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RESULTS OF SOME SEPARATION AXIOMS IN SUPRA SOFT

TOPOLOGICAL SPACES

C. G. ARAS1, S. BAYRAMOV2, §

Abstract. In this paper, we define separability axioms in supra soft topological spaces
by using the soft point given in [1, 3] and investigate some of their characterizations.
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1. Introduction

Many practical problems in economics, engineering, environment, social science, medi-
cal science etc. cannot be dealt with by classical methods, because classical methods have
inherent difficulties. Molodtsov [7] initiated completely a new approach for modeling un-
certainties. Shabir and Naz [9] firstly introduced the notion of soft topological space which
are defined over an initial universe with a fixed set of parameters and showed that a soft
topological space gives a parameterized family of topological spaces. Theoretical studies
of soft topological spaces have also been by some authors in [2, 6, 8, 10]. In these studies
the concept of soft point is given almost samely. Consequently, some results of classical
topology are not valid in soft topological spaces. Mashhour et al. [5] introduced the
concepts of supra topological spaces, supra closed sets, supra open sets and supra continu-
ous mapping. Many results of topological spaces remain valid in supratopological spaces,
but some become false. As a generalized of soft topological spaces, the notion of supra
soft topological spaces by dropping only the soft intersection condition was introduced by
El-Sheikh and Abd El-latif [4].

In the present study, we give separability axioms in supra soft topological spaces and
study some of their characterizations.
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2. Separation axioms in supra soft topological spaces

Definition 2.1. [7] A pair (F,E) is called a soft set over X, where F is a mapping given
by F : E → P (X), where P (X) denotes the power set of X. SS(X)E denotes the family
of all soft sets over X with a fixed set of parameters E.

Definition 2.2. [1, 3] Let (F,E) be a soft set over X. The soft set (F,E) is called a soft
point, denoted by (xe, E) , if for the element e ∈ E, F (e) = {x} and F (e′) = φ for all
e′ ∈ E − {e}.

Definition 2.3. [1] Two soft points (xe, E) and (ye′ , E) over a common universe X, we
say that the soft points are different if x 6= y or e 6= e′.

Definition 2.4. [1] Let µ be the collection of soft sets over a universe X with a fixed set
of parameters E. Then µ is called a supra soft topology on X with a fixed set E if

(1) Φ ,X̃ ∈ µ
(2) the union of any number of soft sets in µ belongs to µ.

(X,µ,E) is called a supra soft topological space and the members of µ are called a supra
soft open sets. A soft set (F,E) is a supra soft closed set if and only if its complement
(F,E)c is a supra soft open set. It is clear that supra soft topological spaces are very
natural generalization of supra topological spaces.

Proposition 2.1. The collection τ∗ of all supra soft closed sets in a supra soft topological
space (X,µ,E) satisfies the following conditions:

(1) Φ ,X̃ ∈ τ∗
(2) the intersection of any number of supra soft closed sets in τ∗ belongs to τ∗.

Proof. It is obvious. �

Remark 2.1. [4] Every soft topological space is a supra soft topological space, but the
converse is not true in general as shown in the following example.

Example 2.1. Let X = {h1, h2, h3, h4, h5} , E = {e1, e2} and

µ =
{

Φ, X̃, (F1, E) , (F2, E) , (F3, E)
}

where (Fi, E) are soft sets over X, 1 ≤ i ≤ 3,

defined as follows:
F1 (e1) = {h1, h4} , F1 (e2) = {h1, h3}
F2 (e1) = {h2, h4} , F2 (e2) = {h2, h3}
F3 (e1) = {h1, h2, h4} , F3 (e2) = {h1, h2, h3}
Then (X,µ,E) is a supra soft topological space over X, but it is not a soft topological

space.

Remark 2.2. The intersection of two supra soft open sets need not supra soft open set.
Also, the intersection of a soft open set and a supra soft open set need not be supra soft
open set. But if µ = SS (X)E , (F,E) ∈ τ and (G,E) ∈ µ, then (F,E)∩ (G,E) ∈ µ.

