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1 Introduction

Shabir and Naz [7] introduced the notion of soft topological spaces which are defined over an
initial universe with a fixed set of parameters. They also studied some of basic concepts of soft
topological spaces. In the present study, we introduce some new concepts in intuitionistic fuzzy
soft topological spaces such as intuitionistic fuzzy soft generalized superconnected. We also give
characterizations and properties of this notion.

2 Preliminary

In this section we will recall the intuitionistic fuzzy soft concept, the intuitionistic fuzzy soft
toplogy, and intuitionistic fuzzy soft mapping.

First we denote L∗ = {(x, y) ∈ [0, 1]2, x+ y ≤ 1}.
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Definition 1. [6] LetX be an universe, andE be a set of parametres. Let expX denote the power
set of X . A pair (F,E) is called a soft set over X if F is a mapping given by F : E −→ expX .

Remark 1. A soft set F over X is a valued function from E to expX . We can write

E =
{
(e, F (e)), e ∈ E

}
.

Note that if F (e) = ∅, then the element (e, F (e)) does not appear in F .

We denote S the set of all soft sets over X .

Definition 2. [1] An intuitionistic fuzzy set 〈u, v〉 on X is a mapping 〈u, v〉 : X −→ L∗, repre-
sente the degre of memebership and degre of non-memebership.

Definition 3. [1] Let 〈u, v〉 ∈ (L∗)X , then some basic set operations for intuitionistic fuzzy sets
are defined as follows.

1. 〈u, v〉 ⊂ 〈u′, v′〉 ⇐⇒ u(x) ≤ u′(x) & v(x) ≥ v′(x), ∀x ∈ X

2. 〈u, v〉 = 〈u′, v′〉 ⇐⇒ u(x) = u′(x) & v(x) = v′(x), ∀x ∈ X

3. 〈δ, η〉 = 〈u, v〉 ∪ 〈u′, v′〉 ⇐⇒ δ(x) = u(x) ∨ u′(x) & η(x) = v(x) ∧ v′(x), ∀x ∈ X

4. 〈δ, η〉 = 〈u, v〉 ∩ 〈u′, v′〉 ⇐⇒ δ(x) = u(x) ∧ u′(x) & η(x) = v(x) ∨ v′(x), ∀x ∈ X

5. 〈δ, η〉 = 〈u, v〉c ⇐⇒ 〈δ, η〉 = 〈v, u〉

6. If 〈δ, η〉 = 〈0, 1〉, then 〈δ, η〉 called empty intuitionistic fuzzy set, denote ∅̃.

7. If 〈δ, η〉 = 〈1, 0〉, then 〈δ, η〉 called universal intuitionistic fuzzy set, denote X̃ .

According to above definition we will redefine an intuitionistic fuzzy soft set and it’s operations.

Definition 4. [5] Let X be an initial universal set and let E be set of parameters. Let IF(X)

denotes the set of all intuitionistic fuzzy sets of X . A pair (F̃ , E) is called an intuitionistic fuzzy
soft set over X if F is a mapping given by F̃ : E −→ IF(X). We write an Intuitionistic fuzzy soft
set shortly as IF soft set.

Remark 2. By the previous remark, we can say that, an intuitionistic fuzzy soft set F̃ is a set
valued function from E to (L∗)X , and it can be write as

F̃ =
{(
e, {(x, uF̃ (e)(x), vF̃ (e)(x))}, x ∈ X

)
: e ∈ E

}
We denote IFS(X,E) set of all IF over X

Definition 5. [5] Let F̃ , G̃ ∈ IFS. Then some basic set operations of IF are defined as follows

1. F̃ v G̃⇐⇒ F̃ (e) ⊂ G̃(e), ∀e ∈ E

2. F̃ = G̃⇐⇒ F̃ @ G̃ & G̃ @ F̃
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3. H̃ = F̃ t G̃⇐⇒ H̃(e) = F̃ (e) ∪ G̃(e), ∀e ∈ E

