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Abstract 
 
In this short article, we have studied the controllability result for neutral impulsive differential inclusions 
with nonlocal conditions by using the fixed point theorem for condensing multi-valued map due to Martelli 
[1]. The system considered here follows the P.D.E involving spatial partial derivatives with α-norms. 
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Fixed Point Theorem 

1. Introduction 
 
In this paper we have discussed the controllability of 
nonlocal Cauchy problem for neutral impulsive differen- 
tial inclusions of the form  

     
 

 

1 2

= 0

d
( ) , ( ) ( ) ( ) , ( ) ;

d

:= 0, ; 

| = ( ) ; = 1, 2, ; (0) ( )

k

t t k kk

x t F t x h t Ax t Bu t G t x h t
t

t J b t t

x I x t k m x g x x X

       
  

 


  

 

(1) 

where the linear operator ( )A  generates an analytic 
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a separable Banach space with norm  . 
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Since F  and  involve spatial partial derivative, 
the results obtained by other authors cannot be applied to 
our system even if . This is the main motivation 
of this paper. 
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The existence and controllability of the following sy- 
stem is studied by Benchohra and Ntouyas [2]  
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Here authors have proved exact controllability by 
using fixed point theorem for condensing multi-valued 
maps due to Martelli. In this paper, we have discussed 
controllability results with α-norms as in [3] with de- 
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viating arguments in terms involving spatial partial de- 
rivatives. 

As indicated in [4], and reference therein, the nonlocal 
Cauchy problem 0(0) ( ) =x g x x  can be applied in di- 
fferent fields with better effect than the classical initial 
condition 0(0)x x . For example in [5], the author 
described the diffusion phenomenon of a small amount 
of gas in a transparent tube by using the formula  

=0

( ) = ( ),
p

i i
i

g x c x t  

where  are given constants and 

0 1  In this case the above equation 
allows the additional measurement at i , . 
In the past several years theorems about controllability of 
differential, integro-differential, fractional differential 
systems and inclusions with nonlocal conditions have 
been studied by Chalishajar and Acharya [6-9], Ben- 
chohra and Ntouyas [10,11], and Hernandez, Rabello and 
Henriquez [12] and the references therein. In [13], 
Chalishajar discussed exact controllability of third order 
nonlinear integro-differential dispersion system without 
compactness of semigroup. 

, = 0,1, ,ic i p
, , , .pt t t b0 <

t = 0,1, ,i  p

Xianlong Fu and Yueju Cao [14], has discussed the 
existence of mild solution for neutral partial differential 
inclusions involving spatial partial derivative with -  
norms in Banach space. However in their work authors 
impose some severe assumptions on the operator family 
generator by ( )A , i.e. ( ) : ( )A D A X X  

 ( )T t

 is an 
infinitesimal generator of a compact analytic semigroup 
of a uniformly bounded linear operator 

0t
, which 

imply that underlying space X  has finite dimension 
and so the example considered in [14], and subsequently 
in Section 4 is ordinary differential equation but not 
partial differential equation which shows lack of exi- 
stence (exact controllability) in abstract (control) system 
(refer [15]). This fact and several other applications of 
neutral equation (inclusions) are the main motivation of 
this paper. 

In Section 3 (followed by Preliminaries) of present 
paper we discuss the controllability of neutral impulsive 
differential inclusion with nonlocal condition with devi- 
ating arguments with α-norm, which is the genera- 
lization of [14], in a finite dimensional space. The ex- 
ample is given in Section 4 to support the theory. In 
Section 5 we study exact controllability of same system 
in infinite dimension space by dropping the compactness 
assumption of semigroup   0

( )
t
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
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the result proved in Section 3. 
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2. Preliminaries 
 
In this section, we shall introduce some basic definitions, 
notations and lemmas which are used throughout this 

paper. 
Let  ,X   be a Banach space.  is the 

Banach space of continuous functions from 
( , )C J X

J  into X  
with the norm defined by  
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N N x x  

A measurable function :x J X  is Bochner inte- 
grable if and only if x  is Lebesgue integrable. (For 
properties of the Bochner integral see [16]). Let 
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grable functions 
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L
x x t t  for all 1( , )x L J X

X

. 

