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Abstract This paper has two parts. In part I, existence and uniqueness results are
established for solutions of stochastic evolution equations driven both by Brownian
motion and by Poisson point processes. Exponential integrability of the solution are
also proved. In part II, a large deviation principle is obtained for stochastic evolution
equations driven by additive Lévy noise.
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1 Introduction

Stochastic evolution equations and stochastic partial differential equations driven by
Wiener processes have been studied by many people. There exists a great amount
of literature on the subject, see, for example the monograph [22]. In contrast, there
has not been very much study of stochastic partial differential equations driven by
jump processes. However, it begun to gain attention recently. In [3] we obtained
existence and uniqueness for solutions of stochastic reaction diffusion equations
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driven by Poisson random measures. In [10], Malliavin calculus was applied to
study the absolute continuity of the law of the solutions of stochastic reaction
diffusion equations driven by Poisson random measures. In [19], a minimal solution
was obtained for the stochastic heat equation driven by non-negative Lévy noise
with coefficients of polynomial growth. In [20], a weak solution is established for
the stochastic heat equation driven by stable noise with coefficients of polynomial
growth.
In this paper, we consider the following evolution equation:

dY, = —AY,dt + b(Y,)dt + o (Y,)dB, + /X f(Y,_, x)Nt, dx), (1.1)
Yo=heH, (1.2)

in the framework of a Gelfand triple :
VCcHZ=H cV, (1.3)

where H, V are Hilbert spaces, A is the infinitesimal generator of a strongly con-
tinuous semigroup, b, o, f are measurable mappings from H into H. The solutions
are considered to be weak solutions (in the PDE sense) in the space V and not as
mild solutions in H as is more common in the literature. The stochastic evolution
equations of this type driven by Wiener processes were first studied by E.Pardoux
in [21] and subsequently in [17]. For stochastic equations with general Hilbert space
valued semimartingales replacing the Brownian motion we refer to [14, 15] and [13].
A large deviation principle for this type of stochastic evolution equations driven by
Wiener process was obtained by P.Chow in [4].

The purpose of this paper is twofold. The first one is to establish the existence
and uniqueness for solutions of Eq. 1.1. Our approach is similar to the one in
[13-15, 21]. We, however, don’t use Galerkin approximations. Instead, we get the
solution via successive approximations. Secondly we will study the large deviation
principle and exponential integrability of the solutions. We will prove that the
solution is exponentially integrable both as a random variable in D([0, 1] — H) and
in L%([0, 1] — V). These estimates are of their own interest and also necessary for
the study of large deviations. For the large deviation principle, we confine ourselves
to the case of additive Lévy noise. The situation is quite different from the Gaussian
case. If X, t > 0is a Wiener process, the solution of the equation:

1
dY" = —AY'dt + ~dX,
n

is still Gaussian. The large deviations of Y” follows from the well known large de-
viations of Gaussian processes. However, if X}, t > 0, is a Lévy process, the solution
Y" is no longer a Lévy process. The additive noise case is already quite involved.
Large deviations for stochastic evolution equations and stochastic partial differential
equations have been investigated in many papers, see e.g. [6-8, 24]. To the best of our
knowledge, this is the first to study large deviations for stochastic evolution equations
driven by Lévy processes. Large deviations for Lévy processes on Banach spaces and
large deviations for solutions of stochastic differential equations driven by Poisson
measures were studied by de Acosta in [1, 2].
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Stochastic evolution equations 257

The rest of the paper is organized as follows. In Section 2 we present our
framework. Existence and uniqueness are proved in Section 3. In Section 4, expo-
nential integrability is established for the solutions. Section 5 is devoted to the large
deviation principle.

2 Framework

Let V, H be two separable Hilbert spaces such that V is continuously, densely im-
bedded in H. Identifying H with its dual we have

VcH=H cV, (2.1)

where V* stands for the topological dual of V. Let A be a bounded linear operator
from V to V* satisfying the following coercivity hypothesis: There exist constants
o > 0 and Ay > 0 such that

2(Au, u) + rolul3; > a|lull},  forallue V. (2.2)

(Au, u) = Au(u) denotes the action of Aue V*onue V.

We remark that A is generally not bounded as an operator from H into H.
Let (22, F, P) be a probability space equipped with a filtration {F;} satisfying the
usual conditions. Let {B,, t > 0} be a real-valued ;- Brownian motion. {W,, t > 0}
will denote an H-valued JF;- Brownian motion with covariance operator Q which
could be degenerate. Let (X, B(X)) be a measurable space and v(dx) a o-finite
measure on it. Let p = (p(?)),t € D, be a stationary F,-Poisson point process on
X with characteristic measure v. See [16] for the details on Poisson point processes.
Denote by N(dt, dx) the Poisson counting measure associated with p,i.e., N(t, A) =
D e Dyus<t 14(p(s)). Let N(dt, dx) := N(dt, dx) — dtv(dx) be the compensated Poisson
mesasure. Let b, 0 be measurable mappings from H into H, and f(y, x) ameasurable
mapping from H x X into H. For a separable Hilbert space L, we denote by
M?([0, T, L) the Hilbert space of progressively measurable, square integrable, L-
valued processes equipped with the inner product < a, b > y= E|[ fOT < a;, by > dt].
Denote by M"2([0, T] x X, L) the collection of predictable mappings:

g, x,w) [0, T]x X xQ— L

such that E[fOT Jx 18(s. x, )3 dsv(dx)] < co. Denote by D([0, T'], L) the space of all
cadlag paths from [0, 7] into L. Consider the stochastic evolution equation:

dY, = —AY,dt + b(Y,)dt + o (Y,)dB, +/ f(Y,_, x)Nt, dx), (2.3)
X

Yo=he H. (2.4)
We introduce

(H.1) There exists a constant C < oo such that

by + o () + /X o0l < C(LEE).  (25)

forally € H.
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(H.2) There exists a constant C < oo such that

Ib(y1) — b(y2) 3 + lo(y1) — o (y2) %
+ [ 1 f1. %) = f(y2, 0150 (dx)
< Cly1 — y2l%, (2.6)

for all y;, y, € H.
We finish this section by two examples.
Example 2.1 Let H = L*(RY), and set
V = HyR"Y = {u e L*(R"); Vu e L*(R? - R%}.

