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1. INTRODUCTION AND PRELIMINARIES

The concept of a soft set was first introduced by Molodtsov [24] in 1999, as a
general mathematical tool for dealing with uncertain objects. In 2011, Shabir-Naz
[27] introduced the concept of soft topological spaces and studied some related no-
tions such as open(closed)soft sets, soft subspaces, soft closure and soft separation
axioms. In the recent years in development in the fields of soft sets have been done.

Of late many authors [7, 8, 13, 16, 23, 25, 27, 30, 33] have studied various proper-
ties of soft topological spaces. The soft separation axioms studied by many authors
(see, for example, [3, 11, 12, 14, 15, 25, 26, 27, 29, 31]). Some of these separation

axioms have been found to be useful in computer science and digital topology. Weak
forms of soft open sets were introduced and studied by many authors (see for ex-

ample, [4, 10, 17, 18, 21, 28, 32]). Recently, soft separation axioms via semi-open
soft sets, a-open soft sets, pre-open soft sets and [S-open soft sets was studied by
some authors (see, for example, [2, 5, 6, 10, 19, 20, 21]). In this paper, we offer some

new lower soft separations axioms such as soft a-Rjy, soft a-symmetric and soft a-
R; axioms by utilizing soft a-open sets, soft points and soft a-closure operator. We
characterize their basic properties, we also, investigate some relations between them.
Some nice results and properties are obtained. Moreover, some necessary examples
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are given.

Throughout this paper, X refers to an initial universe set, E be the set of all
parameters for X and P(X) is the power set of X.

Definition 1.1 ([24]). A soft set (F, E) over X, denoted by Fr and defined by the
set of ordered pairs Fg = {(e, F (e)) : e € E and F(e) € P(X)}. The family of all
soft sets over X denoted by SS(Xg).

The relative complement of Fg, denoted by Fjy, where F° : E — P(X) is
mapping given by (F(e))* = X — F(e) for all e € E. Clearly, (F&) = Fg (see [1]).

Definition 1.2 ([1, 22, 33]). Let F be a soft set over X. Then Ffg is called:

(i) a null soft set, denoted by @, if F'(e) =@, for all e € E,

(ii) an absolute soft set, denoted by Xg, if F'(e) = X, for all e € E.

(iii) a soft point in X g, denoted by x., if there are x € X and e € E such that
F(e)={z} and F(¢') =@, forall ¢ € E — {e}.

The soft point z, is said to belong to Fg, denoted by x,€Fg, if for the element
ecE, zeFle).

The set of all soft points in Xg, denoted by SP(Xg). The soft pints x., y. in Xg
are called distinct, if © # y.

Definition 1.3 ([1, 33]). Let Fg and Gg be two soft sets over X. Then
(i) we say that Fg is a soft superset of G, denoted by GgCFg, if G(e) C F(e),
forall e € F,
(ii) we say that F is equal to Gg, denoted by Fr = G, if GpCFg and FEEGE,
(iii) the soft union of Fg and Gg, denoted by FrUGE, is the soft set defined as
follows:
(FgUGE)(e) = F (e) UG (e), for all e€ E,
(iv) the soft intersection of Fz and G, denoted by FgNG g, is the soft set defined
as follows:
(FENGE)(e) = F(e)NG (e), for all e€ E.
Definition 1.4 ([27, 33]). Let Fg be asoft setin X, @ #Y C X and z € X. Then:
(i) 2€Fg, if v € F (e) for all e € E, and x¢Fg, if © ¢ F (e) for some e € E.
(ii) If F(e) = {«} for all e € E, then Ff is called a singleton soft point, denoted

by rr. And we have, xpCFg <= x€Fp <= z.CFg for alle € E.
(iii) Yg = (Y, E) denotes the soft set over X for which, Y (e) =Y foralle € E.

