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It6 formula for the infinite-dimensional
fractional Brownian motion

By

Ciprian A. TUDOR

Abstract
We introduce the stochastic integration with respect to the infinite-
dimensional fractional Brownian motion. Using the techniques of the
anticipating stochastic calculus, we derive an Itd formula for Hurst pa-
rameter bigger than %

1. Introduction

The fractional Brownian motion (fBm) B" = (B{)icj,1] is a centered
Gaussian process, starting from zero, with covariance

R(t,s) = %(t% + 82 — |t — 52

for every s,t € [0,1]. The parameter h belongs to (0,1) and it is called Hurst
parameter. If h = % the associated process is the classical Brownian motion.
The process (Bf)te[o,u has stationary increments and it is self similar, that is,
B!, and o" B} have the same distribution for all & > 0. These properties make
the fBm a candidate as a model in different applications (like network traffic
analysis or mathematical finance). Therefore a stochastic calculus with respect
to the fractional Brownian motion was needed. Let us briefly recall the two
principal directions considered in the fractional stochastic integration.

e a first approach is the anticipating (Skorohod) stochastic calculus and the
white noise theory. This approach has been used in e.g. [2], [5] or [6]
among others. An Itd’s formula involving the Skorohod (divergence) in-
tegral has been proved. Note that for small Hurst parameters one need
an extended divergence integral (see [4]).

e the pathwise integration theory has been considered in e.g. [8], [18] or [1].
An It6 formula has been proved also in this case and stochastic equations
in the Stratonovich sense driven by the fBm has been considered. Again,
a generalized integral was needed for small Hurst parameters.
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A natural extension of this problems is to develop a stochastic calculus
with respect to a Hilbert space-valued fBm. Recently, the infinite dimensional
fBm has been considered by several authors as a driving noise in the study of
stochastic evolution equations. We refer, among others, to [7], [9] or [16]. Note
that the stochastic integrals with respect to the infinite dimensional fBm ap-
pearing in these papers are only Wiener integrals. Our aim is to introduce the
stochastic integration of non-deterministic integrands with respect to a Hilbert-
valued fBm and to obtain an It6 formula in the Skorohod sense. Our work is
motivated, on one side, by the recent development of the stochastic integration
with respect to Gaussian (and even more general) processes and on the other
side, by practical aspects. For example, we believe that a such stochastic inte-
gration could open the door to a further study of the connection between the
ordinary and stochastic fractional calculus. Let us recall that, in the case of the
infinite dimensional Wiener process, the last term appearing in the It6 formula
(the “trace” term, see e.g. [15]) corresponds to the Kolmogorov equation asso-
ciated to the infinite dimensional Ornstein-Uhlenbech process. See [15, Section
9] for details. This provides an intimated connection between the theory of the
infinite dimensional diffusions and the theory of partial differential equations
with concrete practical applications such that e.g. the wavefront propagation.
In the case of the Hilbert space-valued fBm the last term is the one we could
expect (see Section 4 below) and this seems to be related to the fractional
Kolmogorov equation which is a reaction-diffusion equation with a fractional
diffusion operator (see [3] and [12] for the definition and applications). We
plan a more detailed study of the connection between (deterministic) fractional
calculus and the stochastic calculus with respect to the infinite dimensional
fBm.

Our approach extends, on one hand, the results of [10] in the case h = %
and, on the other hand, the results of [2] in the one-dimensional fBm case. We
mention that the passage from the one-dimensional to the infinite dimensional
case needs new techniques; for example the methods used in [2] to prove the
It6’s formula are not directly applicable to the Hilbert-valued situation; the
difficulty comes from the fact that the proof in [2] is based on a specific one-
dimensional duality relation between the Skorohod integral and the Malliavin
derivative. We prove here that, in the Wiener case, the approach of [15] to
define stochastic integrals on Hilbert spaces and the method of [10] lead to the
same integral and we take advantage from this fact. The method that we use
to prove the It6’s formula for h > % is the classical Taylor expansion.

Our paper is organized as follows: Section 2 is devoted to recall the basic
notions of the stochastic calculus of variations with respect to the Wiener pro-
cess and fractional Brownian motion. In Section 3 we present the construction
of the adapted and non-adapted infinite-dimensional stochastic analysis and we
study the relation between different approaches. In Section 4 we introduce a
fBm B" in a Hilbert space and we obtain an Ité formula.
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2. Preliminaries

2.1. Malliavin Calculus

Let T = [0, 1] the unit interval and (W;)ier the standard Wiener process
on the canonical Wiener space (2, F,P). We will denote by S the class of
Brownian functionals of the form

(1) F:f(WtU"'aWt)

n

where f : R® — R is an infinitely differentiable function such that f and all
its derivatives are bounded and t1,...,t, € T. The elements of S are called
smooth random variables and form a dense subspace of L2(2).

