30 5 ,2017 9
Vol.30 No.5, Sep. 2017

JOURNAL OF NINGBO UNIVERSITY ( NSEE )

710048

:1001-5132 2017 05-0104-04

: F830; 0211 tA
. Merton" s
, ; Johnson (1214,
[2] [5]
, Hull
b b 1
. Klein!"
, S(t), V),
Black-Schokes D). X T
[5] 2 2
T X(T). T
Brown ol V(T)<D(T), ,
Brown XUT)=X(TW(T)/D(T),
[7-8] T ’ (4.
, X ()= X(T)I{V(T)zD(T)} +
X(TW(T) | 0
[9-11] D(T) V(T)<D(T)}
Brown S@), V(t)
D() ,
1 2017-01-18. : http://journallg.nbu.edu.cn/
: 11601410 ; 2016JM1031 .

1992 .
* : 1964 , , /

. E-mail: 517087793@qq.com
. E-mail: xuehonghong@sohu.com



105

dS(6) = S()[(wdt + odBg" ()], (2)
dv () =V ©)l(#,dt +o,dB;" (1)], 3)
dD(7) = D(O)[(updt + 7,dB " ()], “4)
ABIE (), =0}, {B X (1),t =0}, {B " (1),t =0}
(Q,F,P) Brown
5 Mg,03>0
;o BIR( BT, BIT() Byt
B (1) B, (0 Psy s Psps>Prp -

1o (2@4)

1
S()=5O)expiust = o2 + o BIE (1),

1
V(t)=V(0)exp{u,t— 5 o, "™ + o, B (1)),

1
D) = DO)exp ippt =5 opt™™ + o, B (1))

1 (S(), t=0} [t.T]
Bs(u),ue(t,T]
exp {Lrﬂg(ﬂ)d#} =E[S(T)]/S(1).
204 (S@),t=0y [t,T]

By (u) = pg, {V(t),t =0}
{D(@),t=0} [t,T]

B, W), B, (u) Byw)=p,, Bru)=p,.
20 T ,
X(M)=(S(M-K)",
X(T)=W(T)/ D(T))S(T)-K)"

T —r
= El(expi{=] By(1)duyS(T) - " K)+
T T ] +
{exp{=, i ()du}V (T)zexpi= | fp (w)du3 D(T)}

expi=[ A, (dupp (1)
expi-|, f,)du} D(T)

expi=|, fy(u)du}S(T)—e " K)+

I , ].
texpt= | Ay () (T)<exp (= B (w)duy DT}
S(T) Bs() 3
V(1) D(T)
By ), By ) K r

1 T ,
X(T)=(S(T)-K)",
X(T)=W(T)/ DIDHS(T) - K)'
G

Cg = S(O)Nz(alaazno) _KeirTNz(bbbz’p)'i'

S(0) 7o) expio, T*"™ + py,0,0,T" -

D(0)
pSDo-So-DT2HK _pVDo-Vo-DTzHK}'
_r V(0)
Nz(clacza_p)_ e’ D(O) eXp{O-f)TzHK -

pVDo-VUDTZHK}NZ d,,d,,—p).

S0

a, =(n I +rT+20'ST2HK)/( \/TzHK)

8 — (1 Zigi +— 2 2T2HK ;U;TZHK
P05, T ) (e NTH),
b =a,-oNT"™ | b,=a,— po NT*"™ ,

¢ =a,+poNT™ | ¢, =-a, —c NT*'™,

O_S ’TZHK +po_5 ’TZHK’

d, =a, - po NT* + o T,

+

2HK
Psy0s0, T —

d=a -

P =(Ps,0, = PspOp)/ O,
05 =0y +0) =2p,,0,0),

X ry
N2('x9yap):J:wjlwgo(xay:p)dxdya

x’ —2pxy+y2}
20-p%)

1
X, V,0)= expi—
o(x,¥,p) = p pt

4 =texpl-[ B, ()du}S(T)=>e 7K},
= {expi=], £, (w)du}y (1) >
expi=[, f,()du} D(T)}

Z, =B, (T)/NT**,
Z,=(0,B/""(T)~0,By " (T)o,NT*™),

A] :{Zl >_b1},



106 2017
= {Zz = _bz} > %GgTZHK +%O_[2)T2HK +oy /T2H1< z+
Ci = Elexpi=, fa)du} SN, -1 o NT*™ 2,}9(2,,2,, p)dz dz, =
V(0
E[KeirTI{Z@ bzmby It S(O) ( iexp{o-DTZHK + pg 050, T —
- expi=_ £, (u)du}¥ (T) P00, T — p, 5 o TN
0 .
exp{~[, B, (u)du} D(T) [7[ ™ p(e, - o T — po T
b d-o
T
exp {_.[o Bs(w)du}S(T)L ;- 7)1 2, -0, [k — po, [2mK ,p)dz,dz, =
T
E[ exp{—jo ﬁ[/ (M)du}V(T) ‘ S(O) lV)(((()); exp{O_DTZHK + pSVO_SO_VTZHK _

expi- fi,(u)du} D(T)
Ke I

{Zy==b,Z,<-b} ] -

E —E, +E,—E,.