Definition 1.5 ([27]). A collection 7 of soft sets over X with a fixed set of param-
eters F is called a soft topology on X if it satisfies the following conditions:

(i) 7 contains the null and absolute soft sets,

(ii) 7 is closed under arbitrary soft union and finite soft intersection.

In this case, the triple (X, 7, E) is called a soft topological space. Any member of T
is called a soft open set and its relative complement is called a soft closed set.

Definition 1.6 ([27, 33]). Let (X, 7, F) be a soft topological space and Fg be a
soft set in X. Then the soft closure of Fg, denoted by ¢l(Fg), is the intersection of
all soft closed super sets of Fg. The soft interior of Fi, denoted by int(Fg), is the
union of all soft open sets which are contained in Fpg.
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Definition 1.7 ([4, 17]). Let (X, 7, E) be a soft topological space and Ug be a soft
set over X, then Ug is called a soft a-open set, if UgCint(cl (int (Ug))). The set
of all soft a-open sets, denoted by SaO(Xg). The relative complement of any soft

a-open set is called soft a-closed set. The set of all soft a-closed sets is denoted by

Clearly, every soft open set is a soft a-open set. The converse may not be true.

Definition 1.8 ([4, 18]). Let (X, 7, E) be a soft topological space and Ug be a
soft set over X. Then the soft a-closure of Ug, denoted by cl,(Ug), is the soft
intersection of all soft a-closed super sets of Ug. The soft interior of Ug, denoted
by ints(Ug), is the soft union of all soft a-open sets which are contained in Ug.

Result 1.9 ([17, 18]). Let (X, 7, E) be a soft topological space over X and Ug, Vg
be two soft sets over X. Then

(1) Ug is a soft a-closed set <= if ¢l (Ug) = Ug,

(2) UpCVi = clo(Ug)Celo(VE),

(3) 2.€ clo(VE) <= UgNVE # @ for all soft a-open set Ug containing z..

Definition 1.10 ([27]). Let (X, 7, E) be a soft topological space over X and Y be
a nonempty subset of X. Then 7v = {YEFNWF s Fg € 7'} is called a soft relative
topology on Y and (Y, 7y, E) is called a soft subspace of (X, 7, E).

Result 1.11 (Theorem 23, [20]). Let (Y, 7y, E) be a soft subspace of (X, 7, F) and
Fg be a soft set over X. Then we have:

(1) if Fg is a soft a-open set in Y and Yg € 7, then Fg € 7,

(2) Fg is a soft a-open set in Y if and only if Fg = YNNG, for some Gg € 7.

Definition 1.12 ([13, 27]). Let (X, 7, E) be a soft topological space, then the col-
lection 7, = {F(e) : Fg € 7} for every e € E, defines a topology on X.

On other hand, if (X, o) is a topological space, then the family 7, = {Fg € SS(XEg) :
F(e)=Afor all e € E and for all A € 7}, defines a soft topology on X.

Definition 1.13 (14, 20]). A soft topological space (X, 7, E) is called a soft single
point space, if 7 ={Ug : U(e) = U for all e € E and for all U C X}.

In this case,

(1) every singleton soft point x g is a soft a-open set, for all € X,

(2) every soft element of (X, 7, E) is both soft a-open and soft a-closed set,

(3) (X, 7.) is a discrete space, for all e € E.

Remark 1. If (X, 0) is a discrete topological space, then the soft topology 7., is a
soft single point topology on X.

Definition 1.14 ([9]). A topological space (X, 7) is said to be:

(i) @ — Ry, if every a-open set contains the a-closure of all its singletons,

(ii) @ — Ry if for every pair of distinct points x,y € X with cl {x} # cl{y},
there are disjoint a-open sets U,V such that t € U , y € V.

Definition 1.15 ([25]). A soft topological space (X, 7, F) is said to be:
(i) soft Ry (S Ry, for short), if every soft a-open set contains the soft a-closure of
all its soft points,
63
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(ii) soft Ry (SRy, for short), if for every pair of distinct soft points z.,y. with
cl(xe)#cl(ye), there are disjoint soft open sets Fg, Gg such that cl(z.)CFg and
cl(y.)CGE.