4. H̃ = F̃ u G̃⇐⇒ H̃(e) = F̃ (e) ∩ G̃(e), ∀e ∈ E

5. H̃ = F̃ c ⇐⇒ H̃(e) = (F̃ (e))c, ∀e ∈ E

6. F̃ is called the null intuitionistic fuzzy soft set and denoted by 0̃X , if F̃ (e) = ∅̃, ∀e ∈ E

7. F̃ is called the universal intuitionistic fuzzy soft set and denoted by 1̃X , if F̃ (e) = X̃, ∀e ∈
E

Theorem 1. [5] Let {F̃i}i ⊂ IFS and {G̃i}i ⊂ IFS. then

1. G̃ u
(
tiF̃i

)
= tiG̃ ∩ F̃i

2. G̃ t
(
uiF̃i

)
= uiG̃ t F̃i

3.
(
tiF̃i

)c
= ui(F̃i)c

4.
(
uiF̃i

)c
= ti(F̃i)c

5. 0̃x v F̃ v 1̃X , 1̃
c
X = 0̃X

6. F̃ t F̃ c = 1̃X & (F̃ c)c

Definition 6. [4, 8] Let IFS(X) and IFS(Y ) be the families of all intuitionistic fuzzy soft sets
over X and Y , respectively. Then

1. A mapping f = (φ, ψ) is called a soft mapping from IFS(X,E) into IFS(Y,K), where
φ : X −→ Y and ψ : E −→ K are two mappings.

2. If F̃A ∈ IFS(X,E), then the image of F̃A under the soft mapping (φ, ψ) is a soft set over Y
denoted by (φ, ψ)F̃A and defined by:

(φ, ψ)F̃A(k) =


⋃
e∈ψ−1(k)∩A φ(F̃A)(e) if ψ

−1(k) ∩ A 6= ∅
∅ otherwise

(1)

3. If G̃B ∈ IFS(Y,K), then the preimage of G̃B under the soft mapping (φ, ψ) is a soft set
over X denoted by (φ, ψ)−1(G̃B) and defined by:

(φ, ψ)−1G̃B(e) =

φ−1
(
G̃B(ψ(e))

)
if ψ(e) ∈ B

∅ otherwise
(2)

Theorem 2. [8] Let f : (X,E) −→ (Y,E ′), u : X −→ Y and p : E −→ E ′ be mappings. Then
for intuitionistic fuzzy soft set (F̃ , A), (G̃, B) and a family of an intuitionistic soft set (F̃i, Ai) in
the intuitionistic fuzzy soft class (X,E) we have :
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(1) f(0̃X) = 0̃Y

(2) f(IFS) v IFS

(3) f
(
(F̃ , A)) t (G̃, B)

)
= f(F̃ , A)) t f(G̃, B), generally f

(
ti (F̃i, Ai)

)
= tif(F̃i, Ai)

(4) f
(
(F̃ , A)) u (G̃, B)

)
w f(F̃ , A)) u f(G̃, B), generally f

(
ui (F̃i, Ai)

)
v uif(F̃i, Ai)

(5) If (F̃ , A) v (G̃, B) then f(F̃ , A) v f(G̃, B).

Definition 7. An intuitionistic fuzzy soft generalized topology on X is a family τ of intuitionistic
fuzzy soft sets over X satisfying the following properties:

1. 0̃X ∈ τ

2. If {F̃i}i ⊂ τ , then
⋃
i F̃i ∈ τ .

The triplet (X, τ, E) is called intuitionistic fuzzy soft generalized topological space. An element
of this topology is called τ -IFS-open.

We denote cτ (F̃ ) the smallest intuitionistic fuzzy set containing F̃ , and iτ the largest intuitionistic
fuzzy set containing F̃ .

Remark 3. Note that cτ (F̃ ) is the intersection of all intuitionistic fuzzy set containing F̃ , and iτ
is the union of all intuitionistic fuzzy soft set containing F̃ .