The Malliavin derivative of a smooth functional F' of the form (1) is the
stochastic process {DyF;t € T'} given by

ox;
i=1 v

DtF: (Wtu'"ath)l[O,ti](t)? tET

More generally, we can introduce the k-th derivative of F' € S by Dt(i).__,th =
‘DtlDtQ tee Dth.

Consider now V a real and separable Hilbert space and Sy the class of
the smooth V-valued random variables that can be written as F' = Z?Zl Fjv;
where F; € § and v; € V. We shall introduce the derivative of F' € Sy as

n
(2) DsF:ZDst®Uj , Vs eT.
j=1

This operator is closeable from LP(Q; V) into LP(T x Q; V) for any p > 1 and
it can be extended to the completion of Sy, denoted D¥?(V), with respect to
the norm

k
IEIR oy = EIFIY + D EIDVFIL gy,
j=1

The adjoint of D, called the Skorohod integral and denoted by 4, is char-
acterized by the duality relationship

E(5(u), F)y = E(DF, U>L2(T)®V
for all F € Sy, if u belongs to Dom(d) (the domain of the operator §), where
Dom(8) = {u € L*(T x % V)/[E(DF,u)r2(r)v | < Cl|Fllz2(05)}-

We will need the following property of the Malliavin derivation in Hilbert spaces
(see [13])

(3) (DaF)(x) = Da(F(2))
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if U,V are two Hilbert spaces, F is a random variable taking values in L(U, V),
reUand aeT.

2.2. Fractional Brownian motion

Let B = (Bi)ter be the fractional Brownian motion (fBm) with Hurst
parameter h € (0,1). We will omit in this section the superindex h. We
know that B admits a representation as Wiener integral of the form B; =
fot K(t,s)dWs, where W = (Wy)ier is a Wiener process, and K(t,s) is the
kernel (see [2], [5])

_1 t
K(ts)=cn(t—s)"" + 5" F () |

¢, being a constant and Fy (2) = ¢ (3 — h) |,
This kernel satisfies the condition

1

(4) %{(t,s):ch (h;) (;)Th (t— s)"— 3.

We consider the canonical Hilbert space of the fBm H as the closure of the linear
space generated by the function {1j9 4,t € T'} with respect to the scalar product
(10,95 1[0,s])% = R(t,s). Then the mapping 1oy — B; gives an isometry
between H and the first chaos generated by {B;,t € T} and B(¢) denotes the
image of a element ¢ € H.

We recall that , if ¢, x € H are such that [, [, [#(s)||x(t)[t — s[> 2dsdt <

00, their scalar product in H is given , when h > %, by

(5) (6, X)3 = h(2h — 1) /0 /0 (s)x (D)t — s[2h—2dsdt.

We can introduce a derivation and a Skorohod integration with respect to
B. For a smooth H-valued functionals F' = f(B(p1),...,B(p,)) with n > 1,
feCPR™) and @1, ..., ¢, € H we put

p8(F) =3 2L (Boy)..... Blon)e,.

and DB F will be closable from LP(Q) into LP(€2;H) for any p > 1. Therefore,
we can extend D to the closure of smooth functionals le_;;p with respect to
the norm

k
1FI2 s = EIFP + 3 (DO FIL 0.
j=1

Consider the adjoint 6% of DB. Tts domain is the class of u € L?(£2;'H) such
that

E[(DPF,u)y| < C||F||; for all F € Dy’
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and 07 is the element of L?(Q) given by
E(68(u)F) = E(DPF,u)y for every F smooth.

The following relations will relate the derivation and the Skorohod inte-
gration with respect to W and B.

(i) DP? = DNP, and KfDBF = DF, for any F € DFP.

(ii) Dom(68) = (K7)~" (Dom(8), and 6B (u) = §(K;u) for any H-valued
random variable u in Dom(§7), where

1
() (K1) = [ o) 5 sl

We have the integration by parts formula, provided that all terms have sense,

(7) F6B(u) = 6B(Fu) + (DPF,u)y.

Throughout this paper, we denote by || - ||zs the Hilbert-Schmidt norm.

