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1. Introduction

After the introduction of the concept of fuzzy sets by Zadeh
[10] several researches were conducted on the generalizations of the
notion of fuzzy set. The idea of “intuitionistic fuzzy set” was first
published by Krassimir T. Atanassov [1] and many works by the same
author and his colleagues appeared in the literature [2, 3, 4]. Later
topological structures in fuzzy topological spaces [5] is generalized to
“intuitionistic fuzzy topological spaces” by coker in [6], and then the
concept “intuitionistic set” is introduced in Coker [7]. This is a discrete
form of intuitionistic fuzzy set, where all the sets are entirely the crisp
sets. Still it has membership and non-membership degrees, so this
concept gives us more flexible approaches to representing vagueness in
mathematical objects including engineering fields with classical set
logic. In 2000, Coker [8] also introduced the concept of intuitionistic
topological spaces with intuitionistic sets, and investigated basic
properties of continuous functions and compactness. A-Closed sets in
intuitionistic fuzzy topological spaces was introduced by
Rajarajeshwari and Bagyalakshmi[9]. In this paper, a new class of
intuitionistic closed sets namely intuitionistic A-closed set, intuitionitic
A-regular closed set, intuitionistic A-f closed set and intuitionistic A-
semi closed set are introduced in intuitionistic topological spaces and
investigated their properties.

2. Preliminaries
Definition 2.1[8] Let X be a nonempty fixed set. An intuitionistic set (IS
for short) A is an object having the form A = ( X, A!, A?), where A! and
A? are subsets of X satisfying A'nA? = @. The set A! is called the set of
members of A, while A? is called the set of non-members of A.
Definition 2.2[8] Let X be a nonempty set, A = ( X,A', A% ) and B = (X,
B, B?) be intuitionistic sets on X, and let { 4;: i € ] } be an arbitrary
family of intuitionistic sets in X, where A’ = (X, A}, A% ).

(1) AcBiffA'cB'and B? c A%;

(2) A=BiffAcBandBCcA;

() A=(XA%A);

(4) UA; = (X, UAL NAZ)Y;

(5) NA;= (X NAL UA?);

(6) [1A=(XAL (@A) )

(7) <>A=(X (4%, A*);

(B) 0.=(X0,X)

9) X.=(XX0).
Corollary 2.1 [8] Let A, B, C and 4; be intuitionistic sets in X (i €] ).
Then,

© ASD Publisher All rights reserved.

(1) A;SBforeachie]= UA4; SB;

(2) BcA;foreachie]=BC<SNA4;;

(3) UA=NA,NA=UA;

(4) ASBoBcA;

(5) A)=4

(6) 0.X., X_= 0..

Definition 2.4 [8] An intuitionistic topology (IT for short) on a
nonempty set X is a family t of intuitionistic sets in X satisfying the
following axioms:

(1) 0.= X_.€t;

(T;) GiNG, € T for anyGy, G, € T;

(T3) UG; €t for any arbitrary family {G; :ie]J} S t.

In this case the pair (X, T) is called an intuitionistic
topological space (ITS for short) and any IS in T is known as an
intuitionistic open set (10S for short) in X.

Definition 2.5 [8] The complement A of an 10S A in an ITS (X, T) is
called an intuitionistic closed set (ICS for short) in X.
Proposition 2.1 [8] Let (X, t) be an ITS on X. Then, we can also
construct several ITSs on X in the following way:

(D71 ={[1G:Get};

(2)t2={<>G:Get}.
Definition 2.6 [8] Let (X, ) be an ITS and A = ( X, A, A? ) be an IS in X.
Then the interior and closure of A are defined by

cl(A)=N{K:KisanICSinXand ASK};

int(A)=U{G:GisanIOSinXandGS A}.

It can be also shown that cl(A) is an ICS and int(A) is an 10S
in X, and A is an ICS in X iff cI(A) = A; and A is an 10S in X iff int(A) = A.
Proposition 2.2 [8] For any IFS A in (X, ), we have cl(4) = int(A),
int(4) = cl(4).

