5¯K?1lÑz?n. Äké�

ä«� Ω = [0, xmax] × [0, T ] ?1Xe�å©�.

òÏ��Ï� T ©¤ N ��m�, �Ý� l = T/N ��m«m, ÏdI�Ä±e N + 1

��m:

0, l, · · · , T.

�½��ê M , ½Â�mÚ� h = xmax/M , ·�IÓ��Ä±e M + 1 ��m:

0, h, · · · , xmax.

�E�|lÑ: (x, τ) = (xk, τn), ùp xk = kh (k = 0, 1, 2, · · · , M), τn = nl (n =

0, 1, 2, · · · , N), � u(xk, τn) �Cq�� un

k
, é�m �êÚ�m �ê©O�Xe�©Cq

∂u

∂τ
(xk, τn) ≈ un+1

k
− un

k

l
,
∂u

∂x
(xk, τn) ≈ 1

2

(un

k+1 − un

k−1

2h
+

un+1
k+1 − un+1

k−1

2h

)
,

∂2u

∂x2
(xk, τn) ≈ 1

2

(un
k+1 − 2un

k
+ un

k−1

h2
+

un+1
k+1 − 2un+1

k
+ un+1

k−1

h2

)
.

ò±þCq��\�. (2.1) ¥, K�±��IO Crank-Nicolson ê��ª





un+1
k

− un

k

l
+

1

2
(σ̃1 + σ̃2 + r − q)

(un
k+1 − un

k−1

2h
+

un+1
k+1 − un+1

k−1

2h

)

−1

2
(σ̃1 + σ̃2)

(un

k+1 − 2un

k
+ un

k−1

h2
+

un+1
k+1 − 2un+1

k
+ un+1

k−1

h2

)
+ qun

k
= 0,

m = σ̃1 + σ̃2 + r − q, n = (σ̃1 + σ̃2),

(2.4)

Ù¥

σ̃1 = Hσ2
1(T − τn)2H−1 +

√
2

π
κσ1(δt)

H−1,

σ̃2 =
1

2
σ2

2 +

√
2

πδt
κσ2.

Kê��ª (2.4) �du

an

kun+1
k+1 + bn

kun+1
k

+ cn

kun+1
k−1 = αn

kun

k+1 + βn

k un

k + γn

k un

k−1, (2.5)

Ù¥

an

k
=

n

2h2
− lm

4h
, bn

k
= −

(
1 +

n

h2

)
, cn

k
=

n

2h2
+

lm

4h
,

αn

k
=

lm

4h
− n

2h2
, βn

k
=

n

h2
− 1 + lq, γn

k
=

n

2h2
+

lm

4h
,

m = σ̃1 + σ̃2 + r − q, n = (σ̃1 + σ̃2), 1 6 k 6 M − 1, 1 6 n 6 N − 1.
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ª (2.5) Ò´IO� Crank-Nicolson ê��ª, �
�Bê��O�, ·�3ùp½Â�þ

un = (un

1 , un

2 , · · · , un

M−1)
T,

Kê��ª (2.5) ��¤Ý
/ª:

A(n)un+1 = B(n)un + pn, (2.6)

Ù¥ A(n), B(n) ´Xe (M − 1) × (M − 1) ��Ý


A(n) =




bn
1 an

1 0 0 · · · 0

cn
2 bn

2 an
2 0 · · · 0

0 cn
3 bn

3 an
3 · · · 0

. . .
. . .

. . .

0 0 · · · cn
M−2 bn

M−2 an
M−2

0 0 · · · 0 cn
M−1 bn

M−1




,

B(n) =




βn
1 αn

1 0 0 · · · 0

γn
2 βn

2 αn
2 0 · · · 0

0 γn
3 βn

3 αn
3 · · · 0

. . .
. . .

. . .

0 0 · · · γn
M−2 βn

M−2 αn
M−2

0 0 · · · 0 γn
M−1 βn

M−1




,

� pn ´Xe/ª��þ

pn = (γn

1 un

0 − cn

1un+1
0 , 0, · · · 0, αn

M−1u
n

M − an

M−1u
n+1
M

)T.

