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1. Introduction

Soft set theory, introduced by Molodtsov [15] in 1999 as a general mathematical
tool for modeling uncertainties. By a soft set we mean a pair (F,E), where E is a set
interpreted as the set of parameters and the mapping F : E −→ P (X) is referred to
as the soft structure on X. After the introduction of the notion of soft sets several
researchers improved this concept. The soft set theory has been applied to many
different fields with great success. Maji et al. [13] introduced the concept of fuzzy
soft set which combines fuzzy sets [25] and soft sets [15]. Soft set and fuzzy soft set
theories have a rich potential for applications in several directions. So far, lots of
spectacular and creative researches about the theories of soft set and fuzzy soft set
have been considered by some scholars (See [1, 2, 3, 4, 5, 6, 10, 11, 13, 16, 18, 19, 20].
Also, Aygünoǧlu et al. [5] studied the topological structure of fuzzy soft sets based
on the sense of Šostak [22]. Shabir et al. [21] and Georgiou et al. [8] defined and
studied some soft separation axioms, soft θ-continuity and soft connectedness in soft
topological spaces using (ordinary) points of a topological space X. Later, Hussain
et al. [9] introduced and studied soft separation axioms using soft points defined by
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Zorlutuna ; for more details the reader is referred to [8, 9, 17, 21, 24]. In this paper,
fuzzy soft separation and regularity axioms are introduced by using a new approach
in a fuzzy soft topological space based on the sense of Aygünoǧlu et al. [5]. Further,
the relations of these axioms with each other are investigated and some interesting
properties of them are specified.

2. Preliminaries

Throughout this paper, X refers to an initial universe, E is the set of all param-
eters for X and A ⊆ E , IX is the set of all fuzzy sets on X (where, I = [0, 1],
I0 = (0, 1]) and for α ∈ I, α(x) = α, for all x ∈ X. A fuzzy point xt for t ∈ I0 is an
element of IX such that xt(y) = t, if y=x and xt(y)=0, if y 6= x. The family of all
fuzzy points in X is denoted by Pt(X). For λ ∈ IX a fuzzy point xt ∈ λ iff t < λ(x).

Definition 2.1 ([1, 5, 13]). A fuzzy soft set fA over X is a mapping from E into IX

such that fA(e) is a fuzzy set on X, for each e ∈ A and fA(e) = 0, if e 6∈ A, where
0 is zero function on X. The fuzzy set fA(e), for each e ∈ E, is called an element of

the fuzzy soft set fA. (̃X,E) denotes the collection of all fuzzy soft sets on X and
is called a fuzzy soft universe [12].

Definition 2.2 ([14]). A fuzzy soft point ext over X is a fuzzy soft set defined as
follows: ext(e

∗) = xt, if e∗ = e and ext(e
∗) = 0, if e∗ ∈ E − {e}. where xt is a fuzzy

point. A fuzzy soft point ext is said to belong to a fuzzy soft set fA, denoted by
ext∈̃fA if t < fA(e)(x). Two fuzzy soft points ext and e∗ys are said to be distinct,
denoted by ext 6= e∗ys if x 6= y or e 6= e∗. The family of all fuzzy soft points in X is

denoted by P̃t(X).

Definition 2.3 ([3]). A fuzzy soft point ext ∈ P̃t(X) is said to be soft quasi-

coincident with a fuzzy soft set fA ∈ (̃X,E) denoted by ext q̃fA, if t+fA(e)(x) > 1.

A fuzzy soft set fA ∈ (̃X,E) is said to be soft quasi-coincident with a fuzzy soft

set gB ∈ (̃X,E) denoted by fAq̃gB , if there exist e ∈ E and x ∈ X such that
fA(e)(x) + gB(e)(x) > 1. If fA is not soft quasi-coincident with gB , fA 6 q̃gB .

All definitions and properties of fuzzy soft sets, fuzzy soft points and fuzzy soft
topology are found in [1, 3, 5, 7, 11, 13, 23].

