52055 12 AR LRREW 5k Vol.29, No.12
2009 4F 12 A Systems Engineering — Theory & Practice Dec., 2009

XE4S: 1000-6788(2009)12-0118-07

FRFSHARI S HUIAERET LA R & O-U S8 FATRT R E ik

;‘(]J Il 123 X})—zk/_f'{_ﬁ_ 23, —%igﬁ 1,3

(1. WIRR¥ TRPEREER, K 410082; 2. KRYPHETRY: SFF 5EHEN, K 410114; 3. HHEESM TR SMWE
HRFFE L, KD 410114)

B B GIANMAMNERRNBN O-U B HFTHEE, KT HELMNEA L ARET WHANE
P RIEAEFE R E RN R, R A TR KR, R8T RAFKE R R
BIAREE T RN AKX, I BT BT R EACACH T A R 2T A R R IR E R B
MR ERNAN. ", A ERERE B-S R AR T RERMLBRAN, BErd 7RIS
THRNE BS RMWER. TASRHERNTEERNTZ2TH.

9&&%‘11 7{‘*;@&1/\ Ornstein-Uhlenback 3t #2; Hull-White Uﬁfﬁiﬂ, 28 3 A A
hESES F224.7 NERIREED A

Actuarial pricing approach to Europe option and exchange option under

stochastic interest rates and O-U process

LIU Jian!23 WEN Feng-hua?3, MA Chao-qun':?

(1. School of Business and Management, Hunan University, Changsha 410082, China; 2. School of Economics and Management,
Changsha University of Science & Technology, Changsha 410114, China; 3. Financial Engineering and Financial Management
Research Center of Hunan Province, Changsha 410114, China)

Abstract This paper discusses an actuarial approach to the option pricing problem for a market model
where the interest rates are stochastic and the stock prices are driven by generalized Exp-Ornstein-Uhlenback
process. According to the definition of actuarial pricing approach, the exact solutions of the general European
option and the exchange option are obtained with the help of the related theory of stochastic differential
equation. Then the European call-put parity relation is derived naturally. Furthermore, the new prices of
European call option and the put option with continuous dividend yield are deduced from the above results.
At last, a comparative analysis of numerical simulation is made between the above-mentioned results and

the B-S pricing formula. All the results are applicable to complex incomplete markets.
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WA PR L, R BB R P AN AT DRy AR 5. 1973 48, Fisher Black 1 Myron Scholes & 3% T 3¢ 11
KU 3RS CEARCE A AR Sy Y. SO R I RIHEB R BN/ 51 T 2 41 Black-Scholes(B-
S) A, BT IAIBUEN L, e R —REEMERCR. H B-S AW PR LIER SRR/
FER_E R, IRIFA R R R B FRAR M IEZS AT, PR BRSNS, AR S ARBTRAL H al
T —EZEE. Black, Scholes fJ LAERFFRIVEN, WEVFLEEX B-S B R LA T KM EEM
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“HIE -T2 HEN KR AR, (HR R B
1998 4F Bladt il Rydberg® B4R T HIRIRE S 7k, RS 7 ke AUE LB Ry
W TFOR S 5 (FIRE, B T AR R, BTV BT TBER], 945, Se& Wi a sk, mEXHEER.
e, RERRTIEA R FMEE% O FR SR T BN REAE Ornstein-Uhlenback(O-U) 1 F2#Y
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X EREER Y B-S @ AT T BUEAH LT
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I8 — SR OB SR Y. R T ER I, — P TSRS, anfiizs; 55 —Fioh X
Re¥E T, AR, A — R &M o WM SERMRZME (Q,F, {Fi}lizo0, P).
RS RIE R S(t) BAE XAE%L O-U i 7&:
dS(t) = (u(t) — aln S(£)S(t)dt + o4 (t)S(t)dB(t), S(0) =S (1)
Hrr S >0, 0(t) MBERRIEBIR, pu(t), o5 (t) HARTERIFREPEREL, o HHEL
B FHA R (1) T2 Hull-White FJFA5HL:
dr(t) = (a(t) — b(t)r(t))dt + o (£)dW (), r(0)=r (2)
Hrpa(t), b(t) B o, (t) K t BBEVEREL a(t) BB RIRKYPFE KR SEL b(t) SRR AR EAF)
RRR T RIER, YA AR, BIR Vasicek BB o,.(t) ZRIZRAH 3.
{B(t): t >0} 5 {W(t) : t > 0} K@ IR (Q, F, {Felizo, P) EIBIRHERBIZ D), HAHER
BH p.
EX 1 RERRGLRR (S(1),¢ > 0} 78 [0, 7] L= iikass® [ 6(t)dt & Ch:
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> exp{— fo t)ydt} K, BREFBIABCA exp{— fo (t)dt}S(T) < exp{— fo t)dt} K.

