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ABSTRACT

Option pricing is an important problem with a theoretical value and practical
application in the area of financial mathematics. The domestic and foreign
scholars have done a great deal of research on the European option when the
interest rate is constant or time is a deterministic function and many results have
been gotten. For example, Black-Scholes presented the B-S model in 1973, which
is the differential equations of the European option pricing with constant interest
rate, and thus the well-known Black-Scholes formula was obtained. However,
when interest rates are random variables, there are not many research results at
present. This situation is an existing phenomenon in practice because interest rates
are variable in a long period. Therefore, the impact of interest rates uncertainty on
derivative asset pricing must be taken into account.

CIR model and the Hull-White model are two common interest rate models.
This paper mainly contains two aspects. At first European option pricing based on
generalized exponential O-U model under CIR model is analyzed and calculated
by using hedging principle and Ito theorem. Secondly, the option pricing with
change exercise price under Hull-White interest rate model and exponential O-U
process model is studied.

The main results and innovations in this paper are as follows:

1. This dissertation proposes a new hypothesis of stock-price model, namely,
choosing an exponential O-U process which can reflect the fluctuation of
expected return rate of the stock price to describe the underlying the stock-price
changes. And then option pricing model in which the stock price subjects to
general exponential O-U process is established.

'2. In the condition that interest rate subjects to CIR model assumptions, the

partial differential equations of the European option are deduced by using relevant
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knowledge combined with option pricing methods .The conclusion that it is the
promotion of Black-Scholes partial differential equation is drawn.

3. The option pricing formula with change exercise price under Hull-White
interest rate model and exponential O-U process model is studied by using

Martingale method.

Key words: European options; Ito formula; Exponential O-U process; Martingale

method
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o’ =18, B AP Brown iE3)", BRIER A1, RATBME 0 =1,

Bl Brown i&3)) fy#x#E Brown i23]).

EX 2.3.3 WR{B(t),r 20} & 3#E Brown i85, AR
X, =ut+B,

RIEHRECH 4 B Brown 23],

g,

EX2.3.4 —ALEKEENIEE{X (1),reT} B—A F,-Brown i&
WMREHE FHI&M:

(1) MHEAE20, X, R F - T

2) tEs<e, WX -XBIFo-RYF,

(3) WBs<t, WAX,-X,FX,_ - X, BRBEKS M

2.3.2 Brown IZZIHIEIE

EH2.3.1 WE(B), R— MM Brown B3, BAERAH M TFHR

1) limZ =0

1—x t

(2) *E—E¥%a, W(B -B,),, BRI Brown i23)

(3) HE—TE%%e, Byi’) R b Brown (23
[

20
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My R TRE KPR 27738 3T
EH2.3.2 WR(B),, R~ Uk Brown i85, MAHWTHEL
(1) Brown B3 %k
(2) Brown i&ZhRIEALFE
3) {ew(')_%lz’,t > 0} ¥

@) {B*(r)-1.120} B#

EE 233 B(QFPF)h—MWid=m, nfid(B), N
(Q.F,P,F) LHSERILR, MBMAEERK A=(4,4,4,) R t>520, 18
]

E [eu’(a,-a,) IF ] _#e)

W B=(B,),, s n Brown i&3).

2.4 noBEMERS. Ko dR. GirsanovEIR

WARHEA BRIZ 3 { B(1),1 2 0} B 5 XAEM R Z [0 (Q, F, P) MIBENLE 2, &’
(F.t20) R—IKBFEHNF W TFok, BF, cF, cF(V,<t,)VF, &F
¥ F o3, HX0<ss<t, B(t) X T F &M E(B(t)|F,)=B(s)
E(B(1)-B(s)|F.) =0+

EX 241 ®{BW)20} HirEMBIZE), g(o)eM;, HER
Vo<t <ty <1, <t[0,/]<[0,T], BA= max (f, ~£,,). K

81 (3(6)- B(6)) = 1,9
SRR E, WK
1,()= [e(s.0)B(s.0)
% {g(t,0),1 2 0} 6F {B(),0 2 O} ZE[0,1] ) It 0 i o
EX242 RX()R—AESHLE, 8 (X ()di<eo as., B4 lid
;

15



MRETRAYFEEAEX
BUY [X()aw, BN, B2 TR
(1) MR X(1),Y (1) RERL, o, B RELHEYH, WE
T T T
[(ax (e)+BY (1)) aW, =a (X (£)aW,+ B [Y ()aw,
0 0 0
T
@) —AMXEFERL L, BB K (1, () aw, =W (b)-W (a)
0

(3) FE(X (1)) <o, ETIX(t)dW,=O

(4) E(zj(t)dW, ]2 = TjE(XZ (t))aw,
; ;
R 241 BRXOR-ATHITE, ﬁ?%:sz(t)dtm. ;4
Y(t)=;[X(s)dVK, 0<r<T R—MELEMBEHBHFH TR B=KE
2[Y,7](1)= [X* (s)ds

EX 2.4.3 WEEHEE (X(1),r20) B FM o B4, X
V0<t, <t<TH

X(1)-X(s)= ’J'a(s,X(s))ds+ ;[b(s,X(s))dB(s) 2-D

0

BN SE o WA TR
dxX (t)=a(t, X (¢))dt +b(r, X (¢))dB(t) (2-2)

Ko a(e,x)dr, b(t,x) RZTEH, BXtvxeR, |a(r)”, b(r)eM: R
X % Iro BEHLIT AR (RIRR Iro i 78) , RQ-1)H Iro BENURA R, DR W
It BERLBAY 772, 2o [a(s, X (s))ds R—IBHIGHHY, [b(s, X (s)B(s)

R Ito M5,
THE2.4.2(0 2R B{X(r),r 20} %L LEXERE-1), y=1(1.x)

