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1 INTRODUCTION AND PRELIMINARIES

Generalized open sets play a very important role in General Topology and they are
now the research topics of many topologists worldwide. Indeed a significant theme in
General Topology and Real Analysis concerns the variously modified forms of
continuity, separation axioms etc. by utilizing generalized closed sets. Recently, as
generalization of closed sets, the notion of semi generalized closed sets were
introduced and studied by Rajesh and Biljana [7]. A point xe X is called a &-cluster
pointof Aif CI(V) N A # ¢ for every open set V of X containing x. The set of all &-

cluster points of Ais called the 6-closure of Aand is denoted by Cl,(A). If A= Cl,(A),
then A is said to be é-closed. The complement of &-closed set is said to be a 6-open
set. The union of all @-open sets contained in a subset A is called the &-interior of A
and is denoted by Int, (A). It follows from [16] that the collection of 6-opensetsina
topological space (X, t) forms atopology t,0n X. For a subset A of a topological
space (X, 1), we denote the closure of A and the interior of A by CI(A) and Int(A),
respectively. A subset A of a topological space (X, 1) is said to be regular open [15] if
A = Int(CI(A)). A subset A — X is said to be ¢ -open [16] if it is the union of regular
open sets of X. The complement of a regular open (resp. 6-open) set is called regular
closed (resp. o6-closed). The intersection of all 5-closed sets of (X, 7 ) containing A is
called the o-closure [16] of A and is denoted by Cl s (A). Asubset A of atopological
space (X, t) is said to be g -open[1] (resp.semiopen [4], preopen [5], a-open [6]) if A
c CI(Int(CI(A)))(resp. A < ClI(Int(A)), A < Int(CI(A)), A < Int(CI(Int(A)))). The set of
all regular open (resp. regular closed, 5-open, 5-closed, /3 -open, preopen, a-open)
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sets of (X, 7) is denoted by RO(X) (resp. RC(X), 5O(X), 5C(X), [ O(X), PO(X),

a0(X)). The complement of an a-open set is called an a-closed set. The a-closure of a
subset A of X, denoted by a CI(A) is defned to be the intersection of all a-closed sets
of X containing A. A subset A of a space (X, 7 ) is called semigeneralized a-closed
(briefly sga-closed) [7] if o CI(A) < U whenever A — U and U is semiopen in (X,
7 ). The complement of asga-closed set is said to be a sga-open set. The family of all
sga-open subsets of atopological space (X, 7 ) forms a topology on X which is fiOner
than 7 . The set of all sga-open sets of (X, 7 ) is denoted by sgaO(X). The set of all
sga-open sets of (X, 7) containing a point x € X is denoted by sgaO(X, x). The
intersection of all sga-closed sets containing S is called the sga-closure of S and is
denoted by sga CI(S). The sga-interior of S is defined by the union of all sga-open
sets contained in S and is denoted by sga Int(S). In this paper, we introduce and study
the concept of almost sga-continuity in topological spaces.

Definition 1.1. Afunction f: (X, 7) — (Y, o) is said to be:

(1) sga-continuous [8]if f (V) is sga-open in X for every open setVof Y ;

(2) almost continuous [14]if f (V) isopen in X for every regular open set V
of X;

(3) R-map [2]if f~1(V)isregularopenin Xforevery regular open set V of X;

(4) sga-irresolute [8]if f (V) issga-open in X for every sga-open subset V of
Y;

(5) faintly sga-continuous [10] if for each x € X and each 6-open setV of Y
containing f(x), there exists U € sgaO(X, x) such that f(U) c V;

(6) weakly sga-continuous [9] if for each point x € X if for each open subset V
in Y containing f(x), there exists U € sgaO(X, x) such that f(U) c CI(V ).

Theorem 1.2. [10] A function f: (X, 7 ) — (Y, o) is faintly sga-continuous if and
only if f71(V) e sgaC(X) for every é-closed set Vof Y .

