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ABSTRACT

In this paper, we define and investigate the notions of weak (4, w) -continuity and
weak (w, i) -continuity between a weak structure space (Csaszdr (2011)) and a

generalized topological space (Csdszar (2002)). Also, we obtain several
characterizations and many properties of these notions.
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1. INTRODUCTION AND PRELIMINARIES

Csédszdr (2002) introduced a generalized structure called
generalized topology. Recently, Csdszar (2011) has introduced a new notion
of structures called a weak structure which is weaker than both a
generalized topology (Csdszar (2002)) and a minimal structure (Popa and
Noiri (2000)). Let X be a nonempty set and wc P(X), where P(X) is

the power set of X. Then w is called a weak structure (briefly WS) on X
if gew. A nonempty set X with a weak structure is called a weak

structure space (briefly WSS ) and is denoted by (X,w). Each member of
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w is said to be w-open and the complement of a w-open set is said to be
w-closed. Let w be a weak structure on X and Ac X. Csaszar (2011)

defined (as in the general case) i (A) as the union of all w-open subsets of
A (e.g. ¢) and ¢ (A) as the intersection of all w-closed sets containing

A (e.g. X ), for getting a deeper insight into further studying some
topological notions of different kinds see Agnello and Cammaroto (1987)
for details.

We call a class ¢ < P(X) a generalized topology (Csdszér (2002))
(briefly GT ) if ¢ u and the arbitrary union of elements of x belongs to
M. Aset X witha GT u onitis called a generalized topological space
(briefly GTS ) and is denoted by (X,u). Quite recently, Al-Omari and
Noiri have introduced the notions of (w,k)-continuity and weak (w,k) -

continuity between weak structure spaces and obtained several
characterizations and a number of properties of the notions. In this paper,
we define and investigate the notions of weak (x,w) -continuity and weak

(w, i) -continuity between a weak structure space Csdszar (2011) and a

generalized topological space Csdszar (2002). Also, we obtain several
characterizations and many properties of these notions.

The following lemmas are useful in the sequel:

Lemma 1.1 (Csaszar (2011)). Let w be a WS on X and A,B subsets of
X , then the following properties hold

1. i (A)cAcc,(A).
2. If Ac B implies that i (A)ci (B) and ¢ (A)cc, (B).

3.0,3,(A)=i (A) and ¢ (c (A)=c, (A).
4. i (X-A)=X-c, (A) and ¢ (X -A)=X—i (A).

Lemma 1.2 (Csaszar (2011)). Let w be a WS on X and A a subset of
X, then the following properties hold

1. xei (A) if and only if there is W e w such that xe W Cc A.
2. xec,(A) if and only if W M A # ¢ whenever xe We w.
3. If Aew,then A=i (A) andif A is w-closed, then A=c (A).
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Remark 1.3 If w isa WS on X, then
1. i (§)=¢ and ¢, (X)=X.
2. i (X) is the union of all w -open setsin X.

3. ¢, (¢) is the intersection of all w -closed sets in X.

As in (Csaszar (2008)), let 4 be a GT on a nonempty set X and
P(X) the power set of X. Let us define the collection &(u) C P(X) as
follows: Ae 6(u) if and only if for each xe A, there exists U € 4 such
that xeUcc,U)cA. Then 6(u) is also a GT included in g The

element of @(u) is called a @(u)-open set and the complement is called
O(u)-closed. Let (X,u) be a GTS and A< X. We recall the the notions
defined as follows:

1. y,(D={xeX :Cﬂ(U)ﬁA¢¢ for all u -open set U
containing x}.(Csaszar (2002))
c,(A)=N{FcX:ACF,F is 8(u)-closed in X}. (Min (2009))
3. ,(A)=u{VcCcX:VCAYV is 6(u)-openin X}. (Min (2009))
,(A)={xe X e, (U)c A for some 4 -open set U
containing x}.(Min (2009))

Theorem 1.4 (Csaszar (2008)). Let (X,u) be a GTS and Ac X. Then
the following hold

L ,(A)cy(A)ci,(A)cAcc,(A)cy,(A)cc,(A).
2. If A is u-open, then c,(A)=7y,(A).