2. THE PROPERTIES OF SOME SOFT «a-SEPARATION AXIOMS

In this section, we introduce some new weak separation axioms such as soft a- Ry,
soft a-symmetry, and «-R; and investigate some characterizations for them.

Definition 2.1. A soft topological space (X, 7, F) is soft a-Ry (briefly, Sa-Ry), if
for every soft a-open set F and for every x.€Fg, clo(v.)CFg.

Example 2.2. Let X = {z,y} and E = {e1,e2}. Then the family 7 = {@p, Xg,
Fig, Fop} is a soft topology on X, where Fig = {(e1,{z}),(e2,{v})} , For =
{(e1,{y}), (e2,{x})} . Now, the soft a-open set F; g contains the soft a-closure of all
it’s soft points, that is, cla(scel)iFlE and cla(yez)iFlE. Also, cla(yel)éFgE and
clo(e,)CFop. Thus (X, 7, E) is Sa-Ry.

Remark 2. The following example shows generally that Sa-Ry need not be SRy.

Example 2.3. Let X be an infinite universe set, E = {e} and let y, be a fixed soft
point in (X, 7, E) with 7 as a soft cofinite topology over X, i.e.,

r={@p}U{Fg CXg: (F(e)is a finite subset of X and yeéFE 1.

Then we can verify that (X, 7, E) is Sa-Ry. But it is not SRy. Indeed, if F is a
soft open set and z.€Fg , then cl(z.) = XgpZ Fg.

Theorem 2.4. Let (X, 7, E) be a soft topological space. Then the following proper-
ties are equivalent:

(1) (X, 7, E) is Sa-Ryg ,

(2) for any pair of distinct soft points e, ye and clo(xe)Fcla(Ye), cla(xe)N
cla(ye) = DE.
Proof. (1) = (2): Suppose that (X,7,E) is Sa-Ry and z.,y. are two distinct
soft points with cly(2e)#cla(ye). Then there is z. in Xg such that z.€cly(z.) and
ze%cla(ye). If z.€cly(ye), then cla(xe)écla(ye). Thus 2z.€cly(ye) but this is a con-
tradiction. So xeécla(ye). Hence z.€(clq(ye))" = Ug € SaO(Xg). Since (X, 7, E)
is Sa-Ry, cly (xe)iUE. Therefore the result holds.

(2)= (1): Let Fg € SaO(Xg) and x.€Fg. We will show that cla(a:e)iFE. Let
ye%FE7 that is, y.€F5. Then x.#y. and xe;cla(ye). This show that ¢l (ze)#cl o (Ye)-
By assumption, clq(2¢)Nclo(ye) = Dg. Thus y@écla(me). So cla(xe)iFE. O

Theorem 2.5. For a soft topological space (X, T, E), the following properties are
equivalent:

(1) (X,7,E) is Sa-Ry,

(2) ze€clo(ye) if and only if ye€cla(xe), for all e, y. € SP(XE).

Proof. (1) = (2): Let (X, 7, E) be Sa-Ry and z.&cly(ye). Then there is a soft a-
open set Fg that contains z. such that y.NFr = @, that is, Ye¢ Fp. Since z.€Fg
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and (X,7,E) is Sa-Ry, clo(z.)CFg which implies, y.¢cly(x.). Similarity for the
converse. N

(2) = (1): Let Ug € SaO(Xg) and z.€Ugr. We will show that cl,(7.)CUg.
Let y.¢Ug. Then x.¢cly(ye). Thus by (2), we get ye¢clo(ze). So cla(me)iUE. So
the result holds. O

Corollary 2.6. A soft topological space (X,7,E) is Sa-Ry if and only if for any
Gp € SaC(X)y with 2.¢Gp , clo(z.)NGE = .

