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GENERALIZED FUZZY CLOSED SETS ON

INTUITIONISTIC FUZZY TOPOLOGICAL SPACES

Jin Tae Kim and Seok Jong Lee*

Abstract. In this paper, we introduce three different concepts of
closed sets on the intuitionistic fuzzy topological spaces, i.e., the
generalized fuzzy (r, s)-closed, semi-generalized fuzzy (r, s)-closed,
and generalized fuzzy (r, s)-semiclosed sets on intuitionistic fuzzy
topological spaces in Šostak’s sense. Also we investigate their prop-
erties and the relationships among these generalized fuzzy closed
sets.

1. Introduction

The concept of fuzzy set was introduced by Zadeh [13]. Chang [3]
defined fuzzy topological spaces with the fuzzy sets. These spaces and
its generalizations are later studied by several authors [12, 4, 11]. The
concept of intuitionistic fuzzy sets was introduced by Atanassov as a
generalization of fuzzy sets [1]. Later, many researchers studied the
topological spaces on the intuitionistic fuzzy sets [5, 11, 6].

Since closed sets play an important role in the study of continuity
of spaces, many researchers studied generalized closed sets. G. Bala-
subramanian and P. Sundaram [2] introduced the notion of generalized
fuzzy closed sets to study the generalization of fuzzy continuity. M. E.
El-Shafei and A. Zakari [7] introduced the concept of semi-generalized
fuzzy closed sets on Chang’s fuzzy topological spaces, and investigated
some of their properties.

In this paper, as a prior work to studying the various continuity on
intuitionistic fuzzy topological spaces, we introduce three different con-
cepts of closed sets on the intuitionistic fuzzy topological spaces. Specif-
ically, the generalized fuzzy (r, s)-closed sets, semi-generalized fuzzy
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(r, s)-closed sets, and generalized fuzzy (r, s)-semiclosed sets on intu-
itionistic fuzzy topological spaces in Šostak’s sense are discussed, and
the relationships among these generalized fuzzy closed sets are discussed.

2. Preliminaries

For the nonstandard definitions and notations we refer to [8, 9, 10].
Let I(X) be a family of all intuitionistic fuzzy sets in X and let I⊗ I

be the set of the pair (r, s) such that r, s ∈ I and r + s ≤ 1.

Definition 2.1. ([6]) Let X be a nonempty set. An intuitionistic
fuzzy topology in Šostak’s sense(SoIFT for short) T = (T1, T2) on X is
a mapping T : I(X)→ I ⊗ I which satisfies the following properties:

(1) T1(0) = T1(1) = 1 and T2(0) = T2(1) = 0.
(2) T1(A ∩B) ≥ T1(A) ∧ T1(B) and T2(A ∩B) ≤ T2(A) ∨ T2(B).
(3) T1(

⋃
Ai) ≥

∧
T1(Ai) and T2(

⋃
Ai) ≤

∨
T2(Ai).

The space (X, T ) = (X, T1, T2) is said to be an intuitionistic fuzzy topo-
logical space in Šostak’s sense(SoIFTS for short). Also, we call T1(A) a
gradation of openness of A and T2(A) a gradation of nonopenness of A.

Definition 2.2. ([8]) Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then A is said to be

(1) fuzzy (r, s)-semiopen if there is a fuzzy (r, s)-open set B in X such
that B ⊆ A ⊆ cl(B, r, s),

(2) fuzzy (r, s)-semiclosed if there is a fuzzy (r, s)-closed set B in X
such that int(B, r, s) ⊆ A ⊆ B.

Theorem 2.3. ([8]) Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then the following statements are equiv-
alent:

(1) A is a fuzzy (r, s)-semiopen set.
(2) Ac is a fuzzy (r, s)-semiclosed set.
(3) cl(int(A, r, s), r, s) ⊇ A.
(4) int(cl(Ac, r, s), r, s) ⊆ Ac.

Definition 2.4. ([8]) Let (X, T1, T2) be a SoIFTS. For each (r, s) ∈
I ⊗ I and for each A ∈ I(X), the fuzzy (r, s)-semiclosure is defined as

scl(A, r, s) =
⋂
{B ∈ I(X) | A ⊆ B,
B is fuzzy (r, s)-semiclosed}.
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Definition 2.5. ([2]) A fuzzy set µ of a fuzzy topological space (X, τ)
is said to be a generalized closed fuzzy set if and only if cl(µ) ≤ η
whenever µ ≤ η and η is an open fuzzy set.

