Journal of Al-Nahrain University

Vol.13 (1), March, 2010, pp.142-149

Science

SOME CHARACTERIZATIONS OF WEAKLY™ m-CONTINUOUS
MULTIFUNCTIONS

Bassam Jabbar J. Al-Asadi and Umilkeram Q. Al-Ramadhan
Department of Mathematics, College of Science, Al-M ustansiriyah Univer sity,
Irag-Baghdad.

Abstract

In this paper we introduce some characterizations of weakly - -continuous multifunctions and
some results about strongly-m-continuous multifunctions.

Introduction

The concept of minimal structure space
was introduced in 1996 by H. Maki [1]. In
1968 Velicko [2] introduced the concept of
6-open set. This concept has been studied
intensively by many authors Al-Asadi B. J. [3]
defined the concept of #m, -open and in 2008
Al-Asadi B. J. [4] introduced the concept of
weakly -m-continuous multifunction and in
this paper we introduce some characterization
of weakly -m-continuous multifunction and
some results about strongly m-continuous
multifunction. We obtained some properties of
weakly -m-continuous  multifunction  about
connectedness and compactness.

Preliminaries
Let (X ,7) be atopologica space and A a

subset of X. The closure of A and the interior

of A ae denoted by cl(A) and int(A),
respectively.

Definition 1-1:

A subset A of atopologica space(X ,7) is
said to be

(1) regular closed (resp. regular open) if
cl(int(A))=A (resp. int (cl(A))=A) [5].

(2) Preopen [6] (resp.semi-open [7], o -open
[5], B-open [8]) if AT int(cl(A))
(resp. Al cl (int(A)), Al int(cl (int(A))),
ATl cl (int(c (A)))).

(3)The family of all preopen (resp. semi-open,
o -open, B -open) setsin X is denoted by
PO(X) (resp. SO(X), e (X), B (X))

(4) The complement of a preopen (resp.
semi-open, o -open, B -open) set is said to
be preclosed (resp. semi-closed, o -closed,
B -closed ).
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(5) The intersection of al preclosed (resp.
semi-closed, o -closed, S -closed) sets of

X containing A is caled the preclosure
(resp. semi-closure, o -closure, 3 -closure)

of A and is denoted by pcl(A) ( resp. scl(A),
acl(Ah), Bcl(A)).
(6) A subset A is caled 6-open iff
A=int,(A)=Uu:cdU)l AUT 7}
2].
(7 A[\ ] subset A
A=cl, (A)
=lF:Al c(F),X \F1 7}

is cdled O-closed iff

Definitions 1-2[1] :

(1) A subfamily m, of the power set P(X) of
a nonempty set X is caled a minima
structure (briefly, m-structure) on X if

¢T moand X1 m,. Each member of
m, is sad to be my -open and the
complement of an m, -open is said to be

m, -closed set. We denote by (X,m,)

the m-structure space.
(2) Let (X, m, ) be an m-structure space, for a

subset A of X, the m, -interior of A and the
m, -closure of A are defined as follows :

(@ m, -int(A)=UU Ui AUT m,}

(b) m -cl(A)=H{F:Al F,X\FI m.}
Not that m, - int(A) is not necessarily

m, -open, aso m, - cl (A) is not necessarily

m, -closed see[1].

(3) An m-structure my, on a nonempty set X is
said to have the property () if the union
of any family of subsets belonging to m,
belongto m, .



Lemma1-3[1] :
Let (X,m, ) be an m-structure space, for
asubset A of X the following hold:

1) m-cdX\VA)=X\m, -int(A) and
m, - int((X \A)=X \m, - cl(A).

(2 If X \AT m,, then m, - cl (A)=Aand if
AT my , then m, - int(A) =A.

(3)If Al B,thenm, -cl(A)i m, -c(B)
and m, - int(A)i m, - int(B).

(4) AT m, -d(A) add m - int(A)i A

5 my-c(m,-c(A)=m, -cl(A) and
m, - int(my - int(A)) =m, - int(A).

