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Abstract: The purpose of the present paper is to introduce and study stnang forms ofa(yy)-semiopen sets called
a(y’w-semiregular sets and(y’w-e-semiopen sets. And also introduce a new class of functiaﬂeob(aw_’)/),a(B’ﬁ/))-e-semi

continuous functions and obtain several properties of futtions.
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1 Introduction

Njastad §f] defineda-open sets in a spageand discussed many of its properties. Ibrahifitroduced and discussed an
operation on a topology O(X) into the power seP(X) and introducedr(yyy/)—open sets in topological spaces and studied
some of its basic propertie§][ And also in P] the author introduced the notion afwf)-semiopen sets in a topological
space and studied some of its properties. In this paperutf@aintroduce and study the notion {y,y/)-e-semiclosed
sets, and introduc(ex(yyy/), a(Byg/))—B—semi continuous functions and investigate some impopeogerties.

2 Preliminaries

Throughout the present pap€X, 1) and(Y, g) represent nonempty topological spaces on which no separatioms
are assumed, unless otherwise mentioned. The closureaimdehior of a subset of X are denoted b€I(A) andint(A),
respectively.

Definition 1.[4] A subset A of a topological spa¢¥, 1) is calleda-open, if AC Int(CI(Int(A))).

The family of alla-open sets in a topological spack, 7) is denoted byxrO(X, ) (or aO(X)).

Definition 2.[3] Let (X, 1) be a topological space. An operatigron the topologyrO(X) is a mapping fronra O(X) into
the power set PX) of X such that VC VY for each Ve aO(X), where ¥ denotes the value gfat V. It is denoted by
y: aO(X) — P(X).

Definition 3.[3] An operationy onaO(X, 1) is said to bea-regular if for everya-open sets U and V containingX,
there exists am-open set W of X containing x such thatwuYnvY.
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Definition 4.[1] Let (X, T) be a topological space ang y be operations omO(X,T). A subset A of X is said to be
a( )-open if for each x A there existr-open sets U and V of X containing x such that/Y C A. A subset ofX, 1)

is sald to beor ) -closed if its complement i 8,/ -open. The family of alh /)-open sets ofX, 1) is denoted by
aO(X, T)< )

Proposition 1.[1] Let yandy be a-regular operations. KA andB area, , -open, therANBis ag,./y-open.

Definition 5.[2] A subset A of X is said to be semlopen if there exists am,, /,-open set U of X such that

UCAC a,y )-CI( ). A subset A of X |a( V) sem|closed if and only if XA is a<yy)-sem|open

The family of alla( V) semiopen sets of a topological sp@Xet) is denoted byrSQ(X, T)< V) the family of alla( V)
semiopen sets ofX, T) containingx is denoted bwsqx,x) V) Also the family of alla( )—semlclosed sets of a
topological spacéX, 1) is denoted byr SC(X, T)m/).

Definition 6. Let A be a subset of a topological spgeé 7). Then:

-Cl(A)=N{F:Fisa

Y ) -closed and AC F} [1].

(y.y)OPEN and UC A} [1].
vy -semiclosed and A F} [2].
-sInt(A)=J{U:U is Ay -semiopen and W A} [2].

@) ag,y, v
2 a(yy)-lnt( )=U{U:Uisa
(3) a,)-SCI(A) =N{F :Fisa
@) ag,y,

/

4

3 Ay ) semiregular Sets anda( )-9 semiopen Sets
Definition 7. A subset A of a topological spa¢¥, 1) is said to bea(m/) semiregular, if it is botm( )-sem|open and
a(y!y/)-semiclosed.

The family of alla( V) -semiregular sets iX is denoted byJSRX) V)
Lemma 1. The following properties hold for a subset A of a topologiadce(X, 7):

(1) IfA€e aSO(X thena( V) -sCI(A) € aSRX)(VV)
(2) IfA€e asqx) /) thena )—slnt( ) € aSRX)WV/)

Proof. (1) Since Ay sCI(A) is Aiyy)
Ac aS(XX) then fora  ,\-openset of X,U CAC Ay -Cl(U). Therefore we have,

-semiclosed, we have to show the{{w -sCI(A) € aSQX) vy Since

v $22
U cC a(yy/) — sClU) C Ayyy — sCI(A) C Ayyy — sCl(a v, ) - ClU)) = Ayyy — Cl(U) or
Uca, )-sCI( ) C a, >-CI( )and hencex( )-sCI( )easqx)

(2) This follows from (1).