3. Generalized fuzzy (r, s)-closed sets

We define the notion of generalized fuzzy (r, s)-closed sets on intu-
itionistic fuzzy topological spaces in Šostak’s sense, and then we inves-
tigate some of their properties.

Definition 3.1. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then A is said to be generalized fuzzy
(r, s)-closed if cl(A, r, s) ⊆ B whenever A ⊆ B and B is fuzzy (r, s)-
open. The complement of a generalized fuzzy (r, s)-closed set is called
generalized fuzzy (r, s)-open.

Theorem 3.2. Let A1 and A2 be intuitionistic fuzzy sets in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. If A1 and A2 are generalized fuzzy (r, s)-
closed sets, then A1 ∪A2 is a generalized fuzzy (r, s)-closed set.

Proof. Suppose that A1 and A2 are generalized fuzzy (r, s)-closed sets
in X. Let B be a fuzzy (r, s)-open set in X such that A1∪A2 ⊆ B. Then
A1 ⊆ B and A2 ⊆ B. Since A1 and A2 are generalized fuzzy (r, s)-closed
sets, we have cl(A1, r, s) ⊆ B, cl(A2, r, s) ⊆ B. Thus cl(A1 ∪ A2, r, s) =
cl(A1, r, s) ∪ cl(A2, r, s) ⊆ B. Hence A1 ∪ A2 is generalized fuzzy (r, s)-
closed.

The following example shows that the intersection of two generalized
fuzzy (r, s)-closed sets need not be a generalized fuzzy (r, s)-closed set.

Example 3.3. Let X = {x, y, z} and let A1, A2, and A3 be intuition-
istic fuzzy sets in X defined as

A1(x) = (0.7, 0.1), A1(y) = (0.1, 0.7), A1(z) = (0.1, 0.7);

A2(x) = (0.7, 0.1), A2(y) = (0.7, 0.1), A2(z) = (0.1, 0.7);

and

A3(x) = (0.7, 0.1), A3(y) = (0.1, 0.7), A3(z) = (0.7, 0.1).

Define T : I(X)→ I ⊗ I by

T (A) = (T1(A), T2(A)) =


(1, 0) if A = 0, 1,

(12 ,
1
3) if A = A1,

(0, 1) otherwise.
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Then T is a SoIFT on X. It is easy to see that A2 and A3 are generalized
fuzzy (12 ,

1
3)-closed sets. But A2 ∩ A3 is not generalized fuzzy (12 ,

1
3)-

closed. For A2 ∩ A3 ⊆ A1 and A1 is fuzzy (12 ,
1
3)-open but cl(A2 ∩

A3,
1
2 ,

1
3) = 1 * A1.

Theorem 3.4. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. If A is a generalized fuzzy (r, s)-closed
set and A ⊆ B ⊆ cl(A, r, s), then B is generalized fuzzy (r, s)-closed.

Proof. Let C be a fuzzy (r, s)-open set such that B ⊆ C. Since A ⊆
B ⊆ C and A is generalized fuzzy (r, s)-closed, we have cl(A, r, s) ⊆ C.
Thus cl(B, r, s) ⊆ cl(A, r, s) ⊆ C. Hence B is generalized fuzzy (r, s)-
closed.

Theorem 3.5. LetA be intuitionistic fuzzy set in a SoIFTS (X, T1, T2)
and (r, s) ∈ I ⊗ I. Then A is generalized fuzzy (r, s)-open if and only if
B ⊆ int(A, r, s) whenever B ⊆ A and B is fuzzy (r, s)-closed.

Proof. Suppose that A is generalized fuzzy (r, s)-open. Let B be a
fuzzy (r, s)-closed set such that B ⊆ A. Then Ac ⊆ Bc and Bc is
fuzzy (r, s)-open. Since Ac is generalized fuzzy (r, s)-closed, we have
cl(Ac, r, s) ⊆ Bc. Thus B ⊆ int(A, r, s).