Proposition 2.3 [8] Let (X, t) be an ITS and A, B be ISs in X. Then the
following properties hold:
(1) int(A) €A
(2) A< B=int(A) Sint(B);
(3)  int(int(A)) = int(A);
(4)  int(ANB) = int(A)Nint(B);
(5) int(X.)=X.;
(6) Acd(A);
(7) A< B=cl(A) cd(B);
(8)  c(cl(A)) = cl(A);
(9)  cl(AUB) =cl(A)Ucl(B);
(10) c(@.)= 0.
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3. Interrelations of some types of intuitionistic open

sets

In this section, the interrelations among intuitionistic open
set, intuitionistic regular open set, intuitionistic § open set and
intuitionistic semi open set are studied with the necessary counter
examples.

Definition 3.1 Let (X, t) be an intuitionistic topological space and A c
X. Then,

(1) Ais an intuitionistic regular open iff A = int(cl(A)).

(2) Ais an intuitionistic regular closed iff A = cl(int(A)).
Definition 3.2 Let (X, t) be an intuitionistic topological space and A c
X. Then,

(1) Ais an intuitionistic open iff A = int(A).

(2) Ais an intuitionistic closed iff A = cl(A).

Definition 3.3 Let (X, T) be an intuitionistic topological space and A c
X. Then,

(1) Ais an intuitionistic 8 open iff A S cl(int(cl(A))).

(2) Ais an intuitionistic B closed iff A 2 int(cl(int(A))).
Definition 3.4 Let (X, t) be an intuitionistic topological space and A c
X. Then,

(1) Ais an intuitionistic semi open iff A € cl(int(A)).

(2) Ais an intuitionistic semi closed iff A 2 int(cl(A)).
Proposition 3.1 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic regular open set is an intuitionistic open.

Remark 3.1 The converse of the above Proposition 3.1 need not be
true as shown in the Example 3.1.
Example 3.1

LetX={a, b, c} and
Up=(X{c}{a b} );

Uy =(X,{c}{a} )i
Us=(X {a}{c} )
Us=(X,{a,c},0);
Us=(X 0,{ac}).

Then the family T = {@.,X.,U;, Uy, U3, Uy, Us} is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

For an intuitionistic open set U; = (X, {c}, {a, b} ),
Then, int(cl(U;)) = (X, {c}, {a} ).

U, # int(cl(Uy))
Hence, U, is not an intuitionistic regular open set.

Therefore, every intuitionistic open set need not be an
intuitionistic regular open.

Proposition 3.2 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic regular open set is an intuitionistic § open.
Remark 3.2 The converse of the above Proposition 3.2 need not be
true as shown in the Example 3.2.

Example 3.2

LetX={a,b,c,d, e} and
U =(X,{ab,c}{d e});

U, =(X {e},{a,b,cd});
Us;=(X, {a b, ce} {d}.

Then the family T ={ @.,X_, U, U,, U3 } is an intuitionistic
topology on X. Clearly, the ordered pair (X, T) is an intuitionistic
topological space.

Let B=(X, {a, b}, {d, e} ) be an intuitionistic set in X.

Then, cl(int(cl(B))) =( X, {a, b, ¢, d}, {e} ).

Therefore, B € cl(int(cl(B)))

Hence, B is an intuitionistic § open set.

But B # int(cl(B)).

Therefore, B is not an intuitionistic regular open set.

Therefore, every intuitionistic § open set need not be an
intuitionistic regular open.

Proposition 3.3 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic open set is an intuitionistic  open.

Remark 3.3 The converse of the above Proposition 3.3 need not be
true as shown in the Example 3.3.
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Example 3.3

LetX={a, b,c,d} and
Ur=(X,{a,b}, {c,d} );

Uy =(X, {c,d},{a,b}).

Then the family T = { @.,X.,U;,U,} is an intuitionistic
topology on X. clearly the ordered pair (X, T) is an intuitionistic
topological space.

Let B=(X, {a}, {c, d} ) be an intuitionistic setin X.

Then, cl(int(cl(B))) = ( X, {a, b}, {c,d} ).
Therefore, B C cl(int(cl(B)))

Thus, B is an intuitionistic § open set. But B is not an
intuitionistic open set.

Therefore, every intuitionistic 8 open set need not be an
intuitionistic open.

Proposition 3.4 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic open set is an intuitionistic semi open.