We use the notations  ( ) = 2 :P X Y Y   , 
 closed( ) = ( ) :clP X Y P X Y , 
 ounded( ) = ( ) :bP X Y P X Yb , 
 onvex( ) = ( ) :cP X Y P X Yc , and 
 Ycompact

: 2XG X 
( ) = ( ) :cpP X Y P X . 

A multi-valued map  is convex (respec- 
tively closed) valued if  is convex (respectively 
closed) for all 

( )G x
x X . 

The map  is bounded on bounded sets if G
( ) = ( )x BG B G x  is bounded in X  for any bounded 

set  of B X .    . . sup : ( ) < sup x Bi e x x G x   . 

G  is called upper semi-continuous (u.s.c.) on X  if for 
each 0x X , the set 0  is a nonempty closed 
subset of 

( )G x
X  and if for each open set  of B X  

containing 0 , there exists an open neighborhood ( )G x
A  of 0x  such that  ( )G A B .

The map  is said to be completely continuous if 
 is relatively compact for every bounded subset 

 

G
( )G B

B X .
If the multi-valued map  is completely continuous 

with nonempty compact values, then  is u.s.c. if and 
only if  has a closed graph, That is, if 

0 0 ,

G
G

G
,n nx x y y  where n n  then 0 0(y G x ) ( )y G x . 

 has a fixed point if there is G x X  such that 
( )x G x . 

A multi-valued map  is said to be 
measurable, if for each 

: BC ( )G J C X
x X , the distance function 

 defined by  :Y J R

   ( ) = , ( ) = inf : ( )Y t d x G t x z z G t   

is measurable. 
An upper semi-continuous map  is said 

to be condensing, if for any bounded subset , 
with 

: 2XG X 
B X

( ) 0B  , we have , where   < ( )B( )G B   
denotes the Kuratowski measure of non-compactness. 
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We remark that a completely continuous multi-valued 
map is the easiest example of a condensing map. For 
more details on multivalued maps see the books of 
Deimling [17]. 

Throughout this paper, : ( )A D A X X   will be 
the infinitesimal generator of a compact analytic semi- 
group of uniformly bounded linear operator  Let ( ).T t
0 ( )A


, then it is possible to define the fractional 

power , as a closed linear operator on 
its domain 

,  0 1A for  
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is dense in X and the expression  
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defines a norm on ( )D A . Hereafter we denote by 
,X  the Banach space ( )D A  normed with x


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For more details about the above preliminaries, we re- 
fer to ([18,19]). 

In order to define the solution of the system (1) we 
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 is continuous 

positive constants  and i) there exists 2L 2L   such 
that  

2 2( )  for all .g y L y L y
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is completely continuous map. 
(H5) ( , ), = 1,2, , ,

stant 1M  and 2M  such that and 1B M  and 

kI C X X k m    are all bounded, 
that is, there exist constants , = 1, 2kd k , , ,m  such that 

( ) ,k kI x d  f x X . 


or each 

Now we define the mild solu system (1).  
- 

lo

tion for the 
DEFINITION 2.1 The system (1) is said to be non
cally controllable on the interval J  if for every 
(0) ( ) ( )x g x D A   and 0 1,x z X , there exists a con- 

   0, : = ,u L b L L J U 0, 2π  such that the 2 2 2trol 

 of (1) satcorresponding solution ( )x  isfies 
i) 1( ) ( ) =x b g x z  w 0(0) ( ) ;ith x g x x   

1, 2, , ;ii) ));  =t t k kk
| ( (x I x t  k  m  

there exists a function 1v Liii) J( , )X  such that 
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Consider the linear continuous operator 

.

From Lemma (H3) it follows that is a closed 
graph operator. 

Moreover, we obtain that 

 

G x


Since 

GOS  

      1

0
: , ( , ), = ( )d

t
L J X C J X v v t T t s v s s     

0 0
( ( ) ( )( )(n n ny t x g x T t s Bu     


 ,

0< <

) ( ) )d ( ) ( ( ))  ( ).
t

k k n k n
t tk

T t s s T t t I x t S
 

     

,nx x  it follows from (H3) that 

has a i
u -val p

value, c. On the other hand is a con- 
traction. nce is u.s.c. and ng

By L a fixed point 

0 0
( ) ( ) ( ) ( )( )y t T t x g x T t s Bu    

 
that is, there must exist a ,( ) G xv t S 

  such that  

,
0< <

( )d ( ) ( ( ))  ( )
t

k k k G x
t tk

s s T t t I x t S
 

       

0( ) ( )y T t x g x   

0
0< <

( )( )( )d ( ) ( ( ))
t

k k k
t tk

t

T t s Bu s s T t t I x t     

0
= 

Therefore, 2N closed graph. Since s a 
completely continuous m lti ued map with c act 

( )

( ( )) = ( ) ( )d .

t

v t T t s v s s

 



 



 

 

is u.s.
 