16



M IRIE TRE KPR 78 3T

R-TEKY, BAFEEmIER /a0, of/ox, &flax’, 2
Y(1)2 f(6X(0)), MLRY ={Y,r20} B RHENTRE, BV0o<s, <t HLWTF

i Iro B4 H 72
! of b*d?
Y(()-¥(1,)= ]{1 aﬁ +7?{]( X (s))ds+

Ib 5, X (s))dB(s)

B Iro WA TUR
1o/ b 0
day(t)= ( p a’; > ax{)(t X(t))dt+ba{;(tX(t))dB(t)

EIR 2. 4.3 Brown BHKI o ARK) WE £ R OUGELAME M, WX
e, &
F(B(1))=£(0)+ j f'(B(s))dB(s)+= J’ 1 (B(s))ds (2-3)
B H R (- 3)*3’]*95}%515@%3’1.1&[0,45’15}%'{,} -]
7(50)=7©)+S(7(5(2.))-#(8()
%t £(B(en))- £ (B(e)) R Taylor AR 18
£(B())-£ (B() = (B())(B()-B())+
S5 (@) (B()-B())
fehere(B(rn,).B(¢)). TR
7(BO)=r @)+ 31 (8())(B(2)-B()+

2
—Zf()((m)Bw»

46 SOMBB, WK CDHUWE—NAFIKRKT o R H
]f (B(s))dB(s), B_AMFKHKT 'jf'(B(s))ds .

[

(2-4)

TH 2.4.4(to RTEE) NE—AEe2(F, P), BHEER—H—4

17



MIRIE TRRK ¥ HF AR

WREME [fdt <o WERL £ (1,00), 1E73

£=E(0)+ [7(0)aB, (o)
R 2.4.5(0 B B(X,),,, R~ ot
X =X,+ ]des + ‘_[H\,dB‘,
R R REL S RENEES,
P(X)= £ )+ [ ()t 43 |7 ()d(x.x),
= F(X)+ [ () Kds+ [ (X)Hap o3 [1 (X, 2

XH
dX, = K dt+ H dB,

(X, %), =(x), = <fm>

FIL2.4.6 BXHYEFMIFH oL

X, =X, + ’J'K_‘ds + ]HsdB,.
0 0

= ]'Hfds
0

t

¥ =Y+ [Kds+ [H.dB,
0 0

MABATE
! {
XY, =Xt + [X,aY, + [YaX, +(X.Y),
0 0

xR
(X.Y), = [H H,ds
0

W BZ =X, +Y, f(x)=x, BAREIoTE, &

18



R TRAETL Y
f(2)=(x,+1y

=(X,+1,) +2](X,.+Y,)d(X, +¥)+{X +Y),
0

= XZ+Y2+2X,Y, +2 _[XdX +2 ]'stX_‘, + 2'_[Xde_‘. +

0 0 0
2 ]xdx+ ]des + ]H;.zds +2 ]H.‘,H,;ds
0 0 0 0
X = X242 [X,dX, + [Hlds
0 0
Y=Y +2 ])ng; + ]H}ds

0 0

TR

X){,+J'XdY+J'YdX +jHHds

XY, + szdr, + j YdX, +(X,Y),
0 0

EH 2.4.7@Girsanov EHE) ik(6)

0stsT

TR~ [ <o BB
A2, EAEAm R XM (L),, 0

L= exp(— ]‘BdeS 1 ]efds) (2-5)
B—ANh, BATHIELT PEBEN L OWEQTF, HBW,)

W, =B+ je,.ds
0

0se<T

& — it Brown 23 .
B FARHE Brown B3 & — N8, BTN LR B 40E (B,) B—1 P-#,

mw,)2—10-#.
FiE2.4.8 MR

19



M RIE TR RSP 85T 3
T
E(exp(—;:a[alzdtJJ <o
W (2-5)F7 & XRILFE (L) B—1 8.
2.5 KBENGE

FEEXENATHPREMEXAHBEFERH, BERKNE X, Brown E3),
REEIRS. PEAR. Gisanov EBEFEEMNBMSLEE. ARAXH
FIRPET L7 HIERRTIR,
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MI/RIETE KT A8
$3E ZBAYBlack-Scho lesEif EH M ERY

1973 ¢, EKEZ B K% Black HFZM Scholes HIFAELE (BULLHF
¥2¢%) (Journal of political Economy) F R R T—E4 0 (HENENEAT
$1£31) (the pricing of options and corporate liabilities) {118 3C, FI4E, Merton (B
ERERBREERD) WES—FW (NRESFEERHSELE) LRETH
—RRTIBUEM BRSC (HIAR B M EIL). XFE B CEE T HRE
rE AR R, RILTE LK “Black-Scholes AR 7.

Black 1 Scholes K73 BN HIRBAE T, MATNIRE|— A R4 2345 1E
AT LA AR B B SRR TE RS (7 35 38 U & ki 2 6, BMEE — ML |
DT AT &M IMNERE . FEi%BERIP, Black. Scholes 1 Merton 3|\
THEEMREASHMS, WIS LURIS 2 %R F 3 A4 4 R
Bifil. AEMB=MNEIBEANBESIAHBELT, BIRKAPNAR
RIBR AT AR . B0k, %13 AT & B 0 B A B S S S0 BB .
Black-Scholes (f&j#% B-S) MR AN SE AR T LART B FPAERIZAE MR B, T A
BEMBGENEN M ERATE TR EN RBOFRITE T —ANHH.

Black-Scholes It E MR R &R P N ER 2 —, ZER
MIREEGHBERRAMLBRAN —FHER, REZEHN—LBRESHLF
M, BEMRTHHNEESEARANTELERTRLBRYAM.
Black-Scholes #£ R D A MK EMA K BB BE IR —RER, BHEB
WHEBREXNET: EEREEHRTEFENBUYEMATENESN, &
SEEENMGIESRTY, HARMNZLETENNER, FAhE&MTR
BE T &AM, XMARKFHA RS TLFK, tHRERSME LGS,
Rl PR T — AN AR “ KERIER” BHIRRR, #RNESRTS
R T BRI BOE R “ SRS K 7, MR RKERREMT, MRS
BAERITHE AL E B E R . EREXMARXRALURAT=4EME KT

21



M IRIE TRKFB At X

TI#R, Scholes % Merton HIZ 45 it B KRR F 1997 F i N/RE
Pr#%, Black #IRBARENTE 1995 4 8 A 30 it RAEE KRS, B
HEZ MG KEE T ¥ L.

