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This work aims to investigate the existence of global attractors for a class of partial functional differential equations with state-
dependent delay. Using the classic theory about global attractors in infinite dimensional dynamical systems, we obtain some
sufficient conditions for guaranteeing the existence of a global attractor.

1. Introduction

Partial functional differential equations with state-dependent
delay appear frequently in applications as models of various
phenomena, such as biological, chemical, and physical sys-
tems, which are characterized by both spatial and temporal
variables. For this reason, the study of this kind of equation
has received much attention in recent years. For more details,
see for instance [1-5] and the references therein. However, it is
worth pointing out that all of the papers mentioned above are
mainly devoted to the existence of solutions or mild solutions.
The literature related to global attractors is limited.

It is known that the global attractor is a very useful tool,
which is valid for more general situations than those for
stability to study the asymptotical behavior. In the present
paper, we are devoted to investigating the existence of a global
attractor for a type of partial functional differential equations
with state-dependent delay as follows:

u' () = Au(t) + F (t1,4,,), t20,
1

u,=¢ €C,

where C := C([-r,0], E), r > 0, is the space of continuous
functions from [, 0] to the Banach space E, equipped with
the uniform norm |||l = sup_,_4,|¢(0), and A is a linear

operator on a Banach space E satisfying the following well-
known Hille-Yosida condition:

(H,) there exist M, > 1 and w € R such that

||(/\I—A)"“||s# for \e B(A), A>w  (2)

w)"

where % (A) is the resolvent set of A.

Consider thatp : [0,+00) x C — [0, +00) satisfies
the following properties.

(H,) Let Z(p) = {p(s,$) : (s,¢) € [0,+00) x C, p(s,¢) >
0} . There exists a continuous and bounded function
J%: Z(p) — [0,+0c0) such that

lepenl < 7P @ N, vEeZ(p). (3)

Consider that F : [0, +00)xC — E satisfies the following
properties.

(H;) (i) For every ¢ € C, the function t — F(t,¢) is
strongly measurable.

(ii) For each t € [0,+400], F(t,) : C — Eiis

continuous.



(iii) There exist a positive constant ¢ and a bounded
function m : [0, +00) — [0, +00) such that

[F(tg)l <ctm®|¢]. (4)
For every t > 0, the history function x, € C is defined by
x(0)=x(t+0), for0e[-r0]. (5)

In the present paper, we will obtain some sufficient conditions
for guaranteeing the existence of a global attractor to (1) with

A being a Hille-Yosida operator but not necessarily densely
defined.

2. Preliminaries

We recall some definitions and results from the integrated
semigroup.

Definition 1 (see [6]). Let T > 0. A function x : [-r,T] — E
is said to be an integral solution of (1) if

(i) [} x(s)ds € D(A) for t > 0,
(ii) x(t) = $(0) + A([, x(s)ds) + [ F(s, Xp(s.))dls,
(iif) x, = ¢.
Remark 2. Clearly, if x is an integral solution of (1), then

x,(0) = x(t) € D(A) fort € [0,T]. So ¢(0) € D(A), whichisa
necessary condition for the existence of an integral solution.

Let us introduce the part A of the operator A in D(A)
which is defined by

D(A,) ={x e D(A): Ax e D(A)},
(6)
Agx =Ax for x ¢ D(AO).

Lemma 3 (see [7]). A, generates a strongly continuous semi-
group (Ty(t)),5o on D(A).

Based on the previous abstract results, we give some
concrete results for (1); see [6].

Definition 4. Let T > 0. For any given ¢ € C with ¢(0) €
D(A), the function x(-) := x(-,¢) : [-r,T] — E is said to be
an integral solution of (1) with initial function ¢ at t = 0 if

x (t)
Ty (t) ¢ (0) t
= +/1 ETOOJOTO (t-5)
X AMAI - A)'F (s, xp(s)xs)) ds, 0<t<T,
o), -r<t<O.
7)

Lemma 5 (see [6]). Under the assumptions (H,)-(H;), if ¢ €

C with ¢(0) € D(A), then (1) posseses a unique global integral
solution x(-,¢) : [-r,+00) — E with initial function ¢ at
t = 0, which can be expressed by (7).
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According to Remark 2, denote %, = {¢p € C : ¢(0) €

D(A)}. Then from Lemma 5, for each ¢ € X, we define the
following operator on X, by

U(t)(/):xt(',(/)),

where x,(-,¢) is a unique global integral solution of (1)
in Lemma 5. Clearly, (U(t)),s, is a strongly continuous
semigroup on X,.

t >0, (8)

Definition 6 (see [8]). An invariant set &/ is said to be a
global attractor if ¢ is a maximal compact invariant set which
attracts each bounded set B ¢ X.

Definition 7 (see [8]). A semigroup U(t) : X — X, t >0,
is said to be point dissipative if there is a bounded set B € X
that attracts each point of E under U(¢).

Lemma 8 (see [9]). If
(i) thereis aty > 0 such that U(t) is compact for t > t,,
(ii) U(t) is point dissipative in X,

then there exists a nonempty global attractor of in X.