E, = Elexp{-[ f,()du}S(TD),,. , ;. 1=
E[S(0)exp{—(1/2)c2T*" +

[tk
o NT ZI}I(le—bl,Zz>—h2}]

N (O)Ij: [: expl—(1/2) 2T 4o T 2 ).

@(z,,2,,p)dz,dz, =

S(O)J.j:,[j:(o(zl_O'S\/TZW,ZZ—pO-S\/TZT’

P)zdz,=SO)f [ plx.y. p)dxdy =
S(O)N,(a,,a,,p),
E, = E[Kefyrl 4zl>—bpzz>sz>] =

Ke [ ] (a2, p)dzdz, =

ke [" [* p(x.y. p)dudy =
Ke " N,(b,,b,,p),
P J, A (dupp (1)
expi=|, B,(u)du}D(T)

expl-[] A (du}S (T 1y 5 0)1=

V(O) 22 HK
SO 5L L ety

2HK 2HK
Psp0s0p, T = pypo, o, T

fw J:ﬂ @(x,y,—p)dxdy =

S(0) ZE ;exp{a " + pg, 0,0, T -

2HK 2HK
Psposop T = pypoyo, T

NZ(CIaCZa_p)a

expi-[ f (u)du} (T)
_ E[ .

expi-], fi,(w)du} D(T)

—rT 7 V(O)
Ke I{Zl>_blszz<—b2}]: e W
e 1 2 2 HK 1 22HK
-[—b, .Lc eXp{EGDT _EO'VT +

OsN T 2,}¢(z,,2,, p)dz,dz, =

V(O
D(0)

J‘_:IOJ.::Z (D(Zl —POsN TZHK >
2, = o NT™ , p)dzdz, =

ke V(O
D(0)

r; .[_tﬂx’y’_/o)dxdy ke

TZHK

exp {GD pVDGVO-DTZHK )

TZHK

eXp {O-D - pVDGVo-DTZHK} :

r V(0)
D(0)
eXp {o'zz)TzHK _pVDGVO-DTZHK}NZ (d,,d,,—p).

1 K=1, 0,50 ,

( (8D).



107

5 s
2 K=1LLH=1/2, o,—>0 ,
(2] .
3 K=LH=1/2 |, [4]
3
Brown 5
Brown

Brown

[1] MERTON R. On the pricing of corporate debt: The risk
structure of interest rates[J]. Journal of Finance, 1974,
29(2):449-470.

[2] JOHNSON H, STYLZ R. The pricing of options under
default risk[J]. Journal of Finance, 1987, 42(2):267-280.

[3] HULL J M, WHITE A. The impact of default risk on the
prices of options and other derivative securities[J].
Journal of Banking & Finance, 1995, 19(2):299-323.

[4] KLEIN P. Pricing Black-Scholes options with correlated
credit risk[J]. Journal of Banking and Finance, 1996,
20(7):1121-1129.

(5] ,

1. ( ), 2010, 32(2):

109-112.
[6] , , .
. , 2012, 25(4):
462-467.
[7] RUSSO F, TUDOR C. On the bifractional Brownian
motion[J]. Stochastic Processes and Applications, 2006,
116(5):830-856.

J1. , 2013, 28(3):348-354.

[9] , .
. , 2016, 29(4):460-466.
[10] , .
. ( ), 2015, 31(6):
765-769.
[11] , .
. ( ), 2016, 32(2):
242-246.

[12] , . [J].
, 2015, 28(4):447-453.

[13] XUE H, WU J. Pricing European option under
bi-fractional jump-diffusion process[EB/OL]. [2016-11-12].
http://xueshu.baidu.com/s?wd=paperuri:(f8648551bdb917a
35c3aebddSa0af5Sb8)&filter=sc_long sign&sc ks para=q%
3DPricing+European+Option+under+Bi-fractional+Jump-
Diffusiont+Process&tn=SE_baiduxueshu_clgjeupa&ie=utf-
8&sc_us=1739724268387610348.

[14] , , . —

[J]. (
29(6):725-731.

), 2013,

Vulnerable option pricing models in bi-fractional environment

WANG Yao, XUE Hong"
( School of Science, Xi’an Polytechnic University, Xi’an 710048, China )

Abstract: For the fractional Brownian motion, the bi-fractional Brownian motion is a more general Gaussian
process. Based on the theory of stochastic analysis of bi-fractional Brownian motion, it assumes that the stock
price, the firm value and the corporate liability all satisfy the stochastic differential equation driven by
bi-fractional Brownian motion. Using the actuarial approach, the pricing formula of vulnerable option in

bi-fractional Brownian motion environment is obtained.

Key words: bi-fractional Brownian motion; actuarial mathematics; vulnerable option