Conversely, let B be a fuzzy (r, s)-open set such that Ac ⊆ B. Then
Bc ⊆ A and Bc is fuzzy (r, s)-closed. By the assumption, we have
Bc ⊆ int(A, r, s). Thus cl(Ac, r, s) ⊆ B, and hence Ac is generalized
fuzzy (r, s)-closed. Therefore A is generalized fuzzy (r, s)-open.

Remark 3.6. (1) The union of two generalized fuzzy (r, s)-open sets
need not be generalized fuzzy (r, s)-open. Example 3.3 serves the pur-
pose.
(2) The intersection of any two generalized fuzzy (r, s)-open sets is gen-
eralized fuzzy (r, s)-open. Theorem 3.2 serves the purpose.

Theorem 3.7. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. If int(A, r, s) ⊆ B ⊆ A and A is gen-
eralized fuzzy (r, s)-open, then B is generalized fuzzy (r, s)-open.

Proof. Since int(A, r, s) ⊆ B ⊆ A, we have Ac ⊆ Bc ⊆ int(A, r, s)c =
cl(Ac, r, s). Since A is generalized fuzzy (r, s)-open, Ac is generalized
fuzzy (r, s)-closed. So it follows by Theorem 3.4 that Bc is generalized
fuzzy (r, s)-closed. Thus B is generalized fuzzy (r, s)-open.

Theorem 3.8. Let (X, T ) and (Y,U) be SoIFTSs and (r, s) ∈ I ⊗ I.
Let A be a generalized fuzzy (r, s)-closed set in X. If f : (X, T )→ (Y,U)
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is fuzzy (r, s)-continuous and closed, then f(A) is generalized fuzzy (r, s)-
closed in Y .

Proof. If f(A) ⊆ B where B is fuzzy (r, s)-open in Y , then A ⊆
f−1(B). Since A is generalized fuzzy (r, s)-closed and f−1(B) is fuzzy
(r, s)-open, we have cl(A, r, s) ⊆ f−1(B). Thus f(cl(A, r, s)) ⊆ B. By
the assumption, f(cl(A, r, s)) is fuzzy (r, s)-closed, and hence

cl(f(A), r, s) ⊆ cl(f(cl(A, r, s)), r, s)

= f(cl(A, r, s)) ⊆ B.
This means f(A) is generalized fuzzy (r, s)-closed.

Definition 3.9. Let (X, T1, T2) be a SoIFTS. For each (r, s) ∈ I ⊗ I
and for each A ∈ I(X), the generalized fuzzy (r, s)-closure is defined by

gcl(A, r, s) =
⋂
{B ∈ I(X) | A ⊆ B,
B is generalized fuzzy (r, s)-closed}.

If A is generalized fuzzy (r, s)-closed, then gcl(A, r, s) = A. The
converse is not true, because the intersection of generalized fuzzy (r, s)-
closed sets need not be generalized fuzzy (r, s)-closed.

Theorem 3.10. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then A ⊆ gcl(A, r, s) ⊆ cl(A, r, s).

Proof. It is obvious.

4. Semi-generalized fuzzy (r, s)-closed sets

Definition 4.1. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I⊗I. Then A is said to be semi-generalized fuzzy
(r, s)-closed if scl(A, r, s) ⊆ B whenever A ⊆ B and B is fuzzy (r, s)-
semiopen. The complement of a semi-generalized fuzzy (r, s)-closed set
is called semi-generalized fuzzy (r, s)-open.

The following example shows that the concepts of generalized fuzzy
(r, s)-closed and semi-generalized fuzzy (r, s)-closed are independent.

Example 4.2. Let X = {x, y} and let A1, A2, A3 and A4 be intu-
itionistic fuzzy sets in X defined as

A1(x) = (0, 1), A1(y) = (0.6, 0.3);

A2(x) = (0, 1), A2(y) = (0.3, 0.6);

A3(x) = (0.5, 0.5), A3(y) = (0.5, 0.5);
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and

A4(x) = (0.5, 0.5), A4(y) = (0.7, 0.2).

Define T : I(X)→ I ⊗ I by

T (A) = (T1(A), T2(A)) =


(1, 0) if A = 0, 1,

(12 ,
1
3) if A = A1,

(0, 1) otherwise.

Then T is a SoIFT on X. It is easy to show that A2 is a semi-generalized
fuzzy (12 ,

1
3)-closed set. But A2 is not generalized fuzzy (12 ,

1
3)-closed set.