¦)ê��ª (2.4) �I��>.: un
M

Ú un
0 ��, |^ 2 � Gear úªé>.^��

Xe/ª�lÑ

∂u

∂x

∣∣∣
x=0

=
3un

0 − 4un
1 + un

2

2h
= 0,

=

un

0 =
4un

1 − un
2

3
. (2.7)

d	, �I��¦d� St ªu"�, £"wOÏ�7½¬��1, k>.^�

V (0, Jt, t) = e−r(T−t)Jt. (2.8)

?�ÚCþO�, Kª (2.8) �C�

un

M = e−rτ . (2.9)

ò>.^� (2.7) Ú (2.9) �\ê��ª (2.5), K�|^J`{éT�ª?1¦), �Ð©�

�£"wOÏ��d� V d Stu
N
0 �Ñ. �±wÑ, ²LCþC���ï�#ê��ª¥Ø

¹Cþ Jt, ùÒ;�
3ê�S�L§¥ Jt��Ø(½�(J.
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3 ê�¢�

~ �Ä��îª£"wOÏ�, ÙI�]���¦, ��¦d� St Ñl·Ü©êÙ

K$Ä, �A�îª£"wOÏ�d�÷v½n 1, =�ëê��Xe.

(1) r = 0.5, σ1 = 0.15, σ2 = 0.20, κ = 0.003, N = 500, M = 500, q = 0.05, T = 0.5,

St = 50

¦£"wOÏ�d�� Hurst �êCzã.

ã 1 £"wOÏ�d��Hurst�êCzã

Fig. 1 Values for lookback put options corresponding to different Hurst indexes

ã 1 £ã
£"wOÏ�d�� Hurst(H > 0.5) �ê�Cz�¹. lã/¥�±wÑ,

�X Hurst �ê�O�, £"wOÏ��d�3~�, ù`²
3d«^�e, Ï�d��

Hurst �ê¥yK�'.

(2) r = 0.5, σ1 = 0.15, σ2 = 0.20, κ = 0.003, M = 500, q = 0.05, T = 0.5, H = 0.8,

St = 50

¦ØÓ�mÚ�e£"Ï��d�Âñã.

ã 2 £"wOÏ���mÚ��Âñ5

Fig. 2 Values for lookback put options corresponding to different time step numbers

ã 2 £ã
£"wOÏ�d���mÚ��Cz�¹. lã/¥�±wÑ, Ù¦ëêØ

C, �X�mÚ��O�, £"wOÏ��d�ÅìÂñ���ê�, Ó�`²ê��ª�

k�5.

(3) r = 0.5, σ1 = 0.15, σ2 = 0.20, κ = 0.005, N = 300, M = 300, q = 0.15, H = 0.6
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¦£"wOÏ�d���Ï�mÚ�¦d�Cz�� 3 �áNã.

ã 3 £"wOÏ�d���Ï�mÚ�¦d�Czã

Fig. 3 Option value along with maturity and stock price in state one

ã 3 £ã
£"wOÏ�d���Ï�mÚ�¦d��Cz�¹. lã/¥�±wÑ,

Ù¦ëêØC, �X�ÏF�O�, Ï��d����O�; �X�¦d�O�, �A£"w

OÏ�d��3O�. ùÌ�´du£"wOÏ���1d�´2Ä�, ¿��XI�]�

d��O�
O�, ÏdÏ��d��¬O�©

(4) r = 0.5, H = 0.6, T = 1, κ = 0.005, N = 300, M = 300, q = 0.15, St = 80

¦£"wOÏ�d��ü�ÅÄÇ�Czã.

ã 4 £"wOÏ�d��ü�ÅÄÇ�Czã

Fig. 4 Option value along with two volatilities

ã 4 £ã
£"wOÏ�d��ü�ÅÄÇCz�¹. lã/¥�±wÑ, £"wOÏ

��d��ü�ÅÄÇ�Cz�¹¥y�Ô�G. ù´du©¥£"Ï�½dúª¥�9

�ü�ÅÄÇ�²���Ï.

(5) T = 0.5, r = 0.5, σ1 = 0.15, H = 0.5, N = 400, M = 300, σ2 = 0.20, q = 0.15
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¦£"wOÏ�d���´¤'ÇÚ�¦d�Cz� 3 �áNã.