Definition 1.3. A topological space (X, 7 ) is said to be:
(1) sga-Ti [11] (resp. r-T1 [3]) if for each pair of distinct points x and y of X,
there exist sga-open (resp. regular open) sets and Uand Vsuch that x € U,
yeUandx gV,yeV.

(2) sga-T2 [11] (resp. r-T2 [3]) if for each pair of distinct points x and y of X,

there exist sga-open (resp. regular open) sets Uand Vsuchthatx e U,y e
VandUNV=0a.
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2 PROPERTIES OF ALMOST sga-CONTINUOUS FUNCTIONS

Definition2.1. Afunction f: (X, 7) — (Y, o) is said to be almost sga-continuous
for each point x e X if for each open subset V of Y containing f(x), there exists
U e sgaO(X, X) such that f(U) < Int(CI(V)).

Proposition 2.2. Every almost sga-continuious function is weakly sga-continuous.
The following example shows that the conwverse of Proposition 2.2 is not true in
general.

Example 2.3. Let X ={ab,c}, rz{@,{a},{b,c}} and gz{@,{a},{b},
{a,b}, X}. Then the identity functionf: (X, 7 ) = (X, o) is weakly sga-continuous
but not almost sga-continuous.

Theorem 2.4. For a function f: (X, 1) — (Y, o), the following statements are

equivalent:
(1) fis almost sga-continuous;

(2 1 (Int(CI(V))) € sgaO(X) for every openset Vof Y ;
(3) f(CI(Int(V))) € sgaC(X) for every closed set V of Y ;
4 f71(V) esgaO(X) for every V e RO(Y);
(5) f*(F) esgaC(X) for every F e RC(Y);
(6) foreachx e Xand each opensetV of Y containing f(x) there exists
U e sgaO(X, X) such that f(U) = s CI(V);
(7) sga CI( £ (CI(Int(F)))) = f* (F) forevery closed set Fof Y ;
(8) sga CI(f™ (A) < f(CI(A))forevery Ae SO(Y);
(9) sga CI(f™ (A) < f*(CI(A)) for every A € SO(Y);
(10) (V) csgalnt( £ (Int(CI(V)))) for every open set V e PO(Y);
(11) f(sga CI(A)) < Cls(f(A)) for every subset A of X;
(12) sga CI( £ (B)) = ™ (Cls(B)) for every subset Bof Y ;
(13) 7 (F) e sgaC(X) for every F € 5 C(Y);
(14) (V) e sgaO(X) for every V e §O(Y).

Proof. (4) = (5): LetF € RC(Y). Then Y \F € RO(Y). Take x € f* (Y\F), then f(x)

e Y \F and since f is almost sga-continuous, there exists Wx € sgaO(X, x) such that x
e Wxand f(Wx) cY\F.

Thenx e Wy f (Y\F)sothat f* (Y\F)=_, 71U w._ - Since any union
xe f (Y\F) X

of sga-open sets is sga-open, f (Y \F) is sga-open in X and hence f (F) e
sgaC(X).
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(5) = (11): Let Abe asubset of X. Since Cls(f (A)) if 5-closedin Y, itis equal to N
{F«: Fo is regular closed in Y, a € A}, where A is an index set. From (5), we have
Ac f1(Cls(f(A) =n{ f 1 (Fa):a e A} € sgaC(X) and hence sga CI(A)
(Cls(f(A))). Therefore, we obtain f(sga CI(A)) < Cls(f (A)).

(11) = (12): Set A= = (B) in(11), then f(sga CI( f * (B))) = Cls(f( f * (B)))
Cls(B) and hence sga CI( f* (B)) = f (Cls(B)).

(12) = (13): Let F be 5-closed set of Y, thensga CI(f* (F)) < f (F)

so f*(F) e sgaC(X).

(13) = (14): Let V be s-opensetof Y, then Y\Vis o-closed setinY .

This gives f* (Y\V) e sgaC(X) and hence ™ (V) € sgaO(X).