Lemma 1.5 Let (X,u) bea GTS and Ac X. Then y,(A) is u -closed.

Proof. Let xe X —7,(A), then x¢ y,(A). There exists U, € y containing
x such that cﬂ(UX)ﬁAng . Then we have U _Ny,(A)=¢ and hence

xeU,cX~-y,(A) and we have X —y,(A)=UU € u. Therefore, y,(A)
is u -closed.
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2. (u,w)-CONTINUOUS FUNCTIONS

Definition 2.1 Let 4 be a GT on X and w be a WS on Y. A function
f:(X,u)—> (Y,w) is said to be (u,w) -continuous if for each xe X and
each V € w containing f(x), there exists U € [l containing X such that
f)ycv.

Definition 2.2 (Csészdr (2008)). Let £ and A be generalized topologies
on X and Y, respectively. A function f:(X,u)— (Y,A) is said to be
(i, A) -continuous if f~(V)e u forevery Ve A.

Definition 2.3 Ler w and k be weak structures on X and Y, respectively.
A function f:(X,w)— (Y,k) is said to be (w,k) -continuous if for each
x€ X and each V € k containing f(x), there exists U € w containing X
such that f(U)cV.

Theorem 2.4 Let w and k be weak structures on X and Y, respectively.
For a function f:(X,w)— (Y,k), the following properties are equivalent:

1. f is (w,k)-continuous;

2. f(B)=i,(f"(B)) forevery k -openset B in Y ;
3. f(c,(A)cc,(f(A)) forevery subset A in X ;

4. ¢, (f(B)) < f'(c,(B)) for every subset B in Y ;

5. G, (B)ci, (f(B)) for every subset B in Y ;

6. ¢ ,(f(K))=f"(K) for every k -closed set K in Y.

Theorem 2.5 Let t be a GT on X and w be a WS on Y. For a
function f:(X,u)— (Y,w), the following properties are equivalent:
. f 18 (u,w) -continuous;

. f7'(B) is p-openin X forevery w-openset B in Y ;
. flc,(A) cc,(f(A) forevery subset Ain X ;

1

2

3

4. ¢, (f(B) < f'(c,(B)) for every subset B in Y ;

5. fG,(B)c I, (f7(B)) for every subset B in Y ;

6. f'(K) is u-closedin X for every w-closed set K in Y.
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Proof. This follows from Theorem 2.4 and the fact that A is u -open if
and only if A=i,(A) for Ac X.

Let w be a WS on X and w ={Ac X:A=i(A)}, then it is
shown that

1. w isa GT containing w;
2. wisa GT ifandonlyif w=w".

Theorem 2.6 Let u be a GT on X and w be a WS on Y. For a function
[ (X, 1) > (Y,w), the following properties are equivalent:

1. f is (u,w)-continuous;
2. for each xe X and each Ve w" containing f(x), there exists
U € u containing x such that f(U)cV ;

3. f:(X,u) = (Y,w) is (&, w") -continuous (in the sense of
Csészar (2002)).

Proof. (1) = (2). Let xe X and Ve w" containing f(x). Since Ve w',
then V =i (V) and f(x)ei (V). By Lemma 1.2, there exists W e w such
that f(x)e W cV. By (1), there exists U e ¢ containing x such that
fU)ycwcv.

(2) = (3). Suppose that Ve w". Let xe f~'(V), then f(x)eV =i (V).
By Lemma 1.2, there exists We wcw such that f(x)e W < V. Then by
(2) there exists U e u containing x such that f(U )cW cV. Hence
xeU c f'(V) and hence f'(V)=U{U, :xe f'(V)}e u. Therefore,
f:(X,u)— Y,w) is (u,w") -continuous.

