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ABSTRACT
This paper is devoted to the study of new class of sets called an intuitionistic fuzzy € -locally closed sets, intuitionistic
fuzzy eG5 -sets, intuitionistic fuzzy eG5 -locally closed sets and intuitionistic fuzzy Gg-e -locally closed sets are

introduced and studied. Also the concepts of an intuitionistic fuzzy Gé—e -locally closed set intuitionistic fuzzy

subspace, intuitonistic fuzzy Gé-e -local- & -semi (resp., O -pre and ) spaces are introduced and interesting
properties are established. In this connection, interrelations are discussed. Examples are provided where necessary.

Keywords and phrases: Intuitionistic fuzzy - € -locally closed sets, intuitionistic fuzzy EG(; -sets, intuitionistic fuzzy
eG, -locally closed set, intuitionistic fuzzy G, - € -locally closed set, intuitionistic fuzzy G- € -local-T,, - spaces and

intuitionistic fuzzy G;-e - O - semi (resp., O -pre and [3) spaces.
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1. INTRODUCTION

The concept of fuzzy sets was introduced by Zadeh [14] and Atanassov [1] introduced and studied intuitionistic fuzzy
sets. On the other hand, Coker [4] introduced the notions of an intuitionistic fuzzy topological spaces, intuitionistic fuzzy
continuity and some other related concepts. The concept of an intuitionistic fuzzy o -closed set was introduced by
Biljana Krsteshka and Erdal Ekici [9]. The first step of locally closedness was done by Bourbaki [3]. Ganster and Relly
used locally closed sets in [8] to define LC-continuity and LC-irresoluteness. Roja, Uma and Balasubramanian [2]

discussed fuzzy G5 continuous functions. The initiations of € -open sets, € -continuity and € -compactness in

topological spaces are due to Ekici [5,6,7]. In fuzzy topology, € -open sets were introduced by Seenivasan in 2014 [11].
Sobana et.al [12] were introduced the concept of fuzzy € -open sets, fuzzy € -continuity and fuzzy € -compactness in
intuitionistic fuzzy topological spaces (briefly., IFTS's). In this paper we introduce the concepts of an intuitionistic fuzzy

€ -locally closed sets, intuitionistic fuzzy eG§ -sets, intuitionistic fuzzy eG5 -locally closed sets and intuitionistic
fuzzy G§ - € -locally closed sets in IFTS's. Also the concepts of an intuitionistic fuzzy G(y - € -locally closed

intuitionistic fuzzy subsapce, intuitionistic fuzzy Gﬁ-e -local T]/2 T1 space, intuitionistic fuzzy Gd -€-local O -
2

semi (resp., O -preand [3) spaces are introduced and studied. Some interesting properties and interrelations among sets

and spaces are discussed with necessary examples.
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2. PRELIMINARIES

Let X beanonempty fixed setand | the closed interval [0,1]. An intuitionistic fuzzy set (IFS) [1] A is an object
of the following form A:{<X, Ha(X), }/A(X)> :X e X}, where the mapping £, : X =1 and y,: X —> |

denote the degree of membership (namely ,uA(X)) and the degree of nonmembership (namely yA(X)) for each
element X € X to the set A, respectively, and 0 < g, (X)+ 7, (X) <1 for each X € X . Obviously, every fuzzy
set A onanonemptyset X isan IFS of the following form, A = {<X, 1 (X), 1—,uA(X)> : X € X}. For the sake of
simplicity, ~we shall use the symbol A= <X, M, 7A> for the intuitionistic  fuzzy  set
A:{<X, Ha(X), }/A(X)> :Xe X}. Let A and B be IFSs of the form A={<X, U (X), ;/A(X)> :xe X} and
B ={(X, 1t5(X), 75 (X)) :x € X}. Then (i) Ac B if and only if £,(X)< s5(X) and y,(X) = y5(X) ; (ii)
A={(X 74 (), ()i xe XY 1 (i) ANB={(X 1 (X) A 1 (X), 740V 75 (X):xe XY 5 (W)
AUB ={<X, Uy (X) Vv 15 (X), 7a(X) /\}/B(X)> :XxeX} ; The IFSs O and 1 are defined by,
0={<x,0,1>xe X} and 1={<x,1, 0>:x € X}. An intuitionistic fuzzy topology (IFT) [4] in Coker's sense
on a nonempty set X isafamily T of intuitionistic fuzzy setsin X satisfying the following axioms: ()0, 1€ T ;
(i) G,NG, T, forany G, G, €T; (iiiyUG, €T for any arbitrary family {G, :i € J}< T . In this paper by
(X, T) orsimply by X we will denote the intuitionistic fuzzy topological space(IFTS). Each IFS which belongs to