(14) = (1): Let V be any regular open set of Y . Since Vis s-openinY, f* (V) e
sgaO(X) and hence from f(f™* (V)) < V = Int(CI(V )). Then f is almost sga-
continuous.

(5) = (8): LetAbe any [ -opensetinY . Since CI(A)is regular closed, f* (CI(A))
is 5-closedand f* (A) = f* (CI(A)). Hence, sga CI( f 7 (A)) = 7 (CI(A)).
(8) = (9): obvious.

(9) = (10): Let V be a preopen set. Then we have V < Int(CI(V)) and CI(Int(Y \V))
c Y \V. Moreovwer, since the set CI(Int(Y \V)) is semiopen, it follows that  X\sga
Int( = (Int(CI(V)))) = sga CI(X\ f (Int(CI(V))))

=s5ga CI( f 1 (Y\ Int(CI(V)))) =sga CI( f 7 (CI(Int(Y \V)))) = £ (CI(Int(Y \V)))
f1(Y\W)c X\ f™ (V). Hence, we obtain = (V) csga Int( £ (Int(CI(V)))).

(10) = (4): Let V be aregular open set. Since V is preopen, we get ™ (V) csga
Int( f* (Int(CI(V)))) = sga Int( f* (V)). Hence f* (V) e sgaO(X).

The other implications are obvious.

Theorem 2.5. A function f : (X, sga(X)) — (Y, o) is almost sga-continuous if and only
if it is almost continuous.

Proof. The proof is clear.
Theorem 2.6. The following are equivalent for a function f: (X, 7 ) = (Y, 0):

(1) fis upper almost sga-continuous;
(2 sgacCl(f*(v)c f(clv)) foreveryve gO(Y);

18


http://www.ijmes.com/
https://sites.google.com/site/ijmesjournal/

International Journal of Mathematical Engineering and Science

ISSN : 2277-6982 Volume 2 Issue 4 (April 2013)
http://www.ijmes.com/ https://sites.google.com/site/ijmesjournal/

() sgaCl(f1(v)) < f(ClVv)) foreveryV e SO(Y);
(4) (V) csgont( £ (Int(CI(V)))) for every V e PO(Y ).

Proof. (1) = (2):LetV be any g -opensetof Y. Since CI(V) e RC(Y),

by Theorem 2.4 f* (CI(V)) is sga-closed in Xand f~* (V)< f* (CI(V)).

Therefore, we obtain sga CI( f * (vV)) = {1 (CI(V)).

(2) = (3): This is obvious since SO(Y) = S O(Y).

(3) = (1): Let Ke RC(Y ). Then K €SO(Y ) and hence sga CI( f (K)) < f* (K).
Therefore, f (K) is sga-closed in X and hence F is upper almost sga-continuous by
Theorem 2.4.

(1) = (4): Let V be arbitrary preopen set of Y . Since Int(CI(V )) € RO(Y ), by Theorem
2.4 we have 7 (Int(CI(V))) € sgaO(X) and hence = (V)< £ (It(CI(V))) = sga
Int( 7 (Int(CI(V)))).

(4) = (1): Let V be any regular open set of Y . Since V e PO(Y ), we have f (V) csga
Int( £ (Int(CI(V)))) = sga Int( f* (V)) and hence ™ (V) e sgaO(X). It follows from
Theorem 2.4 that f is upper almost sga-continuous.

Definition 2.7.

1. A filterbase A is said to be sga-convergent to a point x in X if for any
U e sgaO(X, x), there exists B € A such that B c U.

2. Afilterbase A issaidto ber-convergentto apointxin Xif for any regular open set
U of X containing x, there exists B € A such that B < U.

Theorem 2.8. If a function f: (X, 7 ) — (Y, o) is almost sga-continuous, then for each point

X € X and eachfilterbase A in Xsga-converging to x, the filter base f( A ) is r-convergent
to f(x).