 2.3,

2N  
om

nsi
)

2N  
 He

emma

 1N  
conde

(.
1 2=N N N  

 there exists 
. 

x  for N  
on .lH  Therefore, the nonlocal Cauchy m

ffect (1) is controllable on 
 proble  with 

impulsive e .J  
Particularly, if is a single-valued map, 

then the system (1) will become  

     
 

1 2

=

0

d
( ) , ( ) = ( ) ( ) , ( ) ;

d

:= 0, ;

| = ( ( )); = 1,2, , ;  ;  

(0) ( ) =

t t k k kk

x t F t x h t Ax t Bu t G t x h t
t

t J b

x I x t k m t t

x g x x



      

 
 

 


 

(4) 

by using Sadovskii’s fixed-point theorem for condensing 
map, we can analogously study the controllability of the 
system (4). 

(H3)’ The function satisfies the fo- 
llowing conditions: 

i) for each 

:G J X X   

2( , ( ( )))G t x h t  ,t J  the function  is ( ,.) :G t X X 
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continuous; and for each ,x X  the ion funct

is stro ble. 
positive num  there exists a 

 such that  

(., ) :G x J X  
ii) for each 

positive function 

ngly measura
ber 

 dependent
,l N

 on l( )w l

( )
( , ) ( )  and  li

l
l


m = <

w l
sup G t x w

l
   

where  

0

= (sup
s

x x ) .s
 

 

THEOREM 3.2 Let

 

 0x X . If the hypotheses 
( 1), ( 2), ( 3) , ( 4) and ( 5)H H H H
the system (4) is controllabl

H
e on 

 are satisfied, then 
J  provided (1), (2) 

and (1) hold.  
Proof The mild solution of the system (4) is given by 

1

0 1

20 0

0< <

( ) = ( ) ( ) (0, ( (0)))

)))d

( ) ( , ( ( ))d ( )( )( )d

( ) ( ( )); .

t t

k k k
t tk

x t T t x g x F x h

1 0
( , ( ( ))) ( ) ( , ( (

t
F t x h t AT t s F s x   h s s

T t s G s x h s s T t s Bu s s

T t t I x t t J

   

   

  

 


 

We define the operator :N   by  

Then we can decompose  as  where  

1

an

 ve
e po orem 

can be applied to the operato
ws th  (4) 

is controllable on the interval 

0 1

1 10

2 0

0< <

( ( )

( , ( ( ))) ( ) ( , ( ( )))d

( ) ( , ( ( )))d ( )( )( )d

( ) ( ( ))

t

t t

k k k
t tk

N T t x

F t x h t AT t s F s x h s s

T t s G s x h s s T t s Bu s s

T t t I x t

  

  

   

 



 


 
0

)( ) = ( ) (0, ( (0)))x t g x F x h

N 1 2= ,N N N

1 1

10

( )( ) = ( , ( )( )) ( ) (0, ( (0))

( ) ( , ( ( )))d
t

N x t F t x h t T t F x h

AT t s F s x h s s



 
 

d  

2 0 20
( )( ) = ( ) ( ) ( ) ( , ( ( )))d

)d

t

t

N x t T t x g x T t s G s x h s s

T t s

    






 

0

and rify that 1N  is a contraction while 2N  is a 
compact operator, thus Sadovskii’s fix d-

( )( )(s Bu s

int the

at syste
r N  and hence N  has 

atleast a fixed point on ,  which sho
.

m
J  T

π

0

2

2

( , ) ( , , ) (sin , ) (sin , ) d

( , )
= ( , ) , (sin , ), (sin ,

 0 1, 0 π, , = 1,2, , ;

) ,

= 0;  ( ) (

= 1, 2, ,

(0, )

k

k k

z
z t x b t y x z t y t y y

t y

z t x z
u t y h t z t x t x

xx

t x t t k m

z t z t z

k m

z x

 

   
      