Lemmal-4[1]:

Let (X,m, ) bean m-structure space, and
A a subset of X. then xT m, -cl(A) iff
UTAL ¢, foreveryUT m, containing x.
Lemma 1-5[1] :

For an m-structure m, on a non-empty set
X, the following are equivalent :

(1) m, hasproperty ().

@1 m-intV)=V ,thenV I .

3) If m -cl(F)=F ,thenFis my -closed.
Lemma1-6[1] :

Let (X,m, ) bean m-structure space with
property (). For a subset A of X, the
followjng properties hold :

(1) Al my iff my - int(A) =A.
(2) Ais my -closed iff m, - cl (A)=A.
3 m -int(A)T m, and m, -c(A) is

m, -closed.

Definition 1-7 [3]:
Let (X,m, ) be an m-structure space, for

asubset A of X:
(1)The 6m, -interior of A is defined by

om, - int(A)=UU :m, - (A)i AUT m,}

2 A is cdld om, -open  iff
om, - int(A)=A and the complement of
Aiscalled 6m, -closed.
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(3) A point x of X is said to be a 6m, -cluster
of asubset Aif m-clU)1At¢ for
every m, -open set containing X.

(4) The set of al ém, -cluster points of A is
said to be 6m, -closure of A and denoted
by ém, - cl (A).

Remark 1-8[1] :

If an m-structure space my, on a
non-empty subset X satisfy (3 ), then we have
every 6m, -openis m, -open.

Remark 1-9[3] :

Let (X,m, ) bean m-structure space. For
subsets A and B of X, the following hold :

(1) ém, -cl (X \A)=X \Om, - int(A) and
om, - int(X \A)=X \ém, - cl (A)

(2) Om, - int(A)I m, - int(A)i A and
Al my-c(A)I em, -cl(A)

) 1f Al B, then
om, -c(A)l ém, - cl(B) and
om, - int(A)i om, - int(B)

(4) Ais Om, -closed iff 6m, - cl (A) =A

Remark 1-10[3] :

Let (X,m, ) bean m-structure space and
AB are subsets of X, then:
(1) émy -cl(AUB)=6m, -cl (A)U

ém, -cl(B)
(2 6m, -c(AIB)I om, -cl(A) I
ém, - c (B)
(3) 6m, - int(AUB) E 6m, - int(A)U
om, - int(B)
(4) 6m, - int(A 1 B) i 6m, - int(A) I
om, - int(B)

w" -m-continuous multifunction

Recall the definition of multifunction. A
multifunction F:X ® Y from a topological
space (X ,7) into atopologica space (Y ,0) is
a point to set correspondence such that
F(x)t ¢ fordl x1 X .
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Definition 2-1[9]:

Let F:(X,7)® (Y ,o0)beamultifunction
from atopological space (X ,t)into a
topological space (Y ,0).

(1) The upper and lower inverse of a set B of
the space Y are denoted by F*(B)and
F (B), respectivdly and defined as
F*(B)={x1 X :F(x)I B},

F (B)={xT X :F(x)1B? ¢}.

(2) Let P(Y) be the collection of al non-empty
subsets of Y, we define
V*={BT P(Y):BiV} and
V ={BTPY):BIV1g}.

Definition 2-2 [4]:

A multifunction F:(X,m,)® (Y ,o0)
where X is non-empty set with an m-structure
m, into a topological space (Y ,o) is
de to be weakly-m-continuous, (briefly
W -m-continuous) (resp. strong-m- continuous,
briefly s-m-continuous) iff for each x1 X
and for each open sats Vi, V. of Y such
that F(x)TV," IV, , there existss UT m,
containing x such that
F ()T [l /)] 1cl V,)]" (resp.

Fu)Tv, 1v, )foralul m, -dU).

