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1 Introduction

Nowadays, several researchers investigate to model the uncertainties. They use different set theories
for this, for example fuzzy set theory [1] and intuitionistic fuzzy set theory [2] are the most common.
But, such theories have their own difficulties such as constructing membership function. Therefore,
Molodtsov [6] proposed a new mathematical tool for uncertainties, called soft set theory. In this theory,
it is not necessary which constructing membership function. Soft sets can apply several areas such as
Riemann-integration, Perron integration, game theory, operations research, probability theory, etc.

Many researchers study on soft set theory, especially soft topological structures. For example, soft
topology and related properties were studied in [8, 9, 10, 11, 12, 13, 14, 15, 16, 17]. Then, several
paper were published about fuzzy soft topological spaces [18, 19, 20, 21, 22, 23]. Moreover, recently,
some authors have studied over intuitionistic fuzzy soft topological spaces [26, 27, 28, 29].

In this article, we introduce the connectedness on intuitionisitic fuzzy soft topological spaces.
Then, we are compare the ifs Ci themselves.

2 Preliminary

In this section, we will give basic definitions and theorems with ifs-sets, intuitionistic fuzzy soft topology
and intuitionistic fuzzy soft continuous functions. Throughout this paper, P(X), E and IF(X) denote
power set of X, set of parameter and set of all intuitionistic fuzzy sets over X, respectively.

**Edited by Naim Çağman (Editors-in-Chief) and Oktay Muhtaroğlu (Area Editor).
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Definition 2.1. [2] Let X be a nonempty set. An intuitionistic fuzzy set A is defined by

A =
{〈

x, µA(x), νA(x)
〉

: x ∈ X
}

where µA : X → [0, 1] and νA : X → [0, 1] denote membership and nonmembership functions respec-
tively. Therefore, µA(x) and νA(x) are membership and nonmembership degree of each element x ∈ X
to the intuitionistic fuzzy set A and 0 ≤ µA(x) + νA(x) ≤ 1 for each x ∈ X.

Definition 2.2. [2] Let {Ai}i∈I ⊆ IF(X), A =
{〈x, µA(x), νA(x)〉 : x ∈ X

}
and B =

{〈x, µB(x), νB(x)〉 :
x ∈ X

}
be two intuitionistic fuzzy sets on X. Then, some basic set operations of intuitionistic fuzzy

sets are defined as follows.

i. A ⊆ B ⇔ µB(x) ≥ µA(x) and νB(x) ≤ νA(x) for all x ∈ X

ii. A = B ⇔ A ⊆ B and B ⊆ A.

iii.
⋃

i∈I Ai =
{〈

x,
∨

i∈I µAi
(x),

∧
i∈I νAi

(x)
〉

: x ∈ X
}

iv.
⋂

i∈I Ai =
{〈

x,
∧

i∈I µAi
(x),

∨
i∈I νAi

(x)
〉

: x ∈ X
}

v. ¤A =
{〈

x, µA(x), 1− µA(x)
〉

: x ∈ X
}

vi. ♦A =
{〈

x, 1− νA(x), νA(x)
〉

: x ∈ X
}

vii. Ac =
{〈x, νA(x), µA(x)〉 : x ∈ X

}

viii. 1̃ =
{〈x, 1, 0〉 : x ∈ X

}
and 0̃ =

{〈x, 0, 1〉 : x ∈ X
}
.

Theorem 2.3. [3] Let A,B, C ∈ IF(X). Then

i. A ⊆ B and B ⊆ C ⇒ A ⊆ C

ii. A ⊆ B ⇒ A ∪ C ⊆ B ∪ C and A ∩ C ⊆ B ∩ C

iii. (A ∩B)c = Ac ∪Bc and (A ∪B)c = Ac ∩Bc

iv. (Ac)c = A, 1̃c = 0̃ and 0̃c = 1̃

v. A ⊆ B ⇒ Bc ⊆ Ac

Definition 2.4. [6] A pair (F,A) is called a soft set over X, if F is a mapping defined by F : A → P(X),
where A ⊆ E.

Now, we will give a new soft set definition who was given by Çağman [7]. The definition is a new
comment for the soft sets.

Definition 2.5. [7] A soft set F over X is a set valued function from E to P(X). It can be written a
set of ordered pairs

F =
{
(e, F (e)) : e ∈ E

}
.

Note that if F (e) = ∅, then the element (e, F (e)) is not appeared in F . Set of all soft sets over X is
denoted by S.

According to Definition 2.5 we will redefine ifs-set and its set operations.