Proof. Let x € X and A be any filter base in X sga-converging to x. Since f is sga-

continuous, then for any open set V of (Y, o) containing f(x), there exists U € sgaO(X, x)
such that f(U) — V. Since A is sga-converging to X, there exists B € A suchthat B < U.
This means that f(B) — V and hence the filter base f( A) is convergent to f(x).

Definition 2.9. Asequence (xn) is said to be sga-convergent to a point x if for every sga-
open set V containing X, there exists an index no such that for n=no, Xn € V.

Theorem 2.10. If a function f : (X, 7 ) — (Y, o) is almost sga-continuous, then for each
pointx e X and each net (xn) which is sga-convergt to x, the net f((xn)) is r-convergent to

f(x).

Proof. The proof is similar to that of Theorem 2.8.
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Theorem 2.11. If an injective function f: (X, 7 ) — (Y, o) isalmost sga-continuous and (Y,
o) is r-Ty, then (X, 7)) is sga-Ti.

Proof. Suppose that (Y, o) is r-Ti. For any distict points x and y in X, there exist regular
open sets V and W such that f(x) € V, f(y) ¢V, f(x) ¢ Wand f(y) € W. Since f is almost
sga-continuous, f* (V)and f* (W) are sga-opensubsetsof (X, 7 ) suchthatx e f* (V

),ye fHV),xe f*(W)andye f*(W). This shows that (X, 7 ) is sga-Ti.

Theorem 2.12. If f: (X, 7)) — (Y, o) is an almost sga-continuous injective function and
(Y, o) isr-Tz, then (X, 7)) is sga-Tz.

Proof. For any pair of distinct points x and y in X, there exist disjoint regular open sets U
and V in Y such that f(x) e U and f(y) e V. Since f is almost sga-continuous, f* (U) and

f (V) are sga-open sets in X containing x and y, respectively. Therefore, f=* (U) »f™
(V) = & because U nV = . This shows that (X, 7 ) is sga-Ta.

Theorem 2.13.1f f: (X, 7) — (Y, o) isan almost continuous functionand g : (X, 7 ) = (Y,

o) is an almost sga-continuous function and Y is a r-Tz-space, thenthe set E = {x € X: f(x)
= g(x)} is an sga-closed set in (X, 7).

Proof. If x e X\E, then it follows that f(x) # g(x). Since Y is r-Tz, there exist disjoint
regular open sets V and W of Y such that f(x) € V and g(x) € W . Since f is almost
continuous and g is almost sga-continuous, then f* (V) is openand g (W) is sgo-open
inXwithx e f*(V)andxe g (W).PutA= f* (V) g™ (W). ThenAis sga-open
in X. Therefore, f(A) n g(A) = & and it follows that x & sga CI(E). This shows that E is
sga-closed in X.
Theorem 2.14. The implications (i) = (ii) = (iii) = (iv) = (v) hold for the following
properties of a function f: (X, 7) = (Y, 0):

(1) fis sga-continuous.

(2) {1 (Cls(B))is sga-closed in X for every subset Bof Y .

(3) fis almost sga-continuous.

(4) fis weakly sga-continuous.
(5) fis faintly sga-continuous.

If, in addition, Y is regular, then the five properties are equivalent of one another.

Proof. (1) = (2): Since Cl;(B) is closed in Y for every subset B of Y, by Theorem 2.4,
f ™ (Cls(B)) is sga-closed in X.
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(2) = (3):Forany subsetBofY, f (Cls(B)) is sga-closed in X and hence we have sga

CI( f (B)) csga CI( f* (Cls(B)) = f* (Cls(B)). It follows from Theorem 2.4 that f is
almost sga-continuous.

(3) = (4): This is obvious.

(4) = (5): Let F be any &-closed set of Y . It follows from Theorem 1.2 that sga CI( f
(F)) c f1(Cly(F)) = f* (F). Therefore, f* (F) is sga-closed in X and hence f is
faintly sga-continuous.

