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INTERVAL-VALUED FUZZY STRONG SEMI-OPEN

SETS

Young Bae Jun, Ji Hye Bae, So Hui Cho and
Chang Su Kim

Abstract. The notions of IVF strongly semiopen (semiclosed)
sets and IVF (strong) semi-interior (IVF (strong) semi-closure)
are introduced, and several examples are provided. Related prop-
erties are investigated. In particular, characterizations of an IVF
strongly semiopen set are discussed.

1. Introduction

After the introduction of the concept of fuzzy sets by Zadeh [14],
several researchers were concerned about the generalizations of the no-
tion of fuzzy sets, e.g., fyzzy set of type n [15], intuitionistic fuzzy sets
[1] and interval-valued fuzzy sets [5]. The concept of interval-valued
fuzzy sets was introduced by GorzaÃlczany [5], and recently there has
been progress in the study of such sets by several researchers (see
[4], [7], [8], [9], [10], [11], [13]). Azad [2] introduced fuzzy semiopen
(semiclosed) sets and fuzzy regular open (closed) sets, and then consid-
ered generalizations of semicontinuous mapping, semiopen mapping,
semiclosed mapping, almost continuous mapping, and weakly contin-
uous mapping in fuzzy setting. In [7], the topology of interval-valued
fuzzy sets is defined, and some of its properties are discussed, and
then Mondal et al. [8] studied the connectedness in the topology of
interval-valued fuzzy sets. Using the concept of interval-valued fuzzy
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(IVF) sets, Jun et al. [6] introduced the notion of IVF semiopen
(semiclosed) sets, IVF preopen (preclosed) sets and IVF α-open (α-
closed) sets, and then they investigated relationships between IVF
semiopen (semiclosed) sets, IVF preopen (preclosed) sets and IVF α-
open (α-closed) sets. They also introduced the notion of IVF open
mappings, IVF preopen mappings, IVF semiopen mappings and IVF
α-open mappings, and then they provided relationships between IVF
open mappings, IVF preopen mappings, IVF semiopen mappings and
IVF α-open mappings. In this paper, we introduce the notions of IVF
strongly semiopen (semiclosed) sets and IVF (strong) semi-interior
(IVF (strong) semi-closure), and then we investigate several proper-
ties. We provide characterizations of an IVF strongly semiopen set.

2. Preliminaries

Let D[0, 1] be the set of all closed subintervals of the unit interval
[0, 1]. The elements of D[0, 1] are generally denoted by capital letters
M,N, · · · , and note that M = [ML,MU ], where ML and MU are the
lower and the upper end points respectively. Especially, we denote
0 = [0, 0], 1 = [1, 1], and a = [a, a] for every a ∈ (0, 1). We also note
that

(i) (∀M,N ∈ D[0, 1]) (M = N ⇔ ML = NL, MU = NU).
(ii) (∀M,N ∈ D[0, 1]) (M ≤ N ⇔ ML ≤ NL, MU ≤ NU).

For every M ∈ D[0, 1], the complement of M, denoted by M c, is
defined by M c = 1 − M = [1 − MU , 1 − ML].

Let X be a nonempty set. A mapping A : X → D[0, 1] is called an
interval-valued fuzzy set (briefly, an IVF set) in X. For each x ∈ X,
A (x) is a closed interval whose lower and upper end points are denoted
by A (x)L and A (x)U , respectively. For any [a, b] ∈ D[0, 1], the IVF

set whose value is the interval [a, b] for all x ∈ X is denoted by ˜[a, b].
In particular, for any a ∈ [0, 1], the IVF set whose value is a = [a, a]
for all x ∈ X is denoted by simply ã. For a point p ∈ X and for
[a, b] ∈ D[0, 1] with b > 0, the IVF set which takes the value [a, b] at p
and 0 elsewhere in X is called an interval-valued fuzzy point (briefly,
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an IVF point) and is denoted by [a, b]p. In particular, if b = a, then it
is also denoted by ap. Denote by IV F (X) the set of all IVF sets in X.