For A2 ⊆ A1 and A1 is fuzzy (12 ,
1
3)-open but cl(A2,

1
2 ,

1
3) = Ac

1 * A1.

Furthermore, A3 is generalized fuzzy (12 ,
1
3)-closed. However, it is not

semi-generalized fuzzy (12 ,
1
3)-closed, because A3 ⊆ A4 and A4 is fuzzy

(12 ,
1
3)-semiopen but scl(A3,

1
2 ,

1
3) = 1 * A4.

Remark 4.3. It is clear that every fuzzy (r, s)-semiclosed set is semi-
generalized fuzzy (r, s)-closed. However, the following example shows
that the converse need not be true.

Example 4.4. Let X = {x, y} and let A1 and A2 be intuitionistic
fuzzy sets in X defined as

A1(x) = (0.3, 0.4), A1(y) = (0, 1);

and

A2(x) = (0, 1), A2(y) = (0.3, 0.6).

Define T : I(X)→ I ⊗ I by

T (A) = (T1(A), T2(A)) =


(1, 0) if A = 0, 1,

(12 ,
1
3) if A = A1,

(0, 1) otherwise.

Then T is a SoIFT on X. It is easy to see that A2 is semi-generalized
fuzzy (12 ,

1
3)-closed but not fuzzy (12 ,

1
3)-semiclosed.

The following example shows that the concepts of generalized fuzzy
(r, s)-closed and fuzzy (r, s)-semiclosed are independent.

Example 4.5. Let (X, T ) be the SoIFTS as described in Example
4.2. Then A2 is a fuzzy (12 ,

1
3)-semiclosed set. But A2 is not a generalized

fuzzy (12 ,
1
3)-closed set. Furthermore, A3 is a generalized fuzzy (12 ,

1
3)-

closed set but not fuzzy (12 ,
1
3)-semiclosed set.
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Theorem 4.6. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. If A is semi-generalized fuzzy (r, s)-closed
and A ⊆ B ⊆ scl(A, r, s), then B is semi-generalized fuzzy (r, s)-closed.

Proof. Let C be a fuzzy (r, s)-semiopen set such that B ⊆ C. Since
A ⊆ B ⊆ C and A is semi-generalized fuzzy (r, s)-closed, we have
scl(A, r, s) ⊆ C. Thus scl(B, r, s) ⊆ scl(A, r, s) ⊆ C. Hence B is semi-
generalized fuzzy (r, s)-closed.

Theorem 4.7. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. If sint(A, r, s) ⊆ B ⊆ A and A is semi-
generalized fuzzy (r, s)-open, then B is semi-generalized fuzzy (r, s)-
open.

Proof. It is obvious.

Theorem 4.8. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then A is semi-generalized fuzzy (r, s)-
open if and only if B ⊆ sint(A, r, s) whenever B ⊆ A and B is fuzzy
(r, s)-semiclosed.

Proof. Let A be a semi-generalized fuzzy (r, s)-open set and B a fuzzy
(r, s)-semiclosed set such that B ⊆ A. Then Ac ⊆ Bc. Since Ac is
semi-generalized fuzzy (r, s)-closed, we have scl(Ac, r, s) ⊆ Bc. Thus
B ⊆ sint(A, r, s).

Conversely, let B be a fuzzy (r, s)-semiopen set such that Ac ⊆ B.
Then Bc ⊆ A and Bc is fuzzy (r, s)-semiclosed. By the assumption, we
have Bc ⊆ sint(A, r, s), and hence scl(Ac, r, s) ⊆ B. Thus Ac is semi-
generalized fuzzy (r, s)-closed. Therefore A is semi-generalized fuzzy
(r, s)-open.

Theorem 4.9. Let (X, T1, T2) be a SoIFTS and (r, s) ∈ I ⊗ I. Then
the concepts of fuzzy (r, s)-semiclosed and fuzzy (r, s)-semiopen coincide
if and only if every intuitionistic fuzzy set in X is semi-generalized fuzzy
(r, s)-closed.

Proof. Let C be an intuitionistic fuzzy set in X such that C ⊆ D,
where D is fuzzy (r, s)-semiopen. By the assumption, D is fuzzy (r, s)-
semiclosed, and hence scl(C, r, s) ⊆ scl(D, r, s) = D. Thus C is semi-
generalized fuzzy (r, s)-closed.