Definitions 2-3:
A subset A of a topologica space (X ,7)

is said to be

1) a-regular [10] if for each al A and each
open set U containing a, there exists an
open st G of X such that
al Gl d(@G)I U,

2) a-paracompact [11] if every X-open cover
of A has an X-open refinement which covers
A and islocally finite for each point of X.

For a multifunctionF : X ® (Y ,0), by

cd(F): X ® (Y ,0) we denote a
multifunction  defined as  follows
d (F)(x) =cl (F(x))for each xT X .

Similarly, we denote sc(F):X ® (Y ,0),
pcl(F): X ® (Y,0), od(F):X ® (Y,0)
and Bcl (F): X ® (Y ,o0)[9].
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Lemma 2-4[9]:
If F:(X,m)® (Y ,0) is a

multifunction such that F(x)is a-regular and
o-paracompact for each x T X , then
1)G*'V)=F"() for eachopenset Vof Y,
2) G (K)=F (K) for each closed set K of Y,
where G denotes
cl (F), pcl (F),scl (F),acl (F),or Bcl (F).
Lemma 2-5[9]:

For a multifunction F :(X,m, )® (Y ,0),
the following properties hold :
DG V)=F V) foreechopenset Vof Y,
(2) G*(K)=F*(K) for each closed set K of
Y,
where G denotes
cl (F), pcl (F),scl (F),acl (F),or Bcl (F).
Theorem 2-6 [4]:

For a multifunction F:(X,m )® (Y ,0),

the following are equivalent :
1) Fisw-m continuous.

2) FFGYIF G)I
om, - int(F*(cl (G,)) 1 F (c (G,)))for every
open set Gy, Gy of Y.
3) Om, -cl (F (int(K,))UF"(int(K,))
[ F(K)UF'(K,)
for every closed sets Ky, Ky of Y.
4)6m, - cl (F~ (int(cl (B,))) U F *(int(cl (B,))))
[ F (d(B))UF"(d(B,)
subsets By, B, of Y.
5 F*(int(B,)) 1 F (int(B,))
i em, - int(F*(cl (B)) 1 F (cl (B,)))
every subsets B, B, of Y.
6) Omx -l (F- (Gl) U F+(Gz))
I F (d(G)UF*((G,)) for every open
set G, G of Y.
Lemma 2-7:

If F:(X,m)® (Y,o) is a multi-
function such that F(x)is a-regular and a-
paracompact for each x 1 X , then
1) G'W)IG V,)=F'V)IF (V,)

each open sets Vs, V; of Y.
2) G'(K)IG (K,)=F"(K)) I F (K,) for
each closed sets Ky, Kz of Y,

for every

for

for



where G denotes
cl (F), pd (F),scl (F),acl (F), Bel (F).

Proof :

The proof follows from lemma 2-4 and
2-5.

Theorem2-8 :

Let F:(X,m,)® (Y,o) be a multi-
function such that F(x)is a-regular and o-
paracompact for each x1 X . Then the
following properties are equivalent:

1) F isw -m- continuous.

2) cl(F) isw'-m- continuous.
3) cl(F ) isw -m- continuous.
4) pcl(F) isw -m- continuous.
5) o ¢l(F ) isw -m- continuous.
6) B cl(F ) isw -m- continuous.

Proof :

Weput G =cl(F ), scl(F), pcl(F), e cl(F)
or B cl(F) in the sequel.

Necessity Suppose that F isw'-m-continuous.
Then it follows from theorem 2-6 and Lemma
2-7 that for every open sets Vi, Vo of Y,
G'W)IG (V,)=F V) IF V),

[ om, - int(F*(cl V) 1 F~ (@ V,))

=om, - intG"(cl ,)) 1G (cl ,))
By Theorem 2-6, G is W -m- continuous.
Sufficiency. Supposethat Gisw -m-

continuous. Then it follows from theorem 2-6
and Lemma 2-7 that for every open sets Vs, Vs
of Y,

F'V)IF V,)=G"(V)IG (,)

[ om, - intG*(d ¥,) 1G° (A V)

=om, - int(F"(clv,)) 1 F (el (,))

It follows from theorem 2-6 that F is

W’ -m- continuous.