Proof. 1t follows directly from the above theorems. O

Proposition 2.7. If (X,7,E) is Sa-Rg and 7 < 7%, then (X,7*,FE) need not be
SOZ-R().

Proof. From the Example 2.2, we showed that, the soft topology

T = {gEv Xp, Fip = {(61’ {‘T}) ) (62>{y})}7 Fp = {(61,{y}) ) (625 {x})}}

is Sa-Ry. Let us consider a soft topology on X,

™ ={9g, Xg, Fig = {(e1,{z}), (e2, {y})}, For = {(e1,{y}), (e2, {z})},
Fsp = {(e1,{z})}, Faur = {(e1, X), (e2, {z})} }

such that 7 < 7*. But (X, 7*, F) is not Sa-Ry. Indeed, for a soft a-open set Fyg in
(X,7*,E), we have x, EFyg but clo(ze,) = {(e1,{z}), (e2, {y}) }L Fup. O

Definition 2.8. Let (X, 7, E) be a soft topological space and Fr € SS (Xg). Then
A soft a-kernel of Fg, denoted by SK,(Fg), is the soft set defined by:

SK,(Fg)=N{Gg € SaO(Xg) : FgCGg}.
In particular, the soft a-kernel of z. € SP(Xg), is the soft set given by:
SKo(x.) = N{GEg € SaO(XE) : 2.€GE}.

To present more properties of soft a-Ry we need the following lemmas whose proofs
are similar to that of (Lemma 3.6 and Lemma 3.7 and Lemma 3.12, in [25]).

Lemma 2.9. Let (X, 7, E) be a soft topological space and Fg € SS(Xg). Then
SK, (FE) =0U {J)e €SP (XE) : Cla(.’L‘e)ﬁFE 7& @E} .

Lemma 2.10. Let (X, 7, E) be a soft topological space and x.€ X . Then y.€SK o (x.)
if and only if xe€cly(ye)-

Lemma 2.11. Let (X, 7, E) be a soft topological space and x.,y. € SP(Xg). Then
SKa(ze) # SKa(ye) if and only if clo(ze) # cla(ye).

Theorem 2.12. For a soft topological space (X, 7, E), the following properties are
equivalence:
(1) (X,7,FE) is Sa-Ry,
(2) for every pair of distinct soft points x,ye with SKq(xe) # SKa(ye),
SKa(xe)ﬁSKa(ye) =JE.
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Proof. (1) = (2): Let (X,7,E) be Sa-Ry and z.,y. be two distinct soft points
with SK o (ze) # SKa(ye). Then by Lemma 2.11, clq(2e) # clo(ye). Suppose that
SK o(2)NSK o (ye) # D1, Then there is a soft point 2.ESK o (7.)NSK 4 (y.). Now,
if 2.€SKy(r.), then by Lemma 2.10, z.€cly(2.). Thus cly(xe)Cely(2). Since
ze€cly (), by Theorem 2.4, cly(x.) = clo(ze). Similarity, if 2.€SK 4 (y.), we have
clo(ye) = clo(2e) = clo(ze). This is a contradiction. So SK (z.) NSK 4 (ye) = DE.

(2) = (1): Let z.,ye be two distinct soft points with cl,(xe) # cla(ye). Then
by Lemma 2.11, SK(z.) # SK4(y.). Thus by hypothesis, SK(z.)NSK 4 (ye) =
@p. Suppose that cly(ze)Nelo(ye) # @E. Then there is a soft point z, such that
ze€clo(Te), Ze€cla(ye). Then by Lemma 2.10, z.€SK(z.) and y.€SK(z.). Thus
by Lemma 2.9, we obtain SK o (2.)NSK(2.) # D and SK o (y.)NSK o(2.) # DE.
By the hypothesis, SK, (z.) = SKq(z.) and SKo (ye) = SKo(ze) = SKq(ze). So
SK o(2)NSK o (ye) # Dg. This is a contradiction. Hence cly(7e)Ncla(ye) = DE.
Therefore by Theorem 2.4, the result holds. U

Theorem 2.13. Let (X, 7, E) be a soft topological space. Then the following prop-
erties are equivalent:

(1) (X,7,E) is Sa-Ry,

(2) Hg = SK,(Hg), whenever Hg € SaC(Xg),

(3) zf Hp € SaC(XE) and T.€Hp, then S’Ka(xe)iHE,

(4) SK o(2¢)C clo(xe), for a soft point x, in Xg.