Definition 2.5. [4] Let (X, τ,E) be a supra soft topological space over X . A soft set
(F,E) in (X, τ,E) is called a supra soft neighborhood of the soft point (xe, E) ∈ (F,E) if
there exists a supra soft open set (G,E) such that (xe, E) ∈ (G,E) ⊂ (F,E) .

The supra soft neighborhood system of a soft point (xe, E), denoted by U (xe, E), is the
family of all its neighborhoods.

Theorem 2.1. The supra soft neighborhood system U (xe, E) at (xe, E) in a supra soft
topological space (X, τ,E) has the following properties:

(1) If (F,E) ∈ U (xe, E) , then (xe, E) ∈ (F,E) ,
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(2) If (F,E) ∈ U (xe, E) and (F,E) ⊂ (G,E), then (G,E) ∈ U (xe, E),
(3) If (F,E) ∈ U (xe, E), then there is a (G,E) ∈ U (xe, E) such that (F,E) ∈

U (ye′ , E) for each (ye′ , E) ∈ (G,E).

Definition 2.6. Let (X, τ,E) be a supra soft topological space and (F,E) be a supra soft
set over X . The soft point (xe, E) ∈ (F,E) is called a soft interior point of a soft set (F,E)
if there exists a supra soft open set (G,E) ∈ U (xe, E) such that (xe, E) ∈ (G,E) ⊂ (F,E).

Proposition 2.2. Let (X, τ,E) be a supra soft topological space and (F,E) be a soft
set over X . Then (F,E) is a supra soft open set if and only if (F,E) is a supra soft
neighborhood of its soft points.

Proof. The proof is clear. �

Definition 2.7. Let (X, τ,E) be a supra soft topological space, (F,E) be a soft set over
X and (xe, E) be a soft point. Then (xe, E) is said to be a soft closure point of (F,E) if
(F,E) ∩ (G,E) 6= Φ, for arbitrary (G,E) ∈ U (xe, E).

Theorem 2.2. Let (X, τ,E) be a supra soft topological space and (F,E) be a soft set over
X . Then (F,E) is a supra soft closed set in X if and only if every soft closure point of
(F,E) belongs to it.

Proof. Let (F,E) be a supra soft closed set, (xe, E) be a soft closure point and (xe, E) /∈
(F,E). Then (xe, E) ∈ (F,E)c. Since (F,E)c is a supra soft open set in τ , it is a supra
soft neighborhood of (xe, E). Then (F,E)c ∩ (F,E) = Φ . It follows that (xe, E) ∈ (F,E).

Conversely, (xe, E) ∈ (F,E)c be any soft point. Then (xe, E) /∈ (F,E). Since (xe, E) is
not a soft closure point of (F,E), there exists a supra soft neighborhood (G,E) of (xe, E)
such that (F,E) ∩ (G,E) = Φ . Since (xe, E) ∈ (G,E) ⊂ (F,E)c, we have that (F,E)c is
a supra soft open set, i.e. (F,E) is a supra soft closed set. �

Proposition 2.3. Let (X, τ,E) be a supra soft topological space, (F,E) be a supra soft
set over X and x ∈ X. If (xe, E) is a soft interior point of (F,E), then x is an interior
point of F (e) in (X, τe).

Proof. For any e ∈ E , F (e) ⊂ X. If (xe, E) is a soft interior point of (F,E), then there
exists (G,E) ∈ τ such that (xe, E) ∈ (G,E) ⊂ (F,E). This means that, x ∈ G (e) ⊂ F (e)
and G (e) ∈ τe. x is an interior point of F (e) in τe. �

Proposition 2.4. Let (X, τ,E) be a supra soft topological space, (F,E) be a supra soft
set over X and x ∈ X. If x is a closure point of F (e) in (X, τe), then (xe, E) is a soft
closure point of (F,E).

Proof. The proof is clear. �

Example 2.2. Let X = {x1, x2, x3}, E = {e1, e2} and

τ =
{

Φ, X̃, (F1, E) , (F2, E) , (F3, E)
}

where

F1 (e1) = {x1, x2} , F1 (e2) = {x1, x3} , F2 (e1) = {x2} , F2 (e2) = {x2, x3} ,
F3 (e1) = {x1, x2} , F3 (e2) = X.