Denote by a(x) = (a;j(x)) a matrix-valued function on R¢ satisfying the uniform
ellipticity condition:

1
Iy <akx) <cly for some constant ¢ € (0, 00).
c

Let b(x) be a vector field on R? with b € L?(R?) for some p > d. Define
Au = —div(a(x)Vu(x)) + b(x) - Vu(x).

Then Eq. 2.2 is fulfilled for (H, V, A).

Example 2.2 Stochastic evolution equations associated with fractional Laplacian:

dY, = AYdt +d L, 2.7)
Yo=heH, (2.8)
where A, denotes the generator of the symmetric a-stable process in R¢, 0 < « < 2.

A, is called the fractional Laplace operator. L, stands for a Lévy process. It is well
known that the Dirichlet form associated with A, is given by

£ v) = K(d. o) // (u(x) — M()’))(vd(x) —v(y)) dxdy.
Réx R |x — y|ate

B 2
D(S):{ueL2(Rd): f/ dedy<oo},
Rix R4

|x_y|d+oz

d+2

where K(d, o) = a2 375 sin(%)F(‘”T“)I‘(%). To study Eq. 2.7, we choose H =

L*(R%), and V = D(£) with the inner product < u, v >= &£ (u, v) + (u, V) [2(Rd)-
@ Springer



Stochastic evolution equations 259

Define
Au = —A,.

Then Eq. 2.2 is fulfilled for (H, V, A). See [12] for details about the fractional Laplace
operator.

3 Existence and Uniqueness

In [14, 15] and [13] it is explained how under certain conditions results on existence
and uniqueness of solutions for equations with random measures as driving term can
be derived from there results. In this section we prove existence and uniqueness for
solutions of our Eq. 1.1, however, directly by a different method.

Proposition 3.1 Letb € M*([0, T], H), 0 € M*([0, T1, H) and e M™*([0, T1x X, H).
There exists a unique solution Y;, t > 0 to the following equation:

Y € M*([0, T1, V)N D([0, T1, H),
dY, = —AY,dt + b(t, w)dt + o (t, w)d B,

+ / f(t, x, ) N(dt, dx), (3.1)
X

Yy=he H. (3.2)

Proof We prove the existence in two steps.

Step1. Assumeb € M*([0, T1,V),o0 € M*([0, T], V) and f € M"%([0, T] x X, V).
Set

t t t
pUz=/ b(s)ds—i—/ o(s)st—i-/ / fs, x)N(ds, dx).
0 0 0 Jx

It is easy to see that U € M?([0, T], V). Consider the random equation:

dU[ = (_AU[ - AU[)d[, (3.3)

U0=h.

It is known from [18] that there exists a unique solution v to Eq. 3.3
such that v e M2([0, T], V) N C([0, T], H). Set Y;:=v,+ U,. Then Y €
M?([0, T1, V) N D([0, T1, H). Moreover, it solves Eq. 3.1.

Step 2. General case.
Choose b, € M*([0, T1, V), 0,€ M*([0, T], V) and f, € M"2([0, T] x X, V)
such thatb, — b, 0, — o in M?([0, T1, H) and f,— fin M"2([0, T1x X, H)
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as n — oo. Denote by Y;" the unique solution to Eq. 3.1 with b, o0, f
replaced by b, o,,, f,. Such a Y” exists by step 1. By Ito’s formula, we have

t
YW =2 [ XA Y = s
0
t
+2f <Y =Y, by(s) — bu(s) > ds
0
t
+2f <Y =YY" 0,(5) — op(s) > dB;
0
t
+ / |0 (s) — o (s)|3,ds
0
t
+ f / (Ifn(s, X) = fuls, 0|5 +2 < Y =Y,
0 X
fn(s,x) — fin(s,x) >g >N(ds, dx)

+ / / | fu(s, ) — fu(s, X)|3;dsv(dx). (3.4)
0 X

In the following, C will denote a generic constant whose values might change from
line to line. Set

t
M, zf / (Ifn(s, X) = fnls, X)|3 +2 < Y
0 JX

— Y7, fu(s, %) — fu(s, %) >n )N(ds, dx).

Then,

(M, M)} = { > (|fn<s, P®) = funls. PO +2 < YL
seDp,s<t

2)4

= Y, fals, P$)) = fn(s. p(5)) >H) }

1

< C( D s, ps) = funs, p(s)>|‘},>2

seDy,s<t
+C< D YL =Y fuls p($)) = fins, p(s))ﬁi)z
seD,,s<t
<C Y 1fuls p(©) = fuls, pGs))Iy
seDy,s<t
+C sup (1Y - Y;'1|H>< D U fals, p(s) = funs, p(s))ﬁ,)z
<s<t

seDy,s<t
< C _ 2 1 y"r —ym 2
<C Y 1als p6) = (s, pDI + 5 sup (1YL = Y[
seDy,s<t O=s=t
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By Burkholder’s inequality,

E [ sup |MS|] < CE(IM, MY})

O<s<t

1
< CE[ D 1 fals, p6)) = funs, p(s))@] + 7 E [ sup |V — Ys”ilzg]

seDy,s<t O=s=t

t
- U / oS 2) = fins x)l%dsv(dxﬂ +2E[sup m”—x"'ﬁf].
0 JX

0<s<t

(3.5)