Remark 3.4 The converse of the above Proposition 3.4 need not be
true as shown in the Example 3.4.

Example 3.4

LetX={a, b,c,d}and
Uy =(X,{b},{a,c});

Uy, =(X {c},{a, b});
Us=(X,{b,c},{a} );
Uy,=(X,0,{a,b,c}).

Then the family T = {@.., X, Uy, U,, U3, U, } is an intuitionistic
topology on X. Clearly, the ordered pair (X, T) is an intuitionistic
topological space.

Let B=(X, {a, b}, {c} ) be an intuitionistic set in X.

Then, cl(int(B)) = (X, {a, b}, {c} ).
Therefore, B C cl(int(B)).

Thus, B is an intuitionistic semi open set. But B is not an
intuitionistic open set.

Therefore, every intuitionistic semi open set need not be
an intuitionistic open.

Proposition 3.5 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic semi open set is an intuitionistic  open.

Remark 3.5 The converse of the above Proposition 3.5 need not be
true as shown in the Example 3.5.

Example 3.5

LetX={a, b,c}and
U =(X {a},{b} );

Uy =(X, {a,c}, {b}).

Then the family T = {@.,X_,U;,U,} is an intuitionistic
topology on X. Clearly, the ordered pair (X, T) is an intuitionistic
topological space.

Let B= (X, {c}, {@} ) be an intuitionistic setin X.

Then, cl(int(cl(B))) = (X, X, @ ).
Therefore, B € cl(int(cl(B)))

Thus, B is an intuitionistic § open set. But B is not an
intuitionistic semi open set.

Therefore, every intuitionistic § open set need not be an
intuitionistic semi open.

Remark 3.6
From the above discussions the following implications hold.

Intuitionistic
regular open
Intuitionistic e
Intuitionistic
open
open

A 4

e —

.—’7

Intuitionistic
semi open
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4. Intuitionistic A- Regular closed sets

In this section, the interrelations among intuitionistic A-
regular closed sets with other types of intuitionistic closed sets are
discussed with the suitable counter examples.

Definition 4.1 An intuitionistic set A of an intuitionistic topological
space (X, T) is called intuitionistic A-closed if cI(U) € A whenever U € A
and U is intuitionistic open in X.

Definition 4.2 An intuitionistic set A of an intuitionistic topological
space (X, T) is called intuitionistic A-regular closed if c(U) € A
whenever U € A and U is intuitionistic regular open in X.

Definition 4.3 An intuitionistic set A of an intuitionistic topological
space (X, T) is called intuitionistic A-§ closed if cl(U) € A whenever U ©
A and U is intuitionistic 8 open in X.

Definition 4.4 An intuitionistic set A of an intuitionistic topological
space (X, T) is called intuitionistic A-semi closed if cl(U) € A whenever
U € A and U is intuitionistic semi open in X.

Proposition 4.1 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic A-regular closed set is an intuitionistic A-closed.
Remark 4.1 The converse of the above Proposition 4.1 need not be
true as shown in the Example 4.1.

Example 4.1

LetX={a,b,c,d,e}and
Uy =(X,{b}{a c} )

U = (X, {c},{b} );
Us=(X,{b,c}, @)
Uy=(X,0,{a,b,c}).

Then the family T = {0.,X., U;, U,, U3, U, } is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

Let A= (X, {b, c,d}, @) be an intuitionistic set in X and A is an
intuitionistic A-closed set. But, A is not an intuitionistic A-regular closed
set.

Therefore, every intuitionistic A-closed set need not be
an intuitionistic A-regular closed.

Proposition 4.2 Let (X, T) be an intuitionistic topological space. Then,
every intuitionistic A-regular closed set is an intuitionistic A-f closed.
Remark 4.2 The converse of the above Proposition 4.2 need not be
true as shown in the Example 4.2.

Example 4.2

LetX={a,b,c,d}and
Ur=(X{a},{b,c});

Uy =(X {c}{a} )
Us=(X.{a,c},0);
Us,=(X,0,{a,b,c}).

Then the family T = {@.,X., Uy, &5, U Uy} is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

Let A= (X, {a, c,d}, @ ) be an intuitionistic set in X and A is an
intuitionistic A-B closed set. But, A is not an intuitionistic A-regular
closed set.