Definition 2.6. An intuitionistic fuzzy soft set (or namely ifs-set) f over X is a set valued function
from E to IF(X). It can be written a set of ordered pairs

f =
{(

e, {〈x, µf(e)(x), νf(e)(x)〉 : x ∈ X}) : e ∈ E
}

Note that if f(e) = 0̃, then the element (e, f(e)) is not appeared in f . Set of all ifs-sets over X is
denoted by IFSE

X .
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Definition 2.7. Let f, g, h ∈ IFSE
X . Then some basic set operations of ifs-sets are defined as follows:

i. (Inclusion) f v g iff f(e) ⊆ g(e) for all e ∈ E.

ii. (Equality) f = g iff f v g and g v f

iii. (Union) h = f t g iff h(e) = f(e) ∪ g(e) for all e ∈ E.

iv. (Intersection) h = f u g iff h(e) = f(e) ∩ g(e) for all e ∈ E.

v. (Complement) h = f c̃ iff h(e) =
(
f(e)

)c̃ for all e ∈ E

vi. (Null ifs-set) f is called the null ifs-set and denoted by Φ, if f(e) = 0̃ for all e ∈ E.

vii. (Universal ifs-set) f is called the universal ifs-set and denoted by X̃, if f(e) = 1̃ for all e ∈ E.

Theorem 2.8. Let {fi}i∈Λ ⊆ IFSE
X and g ∈ IFSE

X . Then

i. g u
(⊔

i∈Λ fi

)
=

⊔
i∈Λ(g u fi)

ii. g t
(d

i∈Λ fi

)
=
d

i∈Λ(g t fi)

iii.
( ⊔

i∈Λ fi

)c̃

=
d

i∈Λ f c̃
i

iv.
(d

i∈Λ fi

)c̃

=
⊔

i∈Λ f c̃
i

v. Φ v f v X̃, X̃ c̃ = Φ and Φc̃ = X̃,

vi. g t gc̃ = X̃ and
(
gc̃

)c̃ = g.

Definition 2.9. [25, 29] Let IFSE
X and IFSK

Y be sets of all ifs-sets on X and Y , respectively. Let
ϕ : X → Y and ψ : E → K be two mappings. Then a mapping ϕψ : IFSE

X → IFSK
Y is defined as:

i. For f ∈ IFSE
X , the image of f under ϕψ, denoted ϕψ(f), is an ifs-set in IFSK

Y given by

µϕ(f)(k)(y) =

{
supe∈ψ−1(k), x∈ϕ−1(y) µf(e)(x), if ϕ−1(y) 6= ∅
0, otherwise

and

νϕ(f)(k)(y) =

{
infe∈ψ−1(k), x∈ϕ−1(y) νf(e)(x), if ϕ−1(y) 6= ∅
1, otherwise

ii. For g ∈ IFSK
Y , the inverse image of g under ϕψ, denoted by ϕ−1

ψ (g) is an ifs-set in IFSE
X given by

µϕ−1(g)(e)(x) = µg(ψ(e))(ϕ(x)) and νϕ−1(g)(e)(x) = νg(ψ(e))(ϕ(x))

for all e ∈ E and x ∈ X.

If ϕ and ψ are injective (surjective) then the ifs-mapping ϕψ is said to be ifs-injective (ifs-
surjective).

Theorem 2.10. [25] Let ϕψ : IFSE
X → FSK

Y be a intuitionistic fuzzy soft mapping, f ∈ IFSE
X and

{fi}i∈Λ ⊆ IFSE
X . Then

i. If f1 v f2, then ϕψ(f1) v ϕψ(f2)

ii. ϕψ

(⊔
i∈Λ fi

)
=

⊔
i∈Λ ϕψ(fi)

iii. ϕψ

(d
i∈Λ fi

)
v d

i∈Λ ϕψ(fi)

iv.
(
ϕψ(f)

)c̃ v ϕψ

(
f c̃

)

v. If ϕψ surjective, then ϕψ(X̃) = Ỹ
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vi. f v ϕ−1
ψ

(
ϕψ(f)

)
, the equality holds if ϕψ is ifs-injective.