Conversely, let A be a fuzzy (r, s)-semiopen set. By the hypothesis,
A is semi-generalized fuzzy (r, s)-closed. Thus scl(A, r, s) ⊆ A. Hence
A is fuzzy (r, s)-semiclosed. Next let B be a fuzzy (r, s)-semiclosed set.
Then Bc is fuzzy (r, s)-semiopen. Since Bc is semi-generalized fuzzy
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(r, s)-closed, it may be seen as before that Bc is fuzzy (r, s)-semiclosed,
and hence B is fuzzy (r, s)-semiopen.

The following example shows that the union of two semi-generalized
fuzzy (r, s)-closed sets need not be a semi-generalized fuzzy (r, s)-closed
set.

Example 4.10. Let X = {x, y, z} and let A1, A2, and A3 be intu-
itionistic fuzzy sets in X defined as

A1(x) = (0.6, 0.3), A1(y) = (0, 1), A1(z) = (0, 1);

A2(x) = (0, 1), A2(y) = (0.6, 0.3), A2(z) = (0, 1);

and

A3(x) = (0.6, 0.3), A3(y) = (0.6, 0.3), A3(z) = (0, 1).

Define T : I(X)→ I ⊗ I by

T (A) = (T1(A), T2(A)) =


(1, 0) if A = 0, 1,

(12 ,
1
3) if A = A1, A2, A3,

(0, 1) otherwise.

Then T is a SoIFT on X. Since A1 and A2 are fuzzy (12 ,
1
3)-semiclosed,

A1 and A2 are semi-generalized fuzzy (12 ,
1
3)-closed sets. But A1 ∪A2 is

not semi-generalized fuzzy (12 ,
1
3)-closed. For A1 ∪ A2 ⊆ A3 and A3 is

fuzzy (12 ,
1
3)-semiopen but scl(A1 ∪A2,

1
2 ,

1
3) = 1 * A3.

Definition 4.11. Let (X, T1, T2) be a SoIFTS. For each (r, s) ∈ I ⊗
I and for each A ∈ I(X), the semi-generalized fuzzy (r, s)-closure is
defined by

sgcl(A, r, s) =
⋂
{B ∈ I(X) | A ⊆ B,
B is semi-generalized fuzzy (r, s)-closed}.

Theorem 4.12. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then A ⊆ sgcl(A, r, s) ⊆ scl(A, r, s) ⊆
cl(A, r, s).

Proof. Straightforward.
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5. Generalized fuzzy (r, s)-semiclosed sets

Definition 5.1. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then A is said to be generalized fuzzy
(r, s)-semiclosed if scl(A, r, s) ⊆ B whenever A ⊆ B and B is fuzzy
(r, s)-open. The complement of a generalized fuzzy (r, s)-semiclosed set
is called generalized fuzzy (r, s)-semiopen.

Remark 5.2. It is clear that every generalized fuzzy (r, s)-closed set
is generalized fuzzy (r, s)-semiclosed. However, the following example
shows that the converse need not be true.

Example 5.3. Let X = {x} and let A1 and A2 be intuitionistic fuzzy
sets in X defined as

A1(x) = (0.1, 0.7), A2(x) = (0.3, 0.6).

Define T : I(X)→ I ⊗ I by

T (A) = (T1(A), T2(A)) =


(1, 0) if A = 0, 1,

(12 ,
1
3) if A = A1, A2,

(0, 1) otherwise.

Then T is a SoIFT on X. It is easy to see that A2 is generalized fuzzy
(12 ,

1
3)-semiclosed. But A2 is not generalized fuzzy (12 ,

1
3)-closed. For

A2 ⊆ A2 and A2 is fuzzy (12 ,
1
3)-open but cl(A2,

1
2 ,

1
3) = Ac

2 * A2.

Theorem 5.4. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I⊗ I. If A is semi-generalized fuzzy (r, s)-closed,
then A is generalized fuzzy (r, s)-semiclosed.

Proof. Let B be a fuzzy (r, s)-open set such that A ⊆ B. Since B
is fuzzy (r, s)-semiopen and A is semi-generalized fuzzy (r, s)-closed, we
have scl(A, r, s) ⊆ B. Thus A is generalized fuzzy (r, s)-semiclosed.