( ,0) = ( ,π) ) = ( ( )), k kz t z t I t


       

    








π

00
=0

( , ) ( , )d = ( ), 0 π
p

i i
i

k y x z s y y z x x












  




 

(4.1) 

where p is a positive integer, 
and 
is defi





0 10 < < < < < 1,ps s s  
2

0; ( ) = ([0,π]).z x X L  A 


1 20 < < < < < 1mt t t 
ned by =A   with the domain  





2( ) = ([0, ]) = (.) : ,

ous,

( ) = 0

D A H X0

are absolutely continu

, (0) =X

  

 



  

 

Then A generates a strongly continuous semigroup 
which is compact, analytic and self-adjoint. 

a’) Also A has a discrete spectrum re resentation  

;

(.)T  
p

2

=1

= ( ) < , > , ( ),n n
n

A n D    


   A n N

where 
2

( ) = ( ); = 1, 2,
πn x sin nx n   is the orthogonal 

set of eigenvector of A. The eigenvalues are 

b’) The operator 

2 , .n n N   
1

2A  is given by  

he desire of is 
similar to Step 4 of Theorem 3.1.  
 
4. Example  
 
As an application of Theorem 3.2, we study the 
following impulsive partial function differential system 
with nonlocal condition  

d pro

1

2 =A
=0

< , >n n
n

n   


  

on the space 2
=1

( )= ( < , >n nn
D A n   

perator 2: ( , )B L J X X


1

.) : .X X   

The control o  is defined by 
( )( )( ) = ( , ); (0,π)Bu t y u t y y  which satisfies condition 
(H5). Here B is dentity operator and the contan i
function u(.) is given in

We assume that the fo

 
 2 ([0,π], )L U .  
llowing conditions hol

rol 

d: 
unction b is measurable and  i) The f

π π 2
0 1 0 0

sup ( , , )d d < .t b t y x y x     

ii) The function 
2 ( ,b t

easurable, 

( , ,0) = ( , ,π) = 0,b t y b t y  and 

2

, )y x

x
 is m

1
2 22

π π ( , , )
= sup d d < .

b t y x
N y x

   
1 0 1 20 0t x   

   
   
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iii) For the function R  the fo- 
llowing three conditions are satisfied: 

1) For each  is continuous. 
2) For each 

: [0,1]h R R  

[0,1], ( ,.,.)t h t
1

2

, (., ,z X h z z )  is measurable. 

3) There is a positive number 1 such thatc  

1( , , ) ,g t z z c z   

for all 1

2

( , ) [0,1] .t z X   

iv) 1 1

2 2

, , = 1,kI C X X k
 

   
 

  

, = 1, , ,kd k m  such that 

, and there exist cons- 

tants 

1 1
2 2

( ) , .k kI z d z X   

Here we choose 
1

= = .
2

   According to paper [21], 

we know that, if 1

2

,z X  then z is absolutely 

ous ,  In view of 

this result, for 

continu ,z X  and (0) = (π) = 0.z z

1

2

( , )t z [0,1] X ,    (  is defined 

as in Section 3), we can define respectively that 

 π

0
( , )( ) ( , , ) ( ) ( ) d .=F t z x b t y x z y z y y

( , )( ) = ( , ( ( )),G t z x h t z x z x  

and  

1( ( )) = ( ),
p

i ig t K s 

 

),

=0

,
i

  

where 1 1

2 2

:iK X  X  is completely continuous [16] 

such that 
π

0
( )( ) = ( , ) ( )di iK z x k y x z y y  and 

1

2

: [0,1]G X X   It is easy to see that  

1

2
1 1 1 1

2 2 2 2

: [0,1] , : [0,1]F X X A F X X    

for each [0,1],t  we have  

 In fact, 

 π

0

( , ),

1 2 ( , , )
= ( ) ( ) d ,cos( )

π

nF t z

b t y x
z y z y y nx

n x



 


 

also, 

,

 
2

π1 2 ( , , )
= (

b t y x 
2 20

( , ),

) ( ) d ,sin( ) .
π

nF t z

z y z y y nx
n x






 

This shows that F and 
1

2A F  both take values in 1

2

X  

e the in terms of properties (a’) and (b’), and therefor
function g. Since, for any 1 2 1

2

,x x X ,  

2 22 2
2 1 2 1 2 1= , ,n n

=0 =0

2

n n

x x x x z n x x z
 

    

12 1
2

.x x 

This inequality alongwith condition (ii) says that (H2) 
is satisfied. Also G satisfies  and g satisfies (H4). 