Theorem 2.11. [25] Let ϕψ : IFSE
X → IFSK

Y be a intuitionistic fuzzy soft mapping, g ∈ IFSK
Y and

{gj}j∈J ⊆ IFSK
Y . Then

i. If g1 v g2, then ϕ−1
ψ (g1) v ϕ−1

ψ (g2)

ii. ϕ−1
ψ

( ⊔
i∈J gj

)
=

⊔
j∈J ϕ−1

ψ (gj)

iii. ϕ−1
ψ

(d
i∈J gj

)
=
d

j∈J ϕ−1
ψ (gj)

iv.
(
ϕ−1

ψ (g)
)c̃ = ϕ−1

ψ

(
gc̃

)

v. ϕ−1
ψ (Ỹ ) = X̃ and ϕ−1

ψ (Φ) = Φ

vi. ϕψ

(
ϕ−1

ψ (g)
) v g, the equality holds if ϕψ is ifs-surjective.

Definition 2.12. [26] An ifs-topological space is a triplet (X, τ, E) where X is a nonempty set and τ
a family of ifs-sets over X satisfying the following properties:

i. Φ, X̃ ∈ τ ,

ii. If f, g ∈ τ , then f u g ∈ τ ,

iii. If {fi}i∈Λ ⊆ τ , then
⊔

i∈Λ fi ∈ τ.

Then, the family τ is called an ifs-topology on X. Every member of τ is called ifs-open. g is called
ifs-closed in (X, τ, E) if gc̃ ∈ τ .

If f is ifs-open and ifs-closed, then it is called ifs-clopen set. In case f 6= X̃ and f 6= Φ, f is called
ifs-proper set.

Example 2.13. τ0 = {X̃, Φ} and τ1 = IFSE
X are ifs-topologies on X.

Definition 2.14. [26] Let (X, τ, E) be a ifs-topological space and f ∈ IFSE
X . Then, ifs-interior of f

denoted by f◦ is the union of all ifs-open subsets of f . So, we can write the ifs-interior of f as

f◦ =
⊔

gvf
g∈τ

g.

Definition 2.15. [26] Let (X, τ, E) be a ifs-topological space and f ∈ IFSE
X . Then, ifs-closure of f

denoted by f is the intersection of all ifs-closed supersets of f . So, we can write the ifs-closure of f as

f =
l

fvh

hc̃∈τ

h.

It can be seen clearly that f◦ and f are the largest ifs-open set which contained in f and the
smallest ifs-closed set which contains f over X, respectively.

Definition 2.16. Let (X, τ, E) be a ifs-topological space and f ∈ IFSE
X . If f =

(
f
)◦, then f is called

ifs-regular open set. If If f = f◦, then f is called ifs-regular closed set.

Theorem 2.17. [26] Let (X, τ,E) be a ifs-topological space and f , g ∈ IFSE
X . Then,

i. If f v g, then f◦ v g◦ and f v g

ii. f is a soft open set iff f◦ = f

iii. f is a soft closed set iff f = f

iv.
(
f
)c̃ =

(
f c̃

)◦ and
(
f c̃

)
=

(
f◦

)c̃

Definition 2.18. [29] Let (X, τ, E) and (Y, σ,K) be two ifs-topological spaces. An ifs-mapping
ϕψ : (X, τ, E) → (Y, σ,K) is called an ifs-continuous mapping if ϕ−1

ψ (g) ∈ τ for all g ∈ σ.

Example 2.19. [29] In Example 2.13, every ifs-mapping ϕψ : (X, τ1, E) → (Y, σ,K) is an ifs-
continuous mapping.
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3 Intuitionistic Fuzzy Soft Connectedness

In this section, we will give definition of ifs-connected spaces and their some properties. Further, we
will introduce ifs Ci−connectedness (i = 1, 2, 3, 4) and ifs-super connectedness.

Definition 3.1. Let (X, τ,E) be a ifs-topological space and f ∈ IFSE
X . If there are two ifs-proper

open sets g1 and g2 such that f v g1 t g2 and g1 u g2 = Φ, then the ifs-set f is called ifs-disconnected
set. If there does not exist such two ifs-proper open sets, then the ifs-set f is called ifs-connected set.
If we take X̃ instead of f , then the (X, τ, E) is called ifs-disconnected (connected) space.

Example 3.2. Let consider the ifs-topological spaces (X, τ0, E) and (X, τ1, E) in Example 2.13,
(X, τ0, E) is an ifs-connected topological space, but (X, τ1, E) is an ifs-disconnected topological space.

Theorem 3.3. Let (X, τ, E) be a ifs-topological space. (X, τ, E) ifs-connected if and only if there
does not exist a ifs-proper clopen set f in (X, τ,E).

Proof. (⇒) : Let (X, τ, E) be a ifs-connected space. Suppose that there exist a ifs-proper clopen set
f in (X, τ, E) such that f t f c̃ = X̃ and f u f c̃ = Φ. It is a contradiction.