B C(K,T) fl P(K,T) 53 RZRBEENHEH S(t), PATIEN K, BIHIH N T 89BE FAA BRI
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T T

<6XP {—/O 5(75)(175} S(T') — exp {—/0 T(t)dt} K) Tpi— fOTB(t)dt}S(T)>exp{—_foTr(t)dt}K}]
T T
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5138 112 BPRENLERE, Wi ~ N(0,1), W ~ N(0,1), Cov(Wi, Wa) = p, MIXHMERH IHL 0, b, ¢, d k.

ﬁ‘ E[ cW1+dW2I{aW1 +bW2>k}] . €2(C +d2+2pcd)N(ac+bd+p(ad+bc) k)
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S(t) = 5" exp {e_o‘t /Ot(u(u) - %of(u))ea“du +e o /Ot Us(u)eo‘“dB(u)}

C(K,T)=E

P(K,T)=E
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il InS(t)=e *InS +e /t (p(w) — %af(u))ea“du +e /t os(u)e*dB(u)
0 0
i) S(t) =5 " exp {e’o‘t/o (p(u) — %ag(u))ea“du + e_o‘t/o as(u)eo‘“dB(u)}
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e~ ot —at ‘ 1 2 au 1 —2at ! 2 20u
ES(t) =S¢ " exp {e [ () = got)etdut e [ odwe du}

2 S
3.1 —REXXEIRE M
R332 i — et B R IR S BRE R ARL. T AL AR 96728 R R, OB s K, $UTH
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EI 1 WRFEMEERE {S(t),t > 0} #E) 5% O-U & (1), MIFRLFEN & Hull-White F1|F AR
(2), MIBKAFE TR S B BHIAE 0 B2 R FR M E S 51 R
O(K,T) = SN(dy) — K exp {%og( eI} T)}N(dz)

P(K,T) = K exp {%a§{ — G0, T)}N(—dg) — SN(—d)
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t T T
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T
E{KGXP{_/O T(t)dt}'l(s< Tyexp {~ [ BH)AY>K exp {~ [T r t)dt})}
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/ B(t)dt = ln%() =T —1)InS + e‘“T/O (u(t) — %aﬁ( ))etdt + %e‘%T/O o?(t)e?*dt
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M e Jo AW exp {(1 —eTYIn S — efo‘T/ (u(t) — %U? (t))e'dt — %efmT/ og(t)ezo‘tdt}
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HFIRMEL (2) & Ito 4245 09 [Tr()dt = GO,T) + [ or(t)ym(t, T)AW (t).
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<:>exp{ln5’—§e 2 T/o o2(t)e* ™ dt+e T/o os(t)e dB(t)}>K-exp {—G(O,T)—/O or(t)m(uT)dW(t)}

T T
= / o ()m(t, T)AW (t) + e~ T / os(t)e**dB(t) > 1n§ - G(0,T) + ; —2oT / o?(t)e?tdt
0 0

<:>X+Y>1n%—G(0,T)+%a§
BT {Bt) :t >0} 5 {W(t) : t >0} HEXIEMERZRE (Q,F, {F o) LHPTARHERBZES), RIS
XBH XY K5 F MSLmmESHEIER, H EQ(X] = E?)Y] = 0,06% = [} o2(t)m2(t, T)dt, 0 =
e—2aT oT o2(t)e?tdt, MBI 1 A

1 T
L = E[SGXP{ - 5672QT/(J U?(t)GMtdt+Y} ' 1(X+Y>lnfs‘fG(0,T)+%o§,)}

T
= SGXP{ - %G_QO‘T/O Uf(t)e%‘tdf} 'E{ey L xiysm K -c,7)+ 402 }
= SN(dv),
I, = KeGOD. E[e_x Lixiyom Is(fg(oyTHégi)} = Kexp {%aﬁ( - G(O,T)}N(dz)
HIRABRIIGEN ARY C(KT) = SN(dy) - K exp { 0% — G(0,T) | N (da).
[ B AT AR A BRI E A=K
P(K,T) = K exp {%a§< — G0, T)}N(—dg) ~ SN(—d)
HEH 1 Z5R T A B
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C'(K,T) = Sexp { - /OT q(t)dt}N(d;) ~ Kexp {%q%( — G0, T)}N(d;)

P'/(K,T) = K exp {%agf - G(O,T)}N(_d;) - sexp{ - /OT q(t)dt}zv(_d;)
Hrr

d = In2 +G(0,T) - fo t)dt + 0% + poxoy In2 +G(0,T) — fo t)dt — o% — 0% — poxoy.
\/O'X + O'Y + 2poxoy
3.2 THHABEM