3. Infinite-dimensional stochastic analysis

Consider T the unit interval and let U be a real separable Hilbert space. We
consider @ a nuclear, self-adjoint and positive operator on U (Q € L1(U),Q =
Q* > 0). It is well-known that @) admits a sequence (\;);>1 of eigenvalues
with 0 < A; \, 0 and 221 A; < oo. Moreover, the corresponding eigenvectors
(ej)j>1 form an orthonormal basis in U.

A process (Xt):er with values in U is called Gaussian if for every ¢1, ..., 1,
€ T and uy,...,u, € U the real random variable Z;;l (uj, X;,)u has a normal
distribution.

We define the expectation mx of X as mx : T — U,mx(t) = E[X,] and
the covariance Cx : T? — Ly(U) by, for every s,t € T, (Cx(t,s)u,v)y =
E[(X: — mx(t),v)u{Xs —mx(s),u)v].

Definition 1. We call (Wy);er a @Q-Wiener process for the filtration
Fs if W is a U -valued process and the following properties hold:

i) Wy = 0 and W has continuous trajectories.

ii) For every s < t, Wy — Wy is independent of Fy and W, — W, €
N(O, (t —5)Q).

We have equivalent definitions for a Q-Wiener process (see [17]).

Theorem 1.  Let (Wy)ier a U-valued process such that Wy = 0 and
W has continuous trajectories. The following are equivalent:

i) Wy is a Q-Wiener process.

il) Wy is a centered Gaussian process with covariance

Cwl(t,s) = min(t, s)Q.
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ili) There exist real and independent Brownian motions {(B;(t))ter)}j>1
such that

(8) Wi =2 VAibBi(t)e;

Let H be another real separable Hilbert space with (hy); an orthonormal
system in H and put Uy = Q2 (U) C U. We endow Uy with the norm

lello = 11Q2 (w)l|o-
Then (Up, || - [lo) is a separable Hilbert space and (,/Aje;);>1 is a orthonormal
basis in Uj.
For a Ly(Uy; H)-valued, adapted process with E (fol ||<I>s||%isds) < 00, the
1t6 stochastic integral of ® with respect to W is defined as being the H-valued
process (I®(t))ier given by

(9) I°(t) = > NIF()

with B
‘i) = t e . . S
Q(ﬂ—Z;(A<%3JwM@(Ohk

and the two series above are convergent in L?(Q; H), uniformly on 7. Note
that I? is a martingale on H (see [15] or [17] for the definition).

We will also recall some notions of the non-adapted stochastic calculus with
respect to W following [10]. A different construction, based on chaos expansion,
was given in [11]. A Malliavin type derivative operator and a Skorohod integral
with respect to the infinite-dimensional Brownian motion (W;):er has been
introduced in [10] as follows. For h € L?(T;Up) and if W is given by (8) we
denote by W(h) = fol h(s)dWy the random variable

(10) ‘wm:Zh@%vmmmW@@.

Jj=1

Note that the above quantity (10) is a well-defined random variable in L?(Q)
since for every h € L?(T;Uyp)

E (W(h))* = Z/O (h(s), V/Aje;)t, ds

j>1
1
ZAHMﬁ&@:Mﬁw%y

Consider Sy the subspace of L?(Q; H) of smooth functionals

F=Y"f(W(hp1), ..., W(hpn, )y
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where m,nq,...,nm €N, k1,...,ky € H, f, € C°(R™) forallp=1,...,m
and h,; € L*(T;Up) for all i = 1,...,n,. Then the derivative of F is the
L?(Uy; H)-valued process {D,F;t € T} with

m MNp

D =305 W) Wil )y @ 10,

p=1i=1

The operator D can be extended to the closure of Sy with respect to the norm

1
IFI2, =E|F|% +E / IDLFI2, 0,5

We define the Skorohod integral §(®) of a process ® € L2(T x Q; Ly(Uy; H))
as being the H-valued random variable §(®) characterized by the following
duality

(11) B(F, (D)) = IE/O (D F, &) sds

and this operator is well-defined on the set of processes ® € L?(T'x€); La(Up; H))
such that

1
E/ (DyF, ®,)gsds SOHF||L2(Q;H)~
0

When W is a real one-dimensional Brownian motion, the operators D and &
coincide with the ones defined in Section 2.1.

We denote by LV2@(H) the Hilbert space of processes ® belonging to
L3(T x ; La(Up; H)) with the norm

1 1 1
|0]2,, =E / |®.]3gds + E / / | Do, |3 gdads.

