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Abstract

We prove the white noise generalization of the Clark-Ocone formula under
change of measure by using Gaussian white noise analysis and Malliavin calcu-
lus. Let W (t) be a Brownian motion on the filtered white noise probability space
(Q, B, {Ft}o<t<T, P) and let W (t) be defined as dW (£) = u(t)dt+dW (t), where
u(t) is an Fr-measurable process satisfying certain conditions for all 0 <t < T
Let Q be the probability measure equivalent to P such that W is a Brownian
motion with respect to Q, in virtue of the Girsanov theorem. In this paper, it
is shown that for any square integrable Fp-measurable random variable,

T T . .
F(w) = Eg[F] + / Eol(D:F — F / Dou(s)dW (s)) | F] V' (1),

where Eq is the expectation under @ and DF(w) is the (Hida) Malliavin deriva-
tive. The important point in this settlement is F' does not have to be in
stochastic Sobolev space D12 C L?(P). This makes the formula more use-
ful in applications of finance. As an example, the replicating portfolio for a
digital option with the payoff X[k )W (T') ¢ D12 is calculated by using this
generalized Clark-Ocone formula under change of measure.

1 Introduction

T
F(w) = E[F] + / E[D.F | F] o W (t)dt,
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The Gaussian white noise theory has been studied for many years. It was first in-
Afterwards, it is developed by him and other researchers to
become a powerful tool in mathematical physics (see [8] and the references therein).

The first contribution to white noise theory to finance came from the work of Aase et
al. [1]. They proved that

(1.1)
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where E[F] is the generalized expectation, D;F(w) = 4€ is the (generalized) Malli-
avin derivative, o is the Wick product and W(-) is one dimensional Gaussian white
noise. This formula holds for all ' € G* > L?(P), where G* is a space of stochastic
distributions and P is the Gaussian white noise probability measure.

In particular, if F € L?(P), then (1.1) simplifies to

T
F(w) =E[F] + /0 E[D.F | F;|dW (t),

where W is one dimensional Brownian motion, D;F € G* and (t,w) — E[D.F |
Fi)(w) € L3(A x P).

The first contribution for the explicit representation of the integral in the martin-
gale representation theorem was accomplished by Clark [3]. Ocone [15] generalized
this formula by using Malliavin calculus in the context of analysis on the Wiener
space £ = Cy([0,T1]), the space of real continuous functions on [0, T] starting at zero.
Accordingly, the classical Clark-Ocone representation formula leads to:

F(w) = B[F] + /T]E[DtF | FdB(), (1.2)

where F' € Dy o, D; is the Malliavin derivative and B(t) = B(t,w) is one dimensional
Brownian motion on the Wiener space. Subsequently, Karatzas and Ocone [12] proved
that, under some assumptions, the Clark-Ocone formula under change of measure is

T T . .
F(w) = Eq[F] +/0 Eol(D:F — F/t Dyu(s)dB(s)) | Fe]dB(t),  (1.3)

where D is the Malliavin derivative defined on Wiener space and B(t) is one dimen-
sional Brownian motion under equivalent probability measure ¢). However, the main
drawback of this setting is that the Malliavin derivative only exists for F' € Dy ;.
Hence, it excludes many interesting applications in finance, such as hedging the dig-
ital options. The purpose of this paper is to extend the Clark-Ocone formula under
change of measure (Eq. 1.3) to the general case F' € L?(P). This is achieved by using
white noise theory.

In section 2, we summarize the relevant materials on Gaussian white noise analysis
and Malliavin calculus theory. These materials have already been provided and known
by many theorists but we think that it is better to have a unified approach based on
white noise theory. In section 3, we prove the relevant theorems on the stochastic
distribution spaces by using Malliavin calculus theory and use those results to prove
the Clark-Ocone formula under change of measure for the square integrable random
variables. In the last section, we apply the main result to compute the replicating
portfolio for a digital option in a Black-Scholes type market.