Then (X, τ,E) is a supra soft topological space over X. Thus (F,E) is defined as follows:

F (e1) = {x1, x3} , F (e2) = {x1, x3}
Then there is not soft interior point of (F,E). But x1 and x3 are interior points of F (e2)
in τe2 . Here τe2 = {φ,X, {x1, x3} , {x2, x3}}.
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Definition 2.8. Let (X, τ,E) be a supra soft topological space and (xe, E) 6= (ye′ , E).

(1) If there exist two supra soft open sets (F,E) and (G,E) such that

(xe, E) ∈ (F,E) and (ye′ , E) /∈ (F,E) or (ye′ , E) ∈ (G,E) and (xe, E) /∈ (G,E) ,

then (X, τ,E) is called a supra soft T0−space.
(2) If there exist two supra soft open sets (F,E) and (G,E) such that

(xe, E) ∈ (F,E) , (ye′ , E) /∈ (F,E) and (ye′ , E) ∈ (G,E) , (xe, E) /∈ (G,E) ,

then (X, τ,E) is called a supra soft T1−space.
(3) If there exist two supra soft open sets (F,E) and (G,E) such that (xe, E) ∈ (F,E),

(ye′ , E) ∈ (G,E) and (F,E) ∩ (G,E) = Φ, then (X, τ,E) is called a supra soft
T2−space.

Theorem 2.3. Let (X, τ,E) be a supra soft topological space over X . Then (X, τ,E) is
a supra soft T1−space if and only if each soft point is a supra soft closed set.

Proof. Let (X, τ,E) be a supra soft T1−space and (xe, E) be an arbitrary soft point. We
show that (xe, E)c is a supra soft open set. Let (ye′ , E) ∈ (xe, E)c, (xe, E) 6= (ye′ , E) .
Since (X, τ,E) is a supra soft T1− space, there exists a supra soft open set (G,E) such
that (ye′ , E) ∈ (G,E) , (xe, E) /∈ (G,E) . Then (ye′ , E) ∈ (G,E) ⊂ (xe, E)c. This implies
that (xe, E)c is a supra soft open set, i.e. (xe, E) is a supra soft closed set.

Suppose that for each (xe, E) is a supra soft closed set in τ . Then (xe, E)c is a supra
soft open set in τ . Let (xe, E) 6= (ye′ , E). Thus (ye′ , E) ∈ (xe, E)c and (xe, E) /∈ (xe, E)c.
Similarly (ye′ , E)c is a supra soft open set in τ such that (xe, E) ∈ (ye′ , E)c and (ye′ , E) /∈
(ye′ , E)c . Therefore (X, τ,E) is a supra soft T1−space over X. �

Proposition 2.5. Let (X, τ,E) be a supra soft topological space. If (X, τ,E) is a supra
soft Ti−space, then (X, τe) is a supra Ti−space for each e ∈ E. (i = 0, 1, 2)

Proof. The proof is clear. �

Remark 2.3. Every supra soft T1−space is a supra soft T0−space, every supra soft
T2−space is a supra soft T1−space.

Theorem 2.4. Let (X, τ,E) be a supra soft T1−space, for every soft point (xe, E), (xe, E) ∈
(G,E) and (G,E) ∈ τ . If there exists a supra soft open set (F,E) such that (xe, E) ∈
(F,E) ⊂ cls (F,E) ⊂ (G,E), then (X, τ,E) is a supra soft T2−space.

Proof. Suppose that (xe, E) 6= (ye′, E) . Since (X, τ,E) is a supra soft T1−space, (xe, E)
and (ye′, E) are supra soft closed sets in τ . Thus (xe, E) ∈ (ye′, E)c and (ye′, E)c is a supra
soft open set in τ . Then there exists a supra soft open set (F,E) in τ such that

(xe, E) ∈ (F,E) ⊂ cls (F,E) ⊂ (ye′, E)c .

Hence we have (ye′, E) ∈ cls (F,E)c, (xe, E) ∈ (F,E) and (F,E) ∩ cls (F,E)c = Φ, i.e,
(X, τ,E) is a supra soft T2−space. �

Definition 2.9. Let (X, τ,E) be a supra soft topological space over X.