Theorem 2-9:
For a multifunction F :(X ,m, )® (Y ,0)

the following properties are equivaent :
(1)F isw -m- continuous.

(2)6m, - cl (F~ (int(cl (v,))) U F " (int(cl v ,))))
[ FT(dV))UF ([ V,)

for every preopen sets Vi, V, of Y.

}om, -c(F V)UF*V,))

[ F (@ V))UF ([ V,)
preopen sets Vi, Vo of Y.

for  every
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(4 FTV)IF V)
i em, - int(F*(cl V) 1 F (cl(V,))) for
every preopen setsVi, Vo of Y.

Proof :

(P (2) Let V1, V2 be any preopen sets of Y.
Since int(cl (/,)) and int(cl {/,)) are open, by
Theorem 2-6 we have

om, - cl (F (int(cl v,))) U F"(int(cl (/,))))

I F( (intc W ,)))UF*(d (intcl (/,))))

I F e WV)UF [ ,).

(2)b (3) Let Vi, V7 be any preopen sets of Y.
Then by (2) we have

o, -cl(F V)UF'{V,))
i om, - cl (F (int(cl V,))) U
F(intc ¢V ,)))) I F (clV)UF"(cl ;)

(3P (4) Let Vi, V7 be any preopen sets of Y.
Then by (3) and Remark 1-9 we have :

X\om, - int(F*cl V) 1 F (cV,)))

=om, - cl (X \F (V) 1 F (e ,)
=6m, -cl (X \(F*(clv,)U

(XA\F (cd¥,)

=0m, -cl(F (Y \cd V)))UF" (Y \cl,)))

I F (Y \d@))UF (Y \d (V)
[since every open set is preopen s&t]

=F (Y \int(cl (V,))) UF*(Y \int(cl V,)))

= (X \F(int(cl V,)) U (X \F " (int(cl /,))))
=X \(F"(int(cl (V,))) 1 F~ (int(cl (,))))

I X\(F*V/,)1F {/,) [since Vi, V, are
preopen sets]

Therefore, we obtan F*V,)1F {,)
I om, - int(F*(cl V) 1 F (cl (,)))

(49b (1) Let Vi, V2 be any open sets of Y.
Since every open is preopen, then Vi, V, are
preopen and by (4)

FIV) IR V)
1 om, -int(F*(cl (V) 1 F (c V).

Theorem 2-6, F isw -m+ continuous.

By

Theorem 2-10:

If F:(X,m,)® (Y ,o) isamultifunction
such that F is sm- continuous, then the
following properties are satisfying :



Journal of Al-Nahrain University

DEVIIF V)
=0, -int(F"V)1F (,))
open setsVy, Vo of Y.

2) F'(K)UF (K,)=6m, -c (F"(K)U
F(K,)) for every closed setsKj, Kz of .
3) om, -d(F*(B,)UF (B,)I F*(c(B,)U
F(cl(B,)) for every closed sets By, B, of .

for every

Proof :
(1) Let Vi, V, be any two open subsets of Y

and let xT F*'V,)1F (,) then there
exiss UT m, containing x such that
FWiv, 1v, for al ul m,-cdU).
Thus Fu)i VvV, and Fu)IVv, t ¢ for al
ul my-cU). This implies that
ul F'v,) ad ul F(,) for al
ul my -clU), then ul F*V)1F V,)
fordlul m, -cdU).
Hence m, -clU)I F*'V)IF (V,),
then xT 6m, - int(F*(,) 1 F*(V,)).