2 Preliminaries
In this section, we will briefly set up the notation and the terminology in Gaussian

white noise theory and Malliavin calculus relevant to the paper. For details, see [1],
[4] and [7].
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Let S(R) be the Schwartz space of rapidly decreasing smooth functions. The dual
of S(R) is denoted by S'(R) and called the space of tempered distributions equipped
with the weak-star topology. If w € S'(R) and ¢ € S(R), we set

w(¢) =< w, ¢ >

as the action of the linear functional w on the test function ¢.
Let P be the Gaussian white noise probability space defined on the set B of Borel
sets of Q = S'(R), in virtue of the Bochner-Minlos theorem. Namely, it satisfies

/ 6i<w,¢>>dp(w) _ 6'%”‘1’”%2(1&). (2.1)
S'(R)

Throughout this paper we work with the white noise probability space (2 = S'(R), B, P).
We can extend the definition of < w, ¢ > from ¢ € S(R) to ¢ € L?(R) by the isometry
(2.1) and the fact that S(R) is dense in L?(R). Therefore, it is natural to define

W(t,w) = W(t) =< w, xp0() >
where x4 belongs to L2(R) for all t and is defined as follows:

(s) = 1 if s€]0,t] orse [t,0](t <0)
XA\ =Y 0 otherwise.

Then, W (t) is a Gaussian process with mean 0 and variance t. By the Kolmogorov
continuity theorem [14] it has a continuous version denoted by W (t) = W (¢, w) which
is a Brownian motion. From now on we will work with this Brownian motion W (¢).
Note that W (t,w), t e R, w € @ = S (R) can be regarded as a tempered distribution
and for all ¥ € L?(R),

< w,h >= /zp(t) dW (t).
R
We define the filtration F; as the o-algebra generated by {W (s,-), 0 < s < t}.

Definition 2.1 Let g be a real valued function on L2([0,T|*). Then n-fold iterated
Ité integral J,{g) on the interval [0,T] is defined by

// / (ot o) AW () - - - AW (£),

where 0 <1 <ty <---<t, <T.

If ¢ is a symmetric function (i.e. ¢ € L2([0,T]")) then we define I,(g) by
I,(9) == n! J.(g). (2.2)

Theorem 2.2 (Wiener-It6 chaos expansion I)
Let F be an Fr-measurable random variable in L*(P). Then, there exists a unique
sequence { f, 12, of functions f, € L*([0,T]") such that

F= Y L)

where the convergence is in L2(P). Moreover, the following isometry holds:
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o0

| F lfepy=E[F?] =Y 0l || fa 220y -

n=0
Define
Or(w) =< w, e >= / ex(x)dW(x), weN (2.3)
R
where eg, k > 1 is the kth Hermite function. Let Z be the set of all finite multi-

indices o = (a1,q9,...,0m), where a,, € Ny = NU {0}, m=1,2,...and | a |=
o1+ g + ...+ . Define

m

H, = H ho, (Ok(w)), w e Q. (2.4)

k=1

The family { H,}aer is an orthogonal sequence that constitutes a basis for the Hilbert
space L2(P).

Theorem 2.3 (Wiener-Ito chaos expansion II)
For all F € L?(P) there exist a unique constant c, € R such that

F= Z coH,.
Moreover, the following isometry holds:
| F H%Q(P): ZOK! Co
o€l
where al = arlag!. .. am! fora= (a1, ag,...,am).
By the formula for the computation of the iterated It6 integrals in [11]|, we have as

follows:

n

L(e®*) = [ [ o (0:) = Ha, (2.5)
=1
where I,,, 0 and H, are defined by (2.2), (2.3) and (2.4) respectively. Note that,
e — e$2ed? G . . . @elm,
for o = (o, ..., o) with ® and & represent the tensor product and symmetrized

tensor product respectively. Therefore, the connection between these two expansions
is the following: If

fo = Z cae®a, n=0,1,2,...,

then

for some suitable constants c,,.
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2.1 The (Hida) Malliavin derivative and stochastic distribu-
tion spaces

Although the Wiener space is a natural space to work with, it has some disadvantages.
The drawback of this setting is that the Malliavin derivative only exist for F' € D o
and this excludes many financial applications. However, if we work on 0 = S'(R) in-
stead and follow the theory of Hida [6], then we obtain a complete agreement between
the directional derivative and the corresponding stochastic gradient (or the (Hida)
Malliavin derivative). In this subsection, we recall Hida test function and distribution
space and (Hida) Malliavin derivative. Then, we recall the space G which is con-
structed by L2?-norms with exponential weights of the Ornstein-Uhlenbeck operator
and its dual space G*. For further information about the spaces of generalized random
variables, one can see [4], [8], [9] and [16].