By [10, Prop. 3.2.], this space is included in the domain of 4.

Remark 1. Observe that L“>@(H) can be defined also as the class
of stochastic processes (®s)ser with values in Lo(Up, H) such that &, €
DY2 (Ly(Uy, H)) for every s € T and

1
(12) Z)\jJE/ | ®se;|3ds < oo
i>1 0
and
1 1
(13) Z)\]E/ / (Da®,)e;]|4dads < .
i>1 0 0

The next result shows that the Skorohod integral of [10] can be defined,
for enough regular non-adapted integrands, in the same way as the It6 integral

(9).
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Proposition 1.  Let ® € LY'2%(H). The following properties hold:
i) For every j > 1, the following series converge in L?(Q; H)

1
(14)  SP=> (/ <q>sej,hk>Hdﬁj(s)) hi and S* =" \/A; S
E>1 N0 j>1
ii) S® coincides with the Skorohod integral §(®) given by (11).
Proof. 1) We note first that the real Skorohod integral exists. Indeed,

1 t 1
1
E/ (Bgej, hi)hds < [ || ®sej|3ds < —E/ § Al ®se;l|Fds < o0
0 0 AiJo i>1

/ / w(®sej, hi) )’ dads = E / / o(®se;), hi)Fdads
= E/ / (Do ®s)ej, hi)}dads < IE/ / (Do ®s)e; |3 dads < oo.
0 0 0 0

We will use the notation (®se;, hy)y = ®;x(s). The series (14) converges in
L?(2) because

EHZ/ 5 (5)d85 (5 |2 = ZE(/ ()48, (s >)2
ng:E/O <I>j7k(s)2d$+zk:E/O /O (Do®; 1 (s))2dads.

and this is finite since
ZE/ k(s dsf / | ®s e]HHds<oo
k>1
and
1,1
ZIE/ / (Da®;k(s))*dads = E / / [(Da®s)e; |7 dads < oo.
k>1 0

Concerning the second sum in (14), we observe first that, for j # I,
E[S$(t)S"(t)] = 0 and then, due to the nuclearity of @

Ell Y VST @OIE =Y NEST (1) < [|1]7120 < oo
i j

ii) The next step is to prove that, for ® € L1?>% and F € Sy, S® and F
satisfy the duality relation

1
(15) E(S® F)y = E/ (B, D, F)psds.
0
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For simplicity, take F' = f(W(h))u, with h € L*(T;Up) and v € H. We have

(16) D.F = f(W(h))h: ® u.
Therefore it holds

(DoF, @) Ly 0,1y = Z)xj<(DsF)(ej), ®,e;) i
= i&(f’(w(h))(hs ®u)(e;), Psej)m
= iA;—f’(W(h)NhS, )t {11, ®se;) 1
On the other hand J

B P = 3 VAR ([ (s e d(9)) FOW 00 i

jk>1
-3 VA ([ LWy @aesutas ) (it
-3 VA ([ irtwmie.es wuds).

where D7 denotes the Malliavin derivative with respect to the Brownian motion
B;. Thus the duality follows observing that

DI f(W(h)) = f'(W(h)) DLW (h)) = f'(W(h)\/Aj(hs; ),
The relation (15), implies that ® belongs to Dom/(d) and thus LY?% C Dom(8)
and S? coincides with §(®). O
4. Infinite-dimensional fBm and It6 formula
With the notation of Section 3 we introduce a fBm B” on U as follows.

Definition 2.  We say that the U-valued process (B}');cr is an infinite-
dimensional fractional Brownian motion (or a Q — fbm ) if B" is a centered
Gaussian process with covariance

Cgr(t,s) = R(t, $)Q.

Proposition 2.  B" is a Q — fBm if and only if there exists a sequence
(5?)1'21 of real and independent fBm such that

(17) Bl =Y /A8 (t)e;

Jj=1

where the series converges in L*(Q;U).
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Proof.  We refer to [7] or [9] for the fact that >~ | /X B} (t)e; is a fBm in
the sense of Definition 2. Conversely, let B" be a centered Gaussian process on
U with covariance R(t, s)Q. Put ﬁjh(t) = ﬁ(Bf, ej)u. Then /th is a Gaussian
process since

n n o
h h l
> Bl t) =) (B, ——=e¢;)
— J 1 )\]

=1

for every ai,...,a, € R and t1,...,t, € T. Moreover, for every 4,5 > 1,
s, t € T, we have

1
oY

E (8!(5)8)(1)) = —==E ((BL, e:)u (Bl e;)ur) = R(t, 5)3i;
and it implies that E (87 (s)B!(t)) = R(t,s) and for i # j, the random variables
B(s) and ﬂ]h(t) are uncorrelated, thus independent. We finish the proof by

noting that the sum .-, \//\jﬁ?(t)ej converges in L?(Q;U). O

Remark 2. Note that the process B" always has a continuous version
(see [15, Prop. 3.15.]).

