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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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2. IO��ä�{Ï�½d

Äk3Vassicek|Ç�.Ä:þ�Ñ�
C�§ò�©�.¥��ÅL§¥��Å*Ñ�X

ê�Üz�1"#�.¥§Ï�½d�±ÏLéÜ��ä�{5)û"b�z��«m[t, t+ ∆t] �

�Ý´ð½ØC�§¿�3z��«mþ§��Äþ,VÇp���Cz"ù«�{·�r§��

IO��ä�{" {
dSt = rtStdt+ σStdBt,

drt = k(θ − rt)dt+ δdWt.
(1)

·��Bt ÚWt ´ü���IOÙK$Ä§�÷vE [dBtdWt] = ρdt, Ù¥ρ ∈ (−1, 1) ´ü�

ÙK$Ä��'Xê"

½n 2.1 Vasicek�Å|Ç�.e [14]§b���ä¥�¦d�3z��«m[t, t+ ∆t]þ�O

þÚ~þ´�½ØC�§PCi,n,m ´i ��1n |¥1m �!: ��Ï�d�§@oÏLC��

�ä�{·��±��îªÏ��½dúªµ

Ci,n,m = e−r∆t[p11Ci+1,n,m + p12Ci+1,n,m+1 + p21Ci+1,n+1,m + p22Ci+1,n+1,m+1], (2)

Ù¥i = 0, 1, 2 . . . n;n = 1, 2 . . . i+ 1;m = 1, 2 . . . i+ 1.

y² 2.1 - f(S)g(r) = rtSt, hσ = σSt, hr = k(θ − rt)

¤±k {
dSt = f(S)g(r)dt+ hσdBt,

drt = hrdt+ δdWt.
(3)

½ÂM = rt
δ
¤±

dM = [
∂M

∂t
+
∂M

∂rt
hr +

1

2

∂2M

∂r2
t

δ2]dt+
∂M

∂rt
δdW (t) =

k

δ
(θ − rt)dt+ dW (t)

Ïdk

dM =
k

δ
(θ − rt)dt+ dW (t) (4)

·�Phm = k
δ
(θ − rt)

Kk
dM = hmdt+ dW (t) (5)

½ÂN = lnS
σ

¤±k

dN = [
1

σS
f(S)g(r) +

1

2
(

1

−σS2
)h2
σ]dt+ dB(t) = (

St
σ
− σ

2
)dt+ dB(t)

-hn = St

σ
− σ

2
Kk

dN = hndt+ dB(t) (6)
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ò(S,r)=z�(N,M)�m {
dN = hndt+ dBt,

dM = hmdt+ dWt

(7)

Ù¥Corr(dN, dM) = ρdt.

e¡·�ÏL¦)��ä5��N ÚM ��§,�ÏLþãC���¼ê�±¦�S Úr �

�§?��Ï��½dúª"

��¡, ·�l��ä¥�±��±e(J:

E(∆N) = (2p− 1)
√

∆t.

,��¡, lª(7) ¥·�����:

E(∆N) = hn∆t.

�±)�p = 1+hn

√
∆t

2
, Ón, q = 1+hm

√
∆t

2
. Ù¥∆t = T

n
´�mm��Ý,hn Úhm Xþ¤«.

y3§·�ÏLMÚN���ä�.��z�!:(N, M) ��§,�ÏLC�'X5é�S Úr �

�§=§

N =
lnS

σ
,M =

rt
δ
, S = eNσ, r = δM. (8)

é�S Úr ��, ·�Ò�±éÏ�?1½d"

�p11 = P{N ↑,M ↑}, p12 = P{N ↑,M ↓}, p21 = P{N ↓,M ↑}, p22 = P{N ↓,M ↓}

du p11 + p12 = p

p21 + p22 = 1− p

p12 + p22 = 1− q

p11 + p21 = q

¤±k p21 − p12 = q − p

p11 − p22 = p+ q − 1

�

E[∆N∆M ] = ∆t(p11 − p12 − p21 + p22)

Cov(∆N,∆M) = 2∆t(p11 + p22 − 2pq + p+ q − 1)

¤± Corr(∆N,∆M) = Cov(∆N,∆M)√
V ar(∆N)

√
V ar(∆M)

= p11+p22−2pq+p+q−1

2
√
p(1−p)q(1−q)

P a =
√
p(1− p)q(1− q)

¤± p11 + p22 = 2kCorr(∆N,∆M) + 2pq − p− q + 1

p11 = pq + aρ
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p12 = p(1− q)− aρ

p21 = q(1− p)− aρ

p22 = (1− p)(1− q) + aρ

lþã©Û�±��:

S 30 ���G�´S(N0.0,M0.0);

S 3∆t ��ko�G�§·�òùo�G�lþ�e©¤ü|§©O´:{
S(N1.1,M1.1)

S(N1.1,M1.−1)

{
S(N1.−1,M1.1)

S(N1.−1,M1.−1)

S 32∆t ��kÊ�G�, ·�òùÊ�G�lþ�e©¤n|§©O´:
S(N2.2,M2.2),

S(N2.2,M2.0),

S(N2.2,M2.−2),


S(N2.0,M2.2),

S(N2.0,M2.0),

S(N2.0,M2.−2),


S(N2.−2,M2.2),

S(N2.−2,M2.0),

S(N2.−2,M2.−2),

S 3��i∆t k(i+ 1)2 �G�§·�òù(i+ 1)2 �G�lþ�e©¤(i+1) |§©O´:



S(Ni.i,Mi.i)

S(Ni.i,Mi.i−2)

· · ·
S(Ni.i,Mi.−i+2)

S(Ni.i,Mi.−i)



S(Ni.i−2,Mi.i)

S(Ni.i−2,Mi.i−2)

· · ·
S(Ni.i−2,Mi.−i+2)

S(Ni.i−2,Mi.−i)

· · · · · ·



S(Ni.−i+2,Mi.i)

S(Ni.−i+2,Mi.i−2)

· · ·
S(Ni.−i+2,Mi.−i+2)

S(Ni.−i+2,Mi.−i)



S(Ni.−i,Mi.i)

S(Ni.−i,Mi.i−2)

· · ·
S(Ni.−i,Mi.−i+2)

S(Ni.−i,Mi.−i)

·�PCi,n,m ´i ��1n |¥1m�!: �Ñ�Ï�d�§��§·��±��±eîª

Ï��½dúªµ

Ci,n,m = e−r∆t[p11Ci+1,n,m + p12Ci+1,n,m+1 + p21Ci+1,n+1,m + p22Ci+1,n+1,m+1], (9)

Ù¥i = 0, 1, 2 . . . n;n = 1, 2 . . . i+ 1;m = 1, 2 . . . i+ 1

Ci+1,n,m = e−r∆t[p11Ci+2,n,m + p12Ci+2,n,m+1 + p21Ci+2,n+1,m + p22Ci+2,n+1,m+1],

Ci+1,n,m+1 = e−r∆t[p11Ci+2,n,m+1 + p12Ci+2,n,m+2 + p21Ci+2,n+1,m + p22Ci+2,n+1,m+2],

Ci+1,n+1,m = e−r∆t[p11Ci+2,n+1,m + p12Ci+2,n+1,m+1 + p21Ci+2,n+2,m + p22Ci+2,n+2,m+1],

Ci+1,n+1,m+1 = e−r∆t[p11Ci+2,n+1,m+1 + p12Ci+2,n+1,m+2 + p21Ci+2,n+2,m+1 + p22Ci+2,n+2,m+2].
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