It follows from Egs. 3.4 and 2.2 that

t
E[sup v - Ym} <- aE[/ 1) - Y;"szds}
0<s<t 0

t
+ o+ OFE [/ 1Yy — KmlizdS]
0

r t
+ CE / |b,,(s)—b,,,(s)|§,ds]
LJO

' 3
+ CE </< Y = Y™, 04(5) — Om(s) > ds) }
0

r t

+ CE / |0y (s) — am(s)ﬁqu]
LJO

+CE(IM, M]ﬁ)

t
+ CE [ / / | fuls, x) — fm<s,x>|%,dsv<dx)]
0 X

Applying Eq. 3.5 we have

E[ sup |Y)" — Y;"l%{|

0<s<t
t t

< —atz| [y - v ce | v - vy
0 0

1 t
+ EE |: sup (Y — stilgq] +CE |:/(; [Dn(s) — bm(s)ﬁqu:l

0<s<t

t t
+CE[ f |an(s>—am(s>|%,ds}+CE[ / / |fn<s,x)—fm<s,x>|%,dsv(dx)].
0 0 X

(3.6)
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By Gronwall’s inequality, this implies that

t
E[Sup Y — Y;"ﬁ,] < Ce“ [E[/ 1ba(s) —bm<s>|%{ds}
0

O<s<t

t
+ CE [ f |0 (5) — am(s>|%,ds]
0

t
+ CE [/ / |f,,(s,x)—fm(s,x)ﬁ{dsv(dx)]}.
0 X
(3.7)

Therefore,

lim E [ sup |V — Y;"ﬁ,] =0. (3.8)

n,m—00 0<s<t

This further implies by Eq. 3.6 that Y”, n > 1 is also a Cauchy sequence in M?([0,
T1, V). Let Y,, t > 0 denote an element in M>([0, T], V) such that

lim E|:sup Y — YS|§,i| =0,

n—0o0 0<s<t

and

t
JEBOEUO Yy - mfvds] ~o.

Letting n — oo, we see that Y,, t > 0 is a solution to Eq. 3.1.
Uniqueness: If X;, Y; are two solutions to Eq. 3.1, then

V) — _ A(X, - Yy,
Xo—Yy=0.

By the chain rule, we have

t
| X = Yil} = — / <X, =Y, A(X, - Y;) > ds
0

t t
< —a/ 11X, — Ys||zvds+xo/ X, — Y, ds
0 0
By Gronwall’s inequality, we obtain that ¥; = X;, which completes the proof. O

Theorem 3.2 Assume (H.1) and (H.2). Then there exists a unique H-valued progres-
sively measurable process (Y;) such that

(1) YeM*0,T;V)nD(,T; H) forany T > 0, y
() Yi=h— [y AYds + [(b(Yds + [0 (Y)dBs + [o" [y f(Ys, x)N(ds, dx) as.,
B) Yo=heH
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Proof
Existence of solution Let Y? :=h,t> 0. For n >0, define Y"*!' ¢ M?(0, T; V)N
D(0, T; H) to be the unique solution to the following equation:

dY = —AY!dt + b(Y)dt + o (Y)dB,
+f(Y; " x)N(dt, dx), (3.9)
i (3.10)

The solution Y"*+! of the above equation exists according to Proposition 3.1. We are
going to show that {Y”, n > 1} forms a Cauchy sequence. Using It6’s formula, we find
that

t
|Ytn+1 _ }/tn|2H — _ 2/ <st+l _ st7 A(YSn+l _ Yf’))ds
0

t
w2 [ vy () - b0 > ds

t
-I-Z/ < YS"H — stvU(st) —U(YX”A) > dB;
0
t
—I—f lo(Y)") — o (Y") [3,ds
0

t+
+ f / (7Y™ x) = f(Y"1 x) By +2 < Y — Y2, f(YV x)
0 X

— f(Y"=', x) >] N(ds, dx)

s—

ff|f — f(Y7 1, x) 1,dsv(dx). (3.11)

By a similar calculation as in Proposition 3.1, it follows from Eq. 3.11 that

E|: sup |)7Sn+1 _ )}Snlil]

0<s<t

t t
< —aE [/0 Y — Ys"||%,ds] +CE [/0 |yt — Yjﬁ,ds}

1 r t
E| sup |K”*1—K”|%]+CEUO |b<lcﬂ>—b(n"*‘>|%ds]

+ =
2 LO<s<t

+ CE /t lo (Y — o (Y/) |2Hds]

+CE f/|f Ft, )|§,dsv(dx)]. (3.12)
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By virtue of (H.1), this implies that

t
E|:sup |st+1 _ stﬁ-li| SCE [f |st+l _ st|%~1dsi|
0

0<s<t
! 1,2
+CE [/0 Y — Y- |Hds].

Define

t
gf:E[sup |YS”—YS”‘1|%,], G;’:/O g'ds.

0<s<t
We have

gt <Gt + CcaGr.
Multiplying above inequality by e~“, we get that

d(G;lJrl e—Ct)

o < Ce G,

Therefore,

t
Gl < ce / e~ Glds < Ce“'tG™.
0

Combining Eqgs. 3.14 and 3.16 we see that for a fixed 7 > 0,and t < T,
t
gt < C?e“tG) + CG} < Cr / glds,
0

for some constant Cr. Iterating Eq. 3.17, we obtain that

(Crn"
e, - = S5

This implies that there exists Y € D([0, T], H) such that

tim £ sup 1% = Vi, | 0.

0<s<T

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

In view of Eq. 3.12 we see that Y" also converges to Y in M?(0, T; V). Lettingn — oo
in Eq. 3.91tis seen that Y is a solution to equation (2) in the statement of the theorem.
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Stochastic evolution equations 265

Uniqueness Let X, Y be two solutions to (2) in M?(0, T; V)N D(0, T; H). By Ito’s
formula, we have

t
Y — X% =—2/ (Y — X5, A(Y; — Xy))ds
0
t
+z/ <Y, — X, b(Y,) — b(Xy) > ds
0
t
+2/ <Y, — X, 0(Y;) —o(X;) > dB;
0

t
+f 0 () — 0 (X Pyds
0

+/ / [1F(Ys ) — FX 0B +2 < Yo X, f(Ys )
0 X

— f(X,—, x) >| N(ds, dx)

+ / / | F(Yox) = F(Xo, ) Pydsv(d). (3.18)
0 X

By virtue of (H.2), it follows that

t t
E[lY, - X/|3] < —aEU 1Y, —Xs||2vds] +CE U Y, —Xsﬁ]ds]
0 0

1 r t
E| sup |¥; — Xs|%t[i| +CE [/ |b(Yy) — b(Xs)IizdS]
0

+ —
2 LO<s<t

+CE / |o<Ys>—a(Xs>|%{ds]
LJO

r t
+CE / / f(Yyx) — f(Xs,x)IZHdsv(dx)]
LJO X
t
< CE [/ Y, - XS|%1ds] . (3.19)
0

Hence, X, =Y.