Definition 8. A point xe X is said to bm(y

4

,)-9-semiadherent point of a subset A ofXx'I,l /,-SCI(U)NA+# @ for every

Ay semiopen set U containing x. The set of U ;.-8-semiadherent points of A is caIIed tbna, /,-8-semiclosure of

A and is denoted by SC|9( ). Asubset A is called 9 semiclosed |br —sCIe( ) =A. A subset A is called
qyy )-9 semiopen if and only if XA is a, )-9 sem|closed

Definition 9. A point xe X is said to bea(y V) -0-adherent point of a subset A of Xa( (U)NA £ ¢ for every

ag,,/)-open set U containing x. The set of al(l /,-8-adherent points of A is called th:e )-9 -closure of A and is

denoted bw Clg( ). A subset A is called( 9 closed |fa )-Cle( ) =A. The complement of am, -9—
closed set is called aa, )-9 open set.

Corollary 1. Let xe X and AC X. Ifxe Cf(yy/)-SC|9( ), then xe a, )-C|9( ).
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Proof. Letx € Aiyy/) sClg(A). Then, Ay sCI(U)NA # ¢ for everya,, )-semlopen sdi) containingx. Slncea(yy)
sCI(U) C a, )—CI( ), SO we have.rp;éa )sCI( JNAC a, )-CI( )mA Hencea >—CI( )NA# @ for every
a,.,/)-open seU containingx. Thereforexe ay, )-Cle( ).

Lemma 2. The following properties hold for a subset A of a topologsahce(X, T):

1) IfAeasqx) V) thena( /) -sCI(A) = a, )—sCIe( ).
(2) IfAe aSRX) V) if and only if Ais botm( V) -6-semiclosed and wvy) -6-semiopen.
3) IfAeaO(X)( V) thena( /) -CI(A) = ag, )-C|9( ).

Proof. (1) Clearlya -sCI( ) C a, )-SC|9( ). Suppose that¢01 )sCI( ). Then, for somex )semlopen set
U containingx, AﬂU = @ and hence!\m Ay -sCl(U) = g, smceAe aSO(X Th|s shows thax ¢ Ay

sClg(A). Thereforea( )sCI( ) = ay, )SC|9( ).
(2) LetAe aSRX)(V‘V/).Then,AE aSQX) vy by (1), we haveAfa( /) -sCI(A) = o v, )-SC|9( ). ThereforeAis
a(yy/)-e-semiclosed. Sinc¥\ Ae aSRX) by the argument abovK \Ais Ay 9 semiclosed and hende

is d(yy/)-e-semiopen. The converse is obV|0us
(3) This similar to (1).

Theorem 1.Let (X, 1) be a topological space and®& X. Then, A isawy)-e-semiopen in X if and only if for eachexA
there exists U= aSQ(X, x) ) Such thata —sC(U) CA.

Proof. Let A be A,y 9 -semiopen anc € A. Then, X\ A is Ay -8-semiclosed anX \ A = (v y/)-sCIe(X \A).
Hencex ¢ Ay SC|9(X\A) Therefore, there exist$ € aSQX, x) V) such thalu( /) -sCI(U)N (X \ A) = g and so
/,-sCI(U ) C '

2%

Conversely, letA C X andx € A. From hypothesis, there exist$ € aSQ(X, x)( V) such thata< )-sCI(U) CA
Thereforea( )-sCI( YN (X\A)=¢@. Hence X\ A= Ay -sClg(X'\ A) andAis Ay -6-semiopen.

Theorem 2.For a subset A of a topological spa¢¥, 1), we havm( vy /)-SC|9(A) =n{V:ACV andVe aSRX) yy/)}.