Remark 3. When the covariance operator () is not nuclear we can still
introduce an infinite dimensional fBm with covariance . As before, let U real
separable Hilbert space and @ € L(U), Q@ = Q* > 0 (Q is not necessary nuclear,
in particular ) may be the identity operator). Let U; D Uy be an other real
and separable Hilbert space and (g;); an orthonormal basis in Uy such that
the mapping J : (Uy, || - [lo) — (U1, | - ||1) is a Hilbert-Schmidt operator, i.e.
2oi>1 l7g;l|3 < oo. Consider the operator Q1 = JJ* : Uy — U; which is
nuclear, positive and self-adjoint and let (6}’)]-21 be real and independent fBm
with h € (0,1). Then the U;- valued process

(18) B = (Jg;)Bi(t)

i>1
is an Q1 — fBm, provided that the series (18) converges in L?(2).

Let us fix h € (0,1) and consider D};Z’Q(H ) the class of processes ® with
values in Ly(Up; H) such that

2
> NE [ @eglllly, < oo
i>1

and

S ONENDR)e; | l[355, < oo

jz1
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Definition 3.  If B” is an infinite dimensional fBm in the form (17) and
® is a process in the space D};Q’Q(H), then we define

(19) /01 O, dB! = \/NT(®)

Jj=1

(20) 1) = 3 ([ s hi)as) ) e

k>1

As in the proof of Proposition 1, one can show that the sums (19) and (20) are
finite for ® € D};Z’Q(H).

We prove now the It6 formula for the U-valued fBm with nuclear covariance

Q.

Theorem 2.  Let (B")cr a U-valued fBm with h € (2,1) and let F :
U—R,FeC}U) such that F', F" are uniformly continuous. Then it holds

t t
F(B?) = F(0) —1—/0 F’(BZ)dBZ + h/o FN(BZ)SZh_ldS

where the last term is defined as

t t
/F"(BZ)SQh*lds :22/\]-/ F"(B")(e;)(ej)s*h " Lds.
0

0 §>1

Proof. Letm:0=1tg<t; <---<t, =1denote a partition of the interval
[0,t]. We write the following version of the Taylor formula in the differential
calculus

tiy1

n—1
F(B})=F(0)+ > F/(B})(B}  —B})
1=0

_BZ)

tit1

n—1
1 —
+3 2 F(B")(B],, - BL)(BL
i=0

where P;hti is located between BZ_ and BZH. Using the definition (17) of B"
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and the linearity of F'(z), we obtain

FBY) = F0)+ Y FBY) [ 3 VA tir) — B2 (t)e;
i=0 i>1

n—1
1 —
+§ § F/I(Bhtz)( tir: - Bh )(Bhl_'.l - Bgl)

+Z\/_Z (1) = ) (1) F'(B.)(¢;)

j>1

+= ZF” (B",,)(B!

tit1

- B} )(B}

tit1

~-B}).
By the integration by parts formula (7), it holds

F(B})=F0)+Y_ \/’ZW (Lt (DF(BL)e))

j>1
n—1
+Z \% Z JF/ Bh ( j)’l(ti,ti+1](')>7‘l
j>1
+3 ZF” (B".)(Bf,, - BL)(Bf,, ~B})

where 67 and D"J denotes respectively the Skorohod integral and the
Malliavin derivative with respect to the real fractional Brownian motion th.
Since, by (3)

DMIF' (Bl ) (e;) = F"(BL ) DB (¢)),

DY/B}, = Z VADEIBE () er = v/ Aj 10,0 (@

k>1

we will have

FB)=FO)+)_ VX Z S CRIO Tl /1))

j>1
+> N Z(l(o,ti]a Ly tin )1 F" (BE) (e5)(e5)
j>1 =0
1 _ —
+5 Z F"(B",)(B] , —B})(B] , —B}).