3. Separation and regularity axioms via fuzzy soft sets

Definition 3.1. Let r ∈ I0. A fuzzy soft topological space (X, τE) is said to be:

(i) r-FSR0, if for any distinct fuzzy soft points ext , eys ∈ P̃t(X) with ext
6 q̃Cτ (e, eys , r) implies eys 6 q̃Cτ (e, ext , r) for all e ∈ E,

(ii) r-FSR1, if for any distinct fuzzy soft points ext , eys ∈ P̃t(X) with ext 6 q̃Cτ (e, eys , r)

implies that there exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r for i ∈ {1, 2} such that
ext∈̃(gB)1, eys∈̃(gB)2 and (gB)1 6 q̃(gB)2 for all e ∈ E,

(iii) r-FSR2, if ext 6 q̃fA with τe(f
c
A) ≥ r implies that there exist (gB)i ∈ (̃X,E)

with τe((gB)i) ≥ r for i ∈ {1, 2} such that ext∈̃(gB)1, fA v (gB)2 and (gB)1 6 q̃(gB)2
for all e ∈ E,
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(iv) r-FSR3, if (fA)1 6 q̃(fA)2 with τe((fA)ci ) ≥ r for i ∈ {1, 2} implies that there

exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r for i ∈ {1, 2} such that (fA)i v (gB)i and
(gB)1 6 q̃(gB)2 for all e ∈ E.

Definition 3.2. Let r ∈ I0. A fuzzy soft topological space (X, τE) is said to be:

(i) r-FST1, if τe(e
c
xt) ≥ r for each ext ∈ P̃t(X), e ∈ E,

(ii) r-FST2 , if ext 6 q̃eys implies that there exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r
for i ∈ {1, 2} such that ext∈̃(gB)1, eys ∈̃(gB)2 and (gB)1 6 q̃(gB)2 for all e ∈ E,

(iii) r-FST2 1
2
, if ext 6 q̃eys implies that there exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r

for i ∈ {1, 2} such that ext∈̃(gB)1, eys ∈̃(gB)2 and Cτ (e, (gB)1, r)6 q̃Cτ (e, (gB)2, r) for
all e ∈ E,

(iv) r-FST3, if it is r-FSR2 and r-FST1,
(v) r-FST4, if it is r-FSR3 and r-FST1.

Lemma 3.3. Let (X, τE) be a fuzzy soft topological space. Then for each e ∈ E, the
following statements hold:

(1) For each fA ∈ (̃X,E) with τe(fA) ≥ r, fAq̃gB iff fAq̃Cτ (e, gB , r),

(2) ext q̃Cτ (e, fA, r) iff fAq̃gB, for every gB ∈ (̃X,E) with τe(gB) ≥ r and ext∈̃gB.

Proof. (1) (⇒) It is clear.

(⇐) Suppose there exist fA ∈ (̃X,E) with τe(fA) ≥ r such that fA 6 q̃gB , gB v f cA.
Since τe(fA) ≥ r, we have Cτ (e, gB , r) v f cA. It follows that fA 6 q̃Cτ (e, gB , r).

(2) (⇒) Suppose ext q̃Cτ (e, fA, r), gB q̃Cτ (e, fA, r) with ext∈̃gB . By (1), we have

gB q̃fA for each gB ∈ (̃X,E) with τe(gB) ≥ r and ext∈̃gB .
(⇐) Suppose ext 6 q̃Cτ (e, fA, r). Then ext∈̃(Cτ (e, fA, r))

c. Since fA v Cτ (e, fA, r),

fA 6 q̃(Cτ (e, fA, r))
c,

where τe((Cτ (e, fA, r))
c) ≥ r. �

Theorem 3.4. Let (X, τE) be a fuzzy soft topological space and r ∈ I0. Then for
each e ∈ E, the following statements are equivalent:

(1) (X, τE) is r-FSR0,

(2) if ext 6 q̃fA = Cτ (e, fA, r), then there exists gB ∈ (̃X,E) with τe(gB) ≥ r such
that ext 6 q̃gB,

(3) if ext 6 q̃fA = Cτ (e, fA, r), then Cτ (e, ext , r)6 q̃Cτ (e, fA, r),
(4) if ext 6 q̃Cτ (e, eys , r), then Cτ (e, ext , r)6 q̃Cτ (e, eys , r),
(5) if ext 6 q̃Cτ (e, gB , r), then Cτ (e, ext , r) 6 q̃gB.