Next we move to a more general equation which includes terms involving also
Poisson measures. Let U be a set in B(X) such that v(X \ U) < oco. Let g(y, x) be a
measurable mapping from H x X into H. Introduce the following conditions:

(H.3) There exists a constant C < oo such that

O+ 1o + fU 180 DEv(dx) < C (14 1y12) (320)

forally € H.
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(H.4) There exists a constant C < oo such that
Ib(y1) = by + o (y) — o (1)
+ [ lg01 0 = gom, i (3:21)
< Clyr — yaly (322)

forall y;, y, € H.

Consider the stochastic evolution equation:

t t t
Y,=h-— / AYds —l—/ b(Yy)ds + / o (Ys)d B
0 0 0

t t
+/ /g(Yt,,x)ﬂl(dt,dx)jL// g(Y,—, x)N(dt, dx). (3.23)
0 Ju 0 JX\U

[m}

Theorem 3.3 Assume (H.3) and (H.4). Then there exists a unique H-valued progres-
sively measurable process (Y;) such that

(1) YeM*0,T;V)NnDQ,T; H) forany T > 0,
2)

t t t
Y, = h—/ Asts—#/ b(YS)ds—i—/ o (Yy)d By
0 0 0

t t
+ / f g(Y,_, x)N(t, dx) + / / g(Y,_, x)N(dt, dx), (3.24)
0 JU 0 Jx\U
B) Yo=heH

Proof Having Theorem 3.2 in hand, this theorem can be proved in the same way as in
the finite dimensional case (see [16, 22]). For completeness we sketch the proof. Let
7] < Ty < --- be the enumeration of all elements in D ={s € D,; p(s) € X\ U}.
It is clear that 7, is an (F;)-stopping time and lim,_, ,, 7, = co. First we solve the
equation on the time interval [0, 7;]. Consider the equation

t t t
X, =h- f AXds —I—/ b(Xy)ds —|—/ o (X,)dBs
0 0 0

+ / / g(X,—, x)N(dt, dx). (3.25)
0 JU

Following the same proof as that of Theorem 3.2, it is seen that there exists a unique
solution X;,t > 0 to Eq. 3.25. Set

V'=X.,0<t<t, =Y, +gY,_,p)),t=r1.

Clearly the process {Y,l}ze[o,r,] is the unique solution to Eq. 3.24. Now, set B[ =
By, — B, p(s) = p(s + t1). We can construct the process Y,2 on [0, 7;] with respect
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Stochastic evolution equations 267

to the initial value Y = Y , Brownian motion B and Poisson point process p in the
same way as Y. Note that 7; defined with respect to p coincides with 7, — 7;. Define

Y=Y tel0,1], =Y. . telt,nl

It is easy to see that {Y,}c[0.1,] is the unique solution to Eq. 3.24 in the interval [0, 1,].
Continuing this procedure successively, we get the unique solution Y to Eq.3.24. O

4 Exponential Integrability

(H.5) There exists a measurable function f on X satisfying

sup | f(y, 0)|m < f(x), (4.1)
yeH

and
/ (f(x))2exp(af(x))v(dx) <oo, forall a>0. (4.2)
X

In this section, for simplicity we assume that b= 0,0 = 0in Eq. 1.1. Again we denote
the solution of Eq. 1.1 by Y;.

Lemma 4.1 For g € C3(H), Mf = exp(g(Y,) — g(h) — [y h(Y;)ds) is an Fi-local mar-
tingale, where

h(y)=< —Ay, g'(y) >+/X(eXP[g(y + f(y,0) —gW—1= < (), f(y,x) >)v(dx).

Proof Applying It6’s formula first to exp(g(Y;)) and then to exp(g(Y;) —
g(h))exp(— fot h(Yy)ds) proves the lemma. ]

Proposition 4.2 Assume Eq. 2.2 with Ay = 0 and also (H.5). Then for r > 0 and any
A > 0, there exists a constant C, such that

P(% \Yiln > ’) < G (1H47)7

0<t<1
Proof For A > 0,set g(y) = (1 + Aly|%)?. Then

g = (1+alyl) *y,
g'y) == (L+alyly) >y x y+ 4 (L+Alyl) " Iu.
where [ stands for the identity operator. It is easy to see that

suplg’O) <2, suplg (] < A2
y y

Moreover,

1
2

<—Ay,y><0 4.3)
@ Springer
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for y € V. Write G(y) = ¢80, By Taylor’s expansion, there exists  between 0 and 1
such that

exp[g(y + f(r. ) —gW] = 1= < g W), f(y.x) >
=e VY [Gy+ f(y,x) -Gy — Gy <&, f(y.x) >]
= 3¢ < GO0, F00) % ) > (44)
Note that
G"(y) = GE Y x g+ Gyg' .

It follows that
IG" WLy < 2G(y),  forall ye H. (4.5)
By Eq. 44,
lexplg(y + f(y,0) — g = 1= < g, f(y,x) > |
< hexp(g(y +0f(y. ) — NI f(y. O3
= rexp(< g'(y + 01 f(y, ), 0£(y, x) >)| f(y, O
< hexp (W £ 01n) | F O 00 (46)

Applying Lemma 4.1, with the above choice of g, M? = exp(g(Y)) —g(y) —
fot h(Y;)ds) is an F;-local martingale, where

h(y) = < —Ay. g(y) > +/X(exp[g(y+ f,0)—gWl=1= < g, f(y,x) >)v(dx)
< /X)Lexp(ﬁlf(y,x)|H)|f(y,x)|%1‘)(dx)

