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Abstract

This paper discusses the standard binary tree method for European option pricing
under the Vasicek stochastic interest rate model. The article makes some transfor-
mations based on the Vasicek stochastic interest rate model, which is to simplify the
model equation by simplifying the diffusion term coefficients in the stochastic differ-
ential equations of stock price and interest rate, and transform the original model into
the standard type required for this paper. Then we construct a simple joint binary

tree to price European options, and get an iterative formula for the option price.
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m =
AL T VasicekBEHUF SEA TR MIUE N AR = R 5%. BT RN TR REREHLE

DHEETHY AR NLE, REKREERA “RER”, MWERE XK ERAREITEMN,
BEI TN RN BETER .
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1. 5|5

Louis Bacheiler [1]15 ¥ H {5 F 47 B2 2l (Brown Motion ) K 4 id &S24 4% (138 AR 1T 0, FRTE
A EHES W T RGRE TR E M A F. Black, M. Scholes [2] AT REK T —k %N (The
Pricing of Options and Corporate Liabilities) 13, 3CH $i& H BB BE S O 4% & AN T #8 5%
0} I SE AR 2 R AR B, R4 T 3 4 BIBlack-Scholes (BS) IR E i A e HIBUE M 218
kT HAA A R S Z. SR, BSA SR F AR (1R B AR AT A SEBR I T I A, X
TRAL VT 2 228 AT SR AL R 2R TR 255 7). 19735, Merton [3)4E) 1 25 F& i ) A1 BE LA
R, 19854F, Cox. Ingersoll. Ross [4]FF 1 B-SHAY b i I8 KU F 2 9 1 i (i ik, 12t
TCIRBLAL, 2009 4, XU [5)HFFL T Vasicek BEMLAI B HH—4Ebr#E Brown 1235 %= #%
J M\ F 2 Ornstein-Uhlenbeck 132 T 1) 7 B ABCHGE M i @, 20184, Xin-Jiang He HISong-Ping
Zhu (6] 78 | Heston FEHLF]ZAR T ERHHER € A X0 = AR, IR g esios 5.

T 7 0 MU 53 AL TP BLUF IO PE IR, Clox [7)%5 7 BEIR U — SUREBEA, L3R th
= XM AR Y 5 Black-Scholes X BIE &SRS, 2 JE, BRI 22 () N6 OB RR R 3 47
Ft, 0 Amin [8] , Hilliard and Schwartz [9], Derman and Kani [10]. H H1Costabile. Massabo.
Russo [11]#2H T —Fogr B ELERANIIBUE M. AEI75 [12]55 N7 8 5Z S i A0 20 Al R G AL
TR, g R T SRR,

Lo 88N [13] R JFU AR BEHURCIL B4 e i /2 FL ORI “ARuERy”, SR8 I TV s 2 R 1
BRAIIBOEA Y, ZIR A, BATR RGOy — N, 28 th i B R BON LR I A i
MU I ARG A K, i — R, BRIBATH LR bR g, 3ATA L
il = X EAT AN T RIS E M 2 3
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2. tREZ X ERBE M

T JefE Vassicel I AR FL Al A — AR 3, o SRR ASE R o () Bl AL ok R b ) BE ALY B &R
HAFRA L, HREAL R, HIRGE M T OE S A SR 5 72K A k. 1&1&@4\4\&% t+ At] 1
K RfE e AR, #EE/I\/J\IZEL, R & F MR p I BUE AR fh, X R 3R 198 & M i
PR — S T ¥

{ dS, = r,S,dt + 0S,dBy, W
dry = k(0 — ry)dt + 6dW,.

FATEB, MW, RPN —4ibnifiiBIEs), Hil R E [dB,dW,] = pdt, Hip € (—1,1) ZHA
i BE s A o< R 5.

I 2.1 Vasicekl’ijfftﬁ ERAT [14], BRI PR EMAEEFEA DK B¢ ¢+ At] L6938
FTRBERBERALN, LC, ., Ai A Fn BF FEm AT EAZEGIRNE, RABLIEHR=
A T ik AT T AT B B)\i\}i}]ﬁé’l& (IASENE

Cinm = e At 211Ci+1,n.m + P12Ci+1,n.m+1 + P21Cit1n41,m + P22Cik1 nt1,m+1, (2)
AHi=0,1,2...mn=1,2...i+1m=12...i+1.

iIEBH 2.1 /?\ f(S)g(T) = TtSt7 h(7 = O'St, hr = k((9 - Tt)

F AR
Sy = f(S)g(r)dt + hodBi, “
dr, = h,dt + 6dW;.
XM = Tt P vA
oM oM, 19°M oM i
dM =[5+ 13 o2 §°)dt + 8—5dW() (0 —r)dt +dW (1)
3220 .
M = < (60 —r,)dt + dW () @)
FEAVILh, = 5(0 — 1)
WA
dM = h,dt + dW (t) (5)
RN =8
BT VAK )
e . —(2_2
AN = [—=F(S)g(r) + 5 (—gz)hzldt + dB(t) = (7 = 5)dt + dB(t)
Ah, =% — 2 A
dN = h,dt + dB(t) (6)
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B (S, )AL A (N, M) 18]

{ dN = h,dt + dB;, o

dM = hy,dt + dW,
H A Corr(dN,dM) = pdt.

