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Abstract

The general situation of the Black-Scholes Option Pricing Model was discussed under the assump-
tion of the arbitrage-free market, and the pricing of Asian geometric average options with fixed
strike price was analyzed at any valid time. Consequently, the price formula of the Asian geometric
average options was drawn using the equivalent martingale measure and the significance of the
study was also indicated.
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1. Introduction

Asian option, also known as the average price of options, was one of the derivatives of the stock options, and
was firstly introduced by the American Bankers Trust Company (Bankers Trust) in Tokyo, Japan, on the basis of
the lessons learned from the option implementations, such as real options, virtual options and stock options. It
was a kind of exotic options, which was the most active one in financial derivative market, with the difference of
the limitation of the exercise price from the usual stock option, that is, its exercise price was the average sec-
ondary market price of the stock price implemented during the current six months.

In this paper, after the Black-Scholes [1] Option Pricing Model was fully understood, the pricing of Asian op-
tions was discussed: It was assumed that the underlying asset price was driven by the geometric Brownian mo-
tion, that is, lognormal distribution. By using the random variables with the same Second moment driven by the
lognormal distribution to approximate the arithmetic average of the underlying asset price, the approximate so-
lution of the arithmetic average price of Asian put and call option with fixed exercise price was obtained, and
the application of the equivalent martingale measure in the pricing of financial derivatives was further expanded
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2.

2. Model and Formulas

Generally, the stock market could be described as a probability space with a o -stream, that is, (Q,}", P); It
was supposed that the market could meet the following conditions:

(1) The market was an efficient frictionless market including two assets: one was the risk-free assets, known
as the bonds, whose price process was denoted by Bt,(t > 0) ; another was the risky assets, called stocks, the
price process was denoted by S, (t > 0). They satisfied the following formula separately:

ds, = uS,dt+oS,dW,°, 0<t<T 1)
B/'dB, =rdt, O0<t<T @)

where, u denotes the expectation of the yield rate, o denotes firm-value process volatility, T denotes time to
expiration of option, r denotes the risk-free interest rate and they all are constants. dW,” denotes the instanta-
neous increment of the Brownian motion under the probability measurer P at time t;

(2) Security trading is continuous and there are no transactions costs or taxes;

(3) There are no dividends to be payoff during options being held.

Definition 1 Let (Q,]—',P) be a probability space and F, < F, <---c F, be an increasing chain of o-
fields spanning F, which 7 ={®,Q} and (Wf,OstsT) be a standard Brownian motion. # be a o-
algebra of spanning W,”.

Let measures Q satisfy:

dQ tr— Te(r—uY r— 1r—u)
3 o 2o 422
dP ° o 20 o Il 2\ o

1efr—pY
and set Z, :3_2, we know that Z, is a martingale since E" exp{aﬁ(—’uj dsl <oo. Then measure Q is
o

defined a martingale measure equivalent to measure P, where EP () denotes the expectation of random varia-
ble under probability measure P [3].
Lemma 1 The dynamics of the share price under probability measure Q:

S, =S eprr—lazjt+aAWtQ} ,
2

where S denotes the share price now and AW, =W -W2, AW, ~N?(0,t).
Prove Because the share price process satisfy the formula (1), using Ito’s theorem, we have:

2
dInSI:(r—O——}dHathP, 0<t<T ®)
2
Then we get the dynamics of the share price under probability measure P:
S, =Sexp[(r—%ozjt+aAWf’} 4)

where AW,” =W,” -W7 and AW,” ~ N7 (0,t).
Let W," :Wl°+ﬁ(r_—’ujds, by definition 1 and Girsanov’s theorem we get that the random process
o

(WtQ,OStST) is a Brownian motion on (Q, F,Q) and:

AW, = dw, +(r‘—”j dt )

o
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E(Z;1,)=P?(A), VACF, 6)

where E(+) denotes the expectation of random variable in probability measure P and PQ(-) denotes the

probability of random variable in measure P, 1, is an indicator function of set A. Substituting (5) into (3), we
get:

2
dins, :(r—%JdHo-dWlQ, 0<t<T

Thus we have that under probability measure Q:
1 2 Q
S;=Sexp r—Ea t+oAW™ |.