< /X rexp(E | FOlm)| F@Rv(dx) = My < oo, .7)
We have

1
P(sup Y| >r> = P(sup g(Y) = (1 +kr2)2>

0=<r<1 0<t<1

t t
= P<Sup (g(Yt)—g(h)—/ h(Ys)dS+g(h)+/ h(Ys)ds>
0 0

0<t<l1
> (14122

= P(sup (g(Yt)—g(h)—/ h(Ys)ds> +g(h)+sz(1+,\r2)%>
0

0<t<1

t i
= P(sup (g(m—g(h)—/ h(Ys)ds>z(1+xr2)f—g(h)—MA>
0

0<t<l1

<E |: sup Mf] exp (— (1+ )»rz)% +gh) + MA) . (4.8)

0<t<1
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Since M? is a non-negative local martingale (hence, a supermartingale),
Elsupy,< M¢] < 1. Therefore the assertion follows with C; = exp(g(h) + M;). O

Corollary 4.3 Assume Eq.2.2 with Ay = 0 and also (H.5). Then for anyl > 0,

E|:exp (l sup |Y,|H)] < 00.
0<t<1
Proposition 4.4 Assume Eq. 2.2 with Ay = 0 and also (H.5). Then for any [ > 0,
E[exp (1Yl 20,115 v)) ] < 0.
Proof Let Z; = fol(l + }\|YS|§1)*% || Ys|[3 ds. We first prove that
P(Z; > 1) < exp (~ahr + M + (1 + A|h|31,)%> , (4.9)

where M, is the same constant as in Eq. 4.7. For A > 0, define g(y) = (1 + )Llyle)%.
In view of Eq. 2.2 we have

_1
2

<—Ay. g >=x1(1+Alyl}) * <—-Ay,y>
< —ad (1+Alyl3) " Iyl (4.10)
So the estimate in Eq. 4.7 can be strengthened as follows:

h(y) < —ar (L+Aly135) 2 1Y} + M. (4.11)

Let M?,t > 0 be defined as in the proof of Proposition 4.2. By Eq. 4.11, we have

1
P(Z, >r) = P(m[ (1+ MY 3 2 |Ysl 3 ds > omr)
0

IA

1 1
P(g(Yl) +aA/ (L+AYsl3,) 2 I1Ysll3ds > akr)
0

1 1
P (g(Yl) —g(h) — / h(Ys)ds + g(h) + f h(Yy)ds
0 0

1
+ om/ (14 AY3) 72 1Yl 3 ds > akr)
0

IA

1
P (g(Yl) —g(h) — / h(YS)ds) +gh) + M, > akr)
0

1
=P <g(Y1) —gh) — / h(Ysds) > air — g(h) — MA)
0

< E[M{)exp(—ahr + g(h) + M)
< exp(—air +g(h) + M,) (4.12)
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270 M. Rockner, T. Zhang

which proves Eq. 4.9. It is easy to see from Eq. 4.9 that for any / > 0, one can choose
A > 0 large enough so that E [exp(IZ;,)] < oo. Now for every A > 0,

1 z
2
Y 2qo,1-v) = (/ ||Ys||vdS>
0
l 1 1

- (f (1+A|K|§{)’%IIY;II2VdS) <1+A sup |Ys|i,>
0

0<s<l1

1

1 1 :
QZA+5<1+ASM)HH%>- (4.13)

0<s<l

IA

By Holder’s inequality, for / > 0,

1
1 1 2
E[exp (INY [l 2q0.1-w))] < E |:exp (EIZ,\) exp (21<1 + A sup |YS|%{> )i|

0<s<l1

< (E[exp(lZU])EX (E |:exp (l(l—i—k sup |YS|2H>2):|) .
0<s<l1

(4.14)
According to Eq. 4.9, we can choose A such that E[exp(IZ;)] < co. On the other

1

2
hand E | exp l< 1+ Asupy< |Ys|2H> < oo for all A > 0 according to Corollary

4.3. So we conclude that E[exp(!||Y||12¢0,11—v))] < oo proving the assertion. O

5 Large Deviations

In this section we consider the following Lévy process:

t
u:m+m+/[fmﬂmﬂm
0 X

where W is the H-valued Brownian motion introduced in Section 2, b is a con-
stant vector in H and f is a measurable mapping from X into H. The following
Ornstein—Uhlenbeck type stochastic evolution equation was first studied in [5] and
subsequently by many other authors (cf. e.g. [11]).

dY; = —AY,dt +dL;, (5.1)
Yo=heH (5.2)
The following Theorem can be proved similarly as in Section 3. See also [5].
Theorem 5.1 There exists a unique H-valued progressively measurable process (Y;)
such that

(1) YeM*0,T; V)N DO, T; H) forany T > 0,
(2) Yi=h— [ AYds+ L, as.,
(3) Y() =heH
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To get large deviations estimates, it is natural to impose the following exponential
integrability. Assume throughout this section that

/ |f(x)l%,exp(alf(x)lH)v(dx) <oo, forall a=>0. (5.3)
X

Consider the stochastic evolution equation:

t
Y,”:x—/ AY'ds + bt +
0

n2

t
1,W,+l / f F(x) N, (ds, dx), (5.4)
nJjo Jx

where N, (ds, dx) denotes the compensated Poisson measure with intensity measure
nv. The purpose is to establish a large deviation principle for the law w, of Y', ¢ > 0
on D([0, 1] — H). To this end, we first do some preparations.

For g € D([0, 1] — V), define ¢(g) € D([0, 1] — H) N L*([0, 1] — V) as the so-
lution to the following equation:

t
$i(g) = x — /0 Aps(g)ds + g(0). (5.5)

Lemma 5.2 The mapping ¢ from D([0,1] — V) into ¢(g) € D(0,1]1 — H)N
L?([0, 1] — V) is continuous in the topology of uniform convergence.