(3) = (1). Let xe X and each V be a w -open set containing f(x).
Since wew, by (3) xe f'(V)e u. Thus there exists U =f"'(V)e u
containing x such that f(U) cV. Therefore, f is (u,w) -continuous.
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3. WEAKLY (u,w)-CONTINUOUS FUNCTIONS

Definition 3.1 Let u be a GT on X and w be a WS on Y. A function
(X, 1) > (Y,w) is said to be weakly (u,w) -continuous at xe X if for
each Ve w containing f(x), there exists U e u containing x such that
fWyce, (V). A function f:(X,u)— (Y,w) is said to be weakly (u,w) -
continuous if it has the property at each point x€ X.

Example 3.2 Let X ={a,b,c,d}. Consider the generalized topology
u={e,{a},{a,b},{b,c},{a,b,c}} and a weak structure w={¢,{a,c},{b,c}}
on X. Define f:(X,u)— (Y,w) as follows

fla)=b, f(bY) = f{dP)=d, f({ch=c

Then since c,({a,c})=c, ({b,c}) =X itisobviousthat f isweakly
(u, w) -continuous. But f is not (L, w) -continuous.

Definition 3.3 Let X be a nonempty set which has a weak structure w
and A a subset of X. The w -frontier of A, denoted by w - Fr(A), is

defined by w - Fr(A)=c,(A)Nc, (X -A)=c, (A)—i (A).

Definition 3.4 Let u be a GT on X and w be a WS on Y. A function
f:(X,)—> ¥,w) is said to be weakly : (u,w) -continuous if
T (w=Fr(V)) is u-closed in X for each w-open set V of Y.

By the two examples stated below, we show that weakly (u,w) -continuous

and weakly " I, w) -continuous are independent of each other.

Example 3.5 Let X ={a,b,c,d}. Consider the generalized topology
u={e,{a},{a,c},{a,b},{b,c},{a,b,c},{b,c,d},X} and a weak structure
w={@,{a,c},{b,c}} on X. Define f  :(X,u)—>X w) as follows:
flah=»b, f({bh)=fUd})=d, f({c})=c. Then, since

c,({a,ch)=c,({b,c})=X it is obvious that f is weakly (u,w) -

. . *® .
continuous. But f is not weakly (u,w) -continuous.
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Example 3.6 Let X ={a,b,c,d}. Consider the generalized topology
u={ad,{b,c,d}} and a weak structure w={@,{a,c},{d}} on X. Define
fiX, > X,w) as  follows:  f({a})=b, f({b})=f{d})=d,
f{c})=c. Then since w-Fr({a,c})=w-Fr({d})={b} it is obvious that

fis weakly* (u,w) -continuous. But f is not weakly (u,w) -continuous.

Theorem 3.7 Let 4 bea GT on X and w be a WS on Y. If a function
f:(X,1)—> X,w) is (u,w) -continuous, then it is weakly (u,w) -
continuous and weakly” (u,w) -continuous. The converse is true if [ is a

topology.

Proof. Suppose that f is (u,w) -continuous. It is obvious that f is

weakly (u,w) -continuous. We show that f is weakly* (u,w) -continuous.
Let V be a w-open set. Since

w-Fr(Vy=c,(V)nc, (X =V)=c, (V)N (X -V),
fw-Fr(V))= f(c, (V)N f7(X =V) and
e, V=" ("{¥-6):GewVc(¥Y-G)})
=n{f¥-6):GewV (¥ -G)}.

Since f is (u,w) -continuous and Gew, f'(Y —G) is u -closed in
(X,u) and hence f ‘l(cw(V)) is u -closed in (X, ). On the other hand,
(X -=V)is u-closed in (X,x) and hence f~'(w-Fr(V)) u-closed in
(X, ). This shows that f is weakly* (u,w) -continuous.