Proof. (1) ⇒ (2) Let ext 6 q̃fA = Cτ (e, fA, r). Since Cτ (e, eys , r) v Cτ (e, fA, r) for
each eys∈̃fA, ext 6 q̃Cτ (e, eys , r) and eys 6 q̃Cτ (e, ext , r), because (X, τE) is r-FSR0.

For each eys 6 q̃Cτ (e, ext , r), by Lemma 3.3 (2), there exists (hC)eys ∈ (̃X,E) with
τe((hC)eys ) ≥ r such that ext 6 q̃(hC)eys , eys∈̃(hC)eys . Let gB =

⊔
eys ∈̃fA

{(hC)eys :

ext 6 q̃(hC)eys}. Then we have ext 6 q̃gB and τe(gB) ≥ r.
(2) ⇒ (3) Let ext 6 q̃fA = Cτ (e, fA, r). Then by (2), there exists gB ∈ (̃X,E)

with τe(gB) ≥ r such that ext 6 q̃gB and fA v gB . Since ext 6 q̃gB , ext∈̃(gB)c. Thus
Cτ (e, ext , r) v (gB)c v (fA)c. So Cτ (e, ext , r)6 q̃Cτ (e, fA, r).
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(3) ⇒ (4) and (4) ⇒ (1) are easily proved.
(1) ⇒ (5) Suppose Cτ (e, ext , r)q̃gB . Then there exists eys∈̃gB such that

eys q̃Cτ (e, ext , r).

Since (X, τE) is r-FSR0, ext q̃Cτ (e, eys , r). Since Cτ (e, eys , r) v Cτ (e, gB , r),

ext q̃Cτ (e, gB , r).

(5) ⇒ (1) It easily proved. �

Theorem 3.5. Let (X, τE) be a fuzzy soft topological space. Then for each e ∈ E,

(r-FSR3 and r-FSR0)⇒(1) r-FSR2 ⇒(2) r-FSR1 ⇒(3) r-FSR0.

Proof. (1) Let (X, τE) be r-FSR3 and r-FSR0. Then for ext 6 q̃fA with τe((fA)c) ≥ r,
ext 6 q̃fA = Cτ (e, fA, r). Thus By r-FSR0 of (X, τE) and by Theorem 3.4 (3), we have

Cτ (e, ext , r) 6 q̃fA = Cτ (e, fA, r). So by r-FSR3 of (X, τE), there exist (gB)i ∈ (̃X,E)
with τe((gB)i) ≥ r for i ∈ {1, 2} such that (gB)1 6 q̃(gB)2, ext∈̃Cτ (e, ext , r) v (gB)1
and fA v (gB)2 for all e ∈ E. Hence (X, τE) is r-FSR2.

(2) Let (X, τE) be r-FSR2 and ext 6 q̃Cτ (e, eys , r). Then by r-FSR2 of (X, τE),

there exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r for i ∈ {1, 2} such that (gB)1 6 q̃(gB)2,
ext∈̃(gB)1 and eys ∈̃Cτ (e, eys , r) v (gB)2 for all e ∈ E. Thus (X, τE) is r-FSR1.

(3) Let (X, τE) be r-FSR1 and ext 6 q̃Cτ (e, eys , r) for any distinct fuzzy soft points

ext , eys ∈ P̃t(X) and e ∈ E. Then by r-FSR1 of (X, τE), there exist (gB)i ∈ (̃X,E)
with τe((gB)i) ≥ r for i ∈ {1, 2} such that (gB)1 6 q̃(gB)2, ext∈̃(gB)1 and eys ∈̃(gB)2.
Thus ext∈̃(gB)1 v ((gB)2)c. By the definition of Cτ , Cτ (e, ext , r) v ((gB)2)c v (eys)

c

and eys 6 q̃Cτ (e, ext , r). So (X, τE) is r-FSR0. �

Theorem 3.6. Let (X, τE) be a fuzzy soft topological space. Then for each e ∈ E,
the following statements hold:

(a) r-FST4 ⇒(1) r-FST3 ⇒(2) r-FST2 1
2
⇒(3) r-FST2 ⇒(4) r-FST1,

(b) r-FST2 ⇒ r-FSR1 space.