(⇐) : It is clear.

Theorem 3.4. Let (X, τ,E) be a ifs-topological space and σ ⊆ τ . Then, (X, σ,E) is a connected
ifs-topological space.

Proof. It is clear.

Theorem 3.5. Let (X, τ, E) and (Y, σ,K) be two ifs-topological spaces, f ∈ IFSE
X and ϕψ : (X, τ, E) →

(Y, σ,K) be an ifs-continuous mapping. If f is an ifs-connected set, then ϕψ(f) is an ifs-connected
set.

Proof. Assume that ϕψ(f) is an ifs-disconnected set. Therefore, there exist two ifs-proper open sets
g and h such that ϕψ(f) v g t h and g u h = Φ. By Theorem 2.11, we have

f v ϕ−1
ψ

(
ϕψ(f)

) v ϕ−1
ψ (g) t ϕ−1

ψ (h)

and
ϕ−1

ψ (g) u ϕ−1
ψ (h) = ϕ−1

ψ (Φ) = Φ.

It is a contradiction and this complete the proof.

Theorem 3.6. Let (X, τ, E) and (Y, σ,K) be two ifs-topological spaces and ϕψ : (X, τ,E) → (Y, σ,K)
be an ifs-continuous and ifs-surjective mapping. If (X, τ,E) is an ifs-connected space, then (Y, σ,K)
is also an ifs-connected space.

Proof. Assume that (Y, σ,K) is an ifs-disconnected space. So, there exist two ifs-proper open sets
g1 and g2 such that g1 t g2 = Ỹ , g1 u g2 = Φ. By Theorem 2.11 ϕ−1

ψ (g1) t ϕ−1
ψ (g2) = X̃ and

ϕ−1
ψ (g1) u ϕ−1

ψ (g2) = Φ. This contradiction completes the proof.

Definition 3.7. Let (X, τ,E) be an ifs-topological space. If there exist f, g ∈ IFSE
X which are ifs-

proper, such that f u g = Φ and f u g = Φ then the ifs-sets f and g are called ifs-separated sets.

Theorem 3.8. Let (X, τ,E) be a ifs-topological space, f and g be two ifs-open sets. If f u g = Φ,
then f and g are ifs-separated sets.

Proof. Let f, g ∈ τ and f u g = Φ. Then, f c̃ t gc̃ = X̃. So, f v gc̃ and g v f c̃. f c̃ and gc̃ are ifs-closed
sets. By 2.17, we have

f v gc̃ = gc̃ and g v f c̃ = f c̃.

Therefore, f u g = Φ and f u g = Φ.

Theorem 3.9. Let (X, τ, E) be an ifs-topological space, f and g be two ifs-closed sets. If f u g = Φ,
then f and g are ifs-separated sets.

Proof. From Theorem 2.17, it is clear.
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Theorem 3.10. An ifs-topological space (X, τ, E) is connected if and only if X̃ cannot be written as
union of ifs-separated sets.

Proof. (⇒) : Assume that X̃ can be written as union of ifs-separated sets f and g. Thus, X̃ = f t g,
f u g = Φ and f u g = Φ. So, we have f u g = Φ, f = gc̃ and g = f c̃. Furthermore

f = f u X̃

= f u (
f t g

)

=
(
f u f

) t (
f u g

)

= f.

Thus, f is an ifs-closed set. With similar way, it can be seen clearly that g is also an ifs-closed set.
This is a contradiction because f = gc̃ and g = f c̃, f and g are ifs-open sets.

(⇐) : Assume that (X, τ,E) is not an ifs-connected space. Thus, there exist an ifs-proper clopen
set f . But it contradicts by hypothesis.

Theorem 3.11. Let (X, τ,E) be an ifs-topological space and f ∈ IFSE
X be an ifs-open connected set.

If f v g v f , then g is an ifs-connected set.

Proof. Suppose that g is an ifs-disconnected set. Then, there exist two ifs-open proper sets h1 and h2

such that
h1 u h2 = Φ and g v h1 t h2.

So,
f =

[
f u h1

] t [
f u h2

]

and [
f u h1

] u [
f u h2

]
= Φ.

But it is a contradiction. Thus g is an ifs-connected set.

Remark 3.12. Let (X, τ,E) be an ifs-topological space and f ∈ IFSE
X be an ifs-open set. If f is an

ifs-connected set, then f is an ifs-connected set.