Conversely, suppose that x4 is a topology. Let xe X and V be a
w -open set containing f(x). Then f(x)g w- Fr(V). Since f is weakly
(u,w) -continuous, there exists a u -open set G containing x such that

fG)ce, (V). PutU=GnN(X—f"'(w-Fr(V)). Then U is a u -open
set of X containing x and

fWcfGmnY—-w-Fr(V))cc,V)NY -w-Fr(V))=V.

This shows that f is (u,w) -continuous.
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Theorem 3.8 Let 4 bea GT on X and w be a WS on Y. A function
(X, 1) > (Y,w) is weakly (u,w) -continuous at x if and only if for
each w-open set V containing f(x), x€ I, f _l(cw W)).

Proof. Let f be weakly (u,w) -continuous at x and V a w -open set
containing f (x). Then, there exists a & -open set U containing x such that

fU)cc, (V). Then we have xeUcf'(c,(V)) and hence
xe i, (f (e, (V)

Conversely, let V be a w -open set containing f(x). Then, we
have xei,(f “(c,(V))). There exists a u -open set U such that xe U and

Ucf _l(cw (V)), hence f(U)cc, (V). This shows that f is weakly
(u,w) -continuous at Xx.

Theorem 3.9 Let u be a GT on X and w be a WS on Y. A function
f:(X,)—> X,w) is weakly (u,w) -continuous if and only if

f_l(V) ci, (f_l(cw V))) for every w-open set V of Y.

Proof. Suppose that f is weakly (u,w) -continuous. Let xe f~'(V), then
f(x)eV. Since f is weakly (u,w) -continuous at x, by Theorem 3.8 we

have xei,(f™'(c,(V))) andhence f~'(V)<i,(f™ (c,(V))).

Conversely, let x be any point of X and V € 4 containing f (x).
Then, we have xe f~' (V) c I, (f'(c,(V))). By Theorem 3.8, f is weakly

(u,w) -continuous.
We will denote by M, the union of all 4 -opensetsina GTS (X, u).

Definition 3.10 A GTS (X,u) (resp. WSS (X,w) ) is said to be u -
connected (Omari and Noiri (2012)) (resp. w -connected) if M , (resp. X )

cannot be expressed as the union of two disjoint non-empty (L -open (resp.
w -open) subsets of X.
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Theorem 3.11 Let u be a GT on X and w be a WS on Y. Let
(X, 1) > (Y,w) be aweakly (u,w) -continuous surjection. If (X, u) is
U -connected, then (Y,w) is w-connected.

Proof. Let f:(X,u)— (Y,w) be a weakly (u,w) -continuous function of a
i -connected space (X,u) onto (Y,w). If possible, let ¥ be w -
disconnected. Let V| and V, form a disconnection of Y. Then V, and V,
are w-open and ¥ =V, UV, where V, NV, =¢. Since V, is w-open, V, is
w-closed in (Y,w) for each i =1,2. Therefore, by Theorem 3.9 we obtain
Vi, (e, ) =i, (f7' (V) for i=1,2 and hence f7'(V,) is p-

open for each i =1,2.

Moreover, M, = f~'(Y)= f7'(V, uV,) = f7 (V)L f7(V,), where f~'(V))
and f7'(V,) are non-empty 4 -open sets in X. Also

f‘l(Vl)mf‘l(Vz) =¢. Hence, X is not u -connected. This is a
contradiction. Therefore, (Y,w) is w-connected.

Corollary 3.12 Let 4 be a GT on X and w be a WS on Y. Let
(X, 1) > (Y,w) bea (u,w) -continuous surjection. If (X, ) is
U -connected, then (Y,w) is w-connected.

4. WEAKLY (w, 4)-CONTINUOUS FUNCTIONS

Definition 4.1 A function f:(X,w)— (Y,u), where (X,w) is a WSS and
(Y, ) is a GTS, is said to be weakly (w, tt) -continuous if for each xe X
and each V € u containing f(x), there exists U e w containing x such
that f(U)cc,(V).