For every A ,B ∈ IV F (X), we define

A = B ⇔ (∀x ∈ X) ([A (x)]L = [B(x)]L and [A (x)]U = [B(x)]U),

A ⊆ B ⇔ (∀x ∈ X) ([A (x)]L ≤ [B(x)]L and [A (x)]U ≤ [B(x)]U).

The complement A c of A is defined by

[A c(x)]L = 1 − [A (x)]U and [A c(x)]U = 1 − [A (x)]L

for all x ∈ X. For a family of IVF sets {Ai | i ∈ Λ} where Λ is an
index set, the union G =

⋃
i∈Λ

Ai and the intersection F =
⋂
i∈Λ

Ai are

defined by

(∀x ∈ X) ([G(x)]L = sup
i∈Λ

[Ai(x)]L, [G(x)]U = sup
i∈Λ

[Ai(x)]U),

(∀x ∈ X) ([F (x)]L = inf
i∈Λ

[Ai(x)]L, [F (x)]U = inf
i∈Λ

[Ai(x)]U),

respectively.
Let f : X → Y be a mapping and let A be an IVF set in X. Then

the image of A under f, denoted by f(A ), is defined as follows:

[f(A )(y)]L =

 sup
y=f(x)

[A (x)]L, f−1(y) ̸= ∅,

0, otherwise,

[f(A )(y)]U =

 sup
y=f(x)

[A (x)]U , f−1(y) ̸= ∅,

0, otherwise,

for all y ∈ Y. Let B be an IVF set in Y. Then the it inverse image of
B under f, denoted by f−1(B), is defined as follows:

(∀x ∈ X) ([f−1(B)(x)]L = [B(f(x))]L, [f−1(B)(x)]U = [B(f(x))]U).

Definition 2.1. [7] A family τ of IVF sets in X is called an
interval-valued fuzzy topology (briefly, IVF topology) for X if it sat-
isfies:

(i) 0̃, 1̃ ∈ τ,
(ii) A , B ∈ τ ⇒ A ∩ B ∈ τ,
(iii) Ai ∈ τ, i ∈△⇒

⋃
i∈M

Ai ∈ τ.
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Every member of τ is called an IVF open set. An IVF set A in X
is called an IVF closed set if the complement of A is an IVF open
set, that is, A c ∈ τ. Moreover, (X, τ) is called an interval-valued fuzzy
topological space (briefly, IVF topological space).

Definition 2.2. [7] Let (X, τ) and (Y, κ) be IVF topological spaces.
A mapping f : X → Y is said to be continuous if f−1(A ) ∈ τ for all
A ∈ κ.

For an IVF set A in an IVF topological space (X, τ), the IVF clo-
sure and the IVF interior of A , denoted by A − and A ◦, respectively,
are defined as

A − = ∩{B ∈ IV F (X) | B is IVF closed and A ⊂ B},
A ◦ = ∪{B ∈ IV F (X) | B is IVF open and B ⊂ A },

respectively. Note that A ◦ is the largest IVF open set which is con-
tained in A , and that A is IVF open if and only if A = A ◦.

Definition 2.3. [6] An IVF set A in (X, τ) is called an IVF
semiopen set in (X, τ) if it satisfies:

(∃B ∈ τ) (B ⊆ A ⊆ B−);

and an IVF semiclosed set in (X, τ) if it satisfies:

(∃Bc ∈ τ) (B◦ ⊆ A ⊆ B).

Denote by IV FSO(X) (resp. IV FSC(X)) the set of all IVF
semiopen sets (resp. IVF semiclosed sets) in (X, τ).

Definition 2.4. [6] An IVF set A in (X, τ) is called an IVF pre-
open set in (X, τ) if A ⊆ A −◦; and is called an IVF preclosed set in
(X, τ) if A ◦− ⊆ A .