Definition 2.4 (i) f = > . a.H, belongs to the Hida test function Hilbert space
(S, k=1,2,... if

1 £ 12— 3 ata? 2Ny < oo,
o€l

where
(2N)* = H(Qi)ai, fora=(aq,...,an) €. (2.6)
Then (S) defined by
(S) =[S (27)
k=1

with the projective limit topology is called Hida test function space.

(i) Similarly, let (S)_q, ¢ = 1,2,... be the set of all expansions F' = Y b H,
such that
| F 2= b2al(2N)™ < oo,
o€l
where (2N)* is as in the equation (2.6). Then (S)* defined by

(8)* = [J(8)s: (2.8)

with the inductive topology is called Hida distribution space.

Definition 2.5 (i) Let F € L%(P) be a random variable and v € L?*(R) C Q be a
deterministic function. Then the directional (or Gateaux) derivative of F in the
direction of v is defined by

Flotey) = Fw)

D,F(w) = lim - , (2.9)

if the limit exists in (S)*.

(it) Suppose that there exists a function ¥ : R — (S)* such that [, ¥(t)y(t)dt
converges in (S)* and
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D, F(w) = /]R Wt )yt b for all v € IA(R), (2.10)

then we say that F is (Hida) Malliovin differentiable and DiF defined by

DiF(w) := Z—i(t,w) =¢(t,w), teR.

is called the (Hida) Malliavin derivative in (S)* or the stochastic gradient of F
att.

We now define the Wick product on the space (S)*.
Definition 2.6 I[f X = 3 a,Hy € S and Y = > ;b3 Hs € (S)*, then the Wick
product X oY of X andY is defined by

XoY =) anbs Hayp.
a,B
Define G := [ g 91, A = 0 with the projective limit topology, where Gy consists all

formal expansions
F=) I(f)

n=0

such that [| F [[3,:= 272 0n! || fo [l72¢01pm) €2 < 0c. Define G* = [Jycg G- with
the inductive topology where G_j is

o 9]
NEIE = bl fo 22 omymy €2 < o0.
n=0

By definition, G* is the dual of G. The action of Y =3 ' I.(f,) € G* on
X =3 "0In(gn) €Gis

00
< X,Y >g.o*= Zn!<fnagn)L2([0,T]”)- (211)

n=0

From the definition of these spaces we get the following continuous embeddings:

(8) = G = L¥(P) =G — (S~

3. The Clark-Ocone formula under change of mea-
sure.

In this section, we will prove the extended Clark-Ocone formula under change of
measure by using the white noise theory and Malliavin calculus techniques. First, we
prove some relevant theorems which will be used in the proof of the main theorem.

The following theorem plays a fundamental role in the proof of the main theorem.
It is showed that if F € L?(P) then D.F € G*. We also define D,F explicitly.

Theorem 2.7 Let F =3 > I.(f,) € L*(P). Then D.F € G* and is defined by
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F =Y nl1(fa(,1)). (2.12)

n=1
Proof. This is a variation of Lemma 3.10 a) in [1]. For completeness, we give a new
proof. Let F € L?*(P) and define F,, = 37" I,(f,). Then as m — oo, F,, > F

in L?(P) which implies that F,, — F in G*. By Aase et al. [1](Lemma 3.10), there
exists a subsequence I, such that D.F,, — D.F in G*, i.e.,

ZnIn 1 fn _)Dt

in G*. We want to prove that

Zn[n 1 fn Zn]n 1 fn

in G* as my, goes to infinity. Consider

1Y ahaalfalo) IE= Y (n= D || fal ) Iaqogyery €070,
N="Mmg41 =My

Integrating the both sides, we get

T o0 oo
/0 D" nlalfalo) 13, dt = D0 nnl | falst) IFagogyn e

N=M}41 N=Mk41
< K DY b fa lleqorm
n=mj11
< K| F |apy< 00 (2.13)
where K is a constant. 1

Theorem 2.8 (Product Rule)
Let F' and G be the random variables in L*(P). Then F? € G*,G* € G*, FG € G*

and
Dy(F G) = FDF + GD,F. (2.14)

Proof.  Since G* is an algebra under pointwise multiplication (see Lemma 3 in
3] for further information), and F,G € G, for A = 0, then F? € G* G* € G*,
FG e G Let F, = ) e Catly be the truncation of F' = 37 s c H, € L2(P).
Then Dy(F2) = 2 I,DF,, in G* for each n. As n — oo,