The following example shows that the converse of the above theorem
need not be true.

Example 5.5. Let (X, T ) be the SoIFTS as described in Example 4.2.
Let B be an intuitionistic fuzzy set in X such that B(x) = (0, 1), B(y) =
(0.7, 0.2). Then B is generalized fuzzy (12 ,

1
3)-semiclosed. However, B

is not semi-generalized fuzzy (12 ,
1
3)-closed, because B ⊆ A4 and A4 is

fuzzy (12 ,
1
3)-semiopen but scl(B, 12 ,

1
3) = 1 * A4.
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Theorem 5.6. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I⊗I. If A ⊆ B ⊆ scl(A, r, s) and A is generalized
fuzzy (r, s)-semiclosed, then B is generalized fuzzy (r, s)-semiclosed.

Proof. Similar to the proof of Theorem 4.6.

Theorem 5.7. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. If sint(A, r, s) ⊆ B ⊆ A and A is general-
ized fuzzy (r, s)-semiopen, then B is generalized fuzzy (r, s)-semiopen.

Proof. It is obvious.

Theorem 5.8. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I⊗I. Then A is generalized fuzzy (r, s)-semiopen
if and only if B ⊆ sint(A, r, s) whenever B ⊆ A and B is fuzzy (r, s)-
closed.

Proof. Similar to the proof of Theorem 4.8.

The following example shows that the intersection of two general-
ized fuzzy (r, s)-semiclosed sets need not be a generalized fuzzy (r, s)-
semiclosed set.

Example 5.9. Let (X, T ) be the SoIFTS as described in Example
3.3. It is clear that A2 and A3 are generalized fuzzy (12 ,

1
3)-semiclosed.

But A2 ∩ A3 = A1 is not generalized fuzzy (12 ,
1
3)-semiclosed, because

A1 ⊆ A1 and A1 is fuzzy (12 ,
1
3)-open but scl(A1,

1
2 ,

1
3) = 1 * A1.

Definition 5.10. Let (X, T1, T2) be a SoIFTS. For each (r, s) ∈ I⊗I
and for each A ∈ I(X), the generalized fuzzy (r, s)-semiclosure is defined
by

gscl(A, r, s) =
⋂
{B ∈ I(X) | A ⊆ B,
B is generalized fuzzy (r, s)-semiclosed}.

If A is generalized fuzzy (r, s)-semiclosed, then gscl(A, r, s) = A. The
converse is not true, because the intersection of generalized fuzzy (r, s)-
semiclosed sets need not be generalized fuzzy (r, s)-semiclosed.

Theorem 5.11. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then gscl(A, r, s) ⊆ sgcl(A, r, s).

Proof. The result follows from Theorem 5.4.

By Theorem 4.12 and Theorem 5.11, we have the following result.
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Theorem 5.12. Let A be an intuitionistic fuzzy set in a SoIFTS
(X, T1, T2) and (r, s) ∈ I ⊗ I. Then

A ⊆ gscl(A, r, s) ⊆ sgcl(A, r, s)

⊆ scl(A, r, s) ⊆ cl(A, r, s).

We have investigated three different types of closed sets in intuition-
istic fuzzy topology. They have minor differences from each other. How-
ever, these differences will cause the difference in the continuity. In a
later work, we will discuss the continuity.
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[12] A. P. Šostak, On a fuzzy topological structure, Suppl. Rend. Circ. Matem. Janos

Palermo, Sr. II 11 (1985), 89-103.
[13] L. A. Zadeh, Fuzzy sets, Inf. Control., 8 (1965), 338-353.