Proof. Let x ¢ Ay -sClg(A). Then, there exists an, /- semiopen set) containingx such thata( V) -sCIU)NA=

@. ThenAC X \ or ) sCIU) =V (say). ThusV € aSF{X /) such thatx ¢ V. Hencex ¢ N{V : A CV andV €

aSRX) } Agaln ifx¢N{V:ACV andV € aSRX) } then there exist¥ € aSRX) ) containingA such
thatngV Then(X\V)( U, say) is an, /- semiopen set contalnmgsuch tha‘zx( )-sCI( )NV = @. This shows
thata,, ,)-sCI(U)NA= g, so thatx ¢ a, —sCIe( ).

Corollary 2. A subset A of X IS{( 9 semiclosed ifand only if AN{V:ACV ¢ aSRX) )}.
Proof. Obvious.

Theorem 3.Let A and B be any two subsets of a space X. Then, the followdpgies hold:
(1) xe Ay -sClg(A) if and only if UNA # ¢ for each Ue aSF(X contalnmg X.

2 IngB thena( )-SC|9( )Ca vy )-SC|9( ).

Proof. Clear.

Theorem 4. ForanysubsetAofXa V) -sClp(a v, /)-SC|9(A)):a(yy/)-SC|9(A).

Proof. Obviously, a )-SC|9( ) C Ay -sClg(ar v, )-SC|9( )). Now, let x € Ay I( v, )SC|9( )) and

U € aSqX, X)<vv’)' Then a< )sCI( ) ( V) sCIe( ) # ¢@. Lety e Ay -sCI(U) N )sCIe( ). Since
-sCl(U) € aSQX, y) vy then a, I(a sCI( ))NA # @, that is Ay sCI( )mA # ¢. Thus,

Yyy)
Xea ,y/)-SC|9(A).
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Corollary 3. Forany AC X, a,, ;,-sClg(A) isa,, ;,-6-semiclosed.

vY) vY)

Proof. Obvious.
Theorem 5.Intersection of arbitrary collection aﬁ(yy/)-e-semiclosed setsin X ts(yy)—e—semiclosed.

Proof.Let {A; :i € |} be any collection otrwy)-e-semiclosed sets in a topological spdXe1) andA = Nic|Ai. Now,
using Definition8, x € am/)—sCIg(A), in consequence;, € a(y‘y/)—sCIg(A;) foralli € 1. Follows thatx € A for alli e 1.
Thereforex € A. Thus,A= a(yy/)-sCIe (A).

Corollary 4. For any AC X, a(yy)-SC|9 (A) is the intersection of aldx(m/)-e-semiclosed sets each containing A.
Proof. Obvious.

Corollary 5. Let A and A(i € |) be any subsets of a space X. Then, the following propertiels ho

(1) Ais awyl)-e-semiopen in X if and only if for eachexA there exists U= aSRX)(yy/) such thatx U C A.

(2) IfAjisa -0-semiopen in X for eachd I, thenUi¢ | A; is a -6-semiopenin X.

vY) v.Y)

Proof. Obvious.
RemarkThe following example shows that the unionaﬂ‘”/)—e—semiclosed sets may fail to hu?y)/)—e-semiclosed.

Example 1.LetX = {1,2,3} andt = {9, {1},{3},{1,3}, X} be a topology oiX. For eachA € aO(X, T), we define two
operationg/ andy , respectively, byAY = Int(CI(A)) and

A X, if A={1,3}
A if A#£{1,3).
Then, the subsets= {1} andB = {3} area,

-8-semiclosed, but their uniofl, 3} = AUBIs nota,  ,,-0-semiclosed.

) vy)
Example 2.Let X ={1,2,3} andt = {¢,{1},{3},{1,3},X} be a topology oiX. For eachA € aO(X, 1), we define two
operationy andy’, respectively, by
AV — A ifA£{1,3}
X, if A={1,3},
andAY = A The subset$2} is a(yy)—e—semiclosed, but nm(yy/)-semiregular.
Remark.From Lemma2 (2), we haveawy/)-semiregular set isx(yy/)-e-semiclosed set. In the above examdl2} is

a,,-6-semiclosed, but nat, -semiregular.

vy)
RemarkFor a subsef, we always havé\ C a(yy/)-sCI(A) C a(yy/)-sCIe(A). Therefore, everw(yy/)-e—semiopen setis
a(yy/)-semiopen. The following example shows that the conversetitrue in general.