Proof Let v/(g) = ¢,(g) — g(¥). it is easy to see that v(g) satisfies the equation:
t t
v(g) = x— / Avg(g)ds — / Ag(s)ds.
0 0
It suffices to show that the mapping

v(-) : D([0, 1] = V) — D([0, 1] - H)N L*([0,1] = V)

is continuous. Taking 8 < «, where « is the constant in Eq. 2.2, by the chain rule and
Eq.2.2,

t
[ve(gn) — Ut(g)ﬁ—[ = _2/(; < A(vg(gn) — v5(9)), vs(gn) — vs(g) > ds

t
D /0 < A(gn — ©)). v5(gn) — uy(g) > ds

IA

t t
—a /0 |1vs(gn) — vs(Q)Ids + Ao /0 vs(gn) — v5(8)17,ds
t
+2/0 vy () — v (@) 111 A(gn — £)(S)]ly-dls
t t
< —a /0 llus(gn) — vs(®)IByds + Ao fo () — vs(g)yds

+/3/0 ||Us(gn)_vs(g)||%/ds+cﬁfo 1A(gn — &) ®)[}-ds.
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This gives that
t
|vi(gn) — vi(@) + (@ — ﬂ)/ [lvs(gn) — vs(@)I 15 ds
0

t t
S)»o/ |vs<gn>—vx(g>|i,ds+cﬂ||A||/ lgn — g2 ds
0 0

Applying Gronwall’s inequality it is easily seen that the mapping v(-) is continuous,
which completes the proof. O

Forl € H, define
F() = / [exp(< f(x),l>)—1— < f(x),] >lv(dx)+ < Ol,l >+ < b, > .
X

Set,for z € H,

F*(z) =sup[< z,1l > —F()]. (5.6)
leH

Define a functional I(-) on D([0, 1] — H) as follows: if g € D([0,1] - H) and g’ €
LY([0, 11 — H), I(g) = f, F*(g'(s))ds; otherwise I(g) = oo.

Lemma 5.3 Leta > 0.Then G = {|g'|; Iy(g) < a} is uniformly integrable on the prob-
ability space ([0, 1], B, m), where m denotes the Lebesgue measure.

Proof Recall that G is uniformly integrable if and only if

(1) G isequi-absolutely continuous, i.e., for any given ¢ > 0, there exists § > 0 such
that m(A) < § implies [, |g'| pm(ds) < e forall g € G.

2) supyeq Jy |g1nm(ds) < oo.

We will modify the proof of Theorem 3.1 in [2] to get (1) and (2). Leta;, b;,i =1, ...n
be any given numbers such that 0 <a; < b <a; <b, <--- <a, < b, <1.For any
partition t' = {f{) =a; < ¢, <--- <1 = b;}of [a;, bj] and any 0} € H with |n}|x <1,
define B € M([0, 1], H) by

noip

B= Y m =8 )

i=1 k=0

where M([0, 1], H) denotes the space of H— valued vector measures on ([0, 1], B).

Let u be the law of fol f xf (x)N (ds, dx) on H. Denote the characteristic functional
of u by 1. Then,

1 no g
[ togipis. thds = 30 togitaia e — by,
0 i=1 k=0
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Let p > 0. By the characterization of [ in [2], for g € G, we have

Im

1 n
p/o <gdB>=p)y Y <gtp)—gl_.m >

i=1 k=0

IA

1
/O logii(oB(s. 1))ds + Io(g)

Im

sup logi(on)] > > (& — ti_) + To(g)

i=1 k=0

IA

< log (/H exp(p|x|H)u(dx)) Z(bi —a;) +a. (5.7)

i1
Taking sup in Eq. 5.7 over all possible ni € H with |} |y < 1 we get

im n

YD 18 — gl < p~'log ( fH exp(p|x|H>u(dx)> > b —a)+p'a

i=1 k=0 i=1

(5.8)

Let V(g)la, b] denote the total variation of g over the interval [a, b]. Taking sup in
Eq. 5.8 over all possible partitions we obtain

n n b;
S V@laba =Y [ Woluds= [ g©uds
i=1 i=1 v Y

i (ai,bi)
< p'log (/ exP(P|x|H)M(dx)> Z(bi —a)+pla (59
H i=1

For every e >0, choose first py large enough such that p; la < 5. Set &=

$lpg Log(fy exp(plx| mu(dx)] " e. If UL, (@i, bi) C [0, 1] with m(UL (a;, b)) < 8, by
Eq. 5.9 we have fU-”,l(a;,b;) |g'(s)|pds < e. for all g € G. This implies (1). Take particu-
larly a; = 0, b; = 1 in the above proof to see that (2) also holds. ]

Let 7;,¢t > 0 denote the semigroup generated by —A. For g € L'([0, 1] — H),
define the operator

t
Rg(t) = / T,_sg(s)ds, t=0,
0

which is the mild solution of the equation:
t t
o) =— / Ap(s)ds + / g(s)ds.
0 0

Proposition 5.4 Assume that T, t > 0 are compact operators. If G C L'([0,1] — H)
is uniformly integrable, then S = R(G) is relatively compact in C([0, 1] — H).
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Proof The proof is a modification of the proof of Proposition 8.4 in [9]. According
to the Ascoli-Arzela theorem we need to show

(1) Foreveryt € [0, 1] the set {Rg(t); g € G} is relatively compact in H;
(2) For every ¢ > 0 there exists § > Osuch thatif 0 <s <t <1,t—s <3,

|Rg(t) — Rg(s)|ly <e¢ forall geg. (5.10)
To prove (1), fix t € (0, 1] and define for ¢ > 0 R°g(f) = (;_8 T,_sg(s)ds. Since

t—e
Rgg(t) = Ts/ thefsg(s)ds
0

and T,, ¢ > 0 is compact, { R°g(¢), g € G} is relatively compact in H for every ¢ > 0.
On the other hand,

t
|R°g() — RgOly < M f 18()] ds. (5.11)

where M = sup;cio.11||T||. Since G is uniformly integrable, (4.52) implies that

lim._osup |R°g(1) — Rg(t)|my =0
geg

which furthermore implies that {Rg(f); g € G} is also relatively compact. Let us now
prove (2). For0 <t <t+u < 1, we have

|Rg(t+u) — Rg®)|n

t t+u
< [ W Tiims = Tedllg®ds + [ 1 Trcadllg) nds
0 t
= I; + Hg.
By the uniform integrability of G, it is clear that
+u
lim sup II; < M lim sup/ |g(s)|pds = 0.
u—0 geG u—0 geG Jt