3.1 Black—ScholesHEItNEM

3.1.1 Black-Scholes {5 H %

W T REHE B A R

EHRZ G H, PEMEKRERNEYR—ANEEEENE, ¥ARF
E2MTRKBRANAR. B 1973 FLR, FEEZEMERLAIRESTEH
PIREM R, DL 4R B985 . Black-Scholes MR E Y8 &Y (fRiFR
B-S #A) £ KA B APHAURE!, EREMPNENBRMZ OMER. TENE
B-S AR HEA MR KL,

(—) Black fl Scholes 7E# S B-S IR, M TUT 7 £LEARKIE:

(D PRI HBE, HM&S()HR dS(1)=uS(0)dt+0S(1)dB HF
u,o HEH.

(2) EREFIZE: H—DmES, BRI,

(3) HABCH BRI .

(4) WFHRFRE LRI

(6) XTI HHBRETHRE, DELERXS RABBI.

(6) AWLE, XEHBREVTHREEBHFH.

(1) RBEETVUBBBEABTL S, BAFRSHHAEHEE, BA
TREFZE. TR, EIEHFZHTULRGE A5, ERETUWEAR
HEMRHRE.

BV (S,) RRERFEHBINE, S()RBREE HZAME. BT
V(S.) XTRES TR EE. ¥i& Black-Scholes 4 2K B E
Y& DU ER

22



LAV W LD NG o /8 i L VA0
1% KRBV (S,) KT S B HATRISBUR
B 2% EV(S,1) MRITRESMET, KRB HRS S (1)

830 HITRER SR, SIEELA BTN ZRE B IR
Fap: 2V(S)EEFNFTHEME.

BV (S, RYBRITH ST
ar = a5+ 4 L2V 4y,
as a 23S
oV 1aV
5o dsdt +— e () +B IR (3-1)
BETRENERARXLS = ySdt+anBﬁ§J:mi7iﬁﬂPa’st FHRBR
B dt —Bh 3, WA
dV-a—th+—(det+ SdB)+— (,uSdt+o'SdB)
a (3-2)
2
)dt+l-a———dt
2 o

&ﬂ]ﬁ%i‘tiﬁﬂlﬂ’]aulﬂlﬁ, B BE—TN. X R B ) — LT

Tt
dSdt = (uSdt +SdB)dt = S (dt)’ + oSdBdt (3-3)

R CAMIE dB~Zdr, Bk dBdt =~ Z(dt)"” . X T (dr) F1(dr)" 4
AR drt B— B IR, BB AT AT LA 2 BE dSde T XA AT R 3 vk T (dS)’
T

(dS)’ = p*S* (dt)’ +2u0S*dBdt +*S* (dB)’ (3-4)

HETE K ERMBRAINTUREE G- EmNAFAER. 5—FMH,

(zVal) =2%r, ERFR¥T di 9—WR, BATLAT LURE

av =2+ §K(ySdt+anB)+ o522 Zd
o &S aS
v ,uSa—V Loos? Z’af dr+5% 4B
a as 2 oS as

ATHAR (3-5) Fit—PfE, WAVKE Z° AMEKIHEME | A%, X

(3-5)

23



M RIR TR AR 3

FREE
dV=(i+;¢Sﬂl-+lazszaz—z)dt+aSa—VdB (3-6)
ot oS 2 oS oS
4
¢(r)=IRFErRE
Y () =g
HHLSHE
V(S,.t)=¢S, +¥P (3-7)

O <TIBRMIL, WZFEHETHTAENGELTHEFENREM
WAFOMEMER, XEPRAMFFOMNE. AT E=H &R

ZACRM T 572 :
dV = $dS, +VdP (3-8)

BT
dS = uSdt + cSdB
H
dP =rPdt
KARX G- F
dV =(ugS+r¥P)dt + o¢SdB (3-9)
W¥BHE (3-6) 1 (3-9) HUWETLAE
(y¢S+r‘PP)dt+a¢SdB=[%—tV—+pS%+%GZS2%)dt+aS%§dB
2
$()=22(,1)
EHERAFT.
r‘I—’Pdt:(QK+-l-o'zS2 i’;)dt (3-10)
a2 as

B (3-8) "40

24



WSR3 TR KPR+ FArie 30

‘PP=V—-Sa—V
oS

RAR (3-10) B3

2
r(V—sﬂ)dm ?1+102525—Z dt
as o 2 as

XHERLR 2] T B A BRI 5 7 12
él/-+iorzszﬂjJrrSa—V-rV=o G-11)
o 2 " as? s

X2 E A KK T R ZE BN 48 K Black-Scholes fRid 7 2. HR4H
BP ARG, RE o, EEEV(S,t)=Max(S,-X,0) %4 T a5 3

Black-Scholes AR E Mt Ao F B ATHEIESF MM 48 BT A _EE /Y Black-Scholes
HREWE, REREAAZBAF.