Example 3.Let X = {1,2,3} and1 = {¢,{1},{2},{1,2},{2,3},X} be a topology orX. For eachA € aO(X, 1), we
define two operationg andy’ , respectively, by

A A if A {1}
] X, ifA={1},

and
A¢:{A,ﬁA¢{a
X, if A={2}.

Then,{1,2} is a.,/)-Semiopen set but not arty,y/)-e-semlopen set.

(© 2018 BISKA Bilisim Technology
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Remark.The notionsa(y -openness and( /) -6-semiopenness are independent. In Exar2plel, 2} is an ay) -6-
semiopen set but not am, /,-open set, Whereas in Exam@e{1,2} is ana, s -open set but not aa, 9 -semiopen
set.

RemarkEverya -9 -open set m( )-open.

4 (a(m/), a(Bﬁ,))-G-semi continuous

Throughout this section, ldt: (X,T) — (Y,0) be a function angt,y : aO(X, T) — P(X) be operations oorO(X, ) and
B.B : aO(Y,0) — P(Y) be operations onO(Y, 7).

Definition 10. A function f: (X, 1) — (Y,0) is said to be(a vy %68 )) -6-semi continuous if for each pointe X
and eacha<B ) semiopen set V of Y containingxj, there exists amw, / -open set U of X containing x such that
f(U) C Ap g -sCI(V).

Example 4.LetX = {r,m,n},Y ={1,2,3}, 1 ={@,{r},{m},{r,m},{r,n},X} ando = { @, {3},{1,2},Y}. For eactA €

aO(X,1) andB € aO(Y, g), we define the operations aO(X,1) — P(X), y : aO(X,T) = P(X), B : aO(Y,a) — P(Y)
andp’ : aO(Y,a) — P(Y), respectively, by
e {A, if ng A

if ne A,

vy A if meAorA=¢
|l AU{m}, if m¢ A,

ge_JY if2¢B
| B, if2eBorB=g,

and

g _ Y ifl1¢B
" | B, ifleBorB=g.

Define a functiorf : (X, 1) — (Y, 0) as follows:
1 ifx=r

fx) =141, if x=m
3, if x=n.

Clearly, aO(X, r) = {@,{m},{r,m},X} and aSQY, 0) g) = {9,{1,2},Y}. Then,f is (O((yly/),or([g B/))-G-semi
continuous.

Theorem 6.The following statements are equivalent for a functian X, 7) — (Y, 0):

(1) fis (a(N),a(Bﬁl))-e-semi continuous.
(2) For each xe X and Ve aSF{Y)<B g containing f(x), there exists am, /,-open set U containing x such that
f(U)CV.

(3) fL(V)is Aiyy) clopen (Thati is@,, ./ -open as well asl, -closed) in X for every \& aSRY) By
(4) - 1( ) ay, - int(f- Ya Ui p )-sCI( ))) for every Ve aSQ(Y) 4 g1)-
(5) a,yCI(f -1 i gysint(V))) € f=1(Vv) for everya , y-semiclosed setV of Y.

(o
(6) a -Cl(f 1(V)) C f~1(a,, .-SCI(V)) for every Ve aSQY)

%) (B.B)"

(© 2018 BISKA Bilisim Technology
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Proof.(1) = (2): Letxe X andV € aSRY)(Bﬁ/) containingf (x). By (1), there exists aa, /-open set) containingx

such thatf (U) C A, )—sCI( )=V

(2) = (3): LetV € aSRY) 6.5 andx € f~1(V). Then,f(U) CV for somea, /-open set) of X containingx, hence

x €U C (V). This shows thatf ~1(V) is a,,y)-open inX. SlnceY\V e aSRY) g gy 7 Ly \V) is also

ag,,)-open and hencé (v )|501(yy -clopen |nX

(3)= (4): LetV € aSCXY) B SinceV C App) sCI(V) and by Lemmal, we havea(ﬁ )-sCI( € aSRY)

By (3), we havef~1(V) C f~1(a (Bﬁ/)-sCI(V)) and f*l(a(B’B/)-sCI(V)) is ag,/y-open inX. Therefore, we obtam

f-1(v)C am/)-lnt(f*l( (B’B/)-SCI(V))).