Suppose that Y is regular. We prowve that (5) = (1). Let V be any openset of Y. Since Y is
regular, V is é-open in Y . By the faint sga-continuity of f, = (V) is sga-open in X.
Therefore, fis sga- continuous. =@

Definition2.15. Afunctionf: (X, 7 ) — (Y, o) is said to be sga-preopen if f(U) € PO(Y)
for every sga-open set U of X.

Theorem 2.16. If afunction f: (X, 7 ) — (Y, o) is sga-preopen and weakly sga-continuous,
then fis almost sga-continuous.

Proof. Let x € X and let V be an open set of Y containing f(x). Since f is weakly sga-
continuous, there exists U e sgaO(X, X) such that f(U) < CI(V ). Since f is sga-preopen,
f(U) < Int(CI(f(U))) < Int(CI(V)) and hence f is almost sga-continuous.

Theorem 2.17. Letf: (X, 7) = (Y, o) beafunctionandg: X — Xx Y the graph function

defned by g(x) = (x, f(x)) for every x € X. Then g is almost sga-continuous if and only if fis
almost sga-continuous.

Proof. Let x be any point of X and V any regular open set of Y containing f(x). Then we
have g(x) = (x, f(x)) € X xV is regular open in X x Y . Since g is almost sga-continuous,
there exists U € sgaO(X, X) suchthat g(U) = X x V. Therefore, we obtain f(U) = V ; hence
f is almost sga-continuous. Conversely, let x € X and W be a regular open set of X x Y
containing g(x). There exist a regular open set Uz in X and a regular open set V in Y such
that Us x V < W. Since fis almost sga-continuous, there exist Uz e sgaO(X, X) such that
f(U2) c V. Put U= U; »n Uz, then we obtain x € U € sgaO(X) and g(U) cU x VcW.
This shows that g is almost sga-continuous.

Theorem 2.18. Letf: (X, 7) — (Y, o) and g : (Y, 0) — (Z,17) be functions. Then the
compositiong o f: (X, ) —(Z,17) is almost sga-continuous if f and g satisfy one of the
following conditions:

(1) fis almost sga-continuous and g is R-map.
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(2) fis sga-irresolute and g is almost sga-continuous.
(3) fis sga-continuous and g is almost continuous.

Proof. The proof is clear.

Theorem 2.19. If afunction f: X — TTY,, isalmostsga-continuousthenpq o f: (X, 7) -
(Y, 0)a is almost sga-continuous for each a. € |, where p, is the projectionof TY, onto Y.

Proof. Let V,, be any regular open set of Y, . Since p. is continuous open, it is an R -
-1

map and hence p,~*(V,, )is regular openin Y, , then f’l(pa’1 (Va)) = (pgof) (V)

€ sgarO(X) . This shows that p, o f isalmost sge - continuous for each « € |
Definition 2.20. Atopological space (X, 7 ) is said to be:

(1) almost regular [13]if for any regular closed set F of X and any point x e X\F
there exist disjoint open sets U and Vsuch thatx e Uand Fc V.

(2) semi-regular [15]if for any open set U of X and each pointx e U there exists a
regular open set V of Xsuch thatx e Vc U.

Theorem2.21.1f f: (X, 7 ) — (Y, o) is aweakly sga-continuous function and Y is almost
regular, then f'is almost sga-continuous.

Proof. Let x € X and let V be any open set of Y containing f(x). By the almost regularity
of Y, there exists a regular open set G of Y such that f(x) € G < CI(G) < Int(CI(V))
[[13], Theorem 2.2]. Since f is weakly sga-continuous, there exists U e sgaO(X, X) such
that f(U) < CI(G) < Int(CI(V)). Therefore, f is almost sga-continuous.

Theorem 2.22.1f f: (X, 7 ) = (Y, o) isan almost sga-continuous functionand Y is semi-
regular, then f'is sga-continuous.

Proof. Let x € X and let V be any open set of Y containing f(x). By the semi-regularity of
Y , there exists a regular open set G of Y such that f(x) e G < V. Since f is almost sga-
continuous, there exists U e sgaO(X, X) such that f(U) < Int(CI(G)) = G < V and hence f
is sga-continuous.