Definition 3.13. Let (X, τ,E) be an ifs-topological space. If there exist an ifs-regular open proper
set f , then (X, τ,E) is called ifs-super disconnected.

Example 3.14. Let X = {x1, x2, x3} and E = {e1, e2}. Then, for

f =
{(

e1, {〈x1, 0.4, 0.6〉, 〈x2, 0.6, 0.3〉, 〈x3, 0.2, 0.3〉}),
(
e2, {〈x1, 0.6, 0.4〉, 〈x2, 0.3, 0.6〉, 〈x3, 0.3, 0.2〉})

}

g =
{(

e1, {〈x1, 0.5, 0.2〉, 〈x2, 0.3, 0.6〉, 〈x3, 0.4, 0.3〉}),
(
e2, {〈x1, 0.2, 0.5〉, 〈x2, 0.6, 0.3〉, 〈x3, 0.3, 0.4〉})

}

h =
{(

e1, {〈x1, 0.5, 0.4〉, 〈x2, 0.4, 0.5〉, 〈x3, 0.2, 0.4〉}),
(
e2, {〈x1, 0.4, 0.5〉, 〈x2, 0.5, 0.4〉, 〈x3, 0.4, 0.2〉})

}

τ = {X̃, Φ, f, g, h} is an ifs-topology on X and (X, τ, E) is an ifs-super connected space.

Theorem 3.15. The followings are equivalent.

i. (X, τ, E) is an ifs-super connected space

ii. For each f such that f 6= Φ, f = X̃

iii. For each f such that f 6= Φ, f◦ = Φ

iv. There exist no ifs-open sets f and g such that f 6= Φ, g 6= Φ and f v gc̃

v. There exist no ifs-open sets fand g such that f 6= Φ, g 6= Φ, g = (f)c̃ and f = (g)c̃
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vi. There exist no ifs-closed sets fand g such that f 6= X̃, g 6= X̃, g = (f◦)c̃ and f = (g◦)c̃

Proof. (i. ⇒ ii.): Suppose that there exists an ifs-open f such that f 6= Φ and f 6= X̃. If we take
g = (f)◦, then g is an ifs-proper and regular open set. But it is a contradiction.

(ii. ⇒ iii.): Let f 6= X̃ be an ifs-closed set. If we take g = f c̃, then g is an ifs-open and g 6= Φ.
For g = X̃, we have (g◦)c̃ = Φ and (g)◦ = Φ. So, f◦ = Φ.

(iii. ⇒ iv.): Let f and g be ifs-open sets such that f 6= Φ, g 6= Φ and f v gc̃. Thus, gc̃ is an
ifs-closed set and because of g 6= Φ, gc̃ 6= X̃. So, we obtain (gc̃)◦ = Φ. But, with f v gc̃, we can write
Φ 6= f = f◦ v (gc̃)◦ = Φ. It is a contradiction

(iv. ⇒ i.): Let f be an ifs-regular open proper. If we take g = (f)c̃, we obtain g 6= Φ. (Otherwise,
(f)c̃ = Φ ⇒ f = X̃ and so, f = (f)◦ = X̃. But it contradicts the fact f 6= X̃.)

(i. ⇒ v.): Let f and g be ifs-open sets such that f 6= Φ, g 6= Φ, g = (f)c̃ and f = (g)c̃. Then we
have (f)◦ = (gc̃)◦ = (g)c̃ = f where f 6= Φ and f 6= X̃. (Otherwise, if f = X̃, then X̃ = (g)c̃ and thus
Φ = g.) But it is a contradiction.

(v. ⇒ i.): Let f be an ifs-open proper set such that f = (f)◦. If we take g = (f)c̃, then we have
g 6= Φ, g ∈ τ , g = (f)c̃ and so

(g)c̃ =
(
(f)c̃

)c̃ =
(
((f)◦)c̃

)c̃ = (f)◦ = f

but it is a contradiction.
(v. ⇒ vi.): Let f and g be ifs-closed sets such that f 6= X̃, g 6= X̃, g = (f◦)c̃ and f = (g◦)c̃. If we

take h1 = f c̃ and h2 = gc̃, then h1 and h2 become ifs-open sets such that h1 6= Φ and h2 6= Φ. Thus
(h1)c̃ = (f c̃)c̃ =

(
(f◦)

)c̃ = f◦ = gc̃ = h2 and similarly (h2)c̃ = h1. But this is a contradiction, clearly.
(vi. ⇒ v.): It can be proved similar way in (v. ⇒ vi.)