Throughout the present section, (X,w) (resp. (Y,u)) denotes a WSS (resp.
GTS).

Theorem 4.2 For a function f:(X,w)— (Y, u), the following properties
are equivalent:
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1. f is weakly (w,u) -continuous;
2. f'W)c iw(f_l(cﬂ (V))) for every u-opensubset V of Y ;
3. cw(f_l(iﬂ (A))) < f'(A) for every u-closedset A of Y ;
4. ¢, (f G, (c,(B)) < f(c,(B)) foreveryset B of Y ;
5. f_l(iﬂ (B)) < iw(f_l(cﬂ (i,(B)))) for every set B of Y ;
6. c,(f(V)c f‘l(cﬂ (V)) for every u-opensubset V of Y .

Proof. (1) = (2). Let V be a u-open subset of ¥ and xe f~'(V). There

exists a w -open set U containing x such that f(U)cc,(V). Since
xeUc f7(c,(V)), it follows that xe i, (™ (c,(V))).
Hence ™' (V) <i,(f ™ (c,(V))).

(2) = (3). Let A beany u-closed subset of Y.
Then Y —A is g-openin Y and by (2)

[ =-Hci,(f e, =A)=i,(f (Y =i,(A) = X —c,(f (0, (A)).
Therefore, we obtain ¢, (f ™' (i,(A)) < £~ (A).

(3) = (4). Let B be a subset of Y. Since c,(B) is g -closed in Y, by (3)
it follows that ¢, (f ™' (i,(c,(B)) < ™' (c,(B)).

(4) = (5). Let B be asubset of Y. Form (4), it follows
G BY=X e, (Y=B) S X ¢, (f (i, (c, (Y =B)))
=i,(f (¢, i, (B))).

Therefore, we obtain f~' @,(B)ci, (f (c, (i, (B)))).

(5) = (6). Let V be any u -open subset of Y. Suppose x¢& f_l(cﬂ V).
Then f(x)¢& c,(V) and hence there exists a 4 -open set U containing f(x)
such that UnNV=¢ and hence ¢ L U)NV = 9. By (5),

xe f'(U)ci
containing x such that xeGgf_l(cﬂ(U)). Since ¢, (U)nV =¢ and

w

( f‘l(cﬂ(U ))) and hence there exists a w -open set G
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f(G)cc,U), we have G f™'(V)=¢ and hence x& c,(f™'(V)). Hence
e, (VNS e, V).

(6) = (1). Let xe X and V € u containing f(x). From (6),
xe FAVYCF G (e, (VN =X = f e, (Y =, (V)
C X —c,(f (Y =, (V) =i, (f (e, (V).

So there exists a w -open subset U containing x in X such that
Ugf‘l(cﬂ(V)). Hence f(U)cc,(V) and f is weakly (w,u) -

continuous.

Theorem 4.3 Let f:(X,w)— (Y,u) be a function. The set of all points
xe X at which f is not weakly (w, ) -continuous is identical with the
union of w-frontier of the inverse images of the y -closure of u -open sets
containing f(x).

Proof. Suppose that f is not weakly (w, ) -continuous at xe X. There
exists a u -open sets V of Y containing f(x) such that f(U) is not

contained in ¢, (V) for every Uew containing x. Then
UnNn(X-f _l(cﬂ V)))#¢ for every Uew containing x and hence
xec,(X—-f _l(cﬂ V))). On the other hand, we have
xe fV)ce, (f(c,(V)) andhence xe w- Fr(f™ (c,(V))).

w

Conversely, suppose that f is weakly (u,w) -continuous at xe X and let
V be any u-opensetof Y containing f(x). Then, by Theorem 4.2

we have xe f'(V) c iw(f_l(cﬂ (V)). Therefore,

Xew- Fr(f_l(cﬂ(V))) for each u -open set V of Y containing f(x).
This completes the proof.