T @ HAVE L KA S RAFEIN Ao M #91E, RGBT Lk T 3 R BT ARIFS Ao 8
18, M@ fTE B M KXo
— 7 &, RV XA T AF B AT 45

E(AN) = (2p — 1)VAt.
B—Fr@, MK (7) b EAVET 540
E(AN) = h,At.

T ARG = LhuVBl Bl g = LihaVAL g Ap = T R ] B[ K A, Foh, 4o BB

WA, BAVEEL MANG Z e AL RAF B AT (N, M) 6948, RBEBLEHX R RKES for #)
1, Bp,

N=—"—"M=—=,8=e""r=0M. (8)
o 1)

R E|S For 694H, KAV T AT HAALBAT 2 M6
Api = P{N 1,M 1},p1o = P{N 1, M |},p21 = P{N |, M 1},po = P{N |, M |}

BT putpoe=p
P21+ pe=1-—p
Pi2tp=1—gq
P11 +P21 = ¢
BT AH P21 —P12=4q—DP
pi1t—p2=p+q—1
H
E[ANAM] = At(p11 — p1a — p21 + DPa22)
Cov(AN,AM) = 2At(p11 +pa2 —2pg+p+q—1)

3 _ Cov(AN,AM) _ pu1+p22—2pgtptq—1
P& COW(AN’ AM) B VVar(AN)y/Var(AM) B 2¢/p(1-p)a(1—q)

i a=+/pl-p)l-q)
P A p11 + paa = 2kCorr(AN,AM) +2pg—p—q+1

P11 =pq+ap
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prz2=p(l—q)—ap
pa1 =4q(l—p)—ap
p2=(1-p)(1—q)+ap
ISR 5 HT T VAT S
S A0 1R E9IRE RS (No o, Moo);
S EAL HRIAWEAMKES, RNEXOAKER LR T oM, 52

{ﬂmhMu> {ﬂM,wmﬂ
S(N1.17M1.—1) S(Nl.—l,ML—l)

S FE2AL WA A KRS, RANTEZIAAKREN LR FTHomR=24, »H£:

S(N2.27M2.2)7 S(NQ.()7M2.2)7 S(N2.727M2.2)7
S(Na.2, My), S(Na.o, M2.), S(Na.—o, M),
S(NQ.Q)M24—2)7 S(NQ.OvMZ.—Q)y S(NQ.—QaMQ.—2>7

S A ZIAL A (P +1)2 ARE, BAVFEE(+1)? MREREF T o (i+1) 8, 5A%:

S(Ni.is M) S(Nii—2, M; ;) S(Ni—iy2, Mi;) S(Ni.—i, M)
S(Niiy Mii—2) S(Nii—2, M) S(Ni—it2, Mi ;i) S(Ni.—iy M; i)
S(Niis M; _iy2) S(Nii—2, M _iy2) S(Ni—iv2, Mi_iy2) S(Ni—iy M; _iy2)
S(Ni.is M; ) S(Nii—2, M ;) S(Ni—iy2, M; ;) S(Ni.—i, M; ;)

BAVILC, o Ai WA Fin 8% BT 542 B H AN, BB, RNTAFHAT R
AR B s K

—rAt
Cimm =€ "' p11Cit1nm + P12Cis1.n.m+1 + P21Cit1.n4+1.m + P22Cit 141 m41)s 9)

EFi=0,1,2..n;n=1,2...i+1;m=1,2...i+1

7rAt[

Citinm=c¢ P11Ci+2.0.m + P12Ci+2.n,m+1 + P21Cit2.nt1.m + P22Cit2.n+1,m+1)5

rAt[

Cit1nms1 =€ "' p11Citonme1 + P12Cir2.nmr2 + P21Cis2 nt1,m + P22Cit2nt1,m+2],

—rAt
Citint1,m =€ "' P11Citont1m + P12Cir2nt1,m+1 + D21Citontom + P22Cito nt2,m+1]s

__—rAt
Cisvinttmt1r =€ "2 p11Civantimi1 + P12Cir2nt1.mr2 + P21Cit2nt+2.mi1 + D22Cit2 nto.m2]-
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3. II_.\-Q—E

AL ERNED NPT B ELA R ) s, i — RN R B,
M, 132 T RATIT R R “FRERL”, DL 5 B RO o A A RS S A G R B B IR
FEREHR A R, FEREAS/NX AR, T E AR E AN, BrCL BT R R R
1M 5 Wi, PR % e 7 S8 Aetl, i 5a 8 FGEUIBGE M E A MREZAE, &
SR BN R FIN N BENL AR BRSO, ARSI VESER b, R ZE AN ) & RN R LA —ME TS
BEFCRIURRR, RO 22 T LR S0 7.
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