Denote by IV FPO(X) (resp. IV FPC(X)) the set of all IVF pre-
open sets (resp. IVF preclosed sets) in (X, τ).

3. Interval-valued fuzzy strongly semiopen sets

In what follows let (X, τ) denote an IVF topological space unless
otherwise specified.
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Definition 3.1. An IVF set A in (X, τ) is called

(1) an IVF strongly semiopen set of (X, τ) if it satisfies:

(∃B ∈ τ) (B ⊆ A ⊆ B−◦);

(2) an IVF strongly semiclosed set of (X, τ) if there is an IVF closed
set B in X such that B◦− ⊆ A ⊆ B.

Denote by IV FSSO(X) (resp. IV FSSC(X)) the set of all IVF
strongly semiopen (resp. semiclosed) sets of (X, τ).

Example 3.2. We list some examples of IVF strongly semiopen
(semiclosed) sets.

(1) Every IVF open (closed) set is an IVF strongly semiopen (semi-
closed) set.

(2) Every IVF strongly semiopen set is not only an IVF semiopen
set but also an IVF preopen set.

(3) Let A , B, and C be IVF sets in I = [0, 1] defined by

A (x) =

{
[x, x + 1

8
], 0 ≤ x ≤ 1

2
,

[1 − x, 9
8
− x], 1

2
≤ x ≤ 1,

B(x) =

{
1, 0 ≤ x ≤ 1

2
,

5
8
, 1

2
< x ≤ 1,

C (x) =

{
[x, x + 1

8
], 0 ≤ x < 7

8
,

1, 7
8
≤ x ≤ 1.

The collection τ = {0̃,A , 1̃} is an IVF topology for I. The IVF
sets B and C are IVF strongly semiopen sets in (I, τ), and B∩C
is also an IVF strongly semiopen sets in (I, τ).

The following example shows that the converse of Examples 3.2(1)
and 3.2(2) are not valid in general. Before providing examples, we
first state the following lemma.

Lemma 3.3. [6] Let A be an IVF set in (X, τ). Then

(i) A ∈ IV FSO(X) ⇔ A ⊆ A ◦−,
(ii) A ∈ IV FSC(X) ⇔ A −◦ ⊆ A .
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Example 3.4. Let A , B, C and D be IVF sets in I = [0, 1] defined
by

A (x) =


[0, 1

8
], 0 ≤ x ≤ 1

2
,

[7
3
x − 7

6
, 7

3
x − 25

24
], 1

2
≤ x ≤ 7

8
,

[7
3
x − 7

6
, 1], 7

8
≤ x ≤ 1,

B(x) =


1, 0 ≤ x < 1

4
,

[−7
2
x + 7

4
,−7

2
x + 15

8
], 1

4
≤ x ≤ 1

2
,

0, 1
2

< x ≤ 1,

C (x) =


[0, 1

8
], 0 ≤ x ≤ 1

4
,

[7
5
x − 7

20
, 7

5
x − 9

40
], 1

4
≤ x ≤ 7

8
,

[x, 1], 7
8
≤ x ≤ 1,

D(x) =


[0, 1

8
], 0 ≤ x ≤ 1

8
,

[7
6
x − 7

48
, 7

6
x − 1

48
], 1

8
≤ x ≤ 7

8
,

[x, 1], 7
8
≤ x ≤ 1.

The collection τ1 = {0̃, A , 1̃} is an IVF topology for I. We can verify
that A ⊆ C ⊆ 1̃ = A −◦ so that C is an IVF strongly semiopen but
it is not IVF open. Now we take an IVF topology τ2 = {0̃, A , B,
A ∪ B,A ∩ B, 1̃} on I = [0, 1]. We can easily verify that D ⊆ D◦−

so from Lemma 3.3 that D is an IVF semiopen set in (I, τ2). But D
is not IVF strongly semiopen because there is no E ∈ τ2 such that
E ⊆ D ⊆ E −◦. Let τ3 = {0̃, C , 1̃} be an IVF topology on I = [0, 1].
We can easily show that A ⊆ 1̃ = A −◦ so that A is an IVF preopen
set in (I, τ3). But it is not an IVF strongly semiopen set in (I, τ3).