Proof. (a) (1) and (2) are easily proved.

(3) Let (X, τE) be r-FST2 1
2

and ext 6 q̃eys . Then there exist (gB)i ∈ (̃X,E) with

τe((gB)i) ≥ r for i ∈ {1, 2} such that Cτ (e, (gB)1, r) 6 q̃Cτ (e, (gB)2, r), ext∈̃(gB)1 and
eys∈̃(gB)2 for all e ∈ E. Thus (gB)1 6 q̃(gB)2 and (X, τE) is r-FST2.

(4) Let (X, τE) be r-FST2 and ext 6 q̃eys . Then there exist (gB)i ∈ (̃X,E) with
τe((gB)i) ≥ r for i ∈ {1, 2} such that ext∈̃(gB)1, eys ∈̃(gB)2 and (gB)1 6 q̃(gB)2. Thus
eys∈̃(gB)2 v ((gB)1)c v (ext)

c. So

(ext)
c =

⊔
eys ∈̃(ext )c

{(gB)eys : eys ∈̃(gB)eys , τe((gB)eys ) ≥ r}.

Hence τe((ext)
c) ≥ r and (X, τE) is r-FST1.

(b) For any ext , eys ∈ P̃t(X) such that ext 6= eys and ext 6 q̃Cτ (e, eys , r), ext 6 q̃eys .
Since (X, τE) is r-FST2, there exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r for i ∈ {1, 2}
such that ext∈̃(gB)1, eys ∈̃(gB)2 and (gB)1 6 q̃(gB)2. Then (X, τE) is r-FSR1. �
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Example 3.7. Let X = {x, y}, E = {e1, e2} be the parameter set of X, e ∈ E and

α ∈ (0, 1). Define fuzzy soft topology τE : E −→ [0, 1](̃X,E) as follows:

τe1(hE) =


1 if hE ∈ {Φ, Ẽ},
1
2 if hE ∈ {exα , eyα},
2
3 if hE ∈ {exα t eyα , exα t ey1 , ex1

t eyα},
0 otherwise,

τe2(hE) =


1 if hE ∈ {Φ, Ẽ},
1
3 if hE ∈ {exα , eyα},
1
2 if hE ∈ {exα t eyα , exα t ey1 , ex1

t eyα},
0 otherwise.

(1) Then the converse of Theorem 3.5 (3) is not true. For 0 < r ≤ 1
3 , (X, τE) is

r-FSR0. But (X, τE) is not r-FSR1.
(2) Then the converse of Theorem 3.5 (a ) (4) is not true. For 0 < r ≤ 1

3 , (X, τE)
is r-FST1. But (X, τE) is not r-FST2.

Theorem 3.8. Let (X, τE) be a fuzzy soft topological space and r ∈ I0. Then

(X, τE) is r-FSR1, if ext 6 q̃Cτ (e, eys , r) implies that there exist fA, gB ∈ (̃X,E) with
τe(fA) ≥ r, τe(gB) ≥ r such that fA 6 q̃gB and Cτ (e, ext , r) v fA, Cτ (e, eys , r) v gB
for each e ∈ E.

Proof. Let ext , eys ∈ P̃t(X) such that ext 6= eys and ext 6 q̃Cτ (e, eys , r). Since

there exist fA, gB ∈ (̃X,E) with τe(fA) ≥ r, τe(gB) ≥ r such that fA 6 q̃gB and
Cτ (e, ext , r) v fA, Cτ (e, eys , r) v gB . But ext∈̃Cτ (e, ext , r) and eys ∈̃Cτ (e, eys , r).
Then ext∈̃fA and eys∈̃gB . Thus (X, τE) is r-FSR1. �

Theorem 3.9. Let (X, τE) be r-FSR0. If τe(Cτ (e, ext , r)) ≥ r for each ext ∈
P̃ t(X), e ∈ E and r ∈ I0, then (X, τE) is r-FSR1.