Now, we will introduce ifs Ci−connected spaces (i = 1, 2, 3, 4) by helping of fuzzy Ci−connectedness
in intuitionistic fuzzy sets [4]. Definitions of ifs Ci−connected spaces can be seen as an extension of
intuitionistic fuzzy connected space.

Definition 3.16. Let (X, τ, E) be a ifs-topological space and f ∈ IFSE
X . f is called

i. ifs C1−connected iff does not exist two non null ifs-open sets g and h such that f v g t h,
g u h v f c̃, f u g 6= Φ and f u h 6= Φ.

ii. ifs C2−connected iff does not exist two non null ifs-open sets g and h such that f v g t h,
f u g u h = Φ f u g 6= Φ and f u h 6= Φ.

iii. ifs C3−connected iff does not exist two non null ifs-open sets g and h such that f v g t h,
g u h v f c̃, g v/ f c̃ and h v/ f c̃.

iv. ifs C4−connected iff does not exist two non null ifs-open sets g and h such that f v g t h,
f u g u h = Φ, g v/ f c̃ and h v/ f c̃.

From Definition 3.16, relations between ifs Ci−connectedness (i = 1, 2, 3, 4) can be described by the
following diagram:

ifs C1 connectedness −−−−→ ifs C2 connectednessy
y

ifs C3 connectedness −−−−→ ifs C4 connectedness

In the following examples, we illustrate all reverse implications.
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Example 3.17. Let X = [0, 1] and E = {a, b}. Moreover, define soft sets f , g and h as following:

f =
{(

a, {〈x, µf(a)(x), νf(a)(x)〉 : x ∈ X}),
(
b, {〈x, µf(b)(x), νf(b)(x)〉 : x ∈ X})

}

g =
{(

a, {〈x, µg(a)(x), νg(a)(x)〉 : x ∈ X}),
(
b, {〈x, µg(b)(x), νg(b)(x)〉 : x ∈ X})

}

h =
{(

a, {〈x, µh(a)(x), νh(a)(x)〉 : x ∈ X}),
(
b, {〈x, µh(b)(x), νh(b)(x)〉 : x ∈ X})

}

where

µg(a)(x) =

{
1
3 , if 1

3 < x ≤ 1
1, if 0 ≤ x ≤ 1

3

and µg(b)(x) =

{
1, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3 ,

νg(a)(x) =

{
1, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3 ,
and νg(b)(x) =

{
1
3 , if 1

3 < x ≤ 1
1, if 0 ≤ x ≤ 1

3

µh(a)(x) =

{
1, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3

and µh(b)(x) =

{
1
3 , if 1

3 < x ≤ 1
1, if 0 ≤ x ≤ 1

3

νh(a)(x) =

{
1
3 , if 1

3 < x ≤ 1
1, if 0 ≤ x ≤ 1

3

and νh(b)(x) =

{
1, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3

µf(a)(x) = µf(b)(x) = νf(a)(x) = νf(b)(x) = 3/4 for all x ∈ [0, 1]. τ = {Φ, X̃, g, h, guh} is a ifs-topology
on X. It can be see clearly that f is ifs C4−connected but ifs C3−disconnected.

Example 3.18. Let X = [0, 1] and E = {a, b}. Moreover, define soft sets g, h and f as following:

g =
{(

a, {〈x, µg(a)(x), νg(a)(x)〉 : x ∈ X}),
(
b, {〈x, µg(b)(x), νg(b)(x)〉 : x ∈ X})

}

h =
{(

a, {〈x, µh(a)(x), νh(a)(x)〉 : x ∈ X}),
(
b, {〈x, µh(b)(x), νh(b)(x)〉 : x ∈ X})

}

f = g t h

where

µg(a)(x) =

{
0, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3

and µg(b)(x) =

{
1
3 , if 1

3 < x ≤ 1
0, if 0 ≤ x ≤ 1

3 ,

νg(a)(x) =

{
1
3 , if 1

3 < x ≤ 1
0, if 0 ≤ x ≤ 1

3 ,
and νg(b)(x) =

{
0, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3

µh(a)(x) =

{
1
3 , if 1

3 < x ≤ 1
0, if 0 ≤ x ≤ 1

3 ,
and µh(b)(x) =

{
0, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3

νh(a)(x) =

{
0, if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3

and νh(b)(x) =

{
1
3 , if 1

3 < x ≤ 1
0, if 0 ≤ x ≤ 1

3 ,

τ = {Φ, X̃, g, h, g th} is a ifs-topology on X. It can be seen clearly that f is ifs C4−connected but ifs
C2−disconnected.
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Example 3.19. Let X = [0, 1] and E = {a, b}. Moreover, define soft sets f , g and h as following:

f =
{(

a, {〈x, µf(a)(x), νf(a)(x)〉 : x ∈ X}),
(
b, {〈x, µf(b)(x), νf(b)(x)〉 : x ∈ X})