Since the semigroup T is compact, ||T;4,—s — T—s|| = Oforany ¢t —s > O asu — 0.
By the dominated convergence theorem, we have that

t

lim0 NTisu—s — Ti—s||ds = 0. (5.12)
u—0 Jq
Now we prove
lim sup I, = 0. (5.13)
u—0 geG

For given ¢ > 0, sine G is uniformly integrable, one can choose p > 0 such that

2Mf|g|>p lg(s)|nds < 5 for all g € G. For the fixed p > 0 above, there exists § > 0

such that u < § implies that

N ™

t
p f [ Tovus — Tosllds <
0
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for all t € [0, 1]. Therefore if u < §,forall g € G, t € [0, 1],

I = f T s — Tissl118(8) | s + / T s — Ti=sl118(8) | s
1gl>p

lgl=p
t
<2M 18($)| rds + p/ I Ttru—s — Tisllds
181>p 0
<e. (5.14)
This proves (2), hence the assertion. ]

Theorem 5.5 Assume that A has discrete spectrum with eigenvalues
O<Mm A=A =<--—+00

and H-normalized eigenfunctions {e;}. Suppose that the Brownian motion W; admits
the following representation:

W =) qiBie;, (5.15)
i=1

where B;(t),i > 1 are independent standard Brownian motions, and q;,i > 1 are non-
negative real numbers satisfying Y o, q7 < oo. Then {j1,, n > 1} satisfies a large devia-
tion principle on D([0, 11 — H) (equipped with the topology of uniform convergence)
with a rate functional I given for k € D([0, 1] — H) by

I(k) = inf{Iy(g); g € D([0, 1] —> H) satisfying

t
k(t) = T[x+/ T, g (s)ds}. (5.16)
0
Proof Denote by P, : H— H the projection operator defined by
m
me:Z < X,e > e.
i=1

As {e;} ¢ V, we have Rang(P,,) C V. For any integer m > 1, introduce a mapping
¢"(-) from D([0, 1] - H) into D([0, 1] - H) as follows: for g € D([0, 1] > H)
define ¢;"(g) as the solution of the following equation:

t
or(g) = x - fo A" (g)ds + Pug(0). (5.17)

By Lemma 5.2 the mapping ¢"(-) is continuous. Let
1 1! -
“wik [ [ g .
0o Jx

L' =bt+
n2 n

Then it is easy to see that ¥"" := ¢ (L") is the solution to the following equation:

‘ 1 1 -
Yln,m =X — / A}/Sn’mds + bt + ﬁmm + — / / fm(X)Nn(dS, dx), (518)
0 n2 nJjo Jx
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where f(x) = Py f(x) =Y, < f(x), e > e;, W" = P, W, and b"™ = P,b. Let v,

i=1
be the law of L”. It was proved in [2] that {v,,n > 1} satisfies a large deviation
principle with rate function /. Applying the contraction principle, we see that { Y}
satisfies a large deviation principle on D([0, 1] — H) with a rate functional ,,, given
by, for k € D([0, 1] > H),

I, (k) = inf{ly(g); g € D([0, 1] - H) satisfying

t
k() = T+ / T Pug (5)ds). (5.19)
0

According to the generalized contraction principle Theorem 4.2 in [9], the theorem
now follows from the following two lemmas. O

Lemma 5.6 Forany§ > 0,

1
lim lim sup flogP< sup | Y™ = Y|y > 5) = —00. (5.20)

m—oo , . N 0<t<l1

Proof Set X" (Y"™ —Y}). Then it can be seen that

t t
XM= — / AX""Mds + / / (f™(x) — f(x)) N, (ds, dx)
0 0 X
+nb™ —b)t+n2 (W' — W) (5.21)

For A >0, set g(y)=01+ A|y|§1)%. As in Section 4, we know that M’ =
exp(g(X;""™) — g(0) — fot h(X™)ds) is an F;-local martingale, where

h(y) = n/X(eXP[g(y + "0 = f(0) —gW] — 1= < g, f"(x) = f(x) >)v(dx)

— <Ay, gd(y)>+n<b™—b,g ) >

+n ) G <E@MLM+E e e > . (522)

i=m+1
Furthermore (See Section 4), we have
h(y) < ¢ mn, (5.23)

where
Com = /\/Xexp(k%lf'"(x) — FEI ™ x) = FO)] ) v(dx)

+a2b" —bly+20 Y gk (5.24)
i=m+1
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We have
P<sup X"y > r) = P( sup g(X™™) > (1 +Ar2)%>
0=t<l1 0<t<1

t
= P( sup (g(X,""™) — g(0) — / h(XP™yds + 1
0

0<t<1

+ / h(X™)ds) > (1 +Ar2)%>
0

IA

t
P( sup (§(Xi"") — g(0) —/0 h(X{™)ds) + 1

0<t=<1

+ cmn > (1+ krz)%)

t
P( sup (§(Xi"") — g(0) —/ h(X"")ds) = (14 )
0

0<t=<1

—-1- c“,,n)

<E [ sup Mf] exp (—(1 )+ 1+ cx,mn) ) (5.25)

0<r<1

This gives that

P<sup /" = Y"\y > 8) = P(sup | X"y > n8)

0<t=<1 0<t<1

IA

exp(—(1 4+ A8 + 1+ ¢ mn).

Therefore,

1
lim sup —log P ( sup |Y/"" =Yy > 5)

n—oco N 0<t<1

1
< lim sup ;[—(1 + )\.("8)2)% + 14 ¢y mnl

n—o00
<3S+ o (5.26)
Note that by the dominated convergence theorem, for fixed A, lim,,;— oo Cim = 0.
Taking m — oo in Eq. 5.26 we get that
1
lim limsup —log P ( sup |V =Yy > 8) < —AS.
m—o0 ns00 N 0<t<1

Let A — oo to get Eq. 5.20. O
For g € D([0, 1] — H), let ¢,(g), t > 0, be defined as in Eq. 5.5.

