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Mogens Bladt  Tina Hviid Rydberg!*!

s ., Black Scholes
( ) r(t) ()
M) ()
. ( )
B(S(t)) o(S(t)) Black Scholes
Ornstein_Uhlenback
1
( ) , t
r(t) ( ); ( ).t S(t),
[0,T],0 T ,{S(t it >(}
(Qa F, F(t)l>(b P) 7{Ft‘.t >(§ S(t)
S(0)=S . [4]
1.1 {S(t):t >(} [0, 1] j;ﬁ(s)ds
Jibconas BS(1) ()
, Be) ot S(t)
P(t)
dP(t) = P(t)r(t)dt, P(T) = 1, (2)
(1) © P(1) . B(1) r(t) {Fz-'l >0} , J-(I)r(t)dt
< 00,J;B(t)dt< oo
C(k,T) P(kT) S(t) , k, T
« C"(k,T) P (kLT)
1.2 :
( ) ( ) (

(1)
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exp) — JZB(t)dt Sr> exp - JZr(t)dt k,

exp) ~ Jzﬁ(t)dt Sr< exp) — JZr(t)dt ke
C(k,T) P(k,T)
C(k,T)= E[[ex - .roB(t)d%S(T)_

exp{— J:r(t) de IJI{EX,{_ ﬁ’)’ﬁmd}S(Tp eX}{—J.Z;r(I)d}I}] , (3)

P(k,T)= E|| exp— _ror(t)dt k-

exp{_ J: B(t)dt S(T)] I{a}{_ J.g"(‘)d}’” ﬁ,{_ Jgﬁ(t)d}smv)}] . (4)

1) L2,
2) :
@(r{— JZB(L)d}S'(T)> exp{— .Er“)dl}k S(T)> k; . . S(T)>
k . .
C' (k,T)= EX ep - _[)rr(z)dt [S(T) - kJ* (5
P (hT)= EX e - ﬂrmdz [k-S(T)] (6)
3) <S(t):t>(> Brown , .
Black_Scholes (4 2.1 2. 1) <S(z);[ >(> Levy
2 Black Scoles
( ) {sm;x >(}
{P(t).'t >(}
dS(t) = S(t)¥(t)dt+ S(t)o(t)dB, S(0) = S, 7)
dP(t) = P(t)r(t)de, P(T) = 1, (8)
B(t) (QF,P) Brown * S5(0)= 8§, S8
(), r(1). (1) [0, 00) 7
J71J(t)dt< oo, J7r(t)dt< oo, .roz(t)dt< 0o (9)
2.1
2.1 {S(l):t >@,{P(¢).~t >(} (7) (8)

1) C(k,T)= SN(d1) - kexp{— J:r(t)dt}N(dz), (10)
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2) P(k,T) = kexph - J:r(t)dz N(- da) - SN(- d1),

3) C(k,T)+ kexp|-— J:)T(t)dt =S+ P(k,T),

di= da+ ’Jzoz(t)dt,
T T
lnki+ J‘Or(t)dt— %J‘()Oz(t)dt
“ZOz(t)dt

X 1 Lz
N(x) = Jiw Jﬁex;{— 2}dy,

(N(x) )
Ii6 (7)

d> =

S(t) = sexp{_fo(u(s)_ %oz(s))dﬁ I;O(s)dB(s)}'

(13)

S(T) = Sexp{ﬂ(l-l(s)— T O(5))ds+ Jzo(s)dB(s)},

J:O(s)dB(s) ~ N[O, J'(')Oz(s) ds]
m[*;—T] - N[JZ[P(s)— %o%)] ds, ﬂoz(s)ds],

S(T) = Sex JZ(U(S)— T 0(5)) ds+ J::O(s)dB(s)}

‘rovo(s)dB(S) ~ N(O,J?)oz(s)ds)j

.
ES(T)/S = ex{'l:)ll(s)ds}‘

1.1 JZU(s)ds {S(t):t >(} [0, T]

exp{— JZU(S)C]S}S(T) > eXp{— Jj)r(s)ds}k

J:O(s)dB(s) n s J:(r(s)— %o%)dJ

/ J; o’d(s) B /fozd(s)