Definition 2.23. [8] An sga-frontier of a subset A of (X, 7 ), denoted by sgaFr(A), is
defned by sgaFr(A) = sga CI(A) nsga CI(X\A).

Theorem 2.24. The set of all points x € X in which a function f: (X, 7) = (Y, o) is not

almost sga-continuous is identical with the union of sga-frontier of the inverse images of
regular open sets containing f(x).
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Proof. Suppose that f is not almost sga-continuous at x € X. Then there exists a regular
open set V of Y containing f(x) suchthat U » ( X\ f* (V)) =@ ; foreveryU € sgaO(X,
X). Therefore, we have x € sga CI(X\ f* (V)) = X\sga Int(f* (V))andx e f* (V).
Thus, we obtain x e sgaFr( f * (U)). Conversely, suppose that f is almost sga-continuous
at x € X and let V be a regular open set of Y containing f(x). Then there exists U e

sgaO(X, X) such that U < f* (V). That is XngaInt(f’l(V)). Therefore,
x«sX\sgaFr(f‘l(V)).

Definition 2.25. Afunctionf: (X, 7 ) — (Y, o) is said to be com-plementary almost sgo-
continuous if for each regular open setVof Y, = (Fr(V)) is sga-closed in X, where
Fr(V) denotes the frontier of V.

Theorem 2.26. If f : (X, 7)) — (Y, o) is weakly sga-continuous and complementary
almost sga-continuous, then fis almost sga-continuous.

Proof. Let x € X and V be a regular open set of Y containing f(x). Then f(x) € Y\Fr(V)
and hence x € X\ f* (Fr(V)). Since f is weakly sga-continuous there exists G e

sgaO(X, x) such that f(G)  CI(V). Put U= G » (X\ f* (Fr(V))). Then U € sgaO(X, X)

and f(U) < f(G) N (Y\Fr(V)) c CI(V) n(Y\Fr(V)) =V this shows that f is almost sga-
continuous. @

Theorem 2.27. If f: (X, 7)) — (Y, o) is almost sga-continuous, g : (X, 7 ) = (Y, o) is
weakly sga-continuous and Y is Hausdorff, then the set {x € X : f(x) = g(x)} is sga-closed
in(X, 7).

Proof. Let A= {x € X: f(x) = g(x)} and x € X \A. Then f(x) = g(x). Since (Y, o) is
Hausdorff, there exist open sets V and W of Y such that f(x) € V, g(x) e Wand V nW
=& , hence Int(CI(V)) n CI(W) = &. Since f is almost sga-continuous, there exists G
e sgaO(X, x) suchthat f(G) < Int(CI(V)). Since g is weakly sga-continuous, there exists
H € sgaO(X) such that g(H) < CI(W ). Now put U = G n H, then U € sgaO(X, x) and
f(U) ng(U) c Int(CI(V)) nCI(W) = & . Therefore, we obtain U " A= & and hence A
is sga-closedin X.

Theorem 2.28. Suppose that the product of two sga-open sets is sga-open. If f1: (X1, 7)
— (Y, o) is weakly sga-continuous, f2 : (X2, 7) — (Y, o) is almost sga-continuous and
(Y, o) is Hausdorff, then the set {(x1, X2) € X1 x Xz : fi(x1) =f2(x2)} is sga-closed in X1 x
Xa.