DF? = lim Dy(F?) = lim 2 F, D;F,, in G*.
Hence F D" = lim,,_« I, D¢ F,, exists in G* and we have
l)t}?2 = ZFDtF in g*

By polarization identity, we get the product rule. ]
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Theorem 2.9 (Generalized fundamental theorem of stochastic calculus)
Let u(t) = u(t,w), w € Q,t € [0,T] be a measurable stochastic process satisfying the
following conditions:

(i) El?(t)] < oo
(i) s — Dyu(s) is Skorohod integrable, for all t € [0,T]

(1ii) §(D¢(u(s))) € G*, for all t € 0,T],

where 6(+) is Skorohod integral with respect to Brownian motion. Then

Di /O ()W (s) / Dyu(s) W (s) + u(t). (2.15)

Proof.  First, let us assume that u(s) = I,(f.(.,s)), where f,(.,s) € L*([0,T]*™)
is symmetric with respect to the first n variables. Then by definition, the Skorohod
integral of u(s) is )
5(“) - n+1<fn(t17t27"' )thrl)):

where ]

falli o, o) = n—H[f"("t 1)+ Sl )] (2.16)
Then,

Dd(u) = (n+ Dla(fa ( t))
= (A DIl ) + oo fally ) + a0 0))
L (falt, -, ) -~~+fn( st ta) + a0 1)

On the other hand, by Theorem 2.7

Dtu / Dtu 6W

~ / Lo 1 (fult,5))5W (s)
= n[n(fn<7t:))>

where
fn(tb'" n— 17t7t ) [fn(t77t1)++fn(t;7tn)]

Therefore,

5(Dtu) - In(fn(ta 'atl) +ot fn<t7 ':tn))‘
Hence, Dy(6(u)) — 6(Di(u)) = u(t), which completes the first part of the proof. Next,
assume that u(s) is the infinite summation of the iterated integrals, i.e., u(s) =

Yot o I(f). Define um(s) = > oo I(fa(+, 8)), for m = 1,2,.... Then
D(0(tm)) = 0(D(tim)) + um(t),

for all m = 1,2,.... Note that the condition (iii) is equivalent to

| 6D 15, = Y n*nl |l fu lGaqoayey ¢ < o0,
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for some g > 0. Hence,

[e o]

| 6(Deu) — 6(Dyttm) ||?J:A: Z n?ol || [n ||%2([0,T]n+1) e " — 0,
n—=m-+1

as m — 0o. Therefore,
Dy(8(um)) — 0(De(tm)) + u(t)
in G* as m — oo. Since (n+ D ful-,t) = nful-,t,-) + [l 1),

2n!
n+1

2n’n!
I fr 2oy +

(n+ D fu 320y < 1

I fo 72 oy - (2.17)

Hence, by using (2.17) and assumptions (i), (ii} and (iii) we get the following for some
A> 0

I D) = Do) I, = 3= o D? ke | o Wsgoimpony
n—m-+1
o 2nn! 4
—2Xn 2
< n_zjmﬂ(nJr e [nJr 1 W 2oz
2n!
2N o Vo)
< Z 2n’nle™" || [, ”%2([0,T]"+1)
+ Z 2n! | fu ||%2([0,T]"+1)—) 0,
n=m-+1
as 1m — 0. D

Corollary 2.10 Let u be as in Theorem 2.9 and assume that il is F-adapted. Then

T T
Dt(/(; u(s)dW (s)) = /t Dyu(s) dW (s) + u(t). (2.18)

Definition 2.11 Let F =) . 1,(f.) € G*. Then the conditional expectation of F
with respect to the filtration F; is defined by

E[F | Bl = In(faXoge)- (2.19)

n=0
Note that, this coincides with the usual expectation if F € L*(P).
Proposition 2.12 If F € G* then E[F | 73] € G* and

DE[F | 7] = E[DsF | Fe]xp0,4(s)- (2.20)
Proof. Assume F =" I,(f,) € G*. Then by Definition 2.11 we conclude that,
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I E[F| Az, = Zn! I faxiorg NZ2qopmy €2

n=0
0

< Dl fa liaqoaym €7
n=0

_ 2

= | F ||G—A< 0.