3.1.2 Black-Scholes 243\

BRELE[0,T](r e[0.7]) WREREXE, KMHNMSTRR
dS, = S pdt +S,0dB,
= 8rdt +S,cdW,

K B & P-#Hr#E Brown iE3), W, & Q-¥5# Browni23). HETREZ (8l
BREINKBIIAE AT, MEMEE K, NN
h=f(S;)

TR ZABE S 2 k& R
V,=E (1 (S,)|F)

- R (e-,(r-o f[s, exp((r-—%—z—)(T—t)+0'(WT—W, )Dm)

ERBS KF-ME, EQMETW, -WBALTF, HiF
V,=F(t,S,)

XHE

25



MR TR A8

F(t,x)=E‘*’(e“*""f (xe"p[("a?z](T")”(W’—W')JD

HTFEMNEQT, W,-W, =Y B—ADHEHR0, FENT -t HIFABEN
TR, WH

el -Soenn)

7
2

_ e-r(T"):[f[xexp((r —-c;—z)(T—t)+ O'y\/TT:?D 3-2—”

EFFRATH AT AT KRS R I BIR, T 18R AT ARUE i
AL
HATLLA TSR A, R

7()=(-KY
4
r=T-t
TRHA
F(1,T)=E° [e"' (xexp((r——;-azjr+ayx/;)—KJ J
=E¢ (xexp(ay\/;——;-crzr) - Ke‘")
4
xexp(a'y\/z_'—%azr)—Ke'” 20
M2
exp(ln%+ay\/;—%azr)2e"’
B3

x o’
In=+oyJr+|r-— 20
k% (r 2)

26



MRIR TR A3

2
lni+(r—o'—)t
2

K +y20
oVt ve
4
x ( 0'2)
ln—E-i- r-= T
d. =
_ 2 o
il
x ( 02)
lnz‘i‘ r+——2— T
d=d,+or =
1 2 0'\/;
el

F(t,x)=E° ((xexp(ay\/;—-%azr)—Ke'"Jl{dﬁyzo})

400 l o ) } e‘—z'
= xexp| oyt ——a’r |- Ke™ | S—d (3-12)
_;!:( p( Y 2 )\/27r ”

=x®(d,)- Ke™"®(d,)
EXEO() R BVIREES ik %, 8

x s

1 S
(D(X)=E Ie dt
XEFE HIA,  hit
f(x)=(K-2)
BEERMES
F(t,x)=Ke"®(~d,)-x®(-d,) (3-13)

MRSAWYRAIE N C, HHIRAME S P, MAEEE
®(-d,)=1-®(d,)

D(-d,)=1-D(d,)
A X AP RR A AR A& Z B KX R, BIFT BRI X R:
C+Ke" =P+x

27



M RIET B KFEB %A
A (3-12) 8% (3-13) B~ AM11% 1Ay Black-Scholes 2,

3.1.3 EHIFTEAY Cox—Ross—Rubinstein {&#Y

Black-Scholes St E # A A th R AAR SRR E AR, HHTF
SR TR BRR &M, AT HCAN, FRESRLRNEFYEE
BRF. Sharp (1978) I T —MERM - HAKE, BRESIEF A, B
e LA RETRENEE LS, dTFES—PNERHTEERIES), &
AXRREEXTNRMHEEFENL S, WIRNEEBRAESBEEH. Cox(1979) %A
AR IXF Z I 5V R o S RN 8 - Cox-Ross-Rubinstein 1 £ - 45 £ 5
Black-Scholes #& % 58 & — 3 . X4 & (8] &) (& # Kk #& A 89 B &
Cox-Ross-Rubinstein X757 LA ME WK F Black-Scholes 23 2 I E #
fE.

ER—ANEHN AR R EMER, BRNERE -8, BT=1, X5
B%IHr=0. —HrERA TG ER T =7 = ORI HMIZ R S,, Hr=1
B ZIEIT 48 R PR AT REME: Lz IR Lk B uS BE LU -7 IR TR E
dS (u>d>0), BEEEFMHNAHINE, TRARKBEBERETFTIMu 2
(d <R<u). ELAEREBE =A% LRTIHE S, « AN A X KB TR 480
Hri% 4 C o FIFXURE B 7= C BRI E A RN, AT LASE SURBE AP M : 7. = Rg,
Het g RIRE s FPREMK, WR0<7u, 7m0 <L7mu+7a=1. FIHIHRTIHE
T AT E A B R TR F R, B

C =%(?Euc" +7.C,)

AU E—NM RS, FHRE=ETXRKR, B —4%

B WA m BEEREBE =, N ZIT =1, ZRF=HE M AR E E BT 2%
BB T 2 AR m(uS,)-C, Mm(dS,))-C, . f#HHE PR =HK~T
. C,-C,
"  (u-d)S,

U A G R R DR FTEUR BE = a5 3 R — 3
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MRV TR K27 7 18 3
- dCu —qu /(
u_

R A A K AT Ak €, B

c=i[R"dc,,+”"Rcd]
Rlu-d u-d

MR G B T BT I— 84, "TUNBRE—FS, EPHh
RFEHEHZLATMNE . BRXZBRMIER:
B Al T! =g —\u'd™
e e

-
n=n

i (1fr)’ [i n!(fin)!;(l_;)}

BTN T HE S REMB = ERIIBA DT n" BN PR, WRE
MBS T EKAMA L T —n” BB P EMER . 28— AL [R) 32 5 X ) 3
BEXH K, MT > oo}, A]LLIERA Black-Scholes AR 2 LI . —3H
EM T EEFERWEEEPEEFTH.

R m'S,~C)

3.1.4 YIEMAE

ik
I WHEHFE—NMEREHERESE, ERARBTERRN:
V(Go,C )=V (G)+V(C)

2. RRUEHHEFE R ENRARBTRRN AR
xﬂ
V(x)-—-;(a>0)
3. RRUBHENLSHBRSIESANBHBRE S MR ZITTIEAD . 2
T L, ¥ TFAREHETEE, E—RREND o T S (o) FIHES

RISIMIO G, 12 RS B VRS

Hrp PRI, ARG EMIAT 1 B1ESS, HMEA:
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WY IRIE TR KR 27 718 3
+_ 1 _.E"[V,'(C,)]
_1+i/— Vo (Cy)
¥ (3-14) , (3-15) BHAE.
SO = 1 - El’ [I,l‘ (CI)S]
1+i,  E"(%(CG,))
ZER—MEILES, CAKENRRESERERANE LS GENEER), &
GATAEES R ATH £(S), BAEHIVIAMIEN A .
1 E’[¥(C)f(8)]

(3-15)

V(Se0) =17 E(¥(C))
RS Q M
_p(w)Vl'(C')>
AT (ATeh
i 178

S[p()¥(c)]
S A
MO B— MBI, H—bE.