(4) = (5): Let V be an a(B’B/)—semicIosed subset of. By (4), we havef=1(Y\V) C a(y!y/)-lnt(ffl(a(w/)-

sCI(Y \ V))) = a(y,y/)-lnt(f*l(Y \ g gysint(V))) = X\ a, /y-CI(f~ Ya (g gy-SInt(V))). Therefore, we obtain
Cl(f Ya App )-slnt(V))) C f=1v).

) = (6): Let V € aSCXY) pp) BY Lemmal, ag g - sCI(V) € aSF‘(Y)(B,ﬁ’)' By (5), we obtain Ay
Cl(f~(v)) C g,y CHE™ Ya g SCIV)) =a, Cl(f Ya Ap -sInt(a 8.5)7SCIV)))) € f*l(a(Byﬁ/)-sCI(V)).
(6) = (1): Let x € X and V € aSQY, f(x ))(BB . By Lemmal, we havea(BB )-sCI(V) € aSRY)(Bﬁ/) and
f(x) ¢ Y \ A )sCI( ) = A, )—sCI( \ aBB)SC|( ))- Thus, by (6) we obtain
X ¢ a, /)—Cl(f 1( \a sCI( )))- There exists ana, s -open setU of X containing x such that
un =y \aBB) sCI( )) = @. Therefore, we have f(U) N (Y \ a(B,B/)-sCI(V)) = ¢@ and hence

f(U)C Ap.p' )-sCI( ). This shows thaf is (a(y,y/), (B’BI))-Q-seml continuous.

=
<<
—

Proposition 2. The following statements are equivalent for a functiar(X, t) — (Y, 0):

Q) fis (a(y’y/),a(ﬁﬁ/))—e—semi continuous.

(2) For each xe X and Ve aSRY)(Bﬁ/) containing f(x), there exists arn
f(U)CV.

(3) For each xe X and Ve aSQY) ®.
f( vy) CI( )) = (ﬁ,B )'SCI( )

Proof. (1) = (2): Letx € X andV € aSRY)(B,B') containingf (x). By Theorem6, f~1(V) is awy)-clopen inX. Put
U = f1(V), thenxc U andf(U) C V.

(2) = (3): LetV € aSQY, f(x))(lw/). By Lemmal, we havea(B!B/)—sCI( )€ aSRY)(B,B') and by (2), there exists an
a(y,y/)-clopen set containingx such thatf (o ( V) -Cl(U))=fU) C Agp )-sCI( ).

(3) = (1): Letxe X andV € aSQY, f(x))( - By (3), there exists aa, /,-open set containingx such thaff (a vy)
Cl(U)) C a(B,B’)'SCKV) implies thatf (U) C f( vy >—CI( ) C A, )—sCI( ). This shows thaf is (a -
semi continuous.

yy)-clopen set U containing x such that

gy containing f(x), there exists arr, , -open set U containing x such that

vy 9p.p))"

Theorem 7.The following statements are equivalent for a functian( X, 7) — (Y, 0):

Q) fis (a( V) (B B/)) 6-semi continuous.

2 a,,-Cl(T~ iB)) C f(a a5 y~SClo(B)) for every subset B of Y.
3) f( ()" Cl(A)) C )-SC|g(f( )) for every subset A of X.
(4) f71(F)is a, -closed in X for every g o) -6-semiclosed set F of Y.

(5) f~1(V)is or -open in X for every —9 -semiopen setV of Y.

Proof. (1) = (2): Let B be any subset of andx ¢ f*l(aw’ﬁ/)-sCIg(B)). Then,f(x) ¢ App) -SC'g( B) and there exists
V € aSQY, f(x))(B,B') such thatx(B,B/)-sCI(V) NB= @. By (1), there exists ao, /\-open set containingx such that
f(U) € ay gy-sCI(V). Hence,f(U)NB = g andU N f~1(B) = @. Consequently, we obtaing ay,y,CI(f~ L(B)).

(2) = (3): Let A be any subset of. By (2), we havm(yy)—CI( ) C

Aiyy )'Cl(f 1(f( ) €t~ l( ag ,p’)'SC|6(f( )
and hencef(a(y,y/)-CI(A)) C a(B’B/)-sCIg(f(A)).