, Y= In?T, u=r —%az, then the distribution function of (X;,Y;) is:

The proof is completed.

S
Lemma2Let X, = In?T

X+ uT 2 X+ ul +2y
PIX. >XY. > N g’ N| — 27
[ 2n, 2y =N e[

Definition 2 Using a bond as the denominated unit, B, = exp(—j;r(s)ds) was the process of the discount

factor, and S, =B(t)S(t) was the value process of discounted assets.

3. Asian Geometric Average Options Pricing

In general, for the contingent claim, the risk-neutral pricing principle [4] was obtained as followed.

Theorem 1 It was supposed that the market was arbitrage-free, so that the value of the process of any asset
V(t) attime t was:

V(t)=E° (V (T)exp(—.[tT r(s)ds)|Fl) .
Considering one bearish Asian option, its return at expiration time was: V, (t)=(K-J;)"
1,7
J = exp(?jo In Srdfj :
Under the conditions of arbitrage-free market and from Theorem 1, the price at time t was:
Vv, (t)= ( (T)exp(-| ds)|F )_ exp( L r(s)ds) EC ((K -3;) |E)

To get the specific expression of V ( ) the key was to obtain the distribution of J; under the condition
F,. Made Y :—f InS.dz,then J; =e

, where,

, and:

~ 1 t
InS(t):InSO—EIOG (s)ds+ [ o (s)dW((s)
Thereby,

InS(t)=In80+.[;(r(s)—%a jds+j s)dW((s)

Therefore,
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v=if |ns,dr:l(flns,dmflns,dz)
T 0 T %o '

=%{f;lnsrdr+f[lnSo+j;(r( —%0' S)stﬂ' s)dW (s)+ J':o-(s)d\fV(s)}dr}

1t T-t 1,7¢r 1
:?J.OInSTdT+?InSO+?L .[O(r(s)_EGZ(s)]dsdr
T—t t 1 T et
+? 0o-(s)dW(s)+?.[t joa(s)dW(s)dr
Written as:
t
= [ Ins.dr+——InS;+ H( ——0' ]dsdr+— (s)dw(s),
- 1 T 7 ~
nt—?L J.OO'(S)dW(S)dr,
Then,
J (t):eﬂt+ﬁt .
Theorem 2 7, = j j s)dr was driven by the normal distribution N (0,67),

where, &7 :TLZLT(T—S) o?(s)ds.

Note: It could be deduced from the Lemma 1.
Theorem 3 It was supposed that the market was arbitrage-free, then the price of Asian put options
V,(t)=(K-J;)" atanyvalidtime t was:

~[Tr(s)ds I K-/ 1+ "’1 I K-
v, (t)=e 0" M—ﬂ] & [ MH
O-t O-t

where, N(t) :J:O—e 2(x .

Vp (t) _ e—j!Tr(s)ds |:KN [In K~_Mj e/‘t+ & N (In K- lul ):|
O-t O-t

e*LTr(S)ds EQ (( K — efttii )+ |Ft)
2

o ITrss o ((K —en)|F, )
P

:e—ler(s)ds J-InK_ﬂt(K—eﬁﬁy) 1 —e Zétzdy
- 216,

=e_I'Tr(S)ds|:KN[In K~—[11J eﬂﬁ & (m K -4 ):|
O-t O-t
The proof was completed.

Similarly, the price of Asian call options V,(T)=(J; —K)" atanytime t could be obtained:

Prove

X=41y
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2
v 1 X
where, N(t)=| —e 2dx.
( ) 'L" N2n
Deduction 1 For Asian geometric average options, the parity relationship between call option and put option
was:

T i _,,152
V. (t)-V, ()= g k(o) {em 2t _ K} .
Deduction 2 When the interest rate r and the volatility of stock returns o2 were constant, there was:

- T 1 - T 1 T
My :InSO +E(r—50'2j, O'g =|nSO +E(r—502j:§02.
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