Therefore, every intuitionistic A-p closed set need not be
an intuitionistic A-regular closed.

Proposition 4.3 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic A-closed set is an intuitionistic A-f closed.

Remark 4.3 The converse of the above Proposition 4.3 need not be
true as shown in the Example 4.3.
Example 4.3
LetX={a,b,cd e}and
Uy =(X {a}, {b,c});
Uz =(X{b}{a,c});
U= (X {a b} {c});
Uy=(X,{b,c}, {a} );
Us=(X,{a,b,c},0);
Us=(X 0,{a,b,c}).
Then the family T = {@., X, Uy, Uy, Uz, Uy, Us, Ug} is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

© ASD Publisher All rights reserved.

Let A= (X, {a b, d}, {c} ) be an intuitionistic set in X and A is
an intuitionistic A-p closed set. But, A is not an intuitionistic A-closed
set.

Therefore, every intuitionistic A-f§ closed set need not be
an intuitionistic A-closed.

Proposition 4.4 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic A- closed set is an intuitionistic A- semi closed.
Remark 4.4 The converse of the above Proposition 4.4 need not be
true as shown in the Example 4.4.

Example 4.4

LetX={a,b,cd,e}and
U =(X {b},{a c});

Uz = (X, {c}, {b});
Uz=(X,{b,c}, @)
Uy,=(X,0,{a,b,c}).

Then the family T = {0.,X.,U;, U,, U3, U, } is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

Let A= (X {b, c,d}, @) be an intuitionistic set in Xand A is an
intuitionistic A-semi closed set. But, A is not an intuitionistic A-closed
set.

Therefore, every intuitionistic A-semi closed set need
not be an intuitionistic A-closed.

Proposition 4.5 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic A-semi closed set is an intuitionistic A-f3 closed.
Remark 4.5 The converse of the above Proposition 4.5 need not be
true as shown in the Example 4.5.

Example 4.5

LetX={a,b,cd,e}and
U =(X {a},{b,c});

U, =(X {b},{a,c});
Us=(X{a,b},{c});
Uy =(X,{b, c},{a});
Us=(X,{a,b,c},0);
Us=(X,0,{a,b,c}).

Then the family T = {@.,X_, Uy, Uy, U3, Uy, Us, Ug} is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

Let A = (X, {a, b}, @ ) be an intuitionistic set in X and A is an
intuitionistic A-B closed set. But, A is not an intuitionistic A-semi closed
set.

Therefore, every intuitionistic A-f§ closed set need not be
an intuitionistic A- semi closed.

Proposition 4.6 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic closed set is an intuitionistic A- closed.

Remark 4.6 The converse of the above Proposition 4.6 need not be
true as shown in the Example 4.6.

Example 4.6

LetX={a,b,c}and
Up=(X {a}{b,c} )

Uz =(X {b, c}, {a}).

Then the family T = {@.,X_,U;,U,} is an intuitionistic
topology on X. Clearly, the ordered pair (X, T) is an intuitionistic
topological space.

Let A = (X, {a}, {c} ) be an intuitionistic set in X and A is an
intuitionistic A-closed set. But, A is not an intuitionistic closed set.

Therefore, every intuitionistic closed set need not be an
intuitionistic A-closed.

Proposition 4.7 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic closed set is an intuitionistic A- regular closed.
Remark 4.7 The converse of the above Proposition 4.7 need not be
true as shown in the Example 4.7.

Example 4.7

LetX={a, b,c}and
Up=(X {a}{b,c})

Uz =(X {b, c},{a}).



D. Amsaveni and S. Priyadharsini / Intuitionistic A-Regular closed sets

Then the family T = {@0.,X_,U;,U,} is an intuitionistic
topology on X. Clearly, the ordered pair (X, T) is an intuitionistic
topological space.

Let A = (X, {a, b}, {c} ) be an intuitionistic set in X and A is an
intuitionistic A-regular closed set. But A is not an intuitionistic closed
set.

Therefore, every intuitionistic A-regular closed set need
not be an intuitionistic closed.