T s called an intuitionistic fuzzy open set (IFOS) in X . The complement A ofan IFOS A in X is called an
intuitionistic fuzzy closed set (IFCS) in X . Let (X,T) beanIFTSand A={<X, u,,v, >:X€ X} beanIFSin

X . Then the intuitionistic fuzzy closure and intuitionistic fuzzy interior [4] of A are defined by (i)
cl(A)=[XC:CisanIFCSin X andC o A}; (i) int(A) = {D:DisanIFOSin X and D < A} ; It
can be also shown that CI(A) is an IFCS, int(A) is an IFOS in X and A is and IFCS in X if and only if
cl(A)=A; A isanIFOSin X ifandonlyif int(A)= A Let A belIFSinanIFTS (X,T). A iscalled an
(i) intuitionistic fuzzy regular open set (briefly IFROS) [13] if A =intcl(A), (ii) intuitionistic fuzzy regular closed
set (briefly IFRCS ) [13]if A=clint(A).Let (X,T) be afuzzy topological space and A be a fuzzy setin X .
A iscalled Gy set[2]if A= /Oi/l, where each A4, €T . The complement of fuzzy G, is fuzzy F_ Let (X, T)
i=1
be an IFTS and A=< X, £, (X),v,(X) > be aIFSin X . Then the fuzzy O closure [13] of A are denoted and
defined by Cl;(A) = {K:K isan IFRCSin X and Ac K} and int;(A) = {G:G is an IFROS in X
and G < A}. Let A be an IFS in an IFTS (X, T). A is called an intuitionistic fuzzy O -semiopen (resp. O
-preopen, S -open) [12] set (IF & SO (resp. IF & PO, IF B 0O), for short), if A<cl(int;(A)) (resp.
A<int(cl;(A)), A<cl(int(cl(A)))). A is called an intuitionistic fuzzy O -semiclosed (resp. O -preclosed,
B -closed)[12] set (IF & SC (resp. IF & PC, IF B C) (for short)) if A>int(cl;(A)) (resp. A=cl(int;(A)),
A>int(cl(int(A)))). Let A be an IFS inan IFTS(X,T). A is called an intuitionistic fuzzy € -open set [12]
(IFeOS, for short) in X if Acclint;(A)uintcl;(A). Let (X,T) be an IFTS and Y be any intuitionistic
fuzzy subset of X . Then T, = (A/Y | AeT) isan intuitionistic fuzzy topology on Y and is called the induced or
relative intuitionistic fuzzy topology [10]. The pair (Y,TY) is called an intuitionistic fuzzy subspace of
(X,T): (Y,TY) is called an intuitionistic fuzzy open/intuitionistic fuzzy closed subspace if the intuitionistic fuzzy

charateristic function of (Y, T,) viz y, is intutionistic fuzzy open/intuitionistic fuzzy closed.
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3. Intuitionistic fuzzy G; - € -locally closed sets in an IFTSs

In this section, the concepts of an intuitionistic fuzzy € -locally closed set, intuitionistic fuzzy eG(S -set, intuitionistic
fuzzy e65 -locally closed set and intuitionistic fuzzy G5 - € -locally closed set are introduced and studied. The concepts

of an intuitionistic fuzzy G(S-e -locally closed intuitionistic fuzzy subspace, intuitionistic fuzzy Gd - € -local Tl
2

space, intuitionistic fuzzy G- € - O -semi space, intuitionistic fuzzy G -€ - O -pre space, intuitionistic fuzzy G-
space are introduced and studied. In this connection, interrelation among sets and spaces are discussed with suitable

examples.
Definition 3.11: Let (X, T) bean IFTS. Let A :{<X, 1a(X), 7A(X)> :Xe X} beanIFSonan IFTS (X,T).