Definition 8. An intuitionistic fuzzy soft set G̃ of generalized intuitionistic fuzzy soft topological
space (X, τ, E) is called

1. τ -IFS-preopen if G̃ @ iτ

(
cτ (G̃)

)
2. τ -IFS-semiopen if G̃ @ cτ

(
iτ (G̃)

)
3. τ -β-IFS-open if G̃ @ cτ

(
iτ (cτ (G̃))

)
4. τ -r-IFS-open if G̃ = iτ (cτ (G̃))

3 Intuitionistic fuzzy generalized soft superconnectedness

Definition 9. If e1, . . . , en ∈ X and G̃ ∈ IFS, then

G̃ tpi=1 {ei} = G̃(e)

p⋃
i=1

{ei}, ∀e ∈ X

Definition 10. Let (X, τ, E) be an intuitionistic fuzzy soft generalized topological space and
G̃ ∈ IFS.
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1. G̃ is called τ -IFS-dense if cτ (G̃) = X .

2. (X, τ, E) is called intuitionistic fuzzy soft hyperconnected if G̃ is τ -dense for every τ -IFS-
open G̃ 6= 0̃X of (X, τ, E)

3. G̃ is said to be τ -IFS-nowhere dense if iτ (cτ (G̃)) = 0̃X

Definition 11. Let (X, τ, E) be an intuitionistic fuzzy soft generalized topological space and
G̃ ∈ IFS.

1. G̃ is called τ -scaled-IFS-dense if there is e1, . . . , en ∈ X such that cτ (G̃) = X .

2. (X, τ, E) is called intuitionistic fuzzy soft superconnected if G̃ is τ -IFS-scaled-dense for
every τ -IFS-open G̃ 6= 0̃X of (X, τ, E).

Example 1. X = {a, b, c, d}, E = {e1}, F̃ = {(e1, 〈0.2, 0.3〉), (e1, 〈0.4, 0.3〉), (e1, 〈0.0, 0.3〉),
(e1, 〈0.1, 0.0〉), }, and τ =

{
0̃X , {(e1, 〈0.2, 0.3〉)}, {(e1, 〈0.4, 0.3〉), (e1, 〈0.0, 0.3〉)}, {(e1, 〈0.2, 0.3〉),

(e1, 〈0.0, 0.3〉)}
}

. Then the GIFST is superconnected.

Remark 4. The implication

(X, τ, E) is hyperconnected =⇒ (IFS, τ, E) is superconnected

is not reversible.

Example 2. X = {a, b, c, d}, E = {e1}, F̃ = {(e1, 〈0.2, 0.3〉), (e1, 〈0.4, 0.3〉), (e1, 〈0.0, 0.3〉),
(e1, 〈0.1, 0.0〉)}, and τ = {0̃, {(e1, 〈0.2, 0.3〉)}, (e1, 〈0.0, 0.3〉), (e1, 〈0.1, 0.0〉), {(e1, 〈0.2, 0.3〉),
(e1, 〈0.4, 0.3〉), (e1, 〈0.0, 0.3〉)}}. Then the GIFST is superconnected not hyperconnected.

Definition 12. An intuitionistic fuzzy soft set of a generalized soft topological space (X, τ, E) is
said to be τ -IFS-nowhere scaled-dense if there is x1, . . . , xp ∈ X such that

iτ

(
cτ (G̃ tpi=1 {xi})

)
= 0̃X .

Theorem 3. Let (X, τ, E) be a GIFST where cτ (0̃X) = 0̃X the following properties are equiva-
lent:

1. (X, τ, E) is GIFS superconnected.

2. G̃ is τ -IFS-scaled-dense or τ -IFS-nowher-dense for every IFS G̃.

3. For nonempety τ -IFS-open G̃ and H̃ , there is x1, . . . , xp ∈ X such that(
G̃ tpi=1 {xi}

)
uH 6= 0̃X .
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Proof. 1) ⇒ 2) Let (X, τ, E) be a GIFS superconnected and G̃ @ X . Suppose that G̃ is not
τ -IFS-nowher-dense, we have

cτ

(
X \ (cτ (G̃ tpi=1 {xi}))

)
= X \ iτ

(
cτ (G̃ tpi=1 {xi})

)
6= X.

This implies from (1) that for iτ
(
cτ (G̃ tpi=1 {xi})

)
6= 0̃X , cτ

(
iτ (cτ (G̃ tpi=1 {xi}))

)
= X.

Since
X = cτ

(
iτ (cτ (G̃ tpi=1 {xi}))

)
@ cτ

(
G̃ tpi=1 {xi}

)
.