In i+ J: r(s)= S P(s)|ds

/JZ o*(s)d(s) ’

dr=

(11)

(12)

(13)
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JZVO(S)dB(S)

/ﬂoz(s) ds

ool Doermfsnl i ool 1) -
J- sexpﬂy‘ JW] }dy SN[d2+ JW}

o = rorastial - Tscondss [
{ ex{p{ ﬂr(s)d}s};]\f(dz)' ]

~ N(0, 1),

(3) (10) - (10), (11) (12
1) (10), (11), (12) B(e)
2) r(t), 9o(t) R (100 (11 Black_Scholes
2.2
{st:e > 1 . o)
0(t):[0, 0 ~ R J:p(t)dt < o D(t) =

Lp(s)ds, , S(0) .-5(0)[1_ exp{— J:p(s)ds}]
,'S(O)exp{— J:p(s) ds} S(T)

, . 2.1 S(O)exp{— sz(s)ds},
Sexg{— sz(s)ds} 2.1 S .

2.2 {S(t):t >(},{Pm.~t >(} (1) (8)
! Fre) ;
1) C(k,T) = Sexph - ﬂp(s)ds N(di ) - kexp{— f)r(s)ds}]v(db, (14)
2) P(k,T) = kexp\- er(s)ds N(- d2 ) - Sexp| - J:p(s)d%zv(- di ), (15)
3) C(k,T)+ kexpf - J:r(s)ds = Sexg{— sz(s)ds + P(k,T), (16)

dy d> + Uz)oz(s)ds,
. ]nki+ JZ(I’(S)— Prs)- %Oz(s)lds
dy =
0
U:(T(s)ds
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1) (14) (15 (16) B(i)
2) r(t),0(t),P(t) . (14) (15 Black_Scholes
3) 2.1 2.2 ([51.161)
3 Black_Scholes
{S(t).'t >(} Ti6
dS(t) = WS(t))de+ o(S(t))dB(t)  (S(0)= S,S> 0), (17)
,{B(t).‘t )(} (QF,P) Brown , H(e)
€ C'(R), a(+) € CYR)(C"(R) R n , C(R) R
) (17) l, H(e), o(e) Brown
{B(t):t >(}- o¢) € C(R) Y+ Lipschitz  , Kouritzin L "
(17)
S(t) = <P[S,t,ﬁf(s)d3(s)], (18)
f() €ECR), (t.u)” ®¥s.t.,u) € C'HR xR, of+)
(17) S(t) = ‘P[S,t,J;f(s)dB(s)}
3.1 1) o+) € c(R)
dx 0 dx
o(x) Z0(Vx € R) fwl o(x) 1 = J; T o(x) 1 " oo, (19)

,BER Afx)= J:I O‘Z)l,xER,

{dsm [a— BA(S(1))+ 50 (S(1))| O(S(1))de+ o(S(1))dB(1),
S(0)= S, 8> 0

(20)

S(1) = Al{ﬁ)GXp{ﬁs}dB(s)+ aj;exp{ﬁs}ds+ /\(S)} . (21)

exp}\ Bt}
2 o(+) € C'(R)

o(x)= 0 x= 0,
. O(x) U N
liy = o, [ o(x) 1 = I o)1= > (2)
a, BER,IH

dS(1) = [W(a- Bln| W(S(t)) 1)+ %6(5(”)0(5(”)}(1”

o(S(t))dB(t),
S(0)= S, S> 0

S(t) = lp_1{@(L{r'roexp<f?s}dB’(s)+ (lrﬂ vS) I+ Cl.roexp{ﬁ&ds]}}, (24)

ex p{ E?s}

(2)

()
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Yix) :hxexp{‘r Z—G(Z%ldz} (x ER)* (25)
3.1 [7]°
31, I ( (20) (23))
S(t) = ‘P[S» ta.[?f(S)dB(S)], ®(S5,0,0)= S, (2)
f*) : ﬁf(s)dB(s) ~ N[O,L( 2(.9)013],