Then A is said to be intuitionistic fuzzy € - locally closed set (in short, IF-e-1cs)if A=C D, where
C ={<X, U (X), }/C(X)> :Xe X} isanIFeOSand D ={<X, g (X)), }/D(X)> :Xe X} isanlIFeCs in (X,T).

Definition 3.22: Let (X, T) bean IFTS. Let A :{<X, Ha(X), 7A(X)> X € X} be an intuitionistic fuzzy set on an

IFTS X .Then A issaid to be an intuitionistic fuzzy €G; - set(in short IF-eG; -set) if A= ﬂA1 , Where
i=1

A ={<x, 1, (%), 7, (X)>:Xe X} isanIFeOS inanIFTS (X,T).

Definition 3.33: Let (X, T) bean IFTS. Let A :{<X, 1a(X), 7A(X)> :Xe X} beanlIFSonan IFTS (X,T).
Then A is said to be an intuitionistic fuzzy eG; -locally closed set (in short,IF-eG; -1cs) if A=C D, where
C ={<X, He (X), }/C(X)> :Xe X} isanIF- G, -setand D ={<X, Hp (X), ]/D(X)> :Xe X} isanIFeCS in
(X,T).

Definition 3.44: Let (X, T) beanIFTS. Let A :{<X, 1a(X), 7A(X)> :Xe X} beanlIFSonan IFTS (X,T).
Then A is said to be an intuitionistic fuzzy G - € -locally closed set (in short,IFG-€e-1cs) if A=BNC, where
B :{<X, g (X), }/B(X)> :Xxe X} isanIF-G; -setand C :{<X, e (X), 7c (X)> :Xxe X} isanlIFeCS (X,T).

The complement of an intuitionistic fuzzy G(S-e -Ics is said to be an intuitionistic fuzzy G(;-e -locally open set (in
short, IFG; - € -los).

Definition 3.55: Let (X, T) beanIFTS. Let A ={<X, 1, (%), ij(X)> :Xe X} beanIFSonan IFTS (X,T).
The intuitionistic fuzzy G- € -locally closure of A is denoted and defined by 1FG;-€ -
Icl(A) = ﬂ{B ‘B :{<X, g (X), }/B(X)> :Xxe X} isanIF-Gg-e-lesin X and AcC B.

Proposition 3.16: Let (X, T) be an IFTS. For any two IFSs A ={<X, 1, (X), 7/A(X)> :Xe X} and

B :{<X, g (X), 75 (X)> :X€ X} ofanIFTS (X, T) then the following statements are true. (i) IFG; - € -
Ic1(0) =0 (i) Ac B= IFG,-e-Icl(A) c IFG,-e-Icl(B) (iii) IFG,-e-Icl(IFG,-e-Icl(A)) = IFG;-
e-Icl(A) (iv) IFG,-e-Icl(AUB) = (IFG,-e-Icl(A)) U (IFG,-e-Icl(B))
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Definition 3.67: Let (X, T) bean IFTS. Let A:{<X, 1, (X), ]/A(X)>: Xe X} beanIFS onan IFTS (X,T).
The IF-G; - € -locally interior of A is denoted and defined by 1FG;-€ -
lint(A) = U{B ‘B ={<X, g (X), }/B(X)> :Xe X} isanIF-G;-e-losin X and Bc A.

Proposition 3.28: Let (X, T) bean IFTS. Let A:{<X, 1, (X), 7/A(X)>: X e X} and

B ={<X, g (X), 75 (X)> :X€ X} areIFS inanIFTS (X, T).Thenthe following statements are true. (i) IFG - €
-Icl(A) isthe largest IF G- € -los contained in A (i) If A isanIF G,-e-losthen A= IFG;-e-lint(A)
(i) IF A isanIF-G;-e-los then IFG,-e-lint(IFG;-e-lint(A)) = IFG4-e-lint(A) (iv) IFG;-e-
lint(A) = IFG,-e-Icl(A) (v) IFG,-e-Icl(A) = IFG,-e-lint(A) (vijlf Ac B then IFG,-e-

lint(A) < IFG;-e-lint(B) (vii) (IFG,-e-lint(A)) N (IFG,-e-lint(B)) o IFG-e-lint(ANB).