(1) (F,E) be a supra soft closed set in X and (xe, E) /∈ (F,E) . If there exist supra
soft open sets (G1, E) and (G2, E) such that (xe, E) ∈ (G1, E), (F,E) ⊂ (G2, E)
and (G1, E)∩ (G2, E) = Φ, then (X, τ,E) is called a supra soft regular space.

(2) (X, τ,E) is said to be a supra soft T3−space if it is supra soft regular and supra
soft T1−space.
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Theorem 2.5. Let (X, τ,E) be a supra soft topological space over X. (X, τ,E) is a supra
soft T3−space if and only if for every (xe, E) ∈ (F,E) ∈ τ there exists (G,E) ∈ τ such
that (xe, E) ∈ (G,E) ⊂ cls (G,E) ⊂ (F,E).

Proof. Let (X, τ,E) be a supra soft T3−space and (xe, E) ∈ (F,E) ∈ τ. Since (X, τ,E)
is a supra soft T3−space for the soft point (xe, E) and supra soft closed set (F,E)c ,
there exists (G1, E) , (G2, E) ∈ τ such that (xe, E) ∈ (G1, E) , (F,E)c ⊂ (G2, E) and
(G1, E) ∩ (G2, E) = Φ. Thus, we have (xe, E) ∈ (G1, E) ⊂ (G2, E)c ⊂ (F,E). Since
(G2, E)c is supra soft closed, cls (G1, E) ⊂ (G2, E)c.

Conversely, let (xe, E) /∈ (H,E) and (H,E) be a supra soft closed set. Thus, (xe, E) ∈
(H,E)c and from the condition of the theorem , we have (xe, E) ∈ (G,E) ⊂ cls (G,E) ⊂
(H,E)c . Then (xe, E) ∈ (G,E) , (H,E) ⊂ (cls (G,E))c and (G,E)∩ (cls (G,E))c = Φ are
satisfied, i.e., (X, τ,E) is a supra soft T3−space. �

Theorem 2.6. Let (X, τ,E) be a supra soft topological space over X. If (X, τ,E) is a
supra soft T3−space, then (X, τe) is a supra T3−space, for each e ∈ E.

Proof. Let (X, τ,E) be a supra soft topological space over X. By Proposition 2.5, (X, τe)
is a supra T1−space. Let B ⊂ X be a closed set in τe and x /∈ B. From the definition of
τe, there exists a soft closed set (F,E) and (xe, E) /∈ (F,E) such that F (e) = B. Since
(X, τ,E) is a supra soft regular space, there exist supra soft open sets (G1, E) and (G2, E)
such that (xe, E) ∈ (G1, E), (F,E) ⊂ (G2, E) and (G1, E) ∩ (G2, E) = Φ. Thus we have
x ∈ G1 (e) , B ⊂ G2 (e) and G1 (e) ∩G2 (e) = φ, i.e. (X, τe) is a supra T3−space for each
e ∈ E. �

Definition 2.10. (1) Let (X, τ,E) be a supra soft topological space (F,E) and (G,E)
supra soft closed sets such that (F,E) ∩ (G,E) = Φ. If there exist supra soft open
sets (F1, E) , (F2, E) such that (F,E) ⊂ (F1, E) , (G,E) ⊂ (F2, E) and (F1, E) ∩
(F2, E) = Φ, then (X, τ,E) is called a supra soft normal space.

(2) (X, τ,E) is said to be a supra soft T4−space if it is supra soft normal and supra
soft T1−space.

Remark 2.4. A supra soft T3−space is a supra soft T2−space, a supra soft T4−space is
a supra soft T3−space.

Theorem 2.7. Let (X, τ,E) be a supra soft topological space over X. Then (X, τ,E) is
a supra soft T4−space if and only if, for each supra soft closed set (F,E) and supra soft
open set (G,E) with (F,E) ⊂ (G,E), there exists supra soft open set (D,E) such that

(F,E) ⊂ (D,E) ⊂ cls (D,E) ⊂ (G,E) .