Proof. (1) =(2): Let Hg € SaC(Xg) and xe%HE. Then z.€H§ which is a soft a-
open set containing x.. Since (X, 7, E) is Sa-Ry, cl, (a:e)ng implies cl, (z.)Hp =
@p. Thus by Lemma 2.9, 2.¢SK o(Hg). So Hg = SK(Hp).

(2) ==(3): It follows from the fact, FrCGp implies SK »(Fr)CSK (G ).

(3) = (4): It is obvious.

(4) = (1): Let z.,y. be two distinct soft points and z.€cl, (y.). Then by Lemma
2.10, we get y.€SK, (z.). Since x.Ecly(z.) which is soft a-closed set, by (4), we
obtain y.€SK, (r.) Cel, (7¢), that is, y.€cly (). Similarity of the converse. Thus
by Theorem 2.5, the result holds. O

Definition 2.14. A soft topological space (X, 7, F) is soft a-symmetric, if z.€cl (y.)
implies y.€cly (), for all x.,y. € SP(Xg).

Definition 2.15. A soft set Fig in a soft topological space (X, 7, F) is called a soft a-
generalized closed set (briefly, Sa-g-closed), if ¢l (Fg)CUg, whenever FgCUg , Ug €

Remark 3. Clearly, every soft a-closed set is a Sa-g-closed set. But by using
the Example 2.2, we can show that the converse of this fact is not necessary true.
Indeed, for the soft topology 7 = {Jg, Xg, Firp = {(e1,{z}),(e2,{y})}, For =
{(e1,{vy}), (e2,{z})}}. One can check that, z., is a Sa-g-closed set but it is clear
that z., is not a soft a-closed set.

Theorem 2.16. A soft topological space (X, 1, E) is soft a-symmetric if and only
if . is a Sa-g-closed set, for all xz, € SP(Xg).
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Proof. Necessity: Let (X, 7, E) be soft a-symmetric. Suppose that z.€Ug ,Ug €

Sa0(Xg) and cla(we)iUE. Then there is y.€Xg such that y.Ecly(z.)NUE. Thus
Yoo (), YeCUS, that is, clo (ye)Cela (Ug) = US. Since (X, 7, E) is soft a-symmetric
and y.Ecly (), xeécla(ye)i U%. This contradiction with z.€Ug. So cla(ace)éUE.

Conversely, let 2, € SP (Xg) be a Sa-g-closed set. Suppose that z.€cly (y.) and
ye%cla(me), that is, y.€(clo (7)) € SaO (XE) . Since y. is Sa-g-closed,

Cla(ye)i(Cla(xe))C~
Then y.&(clo(e))°C(xe)°. This is a contradiction. Thus the result holds. O

Remark 4. From Definition 2.14 and Theorem 2.5. The notions of soft a-symmetric
and soft a-Rj are equivalence.

Definition 2.17. A soft topological space (X, 7, F) is said to be:
(i) soft weakly Rg(briefly, Sw — Ry), if N {cl(x.) : z. € SP (Xg)} = O,
(ii) soft weakly a-Ro(briefly, Swa — Ry), if N {clo(ve) : v € SP (Xg)} = 9.

Theorem 2.18. A soft topological space (X, T, E) is Swa-Ry if and only if
SKy(x)#XE, for every x. in Xg.

