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1. Introduction

The concept of soft set theory was introduced by Molodtsov
[7] as a general mathematical tool for dealing with problems
that contains uncertainty. In 2011, Shabir and Naz[11] ini-
tiated the study of soft topological spaces and derived their
basic properties. Recently, Hussain and Ahmad [3] introduced
the notion of soft regular spaces. The main aim of this pa-
per is to introduce a new soft separation axiom called soft
almost regularity which is a weak form of soft regularity and
investigate some of their properties and characterizations.

2. Preliminaries

Throughout this paper X denotes a nonempty set, E de-
notes the set of parameters and S(X,E) denotes the family of
soft sets over X. For definition and basic properties of soft
sets, reader should refer [[1],[4],[6],[71.[9],[11],[13]].

Definition 2.1. [11] A subfamily T of S(X,E) is called a soft
topology on X if :

(a) (5,;( belongs to t.

(b) The union of any number of soft sets in T belongs to 7.
(c) The intersection of any two soft sets in T belongs to T.

The triplet (X,T,E) is called a soft topological space. The
members of T are called soft open sets in X and their comple-
ments called soft closed sets in X.

Lemma 2.2. [11] Ler (X,7,E) be a soft topological space.
Then the collection to= {F (): (F,E)€ 1} for each a€E,
defines a topology on X.

Definition 2.3. [11] In a soft topological space (X,t,E) the
intersection of all soft closed super sets of (F,E) is called the
soft closure of (F,E). It is denoted by C1(F,E).

Definition 2.4. [13] In a soft topological space (X,t,E) the
union of all soft open subsets of (F,E) is called soft interior
of (F,E). It is denoted by Int (F,E).

Definition 2.5 ([11],[13]). Let (X,7,E) be a soft topological
space and let (F,E),(G,E) €S (X, E). Then:

(a) (F,E) is soft closed if and only if (F,E) = CI(F,E)
(b) If (F,E) C (G,E), then Cl (F,E) CCI(G,E).

(c) (F,E) is soft open if and only if (F,E) = Int (F,E).
(d) If (F,E) C (G,E),then Int (F,E) Clnt (G,E).

(e) (C1 (F,E))€ = Int ((F,E)°).



() (Int (F,E)) = CI ((F,E)°).

Lemma 2.6 ([3]). Let (X,7,E) be a soft topological space
over X and Y be a nonempty subset of X. Then vy = {(Fy, E)
: (F,E) €t} is said to be the soft relative topology on Y and
(Y,7v,E) is called a soft subspace of (X,7,E).

Lemma 2.7 ([3]). Let (Y,ty, E) be a soft subspace of a soft
topological space (X,7,E) and (F,E) be a soft open setin Y.
If YET then (F,E) €7

Definition 2.8 ([3]). Let (Y,ty,E) be a soft topological sub-
space of a soft topological space (X,T,E) and (F,E) be a soft
set over X ,then :

(a) (F,E) is soft open in Y if and only if (F,E) = Y N (G,E)
for some soft open set (G,E) in X.

(b) (F,E) is soft closed in Y if and only if (F,E) = Y N(G,E)
Sor some soft closed set (G,E) in X.

Lemma 2.9 ([10]). Ler (X,t,E) be a soft topological space
and (Y, 7y,E) be a soft subspace of (X,7,E), then a soft closed
set (Fy, E) of Y is soft closed in X if and only if Y is soft
closed in X.

Definition 2.10 ([2],[5]). The soft set (F,E) € S (X, E) is
called a soft point if there exists x € X and e € E such that
F(e) = {x} and F(e*) = ¢ for each e*cE—{e} , and the soft
point (F,E) is denoted by x,. We denote the family of all soft
points over X by SP(X,E).

Definition 2.11 ([13]). The soft point x, is said to be in the
soft set (G,E), denoted by x,€(G,E) if x. C (G, E).

Definition 2.12 ([2].[8]). Let (F,E).(G,E) € S(X,E) and
x.€SP(X,E). Then we have:

(a) x.€ (F,E) if and only if x,¢(F,E)“.

(b) x.€ (F,E) U(G, E) ifand only if x.€(F,E) or x.€(G, E).

(c) x.€(F,E)N(G, E) if and only if x.€ (F,E) and x.€(G,E).
(d) (F,E) C (G,E) if and only if x,€ (F,E) implies x.<€ (G,E).

Definition 2.13 ([3]). Let (X,7,E) be a soft topological space,
(F,E) be a soft set and x. € X. Then (F,E) is called soft
neighborhood of X, if there exists soft open set (G,E) such
that x.€(G,E)C (F,E).