Lemma 3.5. For an IVF set A in (X, τ), we have

(A ◦)c = (A c)− and (A −)c = (A c)◦.

Proof. Straightforward.

Theorem 3.6. For an IVF set A in (X, τ), the following assertions
are equivalent.

(i) A is an IVF strongly semiopen set.
(ii) A ⊆ A ◦−◦.
(iii) A is both an IVF semiopen set and an IVF preopen set.
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(iv) A c is an IVF strongly semiclosed set.
(v) (A c)−◦− ⊆ A c.
(vi) A c is both an IVF semiclosed set and an IVF preclosed set.

Proof. (i) ⇒ (ii) Assume that A is an IVF strongly semiopen set
in X. Then there exists B ∈ τ such that B ⊆ A ⊆ B−◦. Hence
B ⊆ A ◦, and hence B−◦ ⊆ A ◦−◦. Since A ⊆ B−◦, it follows that
A ⊆ A ◦−◦. Hence (ii) is valid.

(ii) ⇒ (i) Assume that A ⊆ A ◦−◦. Let B = A ◦. Then B ∈ τ. It
follows from (ii) that

B = A ◦ ⊆ A ⊆ A ◦−◦ = B−◦

so that A is an IVF strongly semiopen set in X.
(i) ⇒ (iii) See Example 3.2(2).
(iii) ⇒ (ii) Let A ∈ IV FSO(X)∩IV FPO(X). Since A ∈ IV FPO(X),

we have A ⊆ A −◦. Now A ∈ IV FSO(X) implies that A ⊆ A ◦−.
Hence

A ⊆ A −◦ ⊆ (A ◦−)−◦ = A ◦−◦.

(i) ⇔ (iv), (ii) ⇔ (v) and (iii) ⇔ (vi) follows from Lemma 3.5.
(v) ⇒ (vi) Assume that (v) is valid. Let B = (A c)−. Then

B◦ = (A c)−◦ ⊆ (A c)−◦− ⊆ A c ⊆ (A c)− = B.

Since Bc ∈ τ, it follows that A c is an IVF semiclosed set in (X, τ).
Note that (A c)◦− ⊆ (A c)−◦− ⊆ A c. Hence A c is an IVF preclosed
set in (X, τ).

(vi) ⇒ (v) Let A c be both an IVF semiclosed set and an IVF
preclosed set in (X, τ). Then there exists an IVF set B in X such
that Bc ∈ τ and B◦ ⊆ A c ⊆ B. Moreover, (A c)◦− ⊆ A c. Since B is
an IVF closed set in (X, τ), it follows that

A c ⊆ B ⇒ (A c)− ⊆ B− = B

⇒ (A c)−◦ ⊆ B◦ ⊆ A c

⇒ (A c)−◦ = (A c)−◦◦ ⊆ (A c)◦

⇒ (A c)−◦− ⊆ (A c)◦− ⊆ A c

which proves (v).

Lemma 3.7. [6, Lemma 3.4] For a family of {Ak | k ∈ ∆} of IVF
sets in (X, τ), we have ∪A −

k ⊆ (∪Ak)
− and ∪A ◦

k ⊆ (∪Ak)
◦.
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Theorem 3.8. Let {Ak | k ∈△} be a collection of IVF strongly
semiopen sets in (X, τ). Then

⋃
k∈M Ak is an IVF strongly semiopen

set in (X, τ), where △ is any index set.

Proof. Let Ak ∈ IV FSSO(X) for k ∈ ∆. Then

(∀k ∈ ∆) (∃Bk ∈ τ) (Bk ⊆ Ak ⊆ B−◦
k ).