Definition 4.4 Csaszar (2002). Let w be a WS on X and Ac X. Then

1. Aeaw) if Aci (c (i (A)).
2. Aeo(w) if Acc, (i (A)).

Malaysian Journal of Mathematical Sciences 307



Ahmad Al-Omari & Takashi Noiri
3. Aex(w) if Aci (c,(A)).
4. Ae p(w) if Acc,(i,(c,(A))).
Lemma 4.5 Csaszar (2002). If w isa WS, we have

. wcaw) cow)c B(w)..
2. wcaw) cx(w) < B(w)..
3. each of a(w), m(w), o(w) and F(w) is a generalized topology.

Remark 4.6 Definition 4.4 and Lemma 4.5, in case w= i (generalized
topology), are found in the paper (Csdszdr (2002)) due to Csdszdr.

Definition 4.7 Ekici (2012). Let w bea WS on X and AcC X. Then

1. Aer(w) if A=i (c (A)).
2. Aerc(w) if A=c, (i (A)).

Theorem 4.8 Ekici (2012). The following properties are equivalent for a
WS won X and AcCX.

1. Ae f(w).
2. there exists Be mw(w) suchthat Bcc (A)cc,(B).
3. ¢,(A)e rc(w).

Definition 4.9 Let i bea GT on X and Ac X. Then

L. Aer(u) if A=i,(c,(A)).
2. Ae re(u) if A=c,(i,(A)).

Corollary 4.10 The following properties are equivalent for a GT u on
X and AcC X.

1. Ae f(w),
2. there exists Be z(u) suchthat Bcc,(A) cc,(B),

3. ¢, (A)€ re(w).
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Lemma 4.11 If w isa WS, then wCw' < a(w).

Theorem 4.12 For a function f:(X,w)— (Y,u), the following properties
are equivalent:

1. f is weakly (w,u) -continuous;

2. ¢, (f7,(A))) < f7(A) forevery Ae re(p);

3. ¢, (f G, (e, (GN) S f7(c,(G)) forevery Ge B(u);
4. ¢, (f G, (c,(GN) < f(c,(G)) for every Ge o(u).

Proof. (1) = (2). Let A€ rc(u). Since i, (A)e u, by Theorem 4.2 (6)
and Ae re(u), ¢,(f (0, (A)) < [ (c, i, (A))) = f(A).

(2) = (3). Let Ge B(u) then by Corollary 4.10 , ¢,(G)e rc(u). Form
(2), it follows cw(f_l(iﬂ (c,(G)) c f_l(cﬂ G)).

(3) = 4). Since o(u) < f(u), the proof is obvious.

4 = (). Let Vewu Then since wuco(u), by (4)
e, (f V) c Cw(f_l(i,, (c,(V))) < f_l(cﬂ (V)). Hence by Theorem 4.2 (6),

f 1is weakly (w, u) -continuous.

Theorem 4.13 For a function [ :(X,w)— (Y, ), the following properties
are equivalent:

1. f is weakly (w, u) -continuous;

2. ¢, (f G, (c,(GM) C [ (c,(G)) forevery Ge z(u);
3. ¢, (f(G)c f_l(cﬂ (G)) forevery G e m(u);

4. f1(G)c iw(f_l(cﬂ (G))) for every G e m(u).

Proof. (1) = (2). Let Ge z(x). Then ¢, (G)=c,(i,(c,(G)) and
, (G)e re(u).
Form Theorem 4.12, it follows that cw(f_l(iﬂ (c,(G)) c f_1 (c,(G)).
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(2) = (3). The proof is obvious.

(3) = 4). Let Ge m(u). Then it follows from (3) that

FG) S f (e, (G =X ~ (e, (Y —¢,(G))
X —c,(f ¥ —c, G =i, (f(c,(G).

Hence we have (4).

4) = (1). Since u c z(u),from (4) and Theorem 4.2, it follows that
weakly (w, 1) -continuous.