 

( 3)H 
By (i), ( , )F t z  is a boun aded line r operator on X . 

( ), ( 3) , (1), ( 2 4), ( 5)H H H H HThus  are satisfied and 

 
5. lla nite 

Dimensional Space  
 
It has been observed that the example in ([2-11,22]) 

overed as special case of the abstract result. 
up is compact then the assumption (H1) in 

Se  finite dimension
applications are restricted to 

 overcome to this problem in 
Se other 
w he system (4) in 
infinite dimension space.  

LEMMA 5.1 Let 

the system (1) is controllable on [0,1].  

 Exact Contro bility in Infi

cannot be rec
If the semigro

ction 2 is valid only in al space so the 
ordinary differential control 

system but not to partial differential equations (refer 
[15]). We have tried to

ction 3 for the inclusion (1). Here we present an
ay of exact controllability result of t

 ([0, ]), )X  be a space 
formed by normalized   piecewise continuous function
([0, ], ).X  Let   h tha    suc

 = :k kV V   ;  where 

tively compact if an
e space 

 Assume that the function F and G 
ve mptions

 

 1( );  ,
( )

( );  =

k k

k

k k

V t t t t
V t

V t t t





    


  

The set    is rela d only if 
each set k

  is relatively compact in th  
).C  1([ , ];k kt t X

THEOREM
rify the assu

 5.2 
 ( 1)H  and ( 2)H   respectively 

an ndi are fulfilled: d suppose that the following co
a1) For every > 0r  and all

tions 
 > 0  there are com- 

pact sets  su, 1, 2,i
rU X

( , )F s

, =i 
1U

ch that 

,r
( )T A    and  2

,( ) rT G U( , )s  for every   

( ) : (0, ).rF J    
b1) Conditions ( 3)H  and ( 4)H  

e 
are satisfied. Then 

there exists a m of th
Proof Consider the system (3.4). As a main portion of 

eorem, we prov  completely continuous 
operator. 

ild solution system (3.4).  

the th e that N  is
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The mild solution given in Theorem (3.2) can be 
splitted up into following four parts:  

 (1)

1

( ) = ( ) (0) ( ) (0, ( (0)))

( , ( ( )))

N t T t x g x F x h

t x h t

  1

F
 

(2) ( ) = ( , ( ( )))d
t

N t AT s x h s s  

(3)

0
( ) = ( , ( ) ( )d

t
N t z T s x h s Bu s s  

(4)

0

( ) =
t tk

N t
 



( )iN

10
( )t s F

2 0
( ) ( )))d (

t
t s G s s T t  

( ) ( ( )), for each .k k kT t t I x t t J  

Obviously each  is continuous. To prove that 
is compact operat we will show separately that 

 is relatively compact in  for every 
.

is relatively com

 
or 

( )  

N  
( )iN

x
( (0, ))r 

= (0r r  
 1: Let 



pact in 
, )  

(1)NStep r .  
oundLet  is uniformly b ed 

on [0, us fo norm of the operator in 
(0,b], we can observe that the sets 

is relatively compact for every 

act in 

(1)= ( ).  Let rV N
b] and continuo

(.)T
r the 

1
,)) ;k rV T A U 

    it follows that kV  

1[ ,k kt t t 
( )r  is relatively comp

1( ) (0, ( (0)t F x h

], = 0,1,2, , .k m  
Step 2: Let (2)N  .  

ompWe first sh vely c act 
for each  For vial. Assume that 

ow that 2 ( ( ))rN t  is relati
.t J

t b
= 0t  it is tri

0 < 2 <   and let 1
,rU  

pothesis ( 1a
be the com

 the hy . Since
pact set 

introduced in )  (.)A T  is 
strongly c s on [ , ]bontinuou  , it fo

1 1

llows that 

  is relatively com-  

pact in 

 ,= ( ) : [ , ], rU A T s x s b x U  

.X  
usinNow g mean value theorem for Bochner inte al, 

we can write 
gr

2(2)N 1
10

1
12

( ) = ( ) ( ) ( , ( ( ))d

( ) ( , ( ( ))d

( 2 ) ( ) ( )(0, )

t

t

t

r

x t A T t s T A F s x h s s

A T t s A F s x h s s

t co U X

  

 


 

 

 

 





 

 

  






 

for each  where ( ),rx  ( )co U  denotes convex hull 
of U  and  

  *
1 1= 2 1 .r C L x




 




Thus 2 ( )( )rN t  is rela ve pact in .