Proposition 4.8 Let (X, T) be an intuitionistic topological space. Then
every intuitionistic closed set is an intuitionistic A- semi closed.
Remark 4.8 The converse of the above Proposition 4.8 need not be
true as shown in the Example 4.8.

Example 4.8

LetX={a,b,c d}and
U =(X {a},{b,c});

Uy =(X, {c},{a, b} );
U3 = ( X’ {ar C}' {b} );
U,=(X,0,{a,b,c}).

Then the family T = {@.,X., Uy, Uy, Us, Uy} is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

Let A= (X, {a, b, d}, {c} ) be an intuitionistic set in X and A is
an intuitionistic A-semi closed set. But, A is not an intuitionistic closed
set.

Therefore, every intuitionistic closed set need not be an
intuitionistic A- semi closed.

Proposition 4.9 Let (X, T) be an intuitionistic topological space. If A
and B are two intuitionistic A-closed sets in an intuitionistic topological
space (X, T), then A N B is an intuitionistic A-closed set.

Remark 4.9 The converse of the above Proposition 4.9 need not be
true as shown in the Example 4.9.

Example 4.9

LetX={a,b,c,d, e}and

Up=(X,{d,c}, @)
Uy=(X{a,d}, @)
Us;=(X,{a,d,c}, D)
Up=(X,{d},8);

Us=(X, @ {d}).

Then the family T = {@., X_, Uy, Uy, U3, Uy, Us, Ug } is an
intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

Let A=(X {bc d}, ®)and B=(X {a d, e}, @) be an
intuitionistic sets in X. Then ANB are intuitionistic A-closed set. But A
and B are not intuitionistic A-closed sets.

Therefore intersection of two intuitionistic sets is A-
closed set but the two sets may not be an intuitionistic A-closed.
Remark 4.10 The union of two intuitionistic A-closed sets in an
intuitionistic topological space (X, T) may not be an intuitionistic A-
closed set as seen in the following example.

Example 4.10

LetX={a,b,c,d, e}and
U =(X {a}, {d} );

Uy =(X{d}, {a} );
Us=(X,{d,c}, @)
Up=(X,{a,d}, 0 );
Us=(X 0, {ad});

Usg=(X 0,{d} );
U,=(X,{a,d,c}, D)
Ug=(X{d}, 2)

Then the family T = {@_, X_, Uy, U,, U3, Uy, Us, Ug, U;, Ug}
is an intuitionistic topology on X. Clearly, the ordered pair (X, T) is an
intuitionistic topological space.

LetA=(X {a},®)and B=(X, {c, d, e}, @ ) be an intuitionistic
sets in X. Then A and B are intuitionistic A-closed sets. But AUB is not an
intuitionistic A-closed set.

© ASD Publisher All rights reserved.

Therefore union of two intuitionistic A-closed sets may
not be an intuitionistic A-closed.
Remark 4.11
From the above discussions the following implications hold.

Intuitionistic A-
/ regular closed \
Intuitionistic Intuitionistic Intuitionistic
closed R A-closed —t— A-p closed
\k Intuitionistic //
A-semi closed

Proposition 4.10 Let (X, T) be an intuitionistic topological space. A is
an intuitionistic A-open set in X iff A C int(B) whenever A 2 B and B is
an intuitionistic closed set in X.

Proof

Assume that A is an intuitionistic A-open setin X. Then A¢ is
an intuitionistic A-closed set in X. An intuitionistic set A is an
intuitionistic A-open set in Xif A 2 int(B) whenever A2B and B is an
intuitionistic closed set in X. Let B be an intuitionistic closed set in X
such that A2B which implies A ‘2 B¢, Since A is an intuitionistic A-
closed and B¢ is an intuitionistic open, A ‘> cl(B¢). But cl(B€) =
[int (B)]¢. And so A° 2 [int(B)]‘= A S int (B).

Conversely assume that A € int(B) where AS B and B is an
intuitionistic closed in X. LetCbe an intuitionistic open set such
that A°2 C which implies ACC® then, A € int(C¢). Butint(C) = [cl(C)]¢
Therefore, AScl(C)¢. Then A°2 cl(C). Therefore A is an intuitionistic
A-closed set. Therefore A is an intuitionistic A-open set.
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