ã 5 £"wOÏ�d���´¤'ÇÚ�¦d��Czã

Fig. 5 Option value along with transaction costs and stock price

ã 5 £ã
£"wOÏ�d���´¤'ÇÚ�¦d��Cz�¹. lã/¥�±w

Ñ, Ù¦ëêØC, �X�´¤'Ç�~�, �¦d��O\, �A£"wOÏ��d��3

O�. ùÌ�´du£"wOÏ���1d�´2Ä�, ¿��XI�]�d��O�
O

�, ÏdÏ��d��¬O�©

4 ( Ø

�©é3·Ü©êÙK$Ä�.e�k�½�´¤^�îª£"wOÏ�?1½d�,

Äkæ^éÀ�{ïá£"Ï�d�¤÷v�êÆ�.;,��E
�« Crank-Nicolson �

ª¦�§�ê�); ��|^ Matlab^�éT�ª?1ê�¢�, ¿?Ø
��ëêéÏ

�d��K�.

[ë � © z]

[ 1 ] GOLDMAN M B, SOSIN H B, GATTO M A. Path dependent options: Buy at the low, sell at the high [J].

Journal of Finance, 1979, 34(5): 1111-1127.

[ 2 ] CONZE A, VISWANATHAN. Path dependent options: The case of lookback options [J]. Journal of Finance,

1991, 46(5): 1893-1907.

[ 3 ] GARMAN M. Recollection in tranquility, in form Black-Scholes to Black Holes: New frontiers in options [J].

Risk Magazine, 1992: 171-175.

[ 4 ] BROADIE M, KOU S G. Connecting discrete and continuous path-dependent options [J]. Finance and Stochas-

tics, 1998, 2: 1-20.

[ 5 ] AITSAHLIA F, LAI T L. Random walk duality and the valuation of discrete lookback options [J]. Applied

Mathematical Finance, 1998, 5: 227-240.

[ 6 ] �I�, ÚÈÃ. k�´¤��£"Ï�½dïÄ [J]. $Ê�+n, 2006, 15(3): 141-143.

[ 7 ] PETERS E E. Fractal structure in the capital markets [J]. Financial Analyst Journal, 1989, 45(4): 32-37.

[ 8 ] ROGERS L C G. Arbitrage with fractional Brownian motion [J]. Mathematical Finance, 1997, 7(1): 95-105.

[ 9 ] ��. ©êÙK$Äe��´¤^�Ï�½d [J]. XÚó§, 2009, 27(9): 36-40.

[10] Ò|ð, ÚÈÃ. ©êÙK$Äe�£"Ï�½d [J]. Ü�ó��ÆÆ�(g,�Æ�), 2010, 30(5): 797-800.

[11] WANG X T. Scaling and long-range dependence in option pricing IV: Pricing European option with transaction

costs under the fractional Black-Scholes model [J]. Physica A, 2010, 389(4): 789-796.

[12] WANG X T, ZHU E H, TANG M M, et al. Scaling and long-range dependence in option pricing II: Pricing

European option with transaction under the mixed Brownian fractional Brownian model [J]. Physica A, 2010,

389(3): 445-451.



58 uÀ���ÆÆ�(g,�Æ�) 2018 c

[13] KABANOV Y M, SAFARIAN M M. On Leland’s strategy of option pricing with transactions costs [J]. Finance

and Stochastics, 1997, l(3): 239-250.

[14] GRANDITS P, SCHACHINGERY W. Leland’s approach to option pricing: The evolution of a discontinuity [J].

Mathematical Finance, 2001, 11: 347-355.

[15] MERTON R C. Continuous Time Finance [M]. Oxford: Blackwell Publishers, 1990.

(I??6: � [)

(þ�1 46 �)

[14] CAI J, CHEN J L. Least-squares solutions of generalized inverse eigenvalue problem over Hermitian-Hamiltonian

matrices with a submatrix constraint [J]. Computational and Applied Mathematics, 2018, 37: 593-603.

[15] �ÁD, Ü[. �a�é¡¯K����¦) [J]. ó§êÆÆ�. 1993, 10(4): 25-34.

[16] PENG X, HU X, ZHANG L. The reflexive and anti-reflexive solutions of the matrix equation A
H

XB = C [J].

Journal of Computational and Applied Mathematics, 2007, 200(2): 749-760.

[17] XIE D, HU X, ZHANG L. The solvability conditions for inverse eigenproblem of symmetric and anti-persymmetric

matrices and its approximation [J]. Numerical Linear Algebra with Applications, 2003, 10(3): 223-234.

[18] XU W R, CHEN G L, GONG Y. Procrustes problems and inverse eigenproblems for multilevel block α-circulants

[J]. Numerical Linear Algebra with Applications, 2016, 23(5): 906-930.

(I??6: � [)