By using Theorem 2.7, we get

Ds(E[F | R]) = Z"I— (fn(, S)X[Ot] X4 (s)
= ]E[DSF|.7-}] X[o,4(8)-

Theorem 2.13 (Girsanov)
Let W (t) be a Brownian motion on the white noise probability space (0 = & (R), F, P)

and (u(t))o<t<r be an Fi-measurable process satisfying fOT u?(s)ds < 0o a.s. Assume
that Z(t) which is defined by

= exp{— / s)dW (s) — %/Otuz(s)ds} (2.21)

is a martingale, for all0 < ¢ <T'. Then under the white noise probability measure Q
with density Z(T) relative to P, the process W (t) := W(t) + f(f u(s)ds is a Brownian
motion under measure Q.

From now on we also assume that u is bounded and this implies to
EZ#)! <00, VgeR,, 0<t<T.
Remark 2.14 By the boundedness property of u, Z(T) € L*(P) — G*.

Definition 2.15 Let G € G*. Then Z(T) G € G* and

E[Z(T)G | 7

Z(t)
Lemma 2.16 Let F be an Fr-measurable random variable and (u(t))o<t<r € L*(P)
be a bounded F-adapted measurable process satisfying the conditions in Theorem 2.9.

Let Z(t) be as in the Theorem 2.13. Then,

EolG | Fi] =

DUZ(T)YF) = Z(TY{DF — Flu / Deu(s)dW (s)]}. (2.22)

Proof. The proof is based on the Theorem 2.8, Corollary 2.10 and the chain rule for
the Wick product (see [4]). O

Theorem 2.17 (The generalized Clark-Ocone formula under change of measure)
Let I € L3(P)NL3(Q) be an Fr-measurable random variable. Assume that (u(t))o<i<r ¢
L2(P) be a bounded Fi-measurable process satisfying the following conditions:

(1) s — Dyu(s) is integrable, for allt € [0,T]
53



(ii) [ De(u(s))dW (s) € G*.
Let us define Z(t) as in the Theorem 2.13. Then,

T T
Flw) — Bg[F] + / Bo[(DF — F / Daul$)dW(s)) | FlAW (),  (2.23)
0
where W 1)+ fo s)ds is a Brownian motion under measure @ and Dy is the

(Hida) M al vam demmtzve

Proof. Let us define Y (¢) := Eg[F' | F] for F' € L*(Q). By Bayes’ formula (Karatzas
and Shreve Lemma 5.3. [13]),

Yty = BZ()VF|FZ7{1)
= AQ)U(®),
where 1 .
) = Z71(1) = exp / g /0 W2(s)ds), (2.24)

TVF | Fi. (2.25)

Applying the Clark-Ocone formula (Aase et al. Theorem 3.11 [1]) for the random
variable E[Z(T)F | F] € L*(P), we get

BUAT)F | ) = BAF [ EDDE) | a6,

Then, using Definition 2.15, Proposition 2.12 and Lemma 2.16 we have the following:
dY (t) = AX®)dU@) + U@y dANt) +d < X\, U >,
{Eq[DiF' | Fi] — EglFu(t) | Fi]

T
gl F / Douls)dVW(s) | F) 1 u(t)Eo[F | F}dW (1)

Integrating both sides over the interval [0,7] completes the proof. Ol
3 Application to finance

In this section, we demonstrate how the extended Clark-Ocone theorem under change
of measure can be applied in portfolio optimization. The main advantage of this
setting is that the payoff function of a contingent claim need not to be in I;, or
D,,;. We deal with the digital option where the payoff function at the maturity is
F = Xx,0)W(T)) ¢ Dy;. We consider a financial market with one risk free and
one risky asset which dynamics of prices are described by the following stochastic
differential equations under P;

(i) Risk free asset (Bond),

dSe(t) = p(t)So(t)dt,
So(0) =

~—
—_

—~
o
—_

~——
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(ii) Risky asset (Stock),

dsi(t) = p)Si(H)dt + o (t)S:(t)aw (B),
Here p(t) = p(t,w), u(t) = pu(t,w) and o(t) = o(t,w) # 0, w € Q are F-adapted
processes such that,

E[/O {l () [ + | plt) | +o*(t)}dt] < oo

Let 6(t) = 0(t,w) = (6p(t),01(t)), w € Q, denotes the number of the units invested at
time t in risk free and risky assets respectively. Assume that the portfolio, V? is self
financing, i.e.,

dVO(t) = 0o(t)dSo(t) + 01(t)dSi(t).