}

g =
{(

a, {〈x, µg(a)(x), νg(a)(x)〉 : x ∈ X}),
(
b, {〈x, µg(b)(x), νg(b)(x)〉 : x ∈ X})

}

h =
{(

a, {〈x, µh(a)(x), νh(a)(x)〉 : x ∈ X}),
(
b, {〈x, µh(b)(x), νh(b)(x)〉 : x ∈ X})

}

where

µg(a)(x) =

{
1
3 , if 1

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 1

3

and µg(b)(x) =

{
2
3 , if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3 ,

νg(a)(x) =

{
2
3 , if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3 ,
and νg(b)(x) =

{
1
3 , if 1

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 1

3

µh(a)(x) =

{
2
3 , if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3 ,
and µh(b)(x) =

{
1
3 , if 1

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 1

3

νh(a)(x) =

{
1
3 , if 1

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 1

3

and νh(b)(x) =

{
2
3 , if 1

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 1

3 ,

µf(a)(x) = µf(b)(x) = νf(a)(x) = νf(b)(x) = 1/3 for all x ∈ [0, 1]. τ = {Φ, X̃, g, h, g u h, g t h} is a
ifs-topology on X. It can be seen clearly that f is ifs C3−connected and ifs C2−connected but ifs
C1−disconnected.

Example 3.20. Let X = [0, 1] and E = {a, b}. Moreover, define soft sets f , g and h as following:

f =
{(

a, {〈x, µf(a)(x), νf(a)(x)〉 : x ∈ X}),
(
b, {〈x, µf(b)(x), νf(b)(x)〉 : x ∈ X})

}

g =
{(

a, {〈x, µg(a)(x), νg(a)(x)〉 : x ∈ X}),
(
b, {〈x, µg(b)(x), νg(b)(x)〉 : x ∈ X})

}

h =
{(

a, {〈x, µh(a)(x), νh(a)(x)〉 : x ∈ X}),
(
b, {〈x, µh(b)(x), νh(b)(x)〉 : x ∈ X})

}

where

µg(a)(x) =

{
0, if 2

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 2

3

and µg(b)(x) =

{
1
3 , if 2

3 < x ≤ 1
0, if 0 ≤ x ≤ 2

3 ,

νg(a)(x) =

{
1
3 , if 2

3 < x ≤ 1
0, if 0 ≤ x ≤ 2

3 ,
and νg(b)(x) =

{
0, if 2

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 2

3

µh(a)(x) =

{
1
3 , if 2

3 < x ≤ 1
0, if 0 ≤ x ≤ 2

3 ,
and µh(b)(x) =

{
0, if 2

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 2

3

νh(a)(x) =

{
0, if 2

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 2

3

and νh(b)(x) =

{
1
3 , if 2

3 < x ≤ 1
0, if 0 ≤ x ≤ 2

3 ,
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µf(a)(x) =

{
1
3 , if 2

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 2

3

and µf(b)(x) =

{
2
3 , if 2

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 2

3

νf(a)(x) =

{
2
3 , if 2

3 < x ≤ 1
1
3 , if 0 ≤ x ≤ 2

3

and νf(b)(x) =

{
1
3 , if 2

3 < x ≤ 1
2
3 , if 0 ≤ x ≤ 2

3

τ = {Φ, X̃, g, h, g th} is a ifs-topology on X. It can be seen clearly that f is ifs C3−connected but ifs
C2−disconnected and ifs C1−disconnected.

Example 3.21. In the Example 3.19, if we take µf(a)(x) = µf(b)(x) = νf(a)(x) = νf(b)(x) = 2
3 for all

x ∈ [0, 1], then f is ifs C2−connected but ifs C3−disconnected.

Theorem 3.22. Let ϕψ : (X, τ,E) → (Y, σ,K) be a ifs-surjective continuous mapping and f ∈ IFSE
X .

If f is a ifs C1−connected, then ϕψ(f) is ifs C1−connected.

Proof. Suppose that ϕψ(f) is not ifs C1−connected. Then, there exist two non null ifs-open sets g
and h in (Y, σ,K) such that

ϕψ(f) v g t h,

g u h v (
ϕψ(f)

)c̃
,

ϕψ(f) u g 6= Φ,

ϕψ(f) u h 6= Φ.