(2) Let Ky, K be any two closed subsets of Y.
SinceY \K,Y \K,are open setsin Y, then

by (1) and Remark 1-9 we get
FY(K)UF (K,)
=(X \F (Y \K))UX \F*(Y \K),))
=X \(F (Y \K)ITF"(Y \K),))
=X \6m, - int(F (Y \K,)) I F*(Y \K,))
=X \om, - int((X \F"(K)) 1
(X \F7(KY)
=X \Om, - int(X \(F*(K)UF (K),)))
=om, - d (F"(K,)UF " (K,))
(3)Let B, B, be any two closed subsets of Y,
the by (2) we get:
=om, - ol (F*(B,)UF (B,)
=F"(B,)UF (B,)
i F*((B)UF (c(B,)

Theorem 2-11:

If F:(X,m)® (Y,o) is a multi-
function such that F is ssm- continuous, then
the following properties are satisfying :
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(DF (@, (B))UF(d,(B,))
=6m, -cl(F (cl,(B,)UF(cl,(B,)) for
every subsets B, B, of Y.

(QF (KYUF™(Ky)

=0m, - c (F (K)UF"(K,))for  every
0 -closed sets Ky,Kz of Y.

@F V)IFWV,)
=0, -int(F V)1 F"(,)) for every

6-open setsVs, Vo of Y.

Proof :

(DLet B;, B, be any subsets of Y, then
cd,(B,)and d,(B,) are closed in Y. By
Theorem 2-10(2), we get :
F(dl,(B))UF " (d,(B,))

:Omx -cl(F (Cle(Bl)) U F+(C|9(Bz)))

(2) Let Ky, K, be 6-closed sets of Y, then
dy(Ky) =K, and cl,y(Ky) =K.
Therefore by (1) we get :

F (K)UF'(K,)
=om, - d (F" (K)UF*(K,))

(3 let Vi, Vo be 6-open sets of Y, then
Y \V,and Y \ V,are 6-closed and by
(2), weget :

F (" \VH)UF"(Y \ V,)
=6m, -cl(F (Y \V,)UF"(Y \ V,)),
hence X \(F*V,) 1 F"{,))=
X\F'V)UX\F V)
=0m, - cl (X \F*V))UX \F V,))
=om, - ol (X \(F*(/,) 1 F"(V,)))
=X \Om, - int(F*V,) 1 F {,))
Therefore we have :
FV)IF'(V,)
=0, -int(F V,) 1 F"{V,)).
Remark 2-12:

For Theorem 2-11, we have the following :
If F iss-m- continuous, then

(1) F (c,(B))UF™(cl,(B,))is 6-closed set
of X, for every subsets By, B, of .

(2) F (K)UF"(K,) is 6-closed set of X, for
every 0-closed setsKy, K of Y.



3 F V)IF"V,)is 0-open set of X, for
every 8 -open sets Vy, Vo of Y.
Definition 2-13 [12]:
A nonempty set X with a minimal structure
m, is said to be m-connected if X can not be

written as the union of two nonempty digoint
m, -Open sets.
Definition 2-14 [13]:

A topological space (X,r)is sad to
be semi-connected (resp. preconnected,
o -connected, - connected ) if X can not be

written as the union of two nonempty digoint
semi-open (resp. preopen, o -open, S -open)
sets.

Theorem 2-15:

Let (X,m,) be a nonempty set with a
minimal structure m,  satisfying property ()
and (Y ,0) a topologica space. If
F:(X,m)® (Y,o) is w-m-continuous
surjective multifunction such that F(x) is
connected for each xT X and (X,m,)is

m-connected, then (Y ,o) is connected.
Proof :

Supposethat (Y ,o)isnot connected. Then
there exist non-empty open sets U,V 1 o
suchthat U IV =¢ andU UV =Y .

Since F(X) is connected for each x1 X ,
either F(x)I U or F(x)I V. If

xT F*fUU V), then F(x)I UUYV and
hence x1T F*U)UF*(V). Moreover, since

F is surjective, there exist x and y in X such
thata F(xx)I U and F(y)l V, hence

xT FFfU) and y1 F*). Therefore, we
obtain the following :
1) FTU)UF"(V)=F"UUV)=X
2D FU)IF(V)=F'UIlV)=9¢
JFU)tgadF(V)tg

Now, we show that F*(U)and F*(V)
are my -openinX.