Proof. Let (X, τ,E) be a supra soft T4−space, (F,E) be a supra soft closed set and
(F,E) ⊂ (G,E), (G,E) ∈ τ . Then (G,E)c is a supra soft closed set and (F,E)∩(G,E)c =
Φ. Since (X, τ,E) is a supra soft T4−space, there exist supra soft open sets (D1, E) and
(D2, E) such that (F,E) ⊂ (D1, E), (G,E)c ⊂ (D2, E) and (D1, E) ∩ (D2, E) = Φ. This
implies that

(F,E) ⊂ (D1, E) ⊂ (D2, E)c ⊂ (G,E) .

(D2, E)c is a supra soft closed set and cls (D1, E) ⊂ (D2, E)c is satisfied. Thus

(F,E) ⊂ (D1, E) ⊂ cls (D1, E) ⊂ (G,E)

is obtained.
Conversely, let (F1, E), (F2, E) be two supra soft closed sets and (F1, E)∩ (F2, E) = Φ.

Then (F1, E) ⊂ (F2, E)c. From the condition of theorem, there exists a supra soft open
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set (D,E) such that

(F1, E) ⊂ (D,E) ⊂ cls (D,E) ⊂ (F2, E)c .

So, (D,E), (cls (D,E))c are supra soft open sets and (F1, E) ⊂ (D,E), (F2, E) ⊂ (cls (D,E))c

and (D,E)∩ (cls (D,E))c = Φ are obtained. Hence (X, τ,E) is a supra soft T4−space. �

3. Conclusion

We have introduced separation axioms in supra soft topological spaces which are defined
over an initial universe with a fixed set of parameters. Later their important properties
are investigated.

References

[1] S. Bayramov, C.Gunduz, (2013), Soft locally compact spaces and soft paracompact spaces, Journal
of Math. and Sys. Sci., 3, pp. 122-130.

[2] N.Cagman, S.Karatas, S.Enginoglu, (2011), Soft topology, Comput. Math. Appl., 62, pp. 351-358.
[3] S. Das, S.K.Samanta, (2013), Soft Metric, Annals of Fuzzy. Math. and Inf., 6(1), pp. 77-94.
[4] S.A.El-Sheikh, A.M.Abd El-latif, (2014), Decomposition of Some Types of Supra Soft Sets and Soft

Continuity, International Journal of Mathematics Trends and Technology, 9(1), pp. 37-56.
[5] A.S. Mashhour, A.A. Allam, F.S. Mahmoud, F.H. Khedr, (1983), On supratopological spaces, Indian

J.Pure App. Math., 14(4), pp. 502-510.
[6] W. K. Min, (2011), A note on soft topological spaces, Comput. Math. Appl., 62, pp. 3524-3528.
[7] D. Molodtsov, (1999), Soft set theory- first results, Comput. Math. Appl., 37, pp. 19-31.
[8] H.Sabir, A.Bashir, (2011), Some properties of soft topological spaces, Comput. Math. Appl., 62, pp.

4058-4067.
[9] M.Shabir, M. Naz, (2011), On soft topological spaces, Comput. Math. Appl., 61, pp. 1786-1799.

[10] I. Zorlutuna, M.Akdag, W.K.Min and S.Atmaca, (2012), Remarks on soft topological spaces, Annals
of Fuzzy Mathematics and Informatics, 3(2), pp. 171-185.

Cigdem Gunduz Aras was born in 1972. In 1994 she graduated from the Math-
ematics Department of the Faculty of Science in Blacksea Technical University. In
1997 she has completed her masters degree in Kocaeli University. In 2002 she has
finished her doctoral thesis in the same university. Since 2012, she works as Associate
Prof. in Kocaeli University. Her area of interests are topology, fuzzy topology, fuzzy
algebra and their applications, soft set theory.

Sadi Bayramov was born in 1953. He recieved his Ph.D. degree in Baku State
University in 1985. He worked at the Baku State University between 1975-1996
and he worked in Turkey between 1996-2015 . Since 2015, he works in Baku State
University. He also made his second doctoral thesis in 2016. His area of interests are
topology, fuzzy topology, fuzzy algebra and their applications and soft set theory.