Notice that, if R(t) := R(t,t),

1 1
(Lo,ts]s Lita i) m = R(tis tiyr) — R(t;) = 2(2255 —t7") - 5 (tis1 = t:)*"
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and, therefore, the last sum becomes

F(B!) = +Zfzw (Lt OVF (BL)(e))

j>1
1
52N Z F"(BY,)(ej)(¢j) (Resyy — Ru;)
j>1 i=0
n—1
1
—5 2N D F (B (e)(e)) (tipr — )
j>1 i=0

4= ZF” (B",,) )(By, —B)(B]

fo —BL)
= F(0)+T1 + T +T5 + Ty.
Step 1: We regard the stochastic integral term
(21) >V Z 6" (L0 (VF'(BL)(e5)
j>1

and we will show its convergence to

S VA" (F (B e 10.0( Z\/_/ F/(B")(e)dA! (5)

j>1 j>1

in L2(Q2) as 7| — 0. First, we prove the L?(Q) ® H-convergence to 0, as || — 0
of the sum

Y L) (FBL) — FBD) (e)).
=0
We compute
Zlu wal(s) (F/(BL) = F'(BY)) (¢)
H

=E <X_: l(tz"tiﬂ](s) (F/(BZ) - F'(B’;)) (6j)a
Z L, tl+1 ( (Bg) FI(B?)) (ej)>

H

Since

(P81~ F'BY) (e)| < IF"|<|IBf, - BLlly
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using the form of the scalar product (5), the last sum will be lesser than

n—1
h h
||F//||§o sSup ”Bb - Ba||2U Z <1(ti,ti+1]7 l(tlvtl+1]>H
la=bl <]l i,1=0

and that goes to 0 using the continuity of B" and ZZZ_=10<1(ti,ti+l]7 Lt ) H =
t2h,
Now, let’s regard the convergence of the derivative of the sum

n—1

2 L) \(s) (F'(BL) = F'(BY)) (¢)
in L?(Q) ® H ® H-convergence to 0, as || — 0. We have, by (3)
. n—1
DZ’J (Z 1(ti,ti+1](S)F/(BZ)(ej)>
=0

n—1
= \/A—JZ Lty ] (8) (0,8 (@) P (B ) (e5) (),
it (F( o )es)) = VAL, (@) F"(BE)(e;)(e).

Therefore
2
|0 (St (Pt - F@h) )
HOH
n—1 2
< 2NE | L (0. (@) (F7(BL) = F'(BL)) (e;)(e)
i=0 HOH
n—1 2
F20E |3 Lt (1w (@) (F/BD)) (e)(e))]| = A+ As.
=0 HRH
The first summand A; goes to 0 from the following bounds
n—1
A1 = 2)\j||F”I||c2>o | S;‘IE‘ | ||B£L - BZHQU Z <1(ti,t1,+1]7 1(tz,tl+1]>7‘l<1(0,ti]v 1(0,tl]>'H
a=bix|m i,1=0
<20t F7|5  sup By - Byl

la—b|<|m
since <1(O;ti]7 1(0,tl]>H < 1 and Z;tl_:lo<1(ti;ti+1]’ 1(tl,tl+1]>H = t2h. For the second
summand As, using the definition of the scalar product in H ® H, we have

n—1

As < 2)‘j Z <1(ti,ti+1]7 1(tl,t1,+1 < 2)‘ (Z |t1+1 —t | )

i1=0
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Step 2: Clearly the term T, converges in L'(Q) to

t
/ FUBIAR, = Y )
0

Jjz1

| FrEheean.

0

Step 3: Recall that A > % It is easy to observe that T3 converges to 0
since

n—1

1
E|Ts] < S(Tr@)#" | D (i —t)* <
=0

(TrQ)IIF"||oo|m " .

N =

We finally study the term T,. We can write, since by hypothesis for every
x € U, F'(x) is a bounded continuous operator in Ly (U?; R),

2
U

— tit1

n—1
1
E(Ti < 5|F"|«E)_ B}, - Bf,
=0

n—1
1
< §||F”HooT7"(Q) > (tiyr = )™ —pri—0 0.
i=0
This finishes the proof. ]

Remark 4. The proof of Theorem 2 can be also applied to the one-
dimensional case and it is an alternative proof to the one given in [2]. The
study of the indefinite integral process (continuity of the paths, It6 formula)
can be done in the Hilbert space-valued situation without difficulty, following
the lines of the one-dimensional case. Recently, in [4], the authors extended
the divergence integral with respect to fBm for any parameter h € (0,1). We
think that their approach can be used in the infinite-dimensional context.
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