Theorem 4.14 For a function [ :(X,w)— (Y, ), the following properties
are equivalent:

1. f is weakly (w,u) -continuous;

2. cv‘,(f_l(iﬂ(yg (B)) < f ' (7,(B)) for every subset B of Y ;

3. cw(f_l(iﬂ (c,(B)) < f~'(y,(B)) for every subset B of Y ;

4. cw(f_l(iﬂ (c,(G)) c f‘l(cﬂ (G)) for every u-openset G of Y ;
5. ¢,(f G, (c, MM (e, (V) forevery V e z(u);

6. cw(f_l(iﬂ (K)) < f'(K) forevery K € re(u);

7. ¢, (f (i, (c,(GN) S f(c,(G)) forevery G € Bu);

8
9

. Cw(f_l(i,, (c,(G)) c f_l(cﬂ (G)) forevery Geo(u);
. f(c,(A)cy,(f(A)) for every subset A of X ;
10. ¢, (f(B) < f'(7,(B)) for every subset B of Y.

Proof. (1) = (2). Let B be any subset of Y. Then by Lemma 1.5 y,(B)
is u-closed in Y. Then by Theorem 4.2 ¢, (f ' (i, (7,(B)) < £~ (%, (B)).

(2) = (3). This is obvious since ¢, (B) c ,(B) for every subset B.
(3) = (4). This is obvious since ¢, (G) =7,(G) for every u-open set G.

4) = (5). Let Ve n(u). Then we have V i,(c,(V)) and
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c,(V)=c,(,(c,V)). Now, set G=i,(c,V)) then G is u -open in Y
and cﬂ(V)=cﬂ(G).

Therefore, by (4) we have cw(f_l(iﬂ (c,(V)) < f_l(cﬂ Wv)).

(5) = (6). Let K e re(u). Then we have i,(K)e z(u) and hence by (5)
¢, (f G, (K = ¢, (f G, (c, G, (K S [ (¢, (i,,(K)) = [ (K).

(6) = (7). Let Ge (). Then G cc,(i,(c,(G))). Since c,(G)e rc(u),
by (6) ¢, (f (i, (c,(G)) < [ (c,(G)).

(7) = (8). This is obvious since o(u) < S(u).

8 = (1). Let V be any u -open set of Y. Then, by (8) we have
cw(f_l(V))gcw(f_l(iﬂ(cﬂ(V))))gf‘l(cﬂ(V)). It follows from Theorem
4.2 that f is weakly (w, 1) -continuous.

(1) = (9). Let A be any subset of X. Let xec, (A) and V be any u -
open set of Y containing f(x). There exists U € w containing x such
that f(U)cc,(V). Since xec,(A), then we have U NA#¢ and hence

p=fU)N f(A)cc, (V)N f(A). Therefore, we have f(x)€ 7,(f(A))
and hence f(c,(A)) c 7,(f(A)).

9 = (10). Let B be any subset of Y. By (9), we have
[, (BN CY(f(f(B))C ¥,(B) and hence
¢, (f(B)C (7, (B)).

(10) = (1). Let B be any subset of Y. By (10), we have
¢, (f7 G, (c,(BM) C [ (% iy (c, (BN = [ (c, (i, (c,(BN)) C [ (c,(B)).

It follows from Theorem 4.2 that f is weakly (w, &) -continuous.
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CONCLUSION

In this paper, we obtained many characterizations of the following
functions:

1. a (w,k)-continuous function f :(X,w)— (Y, k), where w and k are

weak structures,
2. a (u,k) -continuous function f:(X,u)— (Y,w), where u is a

generalized topology and w is a weak structure,
3. a weakly (4, w) -continuous function f:(X,u)— (Y,w), where u

is a generalized topology and w is a weak structure,
4. a weakly (w,u) -continuous function f:(X,w)— (Y,u), where

w is a weak structure and g is a generalized topology.
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