Proof. Let A = {(x1, X2) € X1 x Xz : f(x1) = f(x2)}. If (X1, X2) € (X1 x X2) \ A, then we
have f(x1) # f(x2).Since (Y, o) is Hausdorff, there exist disjoint open sets Vi and V2 in'Y
such that f(x1) € Vi1 and f(x2) € V2 and CI(V1) » Int(CI(V2)) = &. Since f1 (resp. f2) is
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weakly sga-continuous (resp. almost sga-continuous), there exists U1 e sgaO(X1, X1)
such that f(U1) < CI(V1) (resp. Uz € sgaO(Xz, x2) suchthat f(sga ClI(U1)) < (Int(CI(V2)))).
Therefore, we obtain (X1, x2) € U1 x U2 < X1 x X2\ A. Therefore, (X1 x X2)\Ais sga-
open and hence A is sga-closed in X1 x X2

Proof. Let S be any & -closed set of X x Y and x € sga Cl(px (S »G(g)). Let U be any
open set of X containing x and V any open set of Y containing g(x). Since g is almost sga-

continuous, we have x € g*(V ) < sga Int(g™ (Int(CI(V)))) and U nsga Int(g™

(INt(CI(V))))) € sgaO(X, X). Since x € sga Cl(px (S NG()), (U nsga Int(g™ (Int(CI(V
N))) N px (S N G(g)) contains some point u of X. This implies that (u, g(u)) € S and g(u)
e Int(CI(V)). Thus, we have @ = (U x Int(CI(V)) nS < Int(CI(U x V)) 'S and
hence (x,g(x)) e Cls(S). Since S is d-closed, (x, g(x)) € px (SN G(g)) andx € px (SN
G(9)). Then px (S N G(Q)) is sga-closed.

Corollary2.30.Iff: (X, 7) = (Y, o)hasa d-closed graphand g : (X, 7 ) = (Y, o) is
almost sga-continuous, then the set {x € X: f(x) = g(x)} is sga-closed in X.

Proof. Since G(f) is o-closedand px (G(f) nG(g)) = {x € X: f(x) =g(x)} it followns
from Theorem 2.29 that {x € X: f(x) = g(x)} is
sga-closed in X. a

Theorem 2.31. If for each pair of distinct x1 and xz in a topological space (X, 7 )
there exists a function f on (X, 7 ) into a Hausdorff space (Y, o) such that f(x1) #

f(x2), fis weakly sga-continuous at x 1 and fis almost sga-continuous at Xz, then Xis
sgo-Ta.

Proof. Since (Y, o) is Hausdorff, for each pair of distinct point x1 and x2 there exist
disjoint opensets V1 and V2 of Y containing f(x1) and f(x2), respectively, hence CI(V1)
M Int(Cl(V2)) =< . Since fis weakly sga-continuous at x1, there exists U: € sgaO(X,
X1) such that f(U1) < CI(V1). Since f is almost sga-continuous at X2, there exists Uz
€5gaO(X, x2) such that f(Uz) < Int(CI(V2)). Therefore, we obtain U1 n Uz = & . This
shows that (X, 7)) is sga-Ta.

Definition 2.32. Afunctionf: (X, 7 ) — (Y, o) issaid to have an sga-strongly closed
graphifforeach (x,y) € (X x Y )\ G(f), there exists an sga-open subset U of X and
an open subset V of Y such that (U x CI(V)) nG(f) = &.

Lemma 2.33. A function f: (X, 7)) = (Y, o) has sga-strongly closed graph G(f) if

and only if for each (x,y) € (X x Y)\ G(f) there exists an sga-open set U and an
open set V containing x and y, respectively such that f(U) nCI(V) = & .
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Theorem 2.34.1ff: (X, ) = (Y, o) is an almost sga-continuous function and (Y, o)
is Hausdorff, then f has an sga-strongly closed graph.

Proof. Let (X, y) € (X x Y)suchthaty = f(x). Since (Y, o) is Hausdorff, there exist
open sets V and W of Y containing f(x) and y, respectively, such that VAW = & .
Then f(x) € Y\ CI(W) and Y\ CI(W) is regular openinY . There exists U € sgaO(X,
X) such that f(U) < Y \ CI(W ) and hence f(U) n CI(W ) = & . Therefore, by Lemma
2.33 f has an sga-strongly closed graph. @

Corollary 2.35. If f: (X, 7)) — (Y, o) is an sga-continuous function and (Y, o) is
Hausdorff, then f has an sga-strongly closed graph.
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