  

ti ly com X  
tinuous.Next we show that (2) i-c( )rN 

.  Then  
 is equ on  

Let 00 <t t b 
(2) (1)

10

0

0

( ) ( )

= ( ) ( , ( ( )))d

( ) ( , ( ( )))d

(

t

t

N x t N x t

0 10

(2)
0 0

1

= ( ( )) )

( ) ( , ( ( )))d
t

t

AT t s F s x h s s

AT t s F s x h s s

x tI T t t N

AT t s F s x h s s

 



Sinc  for ;rx



 

 




  

(2)
0( );N x te the elements   are 

included in a compact set, it follows that th  on 
ght hand side converge y to zer

 

e first term
o as 
he fun

ri s uniforml 0.t t  
ctionSimilarly it follows from ( 1)b  that t

1( ) ( , ( ( ))), rt s F s x h s xAT    are equi-int
rm on ri

egrable, which 
nd sideimply that the second te ght ha   also

converges uniformly to zero as 0.t t  
This show that (2) ( )rN   is equi-continuous from the 

right at 0.t  Similarly it can be prove that 2 ( )rN   is 
equi-continuous from the left at 0 > 0.t  Thus (2) ( )rN   
is equi-continuous and hence (2) ( )rN   is relatively 
compact in  . 

Step 3: By using same argument as in Step 2 we can 
prove that the set (3) ( ).rN   is relatively compact in .  

Step 4: The relatively compactness of (4) ( ).rN   is 
consequence of assumption (H4) and Lem nce 
th

compactnes ption o .2 (a1) and growth 
condition (H2) ( 5). If the maps F and 

ma 5.1 He
e proof. 
Remark Throughout Section 5 we have used 

s assum f Theorem 5
ii) and (H

, = 1,2, ,kI k m  
(i) and (H5) instead 

satisfy some Lipschitz conditions (H2) 
of compactness in (a1) then also we 

can prove controllability result. 
 
6. References 

artell compact 

al 
lusio nite D

 Point Theory and A ol. 2, No. 1, 2007, 
pp. 11-51.  

[3] C. C. Travis an ebb, “Existence, Stab
 α-Norm for Partial 

s,” Tra n of A

[4]
ear

em,” Journal of Mathematical Analysis and Appli-

utions of Semilinear 
Paprabolic Equations with Nonlocal Initial Conditions,” 
Journal Mathematical Analysis and Application , Vol. 
179, 1993, pp. 630-637. doi:10.1006/jmaa.1993.1373

 
[1] M. M i, “A Rothe’s Type Theorem for Non

edAcyclic-Valu  Map,” Bollettino dell’Unione Mathe-
matica Italiana, Vol. 2, 1975, pp. 70-76.  

[2] M. Benchohra and S. K. Ntouyas, “Existence Results for 
Nondensely Defined Impulsive Semilinear Function
Differential Inc n with Infi elay,” Journal of 
Fixed pplications, V

d G. F. W
th

ility and 
Compactnes wi Functional Differ-
ential Equation nsactio merican Mathematical 
Society, Vol. 240, 1978, pp. 129-143.  

 L. Byszewski, “Theorems about the Existence and 
Uniqueness of a Semilin  Evolution Nonlocal Cauchy 
Probl
cations, Vol. 162, 1991, pp. 496-505.  

[5] K. Deng, “Exponential Decay of Sol

s
 

[6] D. N. Chalishajar, “Controllability of Second Order Se-
milinear Neutral Functional Differential Inclusions with 
Non-Local Conditions in Banach Spaces,” Nonlinea
Functional Analysis and Applications, Vol. 14, No. 1, 
2009, pp. 1-15.  

[7] D. N. Chalishajar and F. S. Acharya, “Controllability of 
lsive

entific and . 

r 

Semilinear Impu  Partial Neutral Functional Differ-
ential Equations with Infinite Delay,” Proceeding of 
Fourth International Conference on Neural, Parallel Sci-

 Computations, Atlanta, 2010, pp 83-89.  