Remark 3.1:9 (i) IFG;-e -Icl(A) = A ifand only if A isanIF-G;-e-lcs (i) IFG,-e - lint(A) ¢ Ac IFG; -
e-Icl(A) (ii) IFG;-e-lint(1) =1 (iv) IFG,-e-lint(0) =0 (v) IFG-e-lcl(1) =1

Proposition 3.310: Every IF-€ - Icsis an IF eGJ -lcs

Remark 3.211: The converse of the Proposition (3.3) need not be true as show in Example (3.1).

AnB={x (2 (2 L)) beirsof X Thenthe family T ={0,1, A B, Av B, AAB} isan IFT
0.3'0.17°0.6'0.6
on X.Now C=(Xx (3 i) (i b —) ) belF-eG; -setlet D =X, (— —) (— —) be an IF- € -closed
"0'0.1770.9'0 ° 0'01""1

% > is IF-eG; -Ics. But, E is notan IF-€ -Ics. Hence, IF-€G; -set
need not be an IF- € -Ics.

Proposition 3.413: Every IF G, -Icsis an IF- G - € -Ics.

Remark 3.314: The converse of the Propositionn (3.4) need not be true as shown in Example (3.2).

b
0.1

a b

A 707

Example 3.2:15 In Example (3.1), AAB isanlIF- G;-set. Let F = <X,( )> be an IF- € -closed

o|lw

0
b, ,a b.,\. _
set. Hence E = (AAB)NF =(X,(=,—).(==,==) ) isIF-G4-€-lcs. But, E isnotan IF-G;-Ics. Hence,
0.1" 0.7 0.7

o|lw

IF- G5 - € -Ics need not be an IF- G -Ics

Remark 3.416: IF- €-lIcsand IF- GJ - € -Ics are independent of each other as shown by the following Example (3.3).
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by2 b

Example 3.317: In Example (3.1), AAB isan IF-G;-set. Let G = (i
0.1 02" 0505

)> be an IF-€

-closed set. Hence E = (AAB) NG ={( X, (i,i),(i,i) isIF-G4-€-lcs. But, E isnotan IF-€-Ics
0.1 0.1 0.6 0.6
a b a b
and H = —,—),(—=,—) ) beanlIF-e-opensetHence E=GH ={ X,(—,—),(—,—) ) isIF-
< (o 01) (05 04)> P < 00105 0.5)>
€-lcs. But, E isnotIF-G;- € -lcs.
Proposition 3.518: Every IF-G;-e€ -Ics is an IF-eG; -Ics.
Remark 3.519: The converse of the Propositionn (3.5) need not be true as shown in Example (3.4).
Example 3.420: In Example (3.1), C =( X (g L) (i L) be IF-€G; - set and
ple 5.425: Pt 0'0.1770.9°0.9 ’
G= (— —) (— —) be an IF- € -closed set. Hence E=C NG = X, (— —) (i L) is IF-
0.1'0.2"°0.5'0.5 0'0.17°0.9'0.9

eG; -Ics. But, E isnotan IF-Gj-€ -Ics. Hence, IF-€G; -Ics need not be an IF- G - € - Ics.
Remark 3.621: IF- G5 -lcs and IF- eGJ - € -Ics are independent of each other as shown by the following Example (3.5).

,—),(i, b )> be IF-eG; - set and

b
E le3.522: InE le (3.1), C=(Xx, —
xample n Example (3.1) < ( 01 %5909

G= X,(i,i),(i,i) be an IF- € -closed set. Hence E=C NG ={ X, (
0.1 02" 0505

0
eG; -Ics. But, E isnotanIF-Gj-lcsand AA B isan IF-G; -set let I:< (

|m
|=
~
~
E
~
\/
o
@D
=%}
S

0.6 0.6 0.3
b a b
%6 06

intuitionistic fuzzy closed set. Hence E = (AAB)N I = <  ( 0608

)> is IF-G-lcs. But, E isnot
0.3

an IF-eG; -Ics.

Proposition 3.623: Every IF -locally closed set is an IF- € -Ics.