3. The Global Attractor

In this section, we will obtain the existence of a global
attractor to (7) by using Lemma 8. For the convenience of the
proof, we give some assumptions and lemmas.

(H,) For Cy-semigroup T,(t), t > 0, there exists positive
constant « such that

IT, )| < e fort>0. )

(Hs) T,(t) is compact for t > 0.

Lemma 9 (see [10]). If

t

xO<h©+ [ kOx@ds teltaT). (0
to

where all the functions involved are continuous on [ty,T), T <

+00, and k(t) > 0, then x(t) satisfies

x(t)sh(t)+rh(s)k(s)eff Kdugs ¢ e [t,T). (1)

Lemma 10. Assume that assumptions (H,)-(H,) hold. Then,
for each ¢ € %, if a#m,], e, there exists a constant y >
« such that the integral solution x(-,¢) of (1) satisfies the
following inequality:

yr
e < ———
o —-m,] e’
v (- gy )& 120
a’a

where m, = maXyo o,)M(s) and ], = maxseg(p)]‘p(s).
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Proof. By (Hj;), for each ¢ € %, we have

[Ftg)l <ctm®|¢]. (13)
In the following proof, for simplicity, take M, = 1, n = 1
in (H;); then

1

o for A > w. (14)

Jor-a| <

Instead of considering the norm |x,| directly, we firstly
estimate [|e"" x,|| for some constant y > «.

Case 1. For 0 < t < r, by (7), we have

sup 'eygxt (0)|

-r<6<0

- max{ sup |ey9</> (t+0)|, sup 'e”ext (0)|}>
~t<6<0

—r<f<—t

< max {eyt Il sup e’e 9 |¢ (0)]

—t<0<0

t+6
+ sup ¢ lim j e olt+0=s) ||)L(A,I—A)_1“
0

—t<f<o A=+

X [c +m(s) ¢ (s) ||x5||] ds]»

< max { l6],¢ |6 0)

(1+6) 78 t+6 A
+ sup ce “ e lim J e“ds
~t<6<0 A-+o)y A-w
+ sup m,J,e e
—t<0<0
t+0 A
x lim J e ||x,|| ds
A—+o00 Jo A—w

t t
<e ™ ||g| +ce™ J e“ds+m,Je ™ J ™ || x| ds
0 0

t
=gl S (1- ) el | e s
(15)

Case 2. For t > r, we have

sup |ey9xt (9)|

-r<6<0

< sup e 9 |6 (0)]

-r<6<0

t+0
+ sup e lim J g X109 "/\(AI —A)_1||
0

—r<f<o A= +00

et ] ds

3
—at c _ -t
<o gl £ (1-e)
t
+mJ e ™ J e ||x,| ds.
0
(16)
Therefore, from (15) and (16), for t > 0, we get
sup |e"9xt (6)| <e ||| + < (1 - e_“t)
~r<0<0 @
; 17)
+m,],e J ™ ||x|| ds.
0
On the other hand, we have
sup |ey6xt (9). = sup ¢ |x, (0)|
—r<60<0 -r<6<0
> sup e " |x, (0)] (18)
-r<6<0
=e|x

which combines with (17) and yields

t
e |x] < e o]l + i (1 . e_at) +m,J e Jo €™ ||x|| ds.

(19)

So we get

(24 T c (24 T ! as
Pl < e [Joll+ £ (¢ = 1) maae” | e hx s

(20)
Using Lemma 9, we have
c
& el < o ol + e (e 1)
t
wmlie | [ lgl+ e @ - )]
0 04
X eﬂ Malae”du g
yr ot "
<L o <||¢|| - )e’”ﬂ’“ey g
o —-m,]J e o—-m,]Je’
(D)
Thus, (12) holds. O

Lemma 11. Assume that the conditions of Lemma 10 are
satisfied; furthermore, « > m,J,e"", where y is the constant
defined by Lemma 10. Then (U(t)),s, is point dissipative.

Proof. From Lemma 10, we find that for each ¢ € X, since
a > m,J,e"", there exits a t,, := t,(¢p) > 0 such that for ¢ > t,,

(independent of ¢p).  (22)



Therefore,

yr
ce
BX 0,—+
0 oa—m,] er"
a’a

1) N X, (23)

attracts each point of X,, where By (0, (ce'/(a —m,J,e'")) +
1) denotes the open ball in X, with center 0 and radius
(ce” [(—m,],e")) + 1. O

Now, we show the compactness of the operator U(¢).

Lemma 12. Assume that assumptions (H,)-(Hs) hold. Then,
U(t) is compact fort > r.

Proof. Lett > r and let {¢,} be any bounded sequence of %,,.
We will use the Ascoli-Arzela theorem to show that {U(¢)¢,, :
n € N} is precompact in X, by two steps.