Note that, since the market consists of a bond and a stock which is driven by a
one-dimensional Brownian motion and there are no constraints on the portfolio, the
market is complete, i.e., every contingent claim is attainable. Let us define the market
price of risk,

p(t) — p(t)
— =2 =7 Q. .
u(t,w) = u(t) a(t) , WE (3.3)
Then by the Girsanov theorem, W (¢) t) + fo t)dt is a Brownian motion with

respect to ().

Lemma 3.1 Consider a contingent claim with payoff F, where F is square integrable,
Fr-measurable and bounded below. Let p(t), u(t) and o(t) # 0 be the stochastic
processes as in the equations (3.1) and (8.2). Assume that u be a bounded process,
defined in (3.3), satisfies the following conditions:

(i) E[u®(t)] < oo, for allt € [0,T]
(it) s — Dyu(s) is integrable, for allt € [0,T]
(iii) [ Dy(u(s))dW (s) € G*, for allt € [0,T)

Define ,
— exp{- / -3 [ w(s)ds),

for 0 < t < T. Assume that Z(t) is a martingale. Then, the number of the risky
assets in the replicating portfolio for the contingent claim is as follows,

t T A
01(t) = eJo P G=L (1) STIE G [(Dy(e~Jo POE ) — e~ fo #9)ds / Dyu(s)dW (s)) | F].
t

Proof.  The proof is based on the fact that the discounted value process of the
replicating portfolio is a martingale under equivalent measure ) and Theorem 2.17.
Define the discounted value of the portfolio U?(t), Vt € [0,T],
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UP(T) = e~ [ Pdsy/8(TY — O(0) + / ! e~ Jords g (1), (S (AW (£).  (3.4)
0

If we apply the generalized Clark-Ocone formula under change of measure for U%(¢),
then we get that:

T T

UT) = EQ[UO(T)H/ EQ[(DtUG(T)_UO(T)/ Dyu(s)dW (s)) | ] dW(t). (3.5)
0 t

Comparing the terms in the equations (3.4) and (3.5), we obtain the result. O

Remark 3.2 In particular, if we have a constant p and deterministic functions u, o in
Lemma 8.1, then u as defined in (3.3) is a deterministic function. Hence, Dyu(s) = 0,
for all 0 <t < T and

01(t) = e PT0671(t) ST EQ[D: F | F).
Consider a contingent claim, a digital option, which has a payoff at the maturity
F= X[K,oo)(W(T))a (36>

where K is the exercise price. We use the Donsker delta function in order to calculate
Eq[D:(X(k,00) (W (T')))|F:]. For more information about the Donsker delta function,
see [2].

Definition 3.3 LetY : Q) — R be in G*. Then the continuous function

y():R—=G"

s called the Donsker delta function of Y if it has the following property,

/Rf(y)éy(y)dy =f(Y) as.

for all measurable function f: R — R such that the integral converges.

Theorem 3.4 Let p be a constant and u(t)o<i<r as defined in (3.3) be a deterministic
function such that E[u?(t)] < co. Then, the number of risky assets in the replicating
portfolio for hedging digital option with payoff x(k,.o)W (T') is

(K -W(@)*
STcr e SRCY

Proof. Note that, F = X(k,«)(W(T)) € L*(P). Hence, by Remark 1, the number of
risky assets in the replicating portfolio is as follows:

0u(t) = e T2 (T — )7 201 () ST (t) exp{—

01(t) = =10~ () ST B [Dexi,0) (W (T)) | Fi]- (3.8)

It remains to find Eq[Dix[k,.0) (W (T')) | 7] by using Donsker delta function. Let f(y)
and Y (t,w) be as in Definition 3.3. Take f(y) = X[x.c)(v) and Y(T) = W(T'). Then
by Theorem 3.4 in [2],

X V(D) = [ " onT) 2 exp (=W ID)Ty

K 2T
Using the chain rule for the Wick product, we get
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Dt(X[K,oo)(W(T))) _ /:’(%T)_l/g exp{—(y - T;[;(T))o }<> y— YVE/(T)
- (27TT)_1/2 exp{_ (K — Z(T))O }

Let ¢ be the Wick product with respect to Q. Then by the fact that ¢« = & ( Hu and
(ksendal Lemma 3.21 [10]) and the properties of Wick product, we have

BolDixican W) | 7] = EqleaT) ™ expi(— =) | 7,
— (2rT) 2 Bglesp(- H WDl )
_ (2WT)_1/26Xp{——([;&Mj(;))2}.
O
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