Definition 2.14 ([12]). Let (X,7,E) be a soft topological space
and (FE) and (G,E) be soft subsets of X. Then, (EE) and (G,E)
are said to be weakly seperated, if there exists soft open sets
(U,E) and (V,E) of X such that (EE) C (U,E), (UE) N (G,E) =
¢ and (G,E) C (VE), (VE)N(FEE)=¢.
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Definition 2.15 ([12]). Let (X,7,E) be a soft topological space
and (EE) and (G,E) be soft subsets of X. Then, (FE) and (G,E)
are said to be strongly seperated, if there exists soft open sets
(U,E) and (V.E) of X such that (EE) C (U,E), (G,E) C (VE)
and (UE) N (VE)= ¢ .

Definition 2.16 ([12]). A soft topological space (X,T,E) is
said to be soft weakly regular, if every soft weakly seperated
pair consisting of a soft regular closed set and a soft point
can be strongly seperated.

Definition 2.17 ([3]). A soft topological space (X,T,E ) is
said to be soft regular if for all soft closed sets (F,E) in
X and each soft point x, such that x, ¢ (F,E) there exists
soft open sets (U,E) and (V,E) of X such that xe € (U,E),
(F,E)C (V,E) and (U,E) N(V,E)= ¢.

3. Main Results

Definition 3.1. A soft topological space (X,T,E ) is said to
be soft almost regular if for all soft regular closed sets (F,E)
in X and each soft point x, such that x, ¢ (F,E), there exists
soft open sets (U,E) and (V,E) of X such that xe €(U,E),
(F,E)C(V,E) and (U,E)N(V,E)=¢.

Remark 3.2. Every soft regular space is soft almost regular
but the converse may not be true. For,

Example 3.3. Let (X,7,E) be soft topological spaces where
X={a, b}, E={e1,e2} 1={ ¢.X,{(e1,X),(e2,{b})}.{(e1,{a}),
(e2,X)},{(e1,{a}).(e2,{b})}} Then (X,7,E) is soft almost regu-
lar but not soft regular.

Theorem 3.4. Let (X,7,E) be a soft topological space. Then
the following conditions are equivalent:

(i) (X,7,E) is soft almost regular.

(it) For each soft point x, of X and each soft regular open
set (V,E) containing x. ,there exists a soft regular open set
(U,E) such that x,€ (U,E) C C1(U,E) C (V,E).

(iii) For each soft point x, of X and each soft neighborhood
(M,E) of x,, there exists a soft regular open neighborhood
(V,E) of x, such that C1(V,E) C Int(C1(M,E)).

(iv) For each soft point x, of X and each soft neighborhood
(M, E) of x,,there exists a soft open neighborhood (V,E) of
X, such that C1(V,E) C Int(C1(M,E)).

(v) For each soft regular closed set (A,E) and each soft
point x, ¢ (A,E), there exists soft open sets (U,E) and (V,E)
such that x.€ (U,E), (A,E) C (V,E) and C1(U,E) NCI(V,E)

(vi) Each soft regular closed set (F,E) is expressible as an
intersection of some soft regular closed neighborhoods of
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(F,E).

(vii) Each soft regular closed set (F,E) is identical with the
intersection of all soft closed neighborhoods of (F,E).

(viii) For each soft set (A,E) and each soft regular open (B,E)
such that (A,E)N (B, E) #£9, there exists a soft open set (G,E)
such that (A,E)N(G,E) #¢ and C1(G,E) C (B,E).

(ix) For each nonempty soft set (A,E) and each soft regular
closed set (B,E) satisfying (A,E) N (B,E) #9, there exists dis-
Jjoint soft open sets (G,E) and (H, E) such that (A,E)N(G,E)

£¢ and (B,E) C (H,E).

Proof. (i) =(ii) If (V,E) is a soft regular open set of X con-
taining x,,then (V,E)¢ is a soft regular closed set such that
x.¢ (V,E).Therefore there exists soft open sets (U, E) and
(U,,E) such that x.€(Uy,E), (V,E)° C (U,,E) and (Uy,E)
N(Ua,E))= ¢.Then CI(Uy,E)N (Uy,E) = ¢ because (U,,E)
is soft open and hence C1(Uy,E) C (U, E)° C (V,E).Thus,

x.€(U},E) CCI(U,E) C (V,E). Again (Uy,E) C Int(C1 (U, ,E)

C C1(Uy,E) C (V,E). Put (U,E) = Int(Cl(U,E)). Then,
(Uy,E) C (U,E) CCI(U,E)=CIl(Uy,E) C (V,E) . Hence,

€(U,E) CCI(U,E) C (V,E) where (U,E) is soft regular
open.

(ii) =-(iii) Let (M, E) be a soft neighborhood of a soft point
x. of X, then there exists a soft open set (V,E) of X such that

%€ (V,E) C (M, E) .Thus, x¢€Int (C1(V,E)) CInt(Cl (M,E)).