Let xT F'U), then F(x)1 U, hence
F(x)IU *¢. Thus x1T F (U )and
xT F*U)IF (U). Since F is w-m
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continuous, then there exists W 1 my
containing x such that Fw)T [d U)]" I[d V)]

foor al wim,-cd@W). Tha is
wil F*(cU)IF (cU)) for  all
wl my -c W), hence

m, - @)l F'EU)IF @ U)). Then

we gt m,-cdW)Il F'dU))=F"'U)
since U is clopen. Therefore
x1 6w, -in(F*U)), tha is F*U)is
om, -open. Since X satisfying () then
F*U) is m, -open.

Similarly, we obtain F*(V ) is m, -open in
X. Consequently, this shows that (X ,m, )is
not m-connected. This completes the proof.

Corollary 2-16:

Let (X,r)and (Y ,o)be topologica

spaces and F:X,7)® (Y,0c) be a
surjective  multifunction such that F(X) is
connected for each x1 X . If (X,r) is

connected (resp. semi-connected,
preconnected, o -connected, [ -connected)

and F is w-m-continuous (resp. semi-
continuous,  percontinuous, ¢« -continuous,
B -continuous), then (Y ,o) is connected.

Proof:

Let m, =7 (resp. so(X), po(X), o (X),
B(X) ad F:(X,m)® (Y,o) be
W -m-continuous surjective multifunction such
that F(X) is connected for each x| X . Then
by Theorem 2-15 we obtain the result.
Definition 2-17[9] :

A nonempty set X with a minimal structure
m, is said to be m-compact if every cover of
X by m, -open sets has a finite subcover.

A subset K of a nonempty set X with a
m-structure m, is said to be m-compact if
every cover of K by m, -open sets has afinite
subcover.

Definition 2-18[9] :

A topologica space (X ,7) is said to be
quass H-closed if for every open cover
{U,:al D of X, there exists a finite subset
D, of D suchthat X =U{clU,):al D,}.
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Theorem 2-19:

Let F:(X,m)® (Y,0) is w-m
continuous surjective multifunction such that
F(X) is mcompact for each xI1 X . If

(X,m,) is mcompact, then (Y ,o)is quas
H-closed.
Proof :

Let {V,:al D} be any open cover of Y.

For each xT X , F(x) is compact and there
exists a finite subset C(x) of D such that

F(x)T UV, ol D(x)}. Now, et
V (x)=UV, :al D(x)}, then we have
F(x)I V (x).
Since F is w-m-continuous, there exists
U ()T m,containing x  such  that
F)T [d ¢ )" 1 & ) all
ul my - d U (x)) thisimplies that

m, -d U (x))1 F eV (x)) 1

F eV (x))
P, -dUX)I F'dV(x))
P F(m -dU))I c (x))
P FUX)T F(m, -cdU))I e (x))
b FUMX)I d (x))
The family {U (x):x | X} isacover of X by
m, -Open sets.
Since X is m-compact, there exists a finite
number of points, say, Xi,X,...,.X, in X such
that X =U{U (x,):x, T X,i =1,...,n}. Hence
we obtain
Y =F(X)=U{FU (x,)):i =1,...,n}
I UdV(x,)):i=1..,n}
I UYdy,):al Dx,),i =1...,n}.

Thisshow that (Y ,0) isquas H-closed.
Definition 2-20[9] :

Let (X,m,) be a m-structure space and
Al X . The et em, - fr(A)
=6m, - cl (A)\ém, - int(A) is said to be
om, -frontier of A.

Theorem 2-21[9] :

Let (X,m,) be a m-structure space and
Al X, then

om, - fr(A)

=6m, - cl (A)16m, -cl (X \A)

for
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Theorem 2-22 :

Let X be a non empty set with a
m-structure  my and (Y ,o)a topologica
space. The set of al points x of X of which a
multifunction F:(X,m,)® (Y ,o) is not
w -m-continuous is identical with the union of
the 6m, -frontier of the inverse images of the
closures of open sets which containing and
meeting F(X).