SRS — B B R IAAL, RTLAN T %7 H /8 B STEERIN & A SEiisl. BEIIAA A
TEEAH T B2 BUEAE DR A —Frge i 5 —Fge ™. e @ AR =) (Q, F, {Fi}iso, P) T, W%
SR FfRURL B8 P U A R 2 T S RERIL I8 T
S (1) = (11 (t) — o n S1(8)Sh (O)dE + o1 (1) S1 (D)ABL (), Si(0) = Sy (@)

dSQ (t) = (,U,Q (t) — (g 111 SQ (t))SQ (t)dt + g2 (t)SQ (t)dBQ (t), SQ (O) = SQ (5)
Hrr Si(t) e @« P E, oi(t) AR « P REENE, 04(t), pwa(t) Rt BIRREL o HHEL
(i=1,2). {B1(t),t > 0} Hl {Ba(t),t > 0} BIAHRRECH p.

AR T LB VERBITIE R S1(T) BIBE™ 2 MABKIAN, WATIEMEEPATINE A S2(T) M%E
771 MR 24 HACY SRR o IER, A 8T, SRy e AN, SCHATE t = 0 B
ZPHE V(0,T)

T T
V(0,T) = E[max (Sl(T) exp{ - /O ﬁl(t)dt} — So(T) exp{ - /0 62(t)dt},0)] (6)

EIR 2 SHHIE ¢ = 0 IFZIRNE V(0,T)
V(0,T) = S2N(ds) — S1N(ds)

’
7d2

\/UX + UY + 2poxoy

Hr
T T
Vi = o / o1 (e dBy (1), Yy = 02T / o3 ()2 d By (1),
0 0
T T
oy, = e_2a1T/ of(t)e* 1 tdt, oy, = e_2a2T/ o3 (t)e?*2tdt,
0 0
In g—f + 30%, + 308 — poy, oy, In g—f — 308 — 203, + poy, oy,

ds = > - ; 4=
\/ 0y, + 0y, — 2p0y, 0y,

JEBA  H A H AR RS S e e i 2 L (6) :
T
v.T) = B|(S(T)ew] _/0 Ba(t)dt} l(Sz(T)exP{_foT pattat > exp {1 Bl(t)dt})} !
T
T) exp{ —/0 B (t)dt}) ' 1(52(T) Cxp{fj‘UT ﬁz(t)dt}>51(T) cxp{*foT ﬁl(ﬁdt})}

J1—J2
BHRALE oD exp{ = i Ba(t)dt} > Sy(T)exp { = [ Ai(B)dt ),

\/ oy, + 0Y2 — 2p0y, 0y,

1>

1 T T
< exp { In Sy — Ee_zo‘QT/ o2 (t)e?2tdt + e_O‘QT/ o9 (t)e‘”tng(t)} >
0 0

1 T T
exp { InS; — e 2aT / of(t)ertdt + e~ 7 / o1(t)e*'dB; (t)},
0 0

2
S 1, 1 5
— YQ—Y1>lnsz §UY1+§UY2.
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M A Y1, Ys 5 F ML IESHIVER, H ECY)) = EQYs] = 0,03, = e 27 [ o2 (1),
03, = e7202T [V 52(1)e2etdr. HETTHGIHE 1

1 T T
Bo= Elexp{ms: - —MT/ 2(t)e* 2t dt —QQT/ DedBs(t) } - |
1 €Xp 4 o2 26 o 02( )e +e o 02( )e 2( ) 1(Y2—Y1>1n %—%Ufﬁ-ﬁ-%a@z)
= S 67%UZY2E[6Y2 . }
- 2 1 (Y27Y1>ln z; 7%a'%,1+%cr§,2)
— S,N(dy)
1 201 T r 2 21t T r t
J. :E[ {13———0“/ fe2ertqy —al/ taldBt}~ }
2 eXp o1 26 0 Ul( )e te 0 Ul( )e 1( ) 1(Y2*Y1>1n géféofﬁJr%a%,z)

= SlefénglE[e)%l s 1 L }
2 2
(Y27Y1>lns—;7§a'yl+§cryz)

— SIN(dy)
HARSZHIIRE N AR V(0,T) = SoN(d3) — S1N(ds).
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FLAER], XPFOTIERI G RIS A SN — 2 X, TR T4y PSS LA PR I 3 1 XA
B . XX RIE R T2 TR S 2 ik B8 T RIS SR g O-U L BT ARy, | Trst
BT NS BAR, BORR R SO S BRI AS, X Fg R B —F e . e L
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IFERIRT B B R R RS, T & (G 22 BE R S AT B K, 5 3 s 46 /N

% — (IR, BECEBENT: S1 = 60,7 = 2,01 = 0.18,02 = 0.25,a1 = 0.12, a0 = 0.16, p = 0.5,
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