(© 2018 BISKA Bilisim Technology



NTMSCI 6, No. 3, 67-75 (2018) www.ntmsci.com BISKA 73

(3) = (4): LetF be anya(B’B/)-e-semiclosed set of. Then, by (3), we have

f(a,,)-Cl(T~ YF)) C A )—sCIe(f(ffl( ) C a(ﬁ g)SCle(F) = F. Therefore, ~we have
a, )Cl(f YF)) c f-1(F) and hencer, / -CI(f~ L(F)) = f-1(F). This shows thaf ~1(F )isa, s -closed inX.

(4)¢( ): Obvious.

(5) = (1): Letxe X andV € aSQY, f(x ))(B p)- By Lemmasl and2 (2), qp )-sCI( ) is a(B’B/)-G-semiopen iny.

PutU = f*l(a(ﬁﬁ/)-sCI(V)) Then by (5),U is ag,/y-open containingx and f(U) C (B’B/)-SCKV). Thus, f is

(a(v.v’)’ a(Blﬁ/))-e-semi continuous.

Proposition 3. The following statements are equivalent for a functiar(X,7) — (Y, 0):

1) fis(a ( /)%, Bx)) 6-semi continuous.

(2 ag,,,Clo(f~ (B)) C f(a a5 gy-SClo(B)) for every subset B of Y.
(3) f( (VV/)-CIQ(A)) Ap ) -sClg(f(A)) for every subset A of X.

(4) f-1(F

)is a,y )-9 -closed in X for every g B ) -0-semiclosed set F of Y.
(5) f~1(V)is a, -9 -open in X for every 9 -semiopen setV of Y.

Proof. (1) = (2): Let B be any subset of andx¢_ f1(a A )—sCIe( )). Then,f(x) ¢ App )-SC|9( ) and there exists
Ve aSQY,f(x))(BVB/) such thator( By sCI(V) N B = ¢. By Proposition2 (3), there exists amw, /-open setU
containing x such that f(a(l/)CI( )) C a(BB)'SCK ). Hence, f(a vy )-CI( ) N B = ¢ and
a, )CI( ynf-1(B) = . Consequently,weobtamgéa )-C|9(f 1(B)).

(2) = (3): Let A be any subset oK. By (2), we havea< V) Clg(A) C a
-sClg(f(A))) and hencd (a v, )-C|9( )) C (B,B)-SC|9(f( ).

(3) = (4): LetF be anya g, )-9 -semiclosed set of. Then, by (3), we have
f(a,,)-Cle(f~ LF)) C a(BB)-sCIg(f(ffl( ))) S apgg,sCh(F) = F. Therefore, we have

aWW-CIg(f*l(F)) Cc f-1(F) and hence,, /,-Clg(f~ L(F)) = f~1(F). This shows thaf ~(F) is ay,,-6-closed in
X.

Clg(f~1(f(A)) € fHa

(vY) (B.8")

(4) = (5): Obvious.

(5) = (1): Letx € X andV € aSQY, f(x ))( )- By Lemmasl and2 (2), a g
PutU = f=1(
thatf(U) Ca

)—sCI( ) is App —9—semiopen iny.
qp B/)-SC|( )). Then, by (5)U |s ayy) -6-open containingk and by Remarig, U |s g,y -open such
T Bl)-sCI( ). Thus,f is (o vy %e.s )) 8-semi continuous.

Proposition 4. The following statements are equivalent for a functian X, 7) — (Y, 0):

-sInt(B)) Ca )-Int(f ( -sCI(a(B B’/)-slnt(B)))), for every subset B of Y.

(B.8") (v. B.8")

Proof. (1) = (2): Let B be any subset of. Then,awﬁ/)-sCI(B) is a(B’B/)-semiclosed iy and by Theoren® (5), we
havea,, /,-CI(f(ay g -sint(a g z1,-sCI(B)))) € f~*(a(g 5,-sCI(B)).

(2) = (3): Let B be any subset of andx € f*l(a(B!B/)—slnt(B)). Then, we havex € X\ f~1(a Ap g -sCI(Y'\ B)).