#x)

exp{fﬁ(s)ds}- b IJ { ,x /J’cfz(s)ds}ﬁx)dx' (27)

1.2, S(1)

S(t) (200 (23) ., S(t)
3.1 (200 (23) S(t) = @[s, t,J:f(s)dB(s)];
S(t) [0, t] exp{_[;ﬁ(s)ds}: ES(t)/S,
1.2 S(t) .
3.1 Ommnstein_Uhlenback
S(t) (SDE)
dS(t) = S(t)(B- alnS(¢))dt+ S(t)odB  (S(0) = S), (28)
, 0> 0 K a , S . Ornstein_Uhle-
nack
(28) O(x) = Oox 3.1 (22) W)= x*
3.1 (28)
S(1) = 7K o [u- %&]J; ‘ds+ 06 ‘”J.e dB(s)} (29)
ES(t) = Se"’<‘°‘>eXp K- % z}f “ds + —OJ‘L mds}
1.1
exp{.rﬁ(s)ds}z Sex(_ab_lexp{[u— %02] J.;e_ ®ds + %Ozj-;e_zmds} . (30)
2.1 2.2
3.1 {S(t) ‘ >(} {P(t) ‘ >(} (28)  (8),

1) C(k,T) = SN[d+ o U:emds}- ld\f(d)ex[{— er(s)ds}, (31)
2) P(k,T) = kN (- d)exp{— J:r(s)ds}— SN{— d- © “:)emds}, (32)

3 P(k,T)+ S= C(k T)+ kexp{— f;r(s)ds}, (33)
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2
. In i—+ J:r(s)ds— %‘roe_zmds i ) f ] )2 »
_ [on IR G T
o , © ds
) a” 0+.r(t) . (31) (32 Black Scholes ~ *
2) C(k, T) P(kT) (28) 81 .
3.2 {S(t):t >(},{P(t).-t 2(} (28) (8),
Pre) opcdi< e,

) C(k,T) = szv{d* + 0 “:e-m*ds exp{— J:p(s)ds}_

kN(d*)exp{- _forr(s)ds ; (34)

2) P(k,T)= kN(- d* )exp{— f)r(s)ds}_

SN{_ P {—J:e_ 20 ds} exp{_ j?)p( 5) ds}, (35)

3) P(k,T)+ Sexp{— sz(s)ds}: C(k,T)+ keXp{— er(s)ds}, (36)

sk

]nki‘*' JZ(r(s)— O(s))ds - %02 Oe_zmds.

d = (37)
Y UZ e 2 Tds
) a” 0+,r(t),P(1) . (34 (39 Black_Scholes  *
2) C(k, T) P(kT) (28) o .
3) 3.1 3.2 Ornstein_Uhlenback s u o
i
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New Method to Option Pricing for the General
Black Scholes Model —An Acturarial Approach

YAN Hai_feng”®, LIU San_yang'
( 1. Departm ent of Applied Mathem atics, Xidian University,
Xi’ an 710071,P.R . China;
2. Department of Mathem atics, Henan Normal University,
Xinxiang, Henan 453002, P.R. China)

Abstract: Using physical probability measure of price process and the prindple of fair premium, the
results of Mogens Bladt and Hina Hviid Rydberg are generalized. In two cases of paying intermediate
divisends and no intermediate dividends, the Black Scholes model is generalized to the case where the
riskless asset ( bond or bank account) earns a time dependent interest rate and risky asset ( stock) has
time_dependent the continuously compounding expected rate of return, volatility. In these cases the
accurate pridng formula and put._call parity of European option are obtained. The general approach of
option pricing is given for the general Black Scholes of the risk asset ( stock) with a stochastic contin-
uously compounding expeded rate of return, volatility. The accurate pricing formula and put,_call pari-
ty of European option on a stock whose price process is driven by general Ormstein_Uhlenback process
are given by actuarial approach.

Key words: option pricing; Bladk Scholes modd; fair premium; O_U process