Step 1. Show that for any 6 € [-r, 0], the set

Z©) = {(U®,)©0) :neN)} (24)

is precompact. For t > r and 0 € [-r, 0], by (8), we have

(U®) ¢,) (0) =T, (¢ +6) ¢, (0)

t+6

+A1_i>11100J.0 Ty(t+60-5)
XA = A)F (0, y) ds

(25)

where x"(-) is the integer solution of (1) with initial function
¢,,. From (H,) and the boundedness of {¢,}, we know that
{Ty(t + 0)¢,(0) : n € N} are precompact. Now, considering
the second term in (25), for sufficiently small € > 0, we have

lim Jt+9T0(t+9—s)A(AI A7 () ds

A—+00 Jo
t+0-¢
=T, () lim J Ty (t+6—s— &) AAL - A)”!
—+00 Jo
n
F (Xp(s’xs)) ds
t+0 i
+ lim LH Ty (t+6 ) MAL - A F (1, ) ) ds.
(26)
Note that from Lemma 10, we have
sug [«7]| < 00, s €[0,£]. 27)
ne
By (H,) and (H;), we get
|F (xZ(s,xs))’ <c+my], |x7]. (28)
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Therefore, there exist some constants M;, M, > 0 such that

lim Jt+e£T0(t+9—S—€)A(AI A) F( p(sx))

A — +o0

lim j”@ Ty (t+6-5) MM - 4 () ) ds

A—+00 Ji40-¢

(29)

which yields
t+0—¢
To(e)<lAlim J To(t+0-s—¢)
—+00 JQ

x ML= A 'F (3 Ydsine N} T,
(30)
where I, is a compact set. Thus, Z(0) is precompact.

Step 2. Show the equicontinuity of {U(t)¢,, : n € N}. Let —r <
0, < 0, < 0; we have

(U ) ¢4) (6,) - (U 1) ¢,) (61)
= [Ty (t+6,) - Ty (t +6,)] ¢, (0)

t+92
+ lim J Ty (t+6, —s)MAL - A)'F (xz(s)x )) ds

A — +00

~ lim Je (40, = 5) AT = A 'F (), ) ds

A—+o00 Jo
=T, (t+6,) [T, (6, - 6,) - 1] ¢, (0)
tH
UE%LGI (40, ) MAT - AY'F () ) ds
t+6,
+1mlj [T, (t 46, — ) =T, (t +6, - 5)]
A—+00 Jo
X MAL = A)'F (x ) ) ds,
€y
which leads to
(U ) ¢) (6,) = (U ) ) (6,)]

£ ”To (t+6,)[T,

t+0,
+ lim J
t

A—+00 Jiih,

(6,-6,)-1]|

Ty (t+6,—s) MM - A"

F (%) )| s+ 170 (6, - 6) - 1]
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t+0,
% lim J T, (1 + 6, ~ ) AAT - 4)”

A—+o00 Jo

<P (X )|
(32)

Since the mapping t — T (¢) is norm continuous for ¢ > 0,
for some § € (0,¢ —r), put

T, (t+6,) [T, (6, - 6,) - I] o
=T, (t+6, - 8) [Ty (6, - 0, +8) = T, ()] .
Then
ITo (6, -6, +8) Ty ®)| — 0 as6, — 6. (34)
Thus
ITo (£ +6,) [Ty (6, -6,) ~ 1] — 0 as 6, — 6,. (35)

By the boundedness of |T;,(t + 6, — s)A(AI — A)_IF(xZ(S)xS))I,
then

t+0,
lim J T, (£ +6, - s) \M = A)”!
A—+00 Jiig,

(36)
X F('xZ(s,xs))’ ds—0 as6, —0,.

Obviously, lim,_, ., fHel [Tyt + 6, — s)AAI-A)™"

0
F(x" ))|ds belongs to a compact subset of E; we have

plsxs
1T, (6, - 6,) - 1]
t+6,

x lim j T, (1 +6, —5) AAL - 4)"

A—+00 Jo (37)
X F (%0 ) ds — 0

as 0, — 0,.

Hence {U(t)¢,, : n € N} is equicontinuity. O

Here, we state our main theorem of this paper, which is
an immediate consequence of Lemmas 8, 11, and 12.

Theorem 13. Assume that assumptions (H,)-(Hs) hold. If o >
m,Je", then (1) has a nonempty global attractor 9.

As applications, we give the following example.

Let E = C([0, 7], R) and C = C([-r,0], E).

0 0

au (t,x) = @u (t,x) — pu(t, x)
+fut-rx),

u(t,0) =u(t,m) =0,

0<x<m t=0, (38)
t>0,

u(0,x) =¢(0)x,

0<x<m -r<0<0,

where y > 0 is a constant, u(t,-) € E, and f: C — E
satisfies (H;). Define the operator A by

D(A) = {g € C*([0,7],R) : q(0) = q(m) = 0},

(39)
Alg)=4"
and F: C — Ewith
F(p)(x) = f(p(-n(x)), xel0nm].  (40)
Then A satisfies the Hille-Yosida condition in E and
[ar- a7 < 3 foraso (41)

Moreover, the part A, of A in D(A) is the infinitesimal
generator of a strongly continuous semigroup (Ty(t)),., on
E such that

IT, )| <e  fort=o0. (42)

According to Theorem 13, if there exist y > y, m, and J, such
that m,J,e"" < u, then (38) has a global attractor.
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