1 E[K(C)f(5)]
+i,  E*(V(C))
_er S 2@V () /(S)
275 H@)
=" 24(2)f (5)
-2 [(5)]
RIEER, GBI 7(5)=£(Se’) ATEIES, LGS
V (8,,0)=e B[ £ (See*)]

V(So’0)=

SE X ER &L :
ool mRx=0
“lo, WEx<0
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MAVE TR AT X
RARBNEFRHRME A S, AN FENFABREI AR AT R
£(8)=[s-KT
HTFEQMET X R—AMESTE, BERXEAMBBIENA:

. — (x—r+%0'2)
R (O e
5%

K, NOREBREEEIARE, TURE, ZAXME
Black-Scholes 22 .

3.2 KXENG

AETEFRE="FHEIMLAEME, N4 T Black-Scholes B EM,
A T Black-Scholes #4572, Black-Scholes AR K HIES Hik.
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MRIE TRAFI - FArig X

F4E CIRER TR BN EM

B 1973 fELUR, WE 2 EM R EN MR T W BR B R A HHR
Bt 4 Black-Scholes # R MR &4 F AT, X WRE b # I (8] 1924k,
BRETIN R RERXEHR —FTRBEURES, RTNELFRERMTTEPR
RIS AT AR RIEA— AN A (EARTHE) Bk, BEHHu
W as BEAE R ERWE, THEREKBH EMRENEOERS, HEEwK
RE BT AN . SCERIERH, Ornstein-Uhlenback i 72  & — {7
RS LR B R RKFERE RS, BRETRNEEHRRSEEE
KRB, HRFREEFITRRRK. FEBRCRMBEMEEH O-U L2, B
AT CIR R TET O0-U MAKBRA R E .

4.1 hHiptEE

BB 1 BREBEE ORI AR 0 T REHLIM Y 5
dS(t)=(u(r)-aInS(1))S(r)dt+o,(t)S(t)dB, ()
{S(O)=S
K. {B,(r): 120} RE XEREBMEZRE (QF,P) LBIFHE Brown &
o, p(t).o, () A KBERRE, FHa>0, ¥fe WERETURENME
LFB—EEEE, EES(1)H THRIES. 5 Black-Scholes #AALLE,

MR (4-1) S T 5 B UGS BT R EM B9 Black-Scholes #H, &
RBa—0, BER (4-1) Bl % Black-Scholes # %! , 38 52 (4-1) i 5E HIE RIFR

RO T SR 0-U AR,
BEREIR 2. BT BIINE B00% P(0) BA DI R
{dP (6T)=P(t,T)[r(e)dt o, ()dB,(1)]
P(T,T)=1
BEVEE 3 SRR (1) IR T HIMA F 72

(4-1)

(4-2)
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M RIE TR FI i X
dr(t)=(a(t)-b(t)r(t))dr+o,(t)\r (t)dB, (t) (4-3)
BI24 CIR R &8,

4.2 BREWEMHIE
421 BREHWOES()BAR (-1, BAT HBNEE S
P(r) W (4-2), FIBITAR (1) W 2 2% (4-3), RIGKA HTAC S H ik 2 1 453

FHBRWT
v+ (a(0)=b()r ()Y, +302S (O V. 4202 ()Y,

+00,6,\[r(1)S (1)V,, +r(8)S()V, =r (1)V (1)

i A
v, +(a-br)v, +%ojsan +%0',2rV,, +po,oNrSV +rSV. =rV

Hp, a(e) b(e) u(t)~ 0,(1)~ 0, (£) Fo, (1) BRXTF IR, B (1)
R B, (1) RAGAEMA IS, LB, (1)F1 B, (1) X REE N o .

BFA3CH 2 ANBENUSSITRFE, FTUTER A-xtrpBARn, Xt& L
EFAET=V-AS (V RAKRAKRERBNE) BAGEHLERM, BAE
(BT B, (1) THRBEINR B, (1) FETE, HRE B, (0) R r (1) ROBENTR, Tl
TR EES r (1) FAR, BT LLRT AL I 50 3 TR 8 1) 18 30) T — B
R BRIEHFHABIT =V -AS+A,P, HATLURNHE 2 MARBEHEE,
KHENREEUATARER, NTREBXTV UK AR, A&
KIS TR BZATETIN 3T H,

5132 4.2.1 #R4E Brown EFIH Z Ik E

n-l 2
[5.8)(1)= lim 3. B(12)-B(7)] =+
g {or)' @A [0 E. 8 =max (fu-1)->0

3098 4.2.2 B B(1). B () WEM (QF,P) LEkil— 4 iEZ),

B () B, (¢) AR R YK o, W dB,(1)dB, (1) = pdt
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iR 4
B(t)=0,B,(t)+0,B,(t)

WAKERE|B() RIEHO, FEH G = Jo-,z +0; +20,0,p KA BBES), BT
1 2O swietseman, w
( p B(t)J’ _(0dB, (1) +0,dB, (1))’
2| -

.
0_2

_ ordt +o3dt +20,0,dB, (t)dB, (t)
ol +0} +20,0,p

H5IHE 4. 2. 1 M2 B(r) hinHEAR BB )R, FH

dBedB = dt
B
dt+0'2dt+20',0'2dB (¢)dB, (t)
o} +0l +20,0,p
"

dB, (t)dB, (t) = pdt
51 4.23(3# 1to 2R 4 X(1)=(X,(1).. X, (1), Hx
X, () i=L2,n) K 1t 63 ax, (1) =u (X (¢).0)dr +0,(X(¢).t)dB(t) ,
B(r)5B,(r)(i#))HMAXFRS p. 4/ (6,X (1)) WEN X ZUELTH,
- X —IRIEE A, A
1 n aZf

d 1
df (1, X (1)) = dt+;aX =P aX.aX.(dX"de)
S ., o*f
(61‘ ;ax 2” 6X2+,§p” 718X ax, Jdt

n af
+ ) o0,——dB,
2.9 5%

e d[ X, X, () SR TR
dt-dt=dt-dB =dB,-dt=0, dB,-dB =p,ds

EHIE AR

i
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BV (S(1),r(£),¢) LR Iro —4k5E 7, 44 LER TSR
dv =Vdt+V.dS+Vdr +%de82 +%V,,dr’ +V, (dSdr)