Remark 3.724: The converse of the Propositionn (3.6) need not be true as shown in Example (3.6)

a b, a b
Example 3.6: In Example (3.1), Let J ={ X,(=,—),(—,—) ) be IFeOS and
xample n Example (3.1), Le < (0 0.1) (0-5 0.4)> e IFeOS an
(— —) (— —) be an IFeCS. Hence E=J N H = X,(E,L),(i,i) is IF-€ -lcs.
0102 04 04 0 01 0504

But, E isnotan IF- locally closed set.

Remark 3.826: Every IF- locally closed set is an IF- G -Ics but the converse need not be true as shown in [10].
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Remark 3.927: Clearly the followinng diagram holds.

IF- Ics

IF-G;-Ics F G -e Ic:\;\ IF-e-lcs
IF- eG -lcs /

Definition 3.728: Let (X, T) beanIFTSand Y be any intuitionistic fuzzy subset of X . Then
T, =(A/Y|A€T) isanIFTon Y and is called the induced or relative intuitionistic fuzzy topology. The pair
(Y,T,) iscalled an intuitionistic fuzzy subspace of (X,T):(Y,T,) iscalled an IF-G;-e -locally closed

intuitionistic fuzzy subspace if the intuitionistic fuzzy charateristic function of (Y, T,) viz y, isIF-G;-e-Ics.

Proposition 3.729: Let (X, T) beanIFTS. Suppose Z <Y < X and (Y, T,) isan IF-G;-e -locally closed
intuitionistic fuzzy subspace of an IFTS (X, T).If (Z,T,) isanIF-G;-e -locally closed intuitionistic fuzzy

subspace inan IFTS (X, T) < (Z,T,) isan intuitionistic fuzzy G -e -locally closed intuitionistic fuzzy subspace
inanIFTS (Y, T,).

Definition 3.830: An IFTS (X, T) is said to be an intuitionnistic fuzzy G-e -local-T, space if for every

2
intuitionistic fuzzy G(S - e -locally closed set is an intuitionistic fuzzy closed setinan IFTS (X,T).

Definition 3.931: An IFTS (X, T) is said to be an intuitionnistic fuzzy G- e -local- & -semi (resp., & -preand f3)
space if for every IF- 65 - € -Ics is an intuitionistic fuzzy o -semi (resp., 0 -preand f3) closed setinan IFTS (X, T).

Proposition 3.832: Every intuitionistic fuzzy G -e -local-T, space is an intuitionistic fuzzy G; - e -local- 0 -semi

2
(resp.,G; - € -local- 0 -pre and G - e -local- /3) space.

Remark 3.1033: The converse of the Proposition (3.8) need not be true as shown in Examples (3.7) and (3.8).

2 i) be IFSof X .Thenthe family T ={0,1, A, B, Av B, AAB} isan IFT
0.1 °0.6 0.6

on X .Now, AAB isanIF-G;-set. Let C = <X,( ' —), (—,%)> be an intuitionistic fuzzy e - closed

0.3'0.17°0.6 0.6

fuzzy G5 - e -local- O -semi space. But, E is not an intuitionistic fuzzy closed set. Thus, (X, T) isnotan

set. Hence E =(AAB)NC = <X (— —) ( )> is O -semi-closed. Hence (X, T) isan intuitionistic

intuitionistic fuzzy GJ - € -local T]/2 space. Hence, intuitionistic fuzzy G§ - e -local- O -semi space need not be an
intuitionistic fuzzy G, -e-localT,,
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Example 3.8:35 In Example (3.7), Let D = <X, (%,%), (O;aS,%)> be an IFeCS. Hence
E=(AAB)ND= < (g g) (ﬁ ﬁ)> is O -pre-closed(resp., [ -closed). Hence (X, T) isan

intuitionistic fuzzy G(S -e -local- o -pre (G(S -€ -local- /3 -space). But, E is not an intuitionistic fuzzy closed set.

Thus, (X, T) isnotan intuitionistic fuzzy G-e-local T, space. Hence, intuitionistic fuzzy G; - e -local- & -pre (

2

G, - e -local- 3 )space need not be an intuitionistic fuzzy G; - e -local T& .
2

Remark 3.1136: Clearly the following diagram holds.

IF —~G;-e-local T, space

IFGE-e-Iocal-ﬁ/i G;-e- ial 0 IF \e -local- B

-semi space -pre space -space
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