Copyright © 2011 SciRes.                                                                                  AM 



D. N. CHALISHAJAR  ET  AL. 
 

Copyright © 2011 SciRes.                                                                                  AM 

1496 

[8] D. N. Chalishajar and F. S. Acharya, “Controllability of 
der Semi- erential 

e
and F. S. Acharya, “Trajectory C nl -

,” Journal of Franklin In-
stitute, Vol. 347, 2010, pp. 1065-1075.  

[1 d n-
or Nonline
itions

d Ana , 

ou
 Ban

Applie d Stochastic
Analysis, Vol. 15, 2002, pp. 45-52. 
doi:10.1155/S1048953302000059

Second Or linear Neutral Impulsive Diff
Inclusions on Unbounded Domain with Infinite Delay in 
Banach Spaces,” Bulletin of Korean Mathematical Soci-
ety, Vol. 48, No. 4, 2011, pp. 813-838.  

[9] D. N. Chalishajar, R. K. Georg , A. K. Nandakumaran 
ontrollability of No in

ear Integro-Differential System

0] M. Benchohra and S. K. Ntouyas, “Existence an Co
trollability Results f ar Differential Inclusions 
with Nonlocal Cond  in Banach Spaces,” Journal of 
Applie lysis, Vol. 1 No. 8, 2002, pp. 45-52.  

[11] M. Benchohra and S. K. Nt yas, “On Second Order 
Impulsive Functional Differential Equations in ach 
Spaces,” Journal of d Mathematics an  

 
 

rential Equations,” Journal of Mathematical
Analysis and Applications, Vol. 31, 2007, pp. 1135-1158. 
doi:10.1016/j.jmaa.2006.09.043

[12] E. He anrn dez, M. Rabello and H. R. Henriquez, “Exis-
tence of Solutions for Impulsive Partial Neutral Func-
tional Diffe  

 
 

[13] D. N. Chalishajar, “Controllability of Nonlinear Integro-
Differential Third Order Dispersion System,” Journal 
Mathematical Analysis and Applications, Vol. 348, 2008, 

. doi:10.1016/j.jmaa.2008.07.047

 

pp. 480-486  

[14] X. L. Fu a . J. Cao, “ ce for Neutral Impulsive nd Y Existen
Differential Inclusions with Nonlocal Conditions,” Non-
linear Analysis—TMA, Vol. 68, 2008, pp. 3707-3718.  

 Note on fo
urnal of C

sida, “Functional Analysis,” 6th Edition, Springer- 

 

[15] R. Triggani, “A Lack of Exact Controllability r 
Mild Solution in Banach Spaces,” SIAM, Jo on-
trol and Optimization, Vol. 18, No. 1, 1980, pp. 98-99.  

[16] K. Yo
Verlag; Berlin, 1980.  

[17] K. Deimling, “Multivalued Differential Equations,” De 
Gruyter, Berlin, 1992. doi:10.1515/9783110874228 

ki, “Existence of Solutions of Semilinear 
Functional-Differential Evolution Nonlocal Problem,” 
Nonlinear Analysis, Vol. 34, 1998, pp. 65-72.  
doi:10.1016/S0362-546X(97)0

[18] L. Byszews

0693-7 

igroups of Linear Operators and Applica-
l Differential Equations,” Springer-Verlag, 

[19] A. Pazy, “Sem
tions to Partia
New York, 1983. doi:10.1007/978-1-4612-5561-1 

[20] H. Themies, “Integrated Semigroup and Integral Solu-
tions to Abstract Cauchy Problems,” Journal Mathe-
matical Analysis and Applications, Vol. 152, 1990, pp. 
416-447. doi:10.1016/0022-247X(90)90074-P 

[21] C. C. Travis and G. F. Webb, “Partial Functional Differ-
ential Equations with Deviating Arguments in Time Vari-
able,” Journal of Mathematical Analysis and Applications, 
Vol. 56, 1976, pp. 397-409.  
doi:10.1016/0022-247X(76)90052-4 

[22] Y. K. Chang and D. N. Chalishajar, “Controllability of 
Mixed Volterra-Fredholm-Type Integro-Differential In-
clusions in Banach Spaces,” Journal of Franklin Institute, 
Vol. 345, 2008, pp. 449-507.  
doi:10.1016/j.jfranklin.2008.02.002 

 

 