It follows from Lemma 3.7 that⋃
k∈∆

Bk ⊆
⋃
k∈∆

Ak ⊆
⋃
k∈∆

B−◦
k ⊆ (

⋃
k∈∆

B−
k )◦ ⊆ (

⋃
k∈∆

Bk)
−◦

so from
⋃

k∈∆

Bk ∈ τ that
⋃

k∈∆

Ak ∈ IV FSSO(X).

Similarly we have

Theorem 3.9. If {Ak | k ∈△} is a collection of IVF strongly semi-
closed sets in (X, τ), then

⋂
k∈M Ak is an IVF strongly semiclosed set

in (X, τ), where △ is any index set.

The intersection (resp. union) of two IVF strongly semiopen (resp.
semiclosed) sets need not be an IVF strongly semiopen (semiclosed)
set as seen in the following example.

Example 3.10. Let A , B, C , and D be IVF sets in I = [0, 1]
defined by

A (x) =


[0.3, 0.4], 0 ≤ x ≤ 1

2
,

[0.2, 0.3], 1
2

< x < 3
4
,

[0.7, 0.8], 3
4
≤ x ≤ 1,

B(x) =


[0.8, 0.9], 0 ≤ x ≤ 1

2
,

[0.9, 1], 1
2

< x < 3
4
,

[0.4, 0.5], 3
4
≤ x ≤ 1,

C (x) =


[0.3, 0.4], 0 ≤ x ≤ 1

2
,

[0.2, 0.3], 1
2

< x < 3
4
,

[0.8, 0.8], 3
4
≤ x ≤ 1,
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D(x) =


[0.8, 0.9], 0 ≤ x ≤ 1

2
,

[0.9, 1], 1
2

< x < 3
4
,

[0.5, 0.6], 3
4
≤ x ≤ 1.

The collection τ = {0̃,A ,B,A ∩ B,A ∪ B, 1̃} is an IVF topology
for I. We can verify that C and D are IVF strongly semiopen sets in
I. But C ∩ D is not an IVF strongly semiopen set in I because

0̃ ⊆ C ∩ D * 0̃ = 0̃−◦,
A * C ∩ D ⊆ A −◦ = 1̃,
B * C ∩ D ⊆ B−◦ = 1̃,
A ∩ B ⊆ C ∩ D * (A ∩ B)−◦ = A ∩ B,
A ∪ B * C ∩ D ⊆ (A ∪ B)−◦ = 1̃.

We have a question: Is the intersection (resp. union) of an IVF
strongly semiopen (resp. semiclosed) set with an IVF open (resp.
closed) set an IVF strongly semiopen (resp. semiclosed) set? But the
answer is negative as seen in the following example.

Example 3.11. Let A , B, C , and D be IVF sets in I = [0, 1]
which are described in Example 3.10. Consider an IVF topology τ =
{0̃,A ,B,A ∩ B, A ∪ B, 1̃} in I. Then A is an IVF open set in I,
and D is an IVF strongly semiopen set (since B ⊆ D ⊆ 1̃ = B−◦) in
I which is not an IVF open set in I. We note that

0̃ ⊆ A ∩ D * 0̃ = 0̃−◦,
A * A ∩ D ⊆ A −◦ = 1̃,
B * A ∩ D ⊆ B−◦ = 1̃,
A ∩ B ⊆ A ∩ D * (A ∩ B)−◦ = A ∩ B,
A ∪ B * A ∩ D ⊆ (A ∪ B)−◦ = 1̃.

Hence A ∩ D is not an IVF strongly semiopen set in I.

Definition 3.12. Let A be an IVF set in (X, τ) and define the
following sets:

A  = ∪{B | B ⊆ A , B is IVF semiopen}

A ∼ = ∩{B | A ⊆ B, B is IVF semiclosed}.
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We call A  and A ∼ the IVF semi-interior and IVF semi-closure of
A , respectively.