Thus, by Theorem 2.11 we have

f v ϕ−1
ψ (g) t ϕ−1

ψ (h),

ϕ−1
ψ (g) u ϕ−1

ψ (h) v f c̃

ϕ−1
ψ (g) u f 6= Φ,

ϕ−1
ψ (h) u f 6= Φ.

But this contradict by hypothesis. So, ϕψ(f) is an ifs C1−connected.

Theorem 3.23. Let ϕψ : (X, τ,E) → (Y, σ,K) be a ifs-surjective continuous mapping and f ∈ IFSE
X .

If f is a ifs C2−connected, then ϕψ(f) is ifs C2−connected.

Proof. it can be proved similar way to above theorem.

Theorem 3.24. Let ϕψ : (X, τ) → (Y, σ) be ifs-continuous surjective mapping and f ∈ IFSE
X . If f is

a ifs C3−connected, then ϕψ(f) is a ifs C3−connected.

Proof. Assume that, ϕψ(f) is not ifs C3−connected. Then, there exist two non null ifs-open sets g
and h in (Y, σ,K) such that

ϕψ(f) v g t h,

g u h v (
ϕψ(f)

)c̃
,

g v/ (
ϕψ(f)

)c̃
,

h v/ (
ϕψ(f)

)c̃
.

By Theorem 2.11,

f v ϕ−1
ψ

(
ϕψ(f)

) v ϕ−1
ψ

(
g t h

)
= ϕ−1

ψ (g) t ϕ−1
ψ (h)

and
ϕ−1

ψ

(
g u h

)
= ϕ−1

ψ (g) u ϕ−1
ψ (h) v f c̃.

Since, f v ϕ−1
ψ

(
ϕψ(f)

)
implies

(
ϕ−1

ψ (ϕψ(f))
)c̃ v f c̃ and ϕψ is a ifs-continuous function, so ϕ−1

ψ (g), ϕ−1
ψ (h) ∈

τ . Moreover, from g v/(
ϕψ(f)

)c̃ and h v/(
ϕψ(f)

)c̃, there exist y1, y2 ∈ Y such that

ge(y1) ≥ 1− ϕψ(f)(k)(y1) (1)
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he(y2) ≥ 1− ϕψ(f)(k)(y2) (2)

We claim that ϕ−1
ψ (g) v/f c̃ and ϕ−1

ψ (h) v/f c̃. To prove the claim, we suppose ϕ−1
ψ (g) v f c̃. Clearly, this

claim contradicts by (1). Similarly, ϕ−1
ψ (h) v f c̃ contradicts by (2). So, ϕψ(f) is ifs C3−connected.

Theorem 3.25. Let ϕψ : (X, τ) → (Y, σ) be ifs-continuous surjevtive mapping and f ∈ IFSE
X . If f is

a ifs C4−connected, then ϕψ(f) is a SC4 connected.

Proof. It can be proved similarly way in Theorem 3.24.

Theorem 3.26. Let (X, τ, E) be a ifs-topological space, f1 and f2 be two ifs C1−connected ifs-sets
such that f1 u f2 6= Φ. Then, f1 t f2 is ifs C1−connected.

Proof. It is easy.

Remark 3.27. From Theorem 3.26, we can say easily that if f1 and f2 be two ifs C2−connected
ifs-sets such that f1 u f2 6= Φ, then f1 t f2 is ifs C2−connected.

Theorem 3.28. Let (X, τ, E) be a ifs-topological space and {fk}k∈Λ ⊆ IFSE
X be family of ifs

C1−connected ifs-sets such that fiufj 6= Φ for i, j ∈ Λ (i 6= j). Then,
⊔

k∈Λ fk is is a ifs C1−connected
ifs-set.

Proof. It can be proved by using Theorem 3.26.

4 Conclusion

In this paper we introduced ifs-connectedness which super ifs connectedness and ifs Ci (i = 1, 2, 3, 4)
connectedness and presented fundamentals properties. For future works, we consider to study on ifs
CM and C5 connected sets in ifs topological spaces.
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[7] N. Çağman, Contributions to the theory of soft sets, Journal of New Results in Science (4)(2014),
33-41.

[8] M. Shabir and M. Naz, On soft topological spaces, Computers and Mathematics with Applications
61, 1786.1799, 2011.

[9] N. Çağman, S. Karataş and S. Enginoğlu, Soft topology, Computers and Mathematics with Ap-
plications, 62 (2011), 351-358.
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