Proof. Necessity: Let (X, 7, FE) is Swa-Ry. Suppose that there is y, in X g such that
SK, (ye) = Xg. Then y.¢Gg, for some Gg € SaO(Xg). Thus
yeen{cly(z.) : . € SP(XE)}.
But this is a contradiction.
Conversely, let SK,, (z.) #Xg, for any 2. € Xg. If there is y. in Xg such that
yeen{cly(z.) : x. € SP(XE)}, then any soft a-open set containing y. must contain

any soft point in Xg. This mean that Xg is the unique soft a-open set containing
Ye. Thus SK, (z.) =Xpg. This is a contradiction. So (X, 7, E) is Swa-Ry. O

Definition 2.19. A soft topological space (X, 1, E) is soft a-Ry (briefly, Sa-R1),
if for every pair of distinct soft points ., y. with ¢l (z.)#clq(ye), there are two
disjoint a-open sets Ug and Vg such that cly(x.)CUg and ¢l (y.)CVE.

Example 2.20. Let X = {z,y} and E = {e1,e2}. The family 7 = {@g, Xg, Fig ,
Fyg} is a soft topology on X, where Fi g = {(e1, {z})}, For = {(e1,{y}), (e2, X)}.
Now, for distinct soft points x.,, ye, With clg(ze,) #cla(Ye, ), there are disjoint soft
a-open set Fyg, Fop such that cla(xel)iFlE and cla(yel)iFgE. Also, for distinct
soft points Zc,, Ye,, we have cly(Zc,) =clo(Ye, ). Then (X, 7, E) is Sa-R;.

Theorem 2.21. A soft topological space (X, 7, E) is Sa-Ry if and only if for every
distinct soft points x.,y. with SK(x.) # SK(y.), there exist disjoint soft disjoint

a-open sets Fg, Gg such that cla(me)éFEmla(ye)gGE.
Proof. Tt follows from Lemma 2.10. O
Proposition 2.22. A soft topological space (X, 7,E) is Sa-Ry if and only if for

every distinct soft points Te,ye with xe¢cla(ye), there are disjoint soft a-open sets
Fg,Gg such that x.€Fg and y.€G g .

Proof. 1t follows from Definition 2.19 , Lemma 2.11 and Theorem 2.21. O
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Theorem 2.23. Let (X, 7, E) be a soft single point space. Then (X, T, E) is Sa-Ry
and Sa-Ry.

Proof. Let (X, 7, F) be a soft singlet point space and let z., y. be two distinct soft
points with ¢ly(xc)#clo(ye). Then there are disjoint soft a-open sets g , yg such
that z.€xp , ye€yp. Thus (X, 7, E) is Sa-R;. Similarity of the other case. O

3. SOME BASIC RELATIONS.

First, we recall the definition of soft a-Tj and soft «-T; as in [20].

Definition 3.1. A soft topological space (X, 7, E) is said to be:
(i) soft a-Tp, if for every two distinct soft points x., y., there is Fg € SaO(Xg)

such that z.€Fg,y.¢Fg or there is Gg € SaO(Xg) such that y.€Gg, 7.¢Gg,
(ii) soft «-T1, if for every two distinct soft points z.,y., there are Gg, Hg €

SaO(Xg) such that z2.€G g, yeéGE and y.€Hg,z.¢Hp.
Remark 5. Clearly, every Sa-T is Sa-Ty. But the converse is not necessary true.

Example 3.2. Let X = {z,y} and E = {e1, e2}. The family 7 = {@g, Xg, Fr} is a
soft topology on X, where Fg = {(e1,{z}), (e2, {y})} . One can shows that (X, 7, E)
is soft a-Tp. But is not soft a-T. Indeed, for distinct soft points z.,, y.,, there are

only two soft a-open sets Fg, Xg such that xeléFE and y., ¢ Fr but X contains
both z,, ye, -

Theorem 3.3. If (X, 7, E) is Sa-Ry, then is Sa-Ry (soft a-symmetric).