Remark 3.13. Obviously, A  is the greatest IVF semiopen set
which is contained in A and A ∼ is the least IVF semiclosed set which
contains A .

Definition 3.14. Let A be an IVF set in (X, τ). We define the IVF
strong semi-interior and the IVF strong semi-closure of A , written by
A◦ and A−, respectively, by

A◦ = ∪{B | B ∈ IV FSSO(X), B ⊆ A },

A− = ∩{B | Bc ∈ IV FSSO(X), A ⊆ B},
respectively.

Example 3.15. Let A and B be IVF sets in I = [0, 1] defined by

A (x) =

{
[1
8
, 1

4
], 0 ≤ x ≤ 1

2
,

[1
4
, 3

8
], 1

2
< x ≤ 1,

B(x) =

{
[3
8
, 1

2
], 0 ≤ x ≤ 1

2
,

[1
4
, 3

8
], 1

2
< x ≤ 1.

The collection τ = {0̃,A ,B, 1̃} is an IVF topology for I. Let D be
an IVF set in I defined by

D(x) =

{
[1
4

+ 3
4
x, 5

16
+ 3

4
x], 0 ≤ x ≤ 1

2
,

[7
8
− 1

2
x, 15

16
− 1

2
x], 1

2
≤ x ≤ 1.

(1) We know that IV FSO(I) = {0̃, 1̃, C | C ∈ IV F (I), A ⊆ C ⊆
Bc} and IV FSC(I) = {0̃, 1̃,C | C ∈ IV F (I), B ⊆ C ⊆ A c}. Then
the IVF semi-interior D and the IVF semi-closure D∼ of D are given
by

D(x) =


[1
4

+ 3
4
x, 5

16
+ 3

4
x], 0 ≤ x ≤ 1

3
,

[1
2
, 5

16
+ 3

4
x], 1

3
≤ x ≤ 5

12
,

[1
2
, 5

8
], 5

12
≤ x ≤ 1

2
,

[7
8
− 1

2
x, 15

16
− 1

2
x], 1

2
< x ≤ 1,
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D∼(x) =


[3
8
, 1

2
], 0 ≤ x ≤ 1

6
,

[1
4

+ 3
4
x, 1

2
], 1

6
≤ x ≤ 1

4
,

[1
4

+ 3
4
x, 5

16
+ 3

4
x], 1

4
≤ x ≤ 1

2
,

[7
8
− 1

2
x, 15

16
− 1

2
x], 1

2
≤ x ≤ 1,

respectively.
(2) We know that IV FSSO(I) = {0̃, 1̃,C | C ∈ IV F (I), A ⊆

C ⊆ B} and IV FSSC(I) = {0̃, 1̃, C | C ∈ IV F (I), Bc ⊆ C ⊆ A c}.
Then the IVF strong semi-interior D◦ and the IVF strong semi-closure
D− of D are given by

D◦(x) =


[1
4

+ 3
4
x, 5

16
+ 3

4
x], 0 ≤ x ≤ 1

6
,

[3
8
, 5

16
+ 3

4
x], 1

6
≤ x ≤ 1

4
,

[3
8
, 1

2
], 1

4
≤ x ≤ 1

2
,

[1
4
, 3

8
], 1

2
< x ≤ 1,

D−(x) =


[1
2
, 5

8
], 0 ≤ x ≤ 1

3
,

[1
4

+ 3
4
x, 5

8
], 1

3
≤ x ≤ 5

12
,

[1
4

+ 3
4
x, 5

16
+ 3

4
x], 5

12
≤ x ≤ 1

2
,

[5
8
, 3

4
], 1

2
< x ≤ 1,

respectively.