X ¢ fﬁl(a(B,B') -sCI(Y'\ B)) and by(2), we havex € X\ a(, -CI(f*l(a(B,B/) -sint(a g g, -sCI(Y \ B)))) =
Int(f*l(a(&ﬁ/) -sCl(ag gy-sInt(B)))).

(3) = (1): LetV be anya(ﬁ!ﬁ/)—semiopen set of. Suppose that¢ f*l(a(BVB/)—sCI(V)). Then,f(z) ¢ Ap -sCI(V) and
there exists an(B’B/)-semiopen seW containingf () such thatv NV = @ and hencex(yy)-sCI( )NV = ¢. By (3), we
havezc awy)-lnt(f*l(a(ﬁyﬁl)-sCI(W))) and hence there exidise aO(X),, /) suchthaze U C f~ Ya a g gy ~SCIW)).
Sincea g g\-sCI(W) NV = ¢, thenU N f~1(V)=@and so,z¢ ay,y,CI(f~ L(v)). Therefore, Q) CI(F~1(V)) C
f*l(a(B’B/)-sCI((V))) for everyV e aSQY)(B’ g Hence, by Theorerﬁ fis(a ) %B.B )) -6-semi continuous.

(v.,v)

Proposition 5. The following statements are equivalent for a functiar(X,7) — (Y, 0):

(© 2018 BISKA Bilisim Technology
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(1) fis (or(yy/),or([g B')) -6-semi continuous.

) a<y¢)—CI(f*1(a<BB) sint(a, g)-sClo(B)))) © fﬁl(a(ﬁﬁ) sClp(B)), for every subset B of Y.

(3) a,yCI(F~ 1(a<BB) sint(a, g,-sCI(B)))) C f*l(awﬁ -sClg(B)), for every subset B of Y.
1 ’ -1 i

4) a(yy)-CI(f (a(BB) slnt(a(B,Bl)-sCI( )))) C f (G(BB -sCl(0O)), for everya , o\ -semiopen setOof Y.

Proof. (1) = (2): Let B be any subset of. Then,a<B Bl)-sCIg( ) is qp B/)-semiclosed irY. Then by Theorerg (5), if
1 -1 :

Xea. Cl(f*(a (B,B')'SIm(a(B-,B’)'SCI"(B))) ,thenx e f (a(B’B/)—sCIg(B)).

(2) = (3): This is obvious sincer(ﬁ B/)-SC|(B) Cag B/)'SCIQ(B) for every subseB.

(3) = (4): By Lemma2 (1), we havenr( )—sCI(O)— 8. )-sCIe(O) for everya(ﬁﬁ/)-semiopen seD.

(4) = (1): LetV be anyd g - semiopen set o¥ andx ca, />-Cl(f*1(v)).'Then,V is a(B‘B/)—semiopen and

1 ' :
xea, Cl(fY(a B.8) sInt( B.8) -sCl(V)))). By (4),xe f~*(a (B,B')'SCI(V))' It follows from Theoren®, thatf is
(or(‘ ) (B‘B/))-B—semlcontlnuous.

Corollary 6. A function f: (X,1) — (Y,0) is (or(yy/),or([g B/))-G-semi continuous if and only iﬁi(a(Bﬁ/)-sCI(V)) is
a.. ;.-opensetin X, for each([g B/)-semiopen setVinY.

(v.y)
Proof. Since, ifV e a_SQY)(B!B/), then,a(Byﬁ/)-sCI(V) € aSRY)(B,B')’ so by Theoren® (3), f*l(awyﬁ/)-sCI(V)) is
a(y,y/)-clopen, which i, /y-open.
i iof -1 -1 _ . -1
Conversely, ifV € aSO(Y)“w/), then by hypothesisf=*(V) C f (a(B,BU -sCI(V)) = Ay sint( f (U(B,B/)
-sCl(V))), so by Theorend (4), f is (or(yy/),or([g B')) -6-semi continuous.
Corollary 7. A function f: (X, 1) — (Y,0) is (awy/),a(ﬁ Bl)) -8-semi continuous if and only iﬁi(a(ﬁ ) -sInt(F)) is

ana, -closed set in X, for each )—semclosed setF of Y.

Proof. It follows from Corollary6.