Proof. Let x.,y. be two distinct soft points and xeécla(ye). Then clg(xe)F#Cl o (Ye)-
Since (X, 7, E) is Sa-Ry, there is Up € SaO (Xg) such that y.€Up and z.¢Ug.
Thus ye¢clq(x.). Similarity for the converse. So the result hold. O

The converse of the above theorem is not true, the Example 3.17 in [25] shows it.
Theorem 3.4. If (X, 7, E) is soft a-T1, then is soft a-symmetric (Sa-Ry).

Proof. Let x.,y. be two distinct soft points and xeécla (ye). Since (X, 1, F) is Sa-T1,

there is Fr € SaO (Xg) such that y.€Fg and x.¢Fg. This means that y.¢cly (z.).
Then (X, 7, E) is soft a-symmetric. O

The following example shows that the converse of the above theorem is not true.

Example 3.5. Let X = {x,y} and E = {ey, ea}. Then the family, 7 = {@g, X, Ug, Vi }
is a soft topology on X, where Ug = {(e1,X)} , Vg = {(e2, X)}. Now we can verify
that (X, 7, E) is soft a-symmetric. But it is not soft & — T’y because, for two distinct
soft points z.,, ye,, the soft a-open sets which are containing x., are Xg and Ug
but also, they are containing ye, .

Theorem 3.6. A soft topological space (X, 7, E) is soft a-Ty if and only if is both
soft a-symmetric and soft a-Tp.
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Proof. Necessity: It follows from Theorem 3.4 and Remark 5

Conversely, Let z. ,y. are distinct soft points in Xg. Since (X, 7, E) is Sa-Tj, we
can assume that z.€UgC(y.), for some Up € SaO(Xg). Then xe%cla(ye). Thus
yYedcla(ze). So there is Vi € SaO(Xg) such that y.€VEC(z.)°. Hence (X, 7, E) is
a soft a-T7 space. O

Definition 3.7. A soft topological space (X, 7, F) is soft a—T%, if every soft a-g-
closed set is soft a-closed.

Theorem 3.8. For a soft a-symmetric space (X, 1, E), the following properties are
equivalence:

(1) (X, 1, E) is soft a — Tp,

(2) (X 7, E) is soft . = Ty,

(3) (X,7,E) is soft a — T,

Proof. (1 ):>(2): Let (X,7,E) be Sa-Ty and Fg be a Sa-g-closed set. Suppose

that Fip # clo(Fg). Then there is z. in X such that r.€Fg and xegécl (Fg), that
is, 7.€(clo(Fr))°€Sa0(Xg). Since (X, 7, E) is Sa-symmetric and Sa-Tp,

clo(we)C(cla(Fr)) CFp,
that is, z.€F%. This is a contradiction. Thus Fg = cl,(Fg), that is, Fg is a Sa-
closed set. So the result holds.

(2)=(3): Let (X, T, F) be Sa-symmetric and Sa-Ty. By Theorem 2.16, every
Ze in Xg is a Sa-g-closed set, and by(2), x. is a Sa-closed set. This mean that
every soft pint z. in Xg is a Sa-closed set. Thus (X, 7, E) is Sa-Tj.

(3)= (1): It follows directly from Theorem 3.6. O

Theorem 3.9. For a soft topological space (X, T, E), we have:

(1) if (X,7,E) is Sa-Ry , then (X, 7.) is a-Ry for alle € E,

(2) if (X, 7,E) is Sa-Ry , then (X, 7.) is a-Ry for alle € E.
Proof. (1) Let z,y € X and = # y with clo{z} # clo{y}. Then either = ¢
co{y} ory ¢ cly{x}. Thus xegécl (ye) or yegécl (xe). So clo(ze) # cla(ye). Since
(X,7,E) is Sa-Ry, there are Fg,Gg € SaO(Xg) such that 2.€Fg,y.€Gg and

FgN Gg = @p. Hence there are disjoint a-open sets F'(e), G(e) such that z € F(e)
and y € G(e). Therefore (X, 7.) is a-R;. Similarity for the case (2). O

The following example shows that the converse of the above theorem is not true.