Proof. Let ext , eys ∈ P̃t(X) such that ext 6= eys and ext 6 q̃Cτ (e, eys , r). Then by
Theorem 3.4 (4), Cτ (e, ext , r)6 q̃Cτ (e, eys , r). Since τe(Cτ (e, ext , r)) ≥ r for each

ext ∈ P̃ t(X) and e ∈ E, (X, τE) is r-FSR1. �

Theorem 3.10. Let (X, τE) be a fuzzy soft topological space and r ∈ I0. Then for
each e ∈ E, the following statements are equivalent:

(1) (X, τE) is r-FSR2,

(2) if ext∈̃fA for each fA ∈ (̃X,E) with τe(fA) ≥ r, there exists gB ∈ (̃X,E) with
τe(gB) ≥ r such that ext ∈̃gB v Cτ (e, gB , r) v fA,

(3) if ext 6 q̃fA for each fA ∈ (̃X,E) with τe((fA)c) ≥ r, there exist (gB)i ∈
(̃X,E) for i ∈ {1, 2} with τe((gB)i) ≥ r such that ext ∈̃(gB)1, fA v (gB)2 and
Cτ (e, (gB)1, r)6 q̃Cτ (e, (gB)2, r).

Proof. (1)⇒ (2) Let ext∈̃fA for each fA ∈ (̃X,E) with τe(fA) ≥ r. Then ext 6 q̃
(fA)c. Since (X, τE) is r-FSR2, there exist (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r
for i ∈ {1, 2} such thatext∈̃(gB)1, (fA)c v (gB)2 and (gB)1 6 q̃(gB)2 for all e ∈ E.
Thus ext ∈̃(gB)1 v ((gB)2)c v fA. Since Cτ (e, (gB)1, r) v ((gB)2)c, ext∈̃(gB)1 v
Cτ (e, (gB)1, r) v fA.
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(2) ⇒ (3) Let ext 6 q̃fA for each fA ∈ (̃X,E) with τe((fA)c) ≥ r. Then ext ∈̃(fA)c.

Thus by (2), there exists gB ∈ (̃X,E) with τe(gB) ≥ r such that ext∈̃gB v
Cτ (e, gB , r) v (fA)c. Since τe(gB) ≥ r and ext∈̃gB , there exists (gB)1 ∈ (̃X,E)
with τe((gB)1) ≥ r such that ext∈̃(gB)1 v Cτ (e, (gB)1, r) v gB v Cτ (e, gB , r) v
(fA)c. It implies fA v Iτ (e, (gB)c, r) v (gB)c. Put (gB)2 = Iτ (e, (gB)c, r). So
τe((gB)2) ≥ r. Hence Cτ (e, (gB)2, r) v (gB)c v (Cτ (e, (gB)1, r))

c and Cτ (e, (gB)1, r)
6 q̃Cτ (e, (gB)2, r).

(3) ⇒ (1). It is trivial. �

Example 3.11. Let X = {x, y, z} be a classical set and E = {e1, e2} be the

parameter set of X. Let fE , gE ∈ (̃X,E) be as follows: fe1(x) = 1.0, fe1(y) =
0.0, fe1(z) = 1.0, fe2(x) = 0.0, fe2(y) = 1.0, fe2(z) = 0.0, ge1(x) = 0.0, ge1(y) =
1.0, ge1(z) = 0.0, ge2(x) = 1.0, ge2(y) = 0.0, ge2(z) = 1.0. We define fuzzy soft

topology τE : E −→ [0, 1](̃X,E) as follows:

τe1(hE) =


1 if hE ∈ {Φ, Ẽ},
1
2 if hE = fE ,
2
3 if hE = gE ,
0 otherwise,

τe2(hE) =


1 if hE ∈ {Φ, Ẽ},
1
4 if hE = fE ,
1
2 if hE = gE ,
0 otherwise.

Then for 0 < r ≤ 1
4 , (X, τE) is r-FSR2.

Theorem 3.12. Let (X, τE) be a fuzzy soft topological space and r ∈ I0. Then, for
each e ∈ E the following statements are equivalent:

(1) (X, τE) is r-FSR3,

(2) if hC v fA for each fA, hC ∈ (̃X,E) with τe(fA) ≥ r and τe((hC)c) ≥ r, there

exists gB ∈ (̃X,E), τe(gB) ≥ r such that hC v gB v Cτ (e, gB , r) v fA.