Then cτ
(
G̃ tpi=1 x̃i

)
= X . Hence G̃ is aτ -IFS-scaled-dense set.

2) ⇒ 3) Suppose that for some nonempty τ -IFS-open G̃ and H̃ , for every x1, . . . , xp ∈ X ,(
G̃ tpi=1 {xi}

)
u H = 0̃, we have cτ

(
G̃ tpi=1 {xi} uH

)
@ cτ

(
G̃ tpi=1 {xi}

)
u cτ (H) @

cτ

(
(G̃ tpi=1 {xi}) uH

)
= cτ (0̃X) = 0̃X .

Hence cτ
(
G̃ tpi=1 {xi}

)
u H̃ = 0̃X . Thus G̃ is not a τ -IFS-scaled-dense set. Since G̃ is

τ -IFS-open, then
0̃X 6= G̃ @ G̃ tpi=1 {xi} @ iτ

(
cτ (G̃ tpi=1 {xi})

)
.

Then G̃ is not a τ -IFS-nowhere dense set. This is a contradiction. Thus

(G̃ tpi=1 {xi}) u H̃ 6= 0̃X

for every nonempty τ -IFS-open subsets G̃ and H̃ of (X, τ, E).
3) ⇒ 1) Let (G̃ tpi=1 {xi}) u H̃ 6= 0̃X for every nonempty τ -IFS-open subsets G̃ and H̃ of
(X, τ, E). Suppose that (X, τ, E) is not superconnected. This implies that there exists a nonempty
τ -IFS-open subsets Ã of (X, τ, E) such that Ã is not τ -IFS-scaled-dense in (X, τ, E). i.e., for
every x1, . . . , xp ∈ X , cτ (Ã tpi=1 {xi}) 6= X . We have X \ cτ (Ã tpi=1 {xi}) 6= 0̃X .

This implies thatX\cτ (Ãtpi=1{xi})uÃ and Ã are nonempty τ -IFS-open subsets of (X, τ, E)
such that X \ cτ (Ãtpi=1 {xi})u Ã = 0̃X . This a contradiction. Consequently the GIFS (X, τ, E)

is superconnected. �

Definition 13. A GIFST (X, τ, E) is called irreducible if for each nonempty Ũ , Ṽ ∈ τ \ 0̃X , we
have Ũ u Ṽ = 0̃X .

Definition 14. A GIFST (X, τ, E) is called scaled-irreducible if for each nonempty Ũ , Ṽ ∈ τ\0̃X ,
there exists x1, . . . , xp ∈ X , we have (U tpi= {xi}) u V 6= 0̃X .

Definition 15. The τ -IFS-semiclosure (resp. τ -IFS-preclosure) of a subset G̃ of a GIFST (X, τ, E),
denoted by cσ(G̃) (resp. cπ(G̃)), is defined by the intersection of all τ -IFS-semiclosed (respec-
tively, τ -IFS-preclosed) sets of (X, τ, E) containing G̃.

Theorem 4. Let (X, τ, E) be a GIFST where cτ (0̃) = 0̃X . Then the following properties are
equivalent:

1. (X, τ, E) is intuitionistic fuzzy soft superconnected,
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2. G̃ is τ -IFS-scaled-dense for every τ -IFS-preopen subset 0̃X 6= G̃ @ X ,

3. For every τ -IFS-preopen subsets 0̃ 6= G̃ @ X there exists x1, . . . , xp ∈ X such that,

cσ(G̃ tpi=1 {xi}) = X,

4. For every τ -IFS-semiopen subsets 0̃ 6= G̃ @ X there exists x1, . . . , xp ∈ X such that,

cπ(G̃ tpi=1 {xi}) = X.