=(I{+S(p—ahS)K+(a—br)V, +2 OIS, + (4-4)

—;-ofrV” +po,o,rSV, )dt +0,8V,dB, +o,\rV.dB

FIFHA-XM %, BIRERERES
M=V -AS+A,P
?%
d[1=dV -AdS +A,dP
#i (4-1). (4-2), (4-4) RATB

dJ1 =(V, +S(u-alS)V, +(a-br)V, +%03S2VH +
%crfrV,, + po,orSV, )dt +0,SV,dB, +
o,NrV,dB, - A [(u-aInS)Sdt+0,SdB, ]+
A, [ P(rdt-0,dB,)] (4-5)

=(K +S(u-alnS)V, +(a-br)V, +-:!2-03S2K, +

—;-afrV,, +po,6 rSV, -A, (p-aln S)S+A,Pr)dt
+(0.8V,-A,0,5)dB, +(o,rV, - 4,Pc, ) dB,
KBRS R RE LT A MGk~ A, BATLLHBRR 4-5) PIIEE
M dB M dB,, HUREATARRE, ik
(o,VrV,-8,P5,)dB, =0
il
(0,8V,-A0,8)dB, =0
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Al=Vs
_o v,

Po

14

A,

A, AKMERAR@-5)F, B
dH:[V, +S(p-alnS)V, +(a—br)V,+%a_fS2Vm +

%aﬁrV,, +p0,0,NrSV, A (u-alnS)S+A,Pr)dt

1 1 (4-6)
= (V, +(a-br)V, +-2-0'.«2S2V,u_ +50',2rV,, +

pa,o;.\/;SVm +a’—\/;V’r]dt

O,

2dt >0, Kr()EREHRFE, WE
dll=r]lat (4-7)
=r(V-AS+A,P)dr
B 4-6). @-AH
r(V-AS+A,P)dt= (V, +(a-br)v, +%0'3S2V“ +%0',2rV,,
(4-8)
G’\/;V’ rJdt

%

+ po,0, \/;SVm +

®a,, ABIERAN, BEE
V,+(a-br)V, +';_0-352V“ +-;—O'2rV +po,orSV, +rSV.=rV (4-9)

r s

AR CIR M F#F 0-U HEHR fik X WAL 2 1 J7 2.
Wit 421 BRNATEMNERME P()HER -2), FELRE

r(0) WER (4-3), FREIEE S () RA T I 777
ds(0)=p(r)S(t)dt+o,(1)S(¢)dB,(t) (4-10)
Tk = AR RE i R I R S8 2 TT AR I
. V,+(a-br)y, +%ajszV“ +%0',2rV,, +po. o NrSV_ +rSV. =rV
E 1LEARG-)TEEr WAREHE, Bla=0, b=0, 0, =071
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v %qsszr,s +1SV, =1V SXIRAB R AL EREBIR Black-Scholes fifs 5 7 2.

A WA K w5 75 FE1E — E FEE L R % Black-Scholes {1 73 77 12 #) —FhHE

r-‘o
2. LU EHE 4. 2. 1 AR 4. 2.1 RBL CIR M ZRARRF, NRBREMIKH

&R (4-1)ER#H 2N (4-10), HER P2 L M mE D TEHER. X
BB BB & R s R K.

4.3 BENG

AEE CIR FIRERIEAM EFIHA- X rp LT R EN F
2. HEHEH R RN Black-Scholes (R4 FIEHI—FHE . B S HIABE
50 E X E R PR R T XK.
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#5EF Hull-WhitetZE TEE R ERITINHREIRR
NHBEM

BB RBAN ST REAFR, RET EFFPBEMER, EiXxL
BRIV ERERITMEEM E, HREMATRETHEHRITHE IR
EMAE. RMEESRTHNANRRE REFIWITMEROFEENE
SN, R (56] & TR T R R F St F2 0 BB B EHIT I ik 0
WYY, XAEMRHELRT&LFERE CRNEMEDL), FTAEX
Rt — DB Hull-White F| R M 5158 0-U S A T AH FHERTH
BHESAEUE S .

5.1 miAtREl

AR 1 BB S) WM 12
{ds(r)=(ﬂ(1)—a1ns(t))s(:)d:+a,(t)s(r)dW(:)
$(0)=5
Hoet (W (1),0<1 < T} R XEMEZE(QF,(F),,,P) LEIHFH Brown i&
Blo p(t),o,(t) A IRREMERE, 4RIRTRFE NI L ERERRFE S
£, #HBa>0.

5325 11" BEEEMRIEHLHES O-ULRER 5-1), 4
r(t)—u(t)+alnS(t)

=00

(5-1>

% E° [exp{% ]92 (s)ds}:l <o, MEEE—SHEME P EFNFIBEN
B, EREMENEQTHRIRES ()= S(l)exp{—‘jr (s)ds} R—#idiE.