Example 3.10. Let X = {x,y} and E = {e1,e2}. Then the family 7 = {@p, Xg,
Fig  Fop . F3p ., Fap}, where Fip = {(e1,{z})}, Fop = {(e1,{z}), (e2, {z})} .
Fs3p = {(e1,{z}), (e2,{y})} and Fyr = {(e1,{x}), (e2,X)} is a soft topology on X
and the family 7., = {&, X, {z}, {y}} is a discrete topology on X which is a-R; and
a-Ry. Bet (X, 7, E) is not Sa-Ry. Indeed, for distinct soft points z.,, y., we have,
Xp = cla(te,) # cla(Ye,) = Ye, but cla(@e,)Ncla(Ye,) # Db

Proposition 3.11. Let (X, 1, E) be a soft single point space, then we have:
(1) (X,7,E) is Sa-Ry if and only if (X, 7.) isa-R1 ,Ve€ E,
(2) (X,71,FE) is Sa-Ry if and only if (X,7.) is a-Ry , V e € E,
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Proof. Necessity: It follows from Theorem 3.9, and also, from (3) of Definition 1.13.
Conversely, It follows from Theorem 2.23. O

Theorem 3.12. For a topological space (X, 0), then we have:
(1) (X,0) is a-Ry if and only if (X,7,,E) is Sa-Ry,
(2) (X,0) is a-Ro if and only if (X, 7,,E) is Sa-Ry,

Proof. (1) Necessity: Let x., y. be two distinct soft points and cl,(ze) # cla(ye).
Then z # y and clo{x} # clo({y}. Since (X,0) is a-Ry, there are disjoint a-open
subsets A, B of X such that x € A, y € B. Thus there are Ug, Vg € SaO(XEg) such
that A= U (e) and B =V (e) for all e € E with 2.€Ug,y.€EVr and UsgNVg = .
So the result holds.

Conversely, let z,y € X and & # y with clo{z} # clo{y}. Then either = ¢
cofy} or y & clo{z}. Thus . ¢ clo(Ye) or ye ¢ cla(ze), then cly(ze) # cla(ye).
Since (X,7,,E) is Sa-R;, there are disjoint soft a-open sets Ug , Vg such that
1.€Ug , Y.€Vg. So there are disjoint a-open sets F, G in (X, o) such that z €
U(e)=F andy €V (e) =G, for all e € E. Hence (X, 0) is a-R;.

(2) The proof of the case (2) is similar. O

Remark 6. If (X, 0) is a discrete topology on X, then we obtain the same results
of Proposition 3.11.
The next proposition shows that the Sa-Ry and Sa-R; are hereditary.

Proposition 3.13. Let (X, 7, E) be a soft topological space, we have:
(1) if (X, 7,E) is Sa-Ry, then every soft subspace (Y, 7y, E) is Sa-Ry,
(2) if (X, 7,E) is Sa-Ry, then every soft subspace (Y, 7y, E) is Sa-Ry.

Proof. (1). Let x.,y. are distinct soft points in Yg with cly(ze)#clo(ye). Then
Ze , Ye are distinct soft points in Xg with ¢l (xe)#clo(ye). Since (X, 7, E) is Sa-R;,
there are Fg , Gg € SaO(Xg) such that z.€Fg , y.€Gp with FgNGp = @p.
Thus there are soft a-open sets Uy = YpNFr and V} = YeNGg in (Y,7y, E)
which are contains ., y. respectively, and ULNVY = @g. So (Y, 1y, E) is Sa-R.
Similarity of the case (2). O

4. CONCLUSION.

In this paper, we defined and investigated some new lower separation axioms in
soft topological spaces via soft c-open sets. We characterize their basic properties.
Some nice results and relations for them are studied. In the next work, we study
some properties of soft weakly Ry and soft weakly a-R( spaces.
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