https://link.springer.com/content/pdf/10.1007/978-3-7908-1870-3_1.pdf
https://www.sciencedirect.com/science/article/abs/pii/0165011495003711
https://www.sciencedirect.com/science/article/pii/0022247X68900577?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0165011492903293
https://www.sciencedirect.com/science/article/abs/pii/S0165011496000760
https://www.researchgate.net/publication/284063573_An_introduction_to_intuitionistic_fuzzy_topological_spaces_in_Sostak_sense
https://www.researchgate.net/publication/267190903_Semi-generalized_continuous_mappings_in_fuzzy_topological_spaces
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART000956516
https://koreascience.kr/article/CFKO200717317782710.kr&sa=U
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART001587557
https://www.sciencedirect.com/science/article/abs/pii/0165011492903525
https://dml.cz/bitstream/handle/10338.dmlcz/701883/WSAA_13-1985-2_12.pdf
https://pdf.sciencedirectassets.com/273276/1-s2.0-S0019995800X00952/1-s2.0-S001999586590241X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEFgaCXVzLWVhc3QtMSJHMEUCICQV5hxA4BHpNdCjhQe9NPcEjKkRdel4Q%2BLbHtWKVKZOAiEA6p1tVOI26ywSIKQodsc3SCDzRPcMkd1A%2ByP7HCDOL%2Fgq2wQI0f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDPY8J9hqEfQzZUtjpiqvBLk6pvG7luBHR3wVBcD8pzTzUkKO4Y%2FnLflCuuMt%2Be8qhsk%2FgXOF9pMK21DULgcOnTnYE6VIIl6Xf%2FxLzXbeTkOokdBnev8HvKdka5JcEX7DVPeBb4sR7oybMA5Ku42cXQlCkcAV9vy2qAQX4HaaLZaa0Vvrwe8OBcJn8EqNfXZJ%2FqVmm75KAoyxLd%2FR7CTTUEGE6cWKAifslNIsdDMazKXOBgX8RtFOEEWiC%2B0CG3j9GK%2FfN7qQHX2St9BaxmSINQiDuvUnZIXLEQfQfHsEQSiTu47g8Tjmiy2e06kP1ppYX1Mk2R9rQ1LNARUGrZQTWlM%2BT7%2B%2BE2s0UrOGpUew5angPE8KMGPVpo%2B7lf0DEUrYbCsUQElgeH4sPbLrXen%2Bok9filCmQdaXNkIjSX8zpTc8qaVhVUTn29LepEq0FM%2BmNoIiEWTRIoM%2Bh%2BpGjxelDUZuv%2FEiYTtmNFMXbmVEc489G%2BCTI8yoSeG6U6jmybmMbTvvwiq20Rb6tTfpPZ1jQc59%2FiaYWYySgEOGLeEmH8AC64CQmo52LYmdbp7uFGqy9oVZUppDJEqVJ4s6BmIai1A8MaZrmMFCgwv0f2a3uinSQXVqGlAkXEuHjFH22MZCd7NQsMr65rJlld2DV2c197tXJHr8qJbE6ZoNDJiPjXa9fVIN5dpCEBAnrepeVh2JBGA%2FYncLuemxDSlQyR%2B0VBybvb%2BppDDXur998vTxK4RpXmUH2d4nTtDd6lTzoccwp%2FehmAY6qQFW6S4C2s2UvQdxpwREa%2Fj0OTMXDIZFA9sDridOTY17sEVuJjqzilG7E0%2BXxkIXJKdSRxdu17BLDPTuDyUUIy7Wq%2Fr%2BQexq4%2FBNQQm6WdiPsaBuOejCHQEOaSRm9H%2FuOEZT%2B6o9emz7b6jfUOdSOhCJXFq9RprAKecUsFbsy7C3HEsaMajC2Pd%2FCT9Xzguzgw55OSYCA2m%2BtN9GzwrZrDVDyO8ijAJH8I3x&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220826T090016Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY4I3BVDUG%2F20220826%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=002aebc3beffecd6db754691862ddda4fdef647df3f1af2961224aa3299f52fc&hash=283161337c1e377f4ef9dc9bdc3fc446d341b6990aa3b6bc90514f0e2c8a71fb&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S001999586590241X&tid=spdf-0bee6543-5cfb-4cb6-adc3-a22dfd2d1d63&sid=85fe3fc454d16742cd18c689f2455db5a27cgxrqa&type=client&ua=4d52550d545257025600&rr=740b604b5ec2934a


254 Jin Tae Kim and Seok Jong Lee*

Jin Tae Kim
Department of Mathematics
Chungbuk National University
1 Chungdae-ro, Seowon-gu, Cheongju, 28644, Korea
E-mail : kjtmath@hanmail.net

Seok Jong Lee
Department of Mathematics
Chungbuk National University
1 Chungdae-ro, Seowon-gu, Cheongju, 28644, Korea
E-mail : sjl@cbnu.ac.kr