£4 W0 (1) =W (1)~ [6(s)ds , Mléh Girsanov EETREMETRE 0 F WO (1)
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£—4> Brown &3), BRFEHMELES(r)E
§(T)= S(t)exp{J(r(s)——az(s))ds+fa (s)awe (s)} (5-2)

BEIEIR 2: R K () HE 20 BOBITHES , R IIRZE ¢ B ) LLARAT
B K (1) TTHIT, B K (1) 7 e IR, BEERKRTHBENEQTF, K(1)

i BN 2 TR
dK ()= K (t)a(t)dt + B(r)awe (1)], K (0)= K (5-3)
HREIRIE 3: RBEMFIRLRE (1) BE TS 712
dr(t)=(a(t)-b(t)r(t))dt+o,(t)dB (r) (5-4)

BI 24 Hull-White #2408, Hda(r). b() Ko, () BREFMBEHEERE,
B () QT —irMeAi i3 HEEQ T B 5 W HEMY . a(r) RE T FIEH
KK, b(r) RIABEHMKIAREX RN FHREIZE,

B8 0-U IR EE EXEFMTIHER™, EXFMERS, i
FHIR A & #8 AT LAt B ACHE 3738 0 B Rl T SRR R AT R 6, ATTaT LA
MAEEMRERE - E—ME, BIETIRASHN .

3 F— MR RN (& SHOATENBER), LEERTnE
a1, HPEHAIM ATV (1) 5

y(r)=£9 {exp{—}r(s)ds}:m}

5.2 {EHI0-UBEHRE T AT HENITMERNEN

EE5.2.1%  FFRREKERY (1)=(S(T)-K(T))"» ZE[0, T]AMR
FEAFZASF, WE HZGTERNER:

c(S(t),K(t),t)=S(t)N(d,)-—K(t)exp{ Tj( (r(s)-a(s) )ds}N(d)

{
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InS@)-InK(@)+ f[r(s) —a(s)+ % (6(s) - B(s))? ]ds

J [(o(s)- Bls)yds

T
InS(H-In K@)+ J{r(s) —a(s) —%(o(s) - ﬂ(s))z}ds

J [to(s)~ Bls)yas

=4, —J Jio(s)- Bs)’ds

K, N(o)BAFEESH i BRBME.

MR HEFIETE R, EJXLII\"EPﬁiﬁﬂﬂP MR i B R AW
B EHBMEIE, 4 4={S(T) (1)}, BPLA

(5010~ £ ese{- J(s)ds}V(T IF}
=exp{ 7[ (s)ds}EQ{ S(T)-K(1))' | £
=e { Jr( s)ds}EQ{S(T) K(T))1,|F}

-5(0)5? {p{ 1o (s)ds+fja(s)dwg}z,, }-

E° {exp{—-;-:[ﬂz (s)ds+ tJ'ﬂ(s)dW‘-’}IA | }3}
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=V-Nn

£ = exp{—%t{a’ (s)ds + Tj'a(s)dWQ}

A% EP [exp{% 1.[92 (s)dsH <o, WETEEHEMILH Novikov &4, W

ERI T QMIET, £ 8. 1 Girsanov EEAAELE QAN T R,,
R 1 Brown EHEEHIR W (1) =W (1) - [o(s)ds
0

A

$(T)= S(t)exp{i[(r (s)+—;-0'2 (s)ds+ :[a' (s)aw™ (s)}
K(T)= K(t)exp{jf(a(s)—%ﬁz (s)+a(s)ﬂ(s))ds+ T“/i‘(s)dW“l }

A
Vi=S()E* &L F}
=S(r)E* {1, | F}
=S()R {I,|F}
=S(0)R {S(T)>K(T)}
=S(¢)R {InS(T)>nK(T)}
BT
InS(T)=InS()+ J‘(r(s)+%az (s))ds+ for(s)aw™

InK(T)=lnK(r)+ Tf(a(s)—%,ﬁz (s)+0'(s)ﬂ(s))ds+ :[,B(s)dWR'

EEd
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————— ]

Z‘(’(S)+%O'2 (S)st—i;\(a(s)—%ﬁz (S)‘*'O'(S)ﬁ(s))ds

> lnK(t)—lnS(t)+T"(,B(s)——a(s))dWR'

]

TR
I(a(s) - B(s)dWh IS -In K@)+ I[r(s) -a(s)+ % (o(s) - B(5)) ] ds
1 ‘ > lT
J [to(s)-Bis)yas J [(o(s)-Bls)yds

SRERLUT A, BRAFEESIHAN(0,1), LAFXHLITN,,
L] .
V,=S(t)R{InS(T)>InK(T)}=S(t)R {-n<d}=S®N(d,)

R, €
1 T T
G2 =€Xp {-5 ’_[ﬂz(S)dS + !ﬂ(S)dWQ(I)}

T
R, HEBWR@O =W~ jﬁ(s)ds. =1

T T
S(T)=S(t) exp{ j(r(s) --;-az (8)+o(s)f(s))ds + j o(s)dw }
T T
K(T)=K()exp { [tats)+ % B (s)ds + [Bs)dw " }

FrEA

= ko[l ()-a(6)es| 86 )
Jew-at)als

(s)-a(s))ds; R, {1,| F}

= K(t)exp{

{
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T

= K(t)exp{- j(r(s)-a(s))ds}N(d,)

EES6.2.2 KRABBWPRY(T)=(K(T)-S(T))"» %[0, T] 9 ELFIX
., MHHZOEEFIEA:

p(S(6).K(1).1) K(t)exp{:[ ds}N(—d )-S(1)N(~d,)

5.3 Hull-WhitetZZ T B H T HE TN RBIRA B EM

} 51#5.3.1 ®&W, ~N(0,1), W,~N(0,1), Cou(W,,W,)=p, WFHE
EH%Ha,b,c,d, kHTRAMIL

} o c1+dz¢2pcd)N[aC+bd + p(ad-i-bc)—k]

E{e‘”"*"”"l

{aw, +bw, 2k}

Ja? +b? +2pab

EE 5.3.1 FERFENMHRER(G-1), HATHHK (6-3) BFEHER (5-4)
T, WIMESARA T BB BRIAIE (0< ¢ <T) BT BIHTIE A

(S K (0)) = SN (d)-K (1)
exp[—(G(r,T,r,)+%(a§ -07-0% )~ tj'a (s) ds]] N(d,)

Hoh, N() REFRERSHM BRURE,

S t T 1 l
In K())+G(tT )+'j'a(s)ds—503-50§+”r"r—z

d, =

2 2
\/GX +0y_,

S(r)
K()