Lemma 5.7 Foranyr > Q,

lim  sup  sup () — ()] = 0. (5.27)

M= fi Iy (f)=r} 0=t=1
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Proof For f e D([0, 1] > H) with Iy(f) < oo, we note that

t t
&) = / Ti s Py f'(s)ds = Pm/o Ti_s f(s)ds = Pu:(f), (5.28)
0

where we have used the fact that A has a discrete spectrum to exchange P,, and Tj.
Since by Lemma 5.3 L, := {f’; Io(f) < r} is uniformly integrable on the probability
space ([0, 1], B, m), it follows from Proposition 5.4 that S = {¢(f); Io( f) < r} is rela-
tively compact in C([0, 1] — H). Therefore, for any ¢ > 0, there exist fi, f, ..., fy €
{f: Io(f) <r}such that S C U,Z{V:IB(¢(fk), %), where B(¢( fi), 5) stands for the ball
centered at ¢ ( f) with radius § in C([0, 1] — H). Since lim,; . o SUpy<,<; 167" (fi) —
¢:(fr)| = 0 for every k, there exists my > 1 such that

sup |9/ (fi) — ¢ fil =

0<t<1

Fix any f with Io( f) < r. Then there is k < N such that ¢ (f) € B(¢(fi), 5). Hence,
if m > myg,

sup |9/ (f) = & (Ol = sup |97 (f) = Pud:(fi)l + sup 16" (fi) — ¢:(fio)]

forall k< N,m > my. (5.29)

m\o:

0<t<1 0<t<1 0<t<1
=+ Supl [#:(fi) — & (Ol
0<t<
<2 sup [¢(fi) — &)l + sup |9 (fi) — & (fi)l
0<t<1 0=<r<1
2 ¢
< ? + g =g, (530)

which proves Eq. 5.27.

Acknowledgements This work was supported by the British EPSRC (Grant no.GR/R91144/01),
as well as by the DFG through SFB701 (project B4) and the International Graduate College GRK
1132/1.

References

1. de Acosta, A.: A genegral non-convex large deviation result with applications to stochastic
equations. Probab. Theory Related Fields, 483-521 (2000)

2. de Acosta, A.: Large deviations for vector valued Lévy processes. Stochastic Process. Appl. 51,
75-115 (1994)

3. Albeverio, S., Wu, J.L., Zhang, T.S.: Parabolic SPDEs driven by Poisson White Noise. Stochastic
Process. Appl. 74, 21-36 (1998)

4. Chow, P.: Large deviation problem for some parabolic It6 equations. Comm. Pure Appl. Math.
XLV, 97-120 (1992)

5. Chojnowska-Michalik, A.: On processes of Ornstein—-Uhlenbeck type in Hilbert space.
Stochastics 21, 251-286 (1987)

6. Chenal, F., Millet, A.: Uniform large deviations for parabolic SPDEs and applications. Stochastic
Process. Appl. 72, 161-186 (1997)

7. Cerrai, S., Rockner, M.: Large deviations for stochastic reaction—diffusion systems with multi-
plicative noise and non-Lipschtiz reaction term. Ann. Probab. 32(1), 1100-1139 (2004)

8. Cardon-Weber, C.: Large deviations for a Burgers’-type SPDE. Stochastic Process. Appl. 84,
53-70 (1999)

9. Dembo, A., Zeitouni, O.: Large Deviations Techniques and Applications. Jones and Bartlett
Publishers, Boston, London (1992)

@ Springer



Stochastic evolution equations 279

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

Fournier, N.: Malliavin calculus for parabolic SPDEs with jumps. Stochastic Process. Appl. 87(1),
115-147 (2000)

Fuhrmann, M., Rockner, M.: Generalized Mehler semigroups: the non-Gaussian case. Potential
Anal. 12, 1-47 (2000)

Fukushima, M., Oshima, Y., Takeda, M.: Dirichlet Forms and Symmetric Markov Processes.
Walter de Gruyter, Berlin, New York (1994)

Gyongy, 1.: On stochastic equations with respect to semimartingales. III. Stochastics 7, 231-254
(1982)

Gyongy, 1., Krylov, N.V.: On stochastic equations with respect to semimartingales. I. Stochastics
4,1-21 (1980/81)

Gyongy, L., Krylov, N.V.: On stochastic equations with respect to semimartingales. II. It6 formula
in Banach spaces. Stochastics 6, 153-173 (1981/82)

Ikeda, N., Watanable, S.: Stochastic Differential Equations and Diffusion Processes. North—
Holland/Kodansha, Amsterdam, Oxford, New York (1989)

Krylov, N.V., Rosowskii, B.L.: Stochastic Evolution Equations. Current Problems in Mathe-
matics, vol. 14 (Russian), pp. 71-147, Akad. Nauk SSSR, Vsesoyuz. Inst. Nauchn. i Tekhn.
Informatsii, Moscow (1979)

Lions, J.L.: Equations Differentielles Operationnelles Et Problemes Aux Limites. Springer,
Berlin Heidelberg New York (1961)

Mueller, C.: The heat equation with Levy noise. Stochastic Process. Appl. 74(1), 67-82 (1998)
Mytnik, L.: Stochastic partial differential equations driven by stable noise. Probab. Theory
Related Fields 123(2), 157-201 (2002)

Pardoux, E.: Stochastic partial differential equations and filtering of diffussion processes.
Stochastics 3, 127-167 (1979)

Prato, G.D., Zabczyk, J.: Stochastic Equations in Infinite Dimensions. Cambridge University
Press (1992)

Protter, P.: Stochastic Integration and Differential Equations. Springer, Berlin Heidelberg New
York (1990)

Zhang, T.S.: On small time asymptotics of diffusions on Hilbert spaces. Ann. Probab. 28(2),
537-557 (2000)

@ Springer



	Stochastic Evolution Equations of Jump Type: Existence, Uniqueness and Large Deviation Principles
	Abstract
	Introduction
	Framework
	Existence and Uniqueness
	Exponential Integrability
	Large Deviations
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