Proof :
Let x be a point of X a which F is not
w -m- continuous. Then there exists an open

sets ViV, in Y such that F(x)T V," IV, and
such that F ()T [cl ¢/,)]" 1 [cl/,)] for every

UT m, contaning x and for all
ul my -cU).
Hence ul F' V)1 F (cl,)) for all

ul my -clU), then

m, -clU)EF ()1 F (clV,)) thus
m - ol U) 1(X \(F7(cl (V) I

F (cl¥,)))* ¢. By definition 1-7, we have
xT om, - (X \(F*'c V) I

F (d ,)) Snee xT F' V) 1F (V)
[ Fr e W) 1F (@ V,)

[ om, -c(F V) IF @),
have by Theorem 2-21

xT om, - fr(F' V)1 F (cV,)).
Conversely, if F isw’-m- continuous at x, then
for any open sets V.,Ve in Y such that

FO)TV, 1V, , thee exigs UT m,
containing x such that Fu)T [d{,)]" 1[d )]
foralul m, -cdU).

Hence

m -dU)l FV,)1F ((V,).
Therefore, we obtain xT m, - d (u)

| om, - int(F*(cl V,)) 1 F (cl,))).
contradicts that

xT ém, - fr(F* V) 1F (c{,)).

we

This



References

[1] Maki H., On generdizing semi-open and
preopen sets, Report for meeting on
Topological Spaces Theory and its
Application,  Yatsushiro College of
Technology, (13-18) 1996.

[2] Vdicko N. V., H-closed topological space,
Math. Sh., 70 (98-112) 1966= Amer.
Math. Soc. Trandl. 78(2)(103-118) 1968.

[3] Al-Asadi B. J, On some forms of M-
continuous multifunction, Al-Mustansiriya
J. Sci. Vol.18 No.1, (67-80) 2007.

[4] Al-Asadi B. J., On weakly -M-continuous
multifunctions, Al-Mustansiriya J. Sci.
Vol.19No.2, (95-105) 2008.

[5] Nagastad O., On some classes of nearly
open sets, Pacific J Math.15 (961-970)
1965.

[6] Mashhour A. S., Abd EI-Monsef and El-
Deep N., On Pre-continuous and weak
precontinuous mappings, Proc. Math.
Phys. Soc. Egypt 53 (47-53) 1982.

[7] Levine N., Semi-open sets and semi-
continuity in topological spaces, Amer.
Math. Monthly 70 (36-41) 1963.

[8] Abd EI-Monsef, El-Deep S. N. and
Mahmoud R. A., pf-open sets and

continuous mapping, Bull. Fac. Sci. Assiut
Univ. 12(77-90) 1983.

[9] Noiri, T. and Popa, V., A Unified Theory
of Weak Continuity for Multifunctions,
Universitatea dinbacau stud |l cercetari
stintifice, Seriaz Matematica Nr.16 (167-
200) 2006.

[10] Kovacevic I, Subsets  and
Paracompactness Univ. Unovomsadu Rad.
Prirod.-Math. Fac. Sev. Math 14, (79-87)
1984.

[11] Przemski M., Some generalizations of
continuity and  quasicontinuity  of
multyivalued maps, Demonstratio Math.
26, (81-400) 1993.

[12] Popa, V. and Nairi, T., On the definitions
of some generalized forms of continuity
under minimal conditions , MenFac. Sci.
Kochi Univ.Ser. A Math. 22, (9-18) 2001.

[13] Noiri, T. and Popa, V., On Upper and
lower M-continuous multifunction,
Filomat 14, (73-86) 2000.

149

Bassam Jabbar J. Al-Asadi
lLadal

ol Jsall Ll (yany Liedd il Jaa B
o el Ly M daadll e b pcionedl “Aimaall A8
s M Ll e 6l ) Sanatiall Jgall pady Ley gl