Proposition 3.16. Let A and B be IVF sets in (X, τ). Then the
following assertions are valid:

(i) A ◦ ⊆ A◦ ⊆ A  ⊆ A ⊆ A ∼ ⊆ A− ⊆ A −.
(ii) A ⊆ B ⇒ A◦ ⊆ B◦, A− ⊆ B−.
(iii) 0̃◦ = 0̃, 0̃− = 0̃, 1̃◦ = 1̃, 1̃− = 1̃.
(iv) (A◦)◦ = A◦, (A−)− = A−.
(v) A ∈ IV FSSO(X) ⇔ A◦ = A .
(vi) A ∈ IV FSSC(X) ⇔ A− = A .
(vii) (A ∩ B)◦ ⊆ A◦ ∩ B◦.
(viii) (A ∪ B)− ⊇ A− ∪ B−.

Proof. This is immediate from Definition 3.14.

Theorem 3.17. For an IVF set A in (X, τ), we have



56 Y. B. Jun, J. H. Bae, S. H. Cho and C. S. Kim

(i) (A◦)
c = (A c)−.

(ii) (A−)c = (A c)◦.

Proof. (i) Note that A◦ ⊆ A by Proposition 3.16(i). Thus A c ⊆
(A◦)

c. Since A◦ is an IVF strongly semiopen set, (A◦)
c is an IVF

strongly semiclosed set in X. Hence (A c)− ⊆ (A◦)
c. Now A c ⊆ (A c)−

by Proposition 3.16(i), and (A c)− is an IVF strongly semiclosed set
in X. It follows that ((A c)−)c ⊆ A and ((A c)−)c is an IVF strongly
semiopen set in X so that ((A c)−)c ⊆ A◦; whence (A◦)

c ⊆ (A c)−.
Therefore (i) is valid.

(ii) Notice that A ⊆ A− by Proposition 3.16(i), which implies
that (A−)c ⊆ A c. Since A− is an IVF strongly semiclosed set in X,
(A−)c is an IVF strongly semiopen set in X. Thus (A−)c ⊆ (A c)◦.
On the other hand, (A c)◦ ⊆ A c by Proposition 3.16(i), and hence
A ⊆ ((A c)◦)

c. Since (A c)◦ is an IVF strongly semiopen set, ((A c)◦)
c

is an IVF strongly semiclosed set in X. Since A− is the smallest IVF
strongly semiclosed set containing A , it follows that A− ⊆ ((A c)◦)

c

so that (A c)◦ ⊆ (A−)c. Thus (ii) is valid.

We have the following diagram described relations between IVF
open (IVF closed) set, IVF strongly semiopen (IVF strongly semi-
closed) set, IVF semi-open (IVF semi-closed) set, IVF pre-open (IVF
pre-closed) set, and IVF strong semi-open (IVF strong semi-closed)
set which reverse implications do not valid.

IVF open set (IVF closed set)

IVF strongly semiopen set (IVF strongly semiclosed set)

IVF pre-open set
(IVF pre-closed set)

IVF semi-open set
(IVF semi-closed set)

?

©©©¼
HHHj

HHH
©©©s

?
IVF strong semi-open set

(IVF strong semi-closed set)
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4. Conclusions

As a generalization of fuzzy sets, the notion of interval-valued fuzzy
sets was introduced by GorzaÃlczany [5], and recently there has been
progress in the study of such sets by several researchers (see [4], [7], [8],
[9], [10], [11], [13]). Using the concept of interval-valued fuzzy (IVF)
sets, Jun et al. [6] introduced the notion of IVF semiopen (semiclosed)
sets, IVF preopen (preclosed) sets and IVF α-open (α-closed) sets, and
investigated relationships between IVF semiopen (semiclosed) sets,
IVF preopen (preclosed) sets and IVF α-open (α-closed) sets. The
aim of this paper is to introduce the notions of IVF strongly semiopen
(semiclosed) sets and IVF (strong) semi-interior (IVF (strong) semi-
closure), and to investigate several properties. Characterizations of an
IVF strongly semiopen set are provided.

Future work will focus on studying the interval-valued fuzzy strong
semi-open mappings and the interval-valued fuzzy strong semi-continuity.
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