T
1 1 1
In—=+G(tT,r, )+‘ja(s)ds—§a§—Ea§+o-zo-,,_z+5cr}

d, =
2
\/0'} +0y_;

n(s)= ]b (u)du, m(1,T)= ]‘e"(")’"(’)ds
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G(t.T,r)= r(t)m(e,T)+ }a(u)m(u,T)du
X= ]0, (uyn(u,T)dB’ (u), Y= ]as (s)aw®(s), z= },B(s)dWQ (s)

R XEEKSRTS, THFER N5 PENMBAEQ, TS
M QT, MBI R AT S BB S, BT

c(S(r). K (r).1) EQ{exp{ s)ds}V(T)lF}

=E¢ {ex

= 2ol a5 K ()12
—EQ{exp{ :" (s)ds}S(T) S(,)>KU.)}|E}-—
E?{K(T)exp {— jr(s)ds} Iy IF,}

=h-7,
B Ito AR % (5-4) 18
d(er(s)) =" (a(s)ds +0, (5)dB, (s))
FLkTFRABO<<s

d (e"(‘)r (s)) =r (t)e"(""'(’) + J'e"(")’"(")a (u)du+ Ie"(")'"(")o; (u)dw? (u)
t ]

2
lrj' s)ds (S(r)-k(T)) IF}

T T Ts
Ir (s)ds=r(r) Ie"(')'"(’)ds + f J‘e"(")'"(“')a (u)duds +
t t Lt

Ts
Ije"(")'”(’)a, (u)dB® (u)ds
¢
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L)

=r(t) ]'e"(')'"(’)ds + ]'a (u)( J'e"(")'"(’)ds) du +
:"0', (u)( ]e”(“)"’(’)ds)dBQ ()
=r(t)m(t,T)+ :[a(u)m(u,T)du+ 7:[0', ()m(u,T)dB® (u)

= G(t,T,r,)+i[0', (u)m(u,T)dB (u)

MEXSMX,Y,ZH5 FERIM=AESHNER, BE[X]=0,
E°[r]=0,E[Z]=0, &

ol = ]‘af (w)m* (u,T)du, o} = T[of (s)ds» o;= ]'ﬂz (s)ds
i, |

V,=E* [exp{—jr(s)dslS(T)I{S(T)>K(T)} [E] :
=8(r)E° [exp[——]—é—az (s)ds+ ]a(s)dWQ (s)] fp—p— F;]

t

=S(t)exp —]‘Eo- (s)ds|E® {exp[]a(s)dWQ (s)]]{S(T)>K(T)} |F;]

= S(r)exp —]—-0' (s)ds\ E%le"I l

K(r) 1 T P 1
X +(Y-—Z)>ln~§(-'—)—G(t,T,r,)+i [ ol (s)ds~ [ [a(s)—iﬁz(.v)]dv

=S()N(d)

e,
o= £ )oa - 0p 17]
_ K(t)expl:—[G(t,T,r,)+TJ‘(% 5 (s)_a(s))dsﬂ.
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5 {CXPU/?(S)dWQ )~ Jio: ()8 0) e 17}

= K(t)exp[—(G(t,T,r,)+ t[(% Jik (s)—a(s))ds)].

E%{e* X1 i
{(Y Z}X>In K((')) ~G(t.T.r )43 j’ o'z(s)df-!(a(x)-%ﬂz(.r))d\'}
T
= K(t)exp[—[G(t,T,r, )+—;—(a§ -0, -0} )- Ia(s)ds]]N(dz)
t

IR 5.3.2 ERFEMEER(5-1), PATHHE (5-2) K FIREH (5-3)
T, BIRBIMH AT B E BRI (0<e <T) R AIHTHE R

p(S(1).K(t).t)= K(t)exp[—(G(t,T,r,)%é—(aﬁ -0} —a})— T[a(s)dsﬂ.
N('d2)°S(t)N(_dl)
MRS XSRS, THEEE—NE PENMMBNEQ, &%
MBNEQTF, MBAIIE R HAH AT B FHERNGIE, BTk

p(S(t),K(t),t)=EQ{exp{ T[ (s)ds}V(T)|F,'}
=E? exp ]r s)ds (k(T)- S(T)) IF}

=E?{exp Tj'r(s)ds K(T) S(T)) {K(T)>V(T)}|F}

[

(o
E{p j(s)ds}K(T)z{K(,,,s(,)}w}

E? {S(T)exp{- Jr(s )ds} Tapsap | E }
=D,-D,

E D,
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"
D, =E? {exp {— r (s)ds}K(T) I{K(T)>S(T)} | F;}

[

- kx| {007+ |3 (0-a 9 )a |

g {exp 16061 9= o8 015

\

= K(t)exp :—[G(t, T,r)+ }.(%ﬂz (s)—a(s)) dsH.

N

E¢{e”*1 . |}
{(Y -Z)+X<In —g—((-:—)!-G(l T )+%!a',2 (s)ds— ! (a(.r)_% ya (,w))d\'}

= K(t)exp{—[G(t, T,r,)+%(a§ ~o} —ai,)—:"a(s)ds}

T D,

T

[

P

N (_dz)

| T T
_ ’ 1, 0
=S(t)EY; exp{——fias (s)ds+!Us (s)aw (s)]I{K(T)>S(T)} | E}
T \

1 T
=S ()exp|— f ~ 07 (s)ds | E? [exp[ [o,(s)aw? (S)] Ly | F ]
t

= S(t)exp —f—crf (s)ds|e

E%le'I

T T
X+(Y-Z)<In%—6(t,l‘,r; )+% ‘[ o2 (s)ds— ! [a(.s)_.;.ﬂ’(;)]d\'

=S()N(-4))
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Girsanov ¥, [EFi T Black-Scholes {hf# 5} 77 #2, & Black-Scholes A3, #&
AR M FBIBRR DI = AT AR R R R, B4R A S B 5 TSt ie 28 22 i B))
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