(3) if (fA)1 6 q̃(fA)2 for each (fA)i ∈ (̃X,E) with τe((fA)ci ) ≥ r, there exist

(gB)i ∈ (̃X,E) for i ∈ {1, 2}, τe((gB)i) ≥ r such that (fA)i v (gB)i, Cτ (e, (gB)1, r)
6 q̃Cτ (e, (gB)2, r).

Proof. It is similarly proved as in Theorem 3.10. �

Example 3.13. Let X = {x, y, z} be a classical set and E = {e1, e2} be the

parameter set of X. Let fE , gE ∈ (̃X,E) be as follows: fe1(x) = 0.9, fe1(y) =
0.1, fe1(z) = 0.1, fe2(x) = 0.1, fe2(y) = 0.9, fe2(z) = 0.9, ge1(x) = 0.1, ge1(y) =
0.9, ge1(z) = 0.9, ge2(x) = 0.9, ge2(y) = 0.1, ge2(z) = 0.1. We define fuzzy soft

topology τE : E −→ [0, 1](̃X,E) as follows:
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τe1(hE) =


1 if hE ∈ {Φ, Ẽ},
2
3 if hE = fE ,
1
3 if hE = gE ,
0 otherwise,

τe2(hE) =


1 if hE ∈ {Φ, Ẽ},
1
2 if hE = fE ,
1
4 if hE = gE ,
0 otherwise,

Then for 0 < r ≤ 1
4 , (X, τE) is r-FSR3.

Definition 3.14. Let (X, τ) and (Y, τ∗) be fuzzy soft topological space,s and e ∈ E.
Then a fuzzy soft mapping ϕψ from (̃X,E) into (̃Y, F ) is called:

(i) fuzzy soft open, if τe(fA) ≤ τ∗ψ(e)(ϕψ(fA)) for every fA ∈ (̃X,E),

(ii) fuzzy soft closed, if τe((fA)c) ≤ τ∗ψ(e)((ϕψ(fA))c) for every fA ∈ (̃X,E).

Theorem 3.15. Let (X, τE) and (Y, τ∗F ) be fuzzy soft topological space,s. If a fuzzy

soft mapping ϕψ from (̃X,E) into (̃Y, F ) is fuzzy soft continuous, fuzzy soft open,
bijective and (X, τE) is r-FSR2 (resp. r-FSR3), then (Y, τ∗F ) is r-FSR2 (resp.
r-FSR3).

Proof. Let eys 6 q̃gB with τ∗ψ(e)((gB)c) ≥ r. Then τe((ϕ
−1
ψ (gB))c) ≥ r, because ϕψ is

a fuzzy soft continuous mapping. Put eys = ϕψ(exs). Then exs 6 q̃ϕ−1ψ (gB).Then by

r-FSR2 of (X, τE), there exists (gB)i ∈ (̃X,E) with τe((gB)i) ≥ r for i ∈ {1, 2} such
that exs ∈̃(gB)1, ϕ−1ψ (gB) v (gB)2 and (gB)1 6 q̃(gB)2. Since ϕψ is a fuzzy soft open

and bijective mapping, eys ∈̃ϕψ((gB)1), gB v ϕψ(ϕ−1ψ (gB)) v ϕψ((gB)2), ϕψ((gB)1) 6 q̃
ϕψ((gB)2). Thus (Y, τ∗F ) is r-FSR2. Other case is similarly proved. �

Theorem 3.16. Let (X, τE) and (Y, τ∗F ) be fuzzy soft topological space,s. If a fuzzy

soft mapping ϕψ from (̃X,E) into (̃Y, F ) is fuzzy soft continuous, fuzzy soft closed,
bijective and (Y, τ∗F ) is r-FSR2 (resp. r-FSR3), then (X, τE) is r-FSR2 (resp.
r-FSR3).