Corollary 8. Let f: (X,7) — (Y,0) be a function. If fl(or([g B/)-sCIe(B)) is Ay -closed in X for every subset B of Y,
then f |s(a(y,y/),a(B,B/))-G-sem continuous.

. -1 -1 1
Proof. Let B C Y. Sincef (U(B,B/)-SU@(B)) is Ay -closed inX, thena( )-Cl(f (B)) C Ay Cl(fH(a BB

sClg(B))) = f*l(aw’ﬁ/)-sCIg(B)). By Theoren, f |s( vy 8.8 )) 6-semi continuous.

Proposition 6. The following statements are equivalent for a functiar(X, 7) — (Y, 0):

(1) fis (a( y/),a( /))-9-semi continuous.

2 a,,-Cl(T~ l(V)) CfYa a5 gy-SCI(V)), for every VC a
1 1 ; . .

3) f—(V)C Ay -Int(f~H(a B.8) sCI(V))), for every VC qp g B8

Proof. (1) = (2): Let V C a(ﬁﬁ/)-slnt(awyﬁ/)—sCI(V)) such that x € a, )Cl(f 1(V)). Suppose that
X & f*l(a(Byﬁ/)-sCI(V)). Then there exists an ;) -Semopen selv containingf (x) such thaWw NV = ¢. Hence, we
have W N a(B,B/)-sCI(V) = ¢ and hence a(B,B/)-sCI(W) N a(B,B/)-sInt(a(B,B/)-sCI(V)) = ¢. Since
vV C a(ﬁﬁ/)-slnt(awyﬁ/)—sCI(V)) and we have/ma<wl)—sCI( )= @. Sincef is (a vy 9.8 )-6-semi continuous at
xe X andW is an a5 gy-SEMopen set containing(x), there existsU € aO(X )( /, containing x such that

vy
f(U)Ca

-sCI(V)).
-sCIV)).

/)-slnt(a(
-sint(a

B.B B.B"

)
-sCI(W). Then,f(U) NV = @ and henc& N f~1(V) = ¢. This shows that ay,y-CHE™ L(V)). Thisis

(BB
a contradiction. Therefore, we haxe f*l(or([g B/)-SC|(V)).
2) = (3: Let V C A Bl>—s|nt(a(ﬁ‘5/)-sCI(V)) and x ¢ fXV). Then, we have
f-1(v) C f*l(a(Bﬁ/)-slnt( g SCIV))) = X\ f~1(a A gy-SCIY \ a(BB' -sCI(V))).  Therefore,
X ¢ f*l(a(BlB)-sCI( \ appy-SCV))). Then by (2), x ¢ ag,-Cl(f LY\ a py-SCI(V))). Hence,

, y
xeX\ag, ,CI(f (Y\a sCI( ))=aqa, )-Int(ffl( 8.8)"SCIV))).
(3) = (1): LetV be anya B') semlopen set df ThenV = a(B g -sInt(V) C
(3) and Theorend, f is (a vy 6.8 )) -6-semi continuous.

qp slnt(a(B,B/)-sCI(V)). Hence, by

(© 2018 BISKA Bilisim Technology
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Proposition 7.1f f : (X, 1) — (Y,0) is (a(yy/),a(ﬁﬁ/))-e-semi continuous at & X, then for eacm(Blﬁ/)-semiopen set
B containing {x) and eachor( y/)-open set A containing X, there exists a nonenepfy, -open set UC A such that

v,
UCa -CI(ffl(a(ﬁ‘ﬁ/)-sCI(B))). Wherey andy are a-regular operations.

vy)

Proof. Let B be anyawﬁ/)-semiopen set containinfyx) andA be ana, /,-open set oiX containingx. By Lemmal
’ —1 21 — -

and Theoren®, x a(w/)-lnt(f (q(ﬁﬁ/)-sCI(B))), thenAn a(y’y/)-lnt(f (a(.B:B/)-sCI(B))) # @. TakeU = AN Ay

Int(f*l(a(BlB/)-sCI(B))). Thus,U is a nonempty,, / -open set by Propositioh, and henc&) C A andU C Ay

Int(f=*(a 5 1)-sCI(B))) C a(,, / -CI(f~Y(az 5,-SCI(B))).
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