Put Int (C1(V,E)) = (A,E). Then(A,E) is a soft regular open
containing X..Therefore, there exists a soft regular open set
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(vii) =(viii) Let (A,E) be any soft set and let (B,E) be
a soft regular open set such that (A,E)N(B,E)#¢. Then,
there exists a soft point x.€ (A,E)N (B, E). Therefore (B,E)°
is a soft regular closed set and hence (B,E)‘= N,y (M;,E)
where { (M;,E): i€l} is the family of soft closed neighbor-
hoods of (B,E)“. Since x.€ (B,E) , therefore x.¢ Nic; (M,E)
and thus x.¢ (M,,E) for some i. Since (M;,E) is a soft neigh-
borhood of (B,E)°, therefore there exists a soft open set
(H,E) such that (B, E)° C (H,E) C (M,,E). Let (P,E) = (M;,E)°
.Then (P,E) is a soft open set containing x, and also x,€
(A,E). Thus x.€ (P,E)N (A,E).that is (P,E)N (A,E)#¢.
Also (H,E)° is soft closed, therefore (P,E)=Cl(M;,E)¢ C
(H,E)° C (B,E).

(viii) =(ix) Obvious.

(ix) =() If (A,E) is a soft regular closed and x.¢ (A,E),
then x, #¢ and (A,E)N x,=¢. Therefore, there exists dis-
joint soft open sets (G,E) and (H, E) such that x,N (G,E) #¢
nd (A,E) C (H,E). Thus, x.€(G,E), (A,E) C (H,E) and
(G,E)N (H,E) #6¢.Hence (X,T,E) is soft almost regular.

0

Lemma 3.5. If(Y,E) is a soft dense subspace of a soft topo-
logical space (X,7,E) then: IntyCly(A) = Int(C1(A))NY .

Proof. Obvious. O
Theorem 3.6. Let (X,7,E) is a soft almost regular spaces

and (Y, Ty, E) be a dense subspace of X then (Y, Ty, E) is a
soft almost regular space.

(U,E) such that x.€ (U,E) CCI(V,E) C (A,E) =Int(CI(V,E)) Proof. Let y, €Y and (U,E) be a soft regular open set of Y

C Int(CI(M,E)).

(iii) =(iv) The proof follows from the fact that every soft
regular open neighborhood of a soft point x, ,is a soft open
neighborhood of x,.

(iv) =(v) If (A,E) is a soft regular closed and x.¢(A,E),
then (A, E)° is a soft neighborhood of x,. Therefore , there ex-
ists a soft open set (V,E) such that x,€(V,E) C CI(V,E) C
(A,E)°. Again, since (V,E) is a soft neighborhood of x,.
Therefore there exists a soft open set (U, E) such that x,€(U,E)
C CI(U, E) C (V,E). Then (U,E) and ( CI(V,E)®) are soft
open sets with disjoint closures containing x, and (A,E) re-
spectively.

(v) =(vi) If (F,E) is a soft regular closed set, then for each
x.%(F,E), there exists soft open sets(G,E) , and (H,E)
such that (F,E) C (G,E) ., x.€(H,E), and CI(H,E) . N
CI(G,E) , =¢. Thus (F,E) C (G,E) , ,and x.¢CI(G,E) , .
It can be seen easily that (F,E) =N (CI(G,E),,). Also, each
CI(G,E) . is a soft regular closed neighborhood of (F,E).

Xe

(vi) =(vii) Obvious
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containing y,. Then by “Lemma 3.5”, (U,E) =IntyCly (U,E)
= Int(CI(U,E))NY. Thus Int (C1(U,E)) is a soft regular
open set of X containing y,. Since (X,7,E) is soft almost reg-
ular there exists a soft open set (V,E) containing y, such that
CI1(V,E) C (U,E). Consequently (C1(V,E)NY) C (U,E).
Hence (Y,y,E) is soft almost regular. O

Lemma 3.7. If'Y is a soft regular open subspace of X then
every soft regular open subset of X is soft regular open in X.

Theorem 3.8. Ler (X,7,E) is a soft almost regular spaces
and Y is a regular open subspace of (X,7,E) then (Y, Ty, E)
is soft almost regular.

Proof. Let (X,7,E) be an almost regular spaces and let (Y, Ty,
E ) be a regularly open subspace of (X, 7,E) .Let (U,E) be a
soft regular open set of Y containing y,. Then by “Lemma
3.7”, (U,E) be a soft regular open set of X containing y,.Since
(X,7,E) is soft almost regular by “Theorem 3.4, there ex-
ists a soft open set (V,E) containing y, such that C1(V,E) C
(U,E). Consequently Cly (V,E) C (U,E). Hence (Y, 7y, E)
is soft almost regular. O

Remark 3.9. Every soft almost regular space is soft weakly
regular.



4. Conclusion

In the present paper, we extended the concept of almost

regularity to soft sets and presented its studies in soft topolog-
ical spaces.
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