Proof. 1)⇒ 2) Let (X, τ, E) be an intuitionistic fuzzy soft superconnected GIFST. Suppose that
G̃ is a nonempty τ -IFS-preopen subset of (X, τ, E). This implies that

0̃X 6= G̃ ⊂ iτ (cτ (G̃)) @ iτ

(
cτ

(
G̃ tpi=1 {xi}

))
,

where x1, . . . , xp ∈ X . Thus, G̃ is not τ -nowhere scaled-dense. Then by theorem 3, G̃ is τ -IFS-
scaled-dense.
2)⇒ 3) Suppose that there exists a nonempty τ -preopen set G̃ such that for every x1, . . . , xp ∈ X
we have cσ(G̃ tpi=1 {xi}) 6= X . Then there exists a nonempty τ -IFS-semiopen set Ã such that
Ã u (G̃ tpi=1 {xi}) = 0̃X . Thus iτ (Ã) u (G̃ tpi=1 {xi}) = 0̃X . Hence

0̃X = iτ (Ã) u cτ (G̃ tpi=1 {xi}) = iτ (Ã),

by 2) Ã is a nonempty τ -IFS-semiopen set, we have Ã @ cτ (iτ (Ã)) = cτ (0̃X) = 0̃X . This is a
contradiction.
3)⇒ 4) Suppose that there exists a nonempty τ -IFS-semiopen set G̃ such that cπ(G̃tpi=1 {xi}) 6=
X Then there exists a nonempty τ -IFS-preopen set Ã such that(

Ã tpi=1 {xi}
)
u G̃ = 0̃X .

Thus
(
Ã tpi=1 {xi}

)
uiτ (G̃) = 0̃X .Hence, 0̃X = cτ

(
Ã tpi=1 {xi}

)
uiτ (G̃) A cσ

(
Ã tpi=1 {xi}

)
u

iτ (G̃) = X u iτ (G̃) = iτ (G̃). Since G̃ is τ -IFS-semiopen set, then G̃ @ cτ

(
iτ (G̃)

)
= cτ (0̃X) =

0̃X , this is a contradiction.
4)⇒ 1) Let G̃ be a nonempty τ -open set of (X, τ, E). Since G̃ is τ -IFS-semiopen, by 4), there
exists x1, . . . , xp ∈ X such that cτ

(
G̃ tpi=1 {xi}

)
A cπ

(
G̃ tpi=1 {xi}

)
= X . Consequently,

(X, τ, E) is a GIFST soft superconnected. �

By [2] it is easy to show the following lemma.

Lemma 1. We have
cσ(G̃) = G̃ t iτ

(
cτ (G̃)

)
.

Corollary 1. Let (X, τ, E) be a GIFST where cτ (0̃X) = 0̃X . Then the following properties are
equivalent:
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1. (X, τ, E) is soft superconnected,

2. G̃ is τ -IFS-scaled-dense for every τ -β-IFS-open subset 0̃X 6= G̃ @ X ,

3. For every τ -β-IFS-open subsets 0̃X 6= G̃ @ X there exists x1, . . . , xp ∈ X such that,

cσ(G̃ tpi=1 {xi}) = X.

Proof. 1) ⇒ 2) Let (X, τ, E) be a GIFST soft superconnected. Assume that G̃ is a nonempty
τ -β-IFS-open subset of (X, τ, E), it follows that 0̃X 6= iτ (cτ (G̃)) @ iτ

(
cτ (G̃ tpi=1 {xi})

)
. Then

X = cτ

(
iτ

(
cτ (G̃ tpi=1 {xi}

)
)
)
= cτ

(
G̃ tpi=1 {xi}

)
.

2) ⇒ 3) Let G̃ be any nonempty τ -β-IFS-open subset of (X, τ, E). By Lemma 1, we have
cσ

(
G̃ tpi=1 {xi}

)
=
(
G̃ tpi=1 {xi}

)
t iτ

(
cτ (G̃ tpi=1 {xi})

)
= G̃ tpi=1 {xi} t iτ (X) = X .

Then cσ
(
G̃ tpi=1 {xi}

)
= X .

3)⇒ 1) Let G̃ be a nonempty τ -open set of (X, τ, E). It follows from 3) that cσ
(
G̃ tpi=1 {xi}

)
=(

G̃ tpi=1 {xi}
)
t iτ

(
cτ (G̃ tpi=1 {xi})

)
= X .

Thus, cτ (G̃ tpi=1 {xi}) = X . Consequently, (X, τ, E) is a GIFST soft superconnected. �
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