Proof. Let ext 6 q̃fA with τe((fA)c) ≥ r. Since ϕψ is a fuzzy soft closed and bi-
jective mapping, ϕψ(ext) 6 q̃ϕψ(fA) with τ∗ψ(e)((ϕψ(fA))c) ≥ r. Then by r-FSR2

of (Y, τ∗F ), there exist (gB)i ∈ (̃Y, F ) with τ∗ψ(e)((gB)i) ≥ r for i ∈ {1, 2} such

that ϕψ(ext)∈̃(gB)1, ϕψ(fA) v (gB)2 and (gB)1 6 q̃(gB)2. Thus ext∈̃ϕ−1ψ ((gB)1),

fA v ϕ−1ψ ((gB)2) with τe(ϕ
−1
ψ ((gB)i)) ≥ r for i ∈ {1, 2} and ϕ−1ψ ((gB)1)6 q̃ϕ−1ψ ((gB)2)

(since ϕψ is a fuzzy soft continuous mapping). So (X, τE) is r-FSR2. Other case is
similarly proved. �

121



I. M. Taha /Ann. Fuzzy Math. Inform. 20 (2020), No. 2, 115–123

4. Conclusions

In our theoretical work, a new form of separation and regularity axioms called
fuzzy soft Ri, (i = 0, 1, 2, 3) and fuzzy soft Ti, (i = 1, 2, 2 1

2 , 3, 4) spaces are in-
troduced in a fuzzy soft topological space based on the sense of Aygünoǧlu. Fur-
thermore, the relations of these axioms with each other are investigated and some
interesting properties of them are specified.
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[5] A. Aygünoǧlu, V. Cetkin and H. Aygün, An introduction to fuzzy soft topological spaces,
Hacettepe Journal of Mathematics and Statistics 43 (2) (2014) 193–204.

[6] N. Cagm̈an, S. Enginog̈lu and F. Citak, Fuzzy soft set theory and its applications, Iranian
Journal of Fuzzy Systems 8 (3) (2011) 137–147.

[7] V. Cetkin and H. Aygün, Fuzzy soft semiregularization spaces, Ann. Fuzzy Math. Inform. 7
(4) (2014) 687–697.

[8] D. N. Georgiou, A. C. Megaritis and V. I. Petropoulos, On Soft Topological Spaces, Applied

Mathematics and Information Sciences 7 (2) (2013) 1889–1901.
[9] S. Hussain and B. Ahmad, Soft separation axioms in soft topological spaces, Hacettepe Journal

of Mathematics and Statistics 44 (3) (2015) 559–568.

[10] Y. B. Jun, Soft BCK/BCI-algebras, Computers and Mathematics with Applications 56 (5)
(2008) 1408–1413.

[11] A. Kharal and B. Ahmad, Mappings on Fuzzy Soft Classes, Advances in Fuzzy Systems (2009)

Article ID 407890.
[12] G. J. Klir and B. Yuan, Fuzzy sets and fuzzy logic, Theory and Applications, Prentice-Hall,

New Jersey 1995.
[13] P. K. Maji, R. Biswas and A. R. Roy, Fuzzy soft sets, Journal of fuzzy Mathematics 9 (3)

(2001) 589–602.
[14] S. Mishar and R. Srivastava, Hausdorff fuzzy soft topological spaces, Ann. Fuzzy Math. Inform.

9 (2)(2015) 247–260.

[15] D. Molodtsov, Soft set theory-First results, Computers Mathematics with Applications 37

(4/5) (1999) 19–31.
[16] A. R. Roy and P. K. Maji, A fuzzy soft set theoretic approach to decision making problems,

Journal of Computational and Applied Mathematics 203 (2007) 412–418.
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[22] A. P. Šostak, On a fuzzy topological structure, Suppl. Rend. Circ. Matem. Palerms ser II 11
(1985) 89–103.

[23] B. P. Varol and H. Aygün, Fuzzy soft topology, Hacettepe Journal of Mathematics and Sta-
tistics 41 (3) (2012) 407–419.

[24] B. P. Varol and H. Aygün, On soft Hausdorff spaces, Ann. Fuzzy Math. Inform. 5 (1) (2013)

15–24.
[25] L. A. Zadeh, Fuzzy Sets, Information and Control 8 (1965) 338–353.

I. M. Taha1,2 (imtaha2010@yahoo.com)
1Department of Basic Sciences, Higher Institute of Engineering and Technology,
Menoufia, Egypt
2Department of Mathematics, Faculty of Science, Sohag University, Egypt

123


	A new approach to separation and regularity axioms via fuzzy soft sets. By 
	A new approach to separation and regularity axioms via fuzzy soft sets. By 

