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Abstract

In this paper, firstly we introduce the notions of soft supra locally « -closed sets in
soft supra topological spaces. We investigate the relationships with different types of subsets
of soft supra topological spaces. Secondly, we introduce the notion of SSL- & C-continuous
functions and a decomposition of soft supra continuity is obtained.
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1. Introduction

Since soft set theory [13, 14] has rich potential for practical applications
in several domains, it has been studied by many authors [5, 6, 8,11, 13, 15].
In 2011, Shabir et al. [16] initiated the notions of soft topological spaces
(sts’s). The notions of soft supra topological spaces (ssts’s) were first
introduced by El-Sheikh et al. [7] which generalized in [2]. A new concept
of supra open soft sets, named soft supra strongly generalized closed sets
was initiated by Abd El-latif in [3]. In 2018, Abd El-latif [1] introduced the
concepts of soft supra locally closed sets and SSLC-continuous functions
in ssts’s. The notion of supra soft pre-locally closed sets was introduced in
[9] as a generalization to that’s in [1].

Our purpose of this paper, is to use the notion of soft supra « -open
sets with a different manner of [9] to investigate new notions named, Soft
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supra locally « -closed sets, SSL- oz C-continuous functions, and discuss
their properties.

2. Preliminaries

This section is devoted to introduce the basic definitions of earlier
studies which have already givenin [1, 7, 12, 13, 16, 17].

Definition 2.1: [14] A pair (G, E), denoted by G,, is called a soft set over
X,, where G:E — P(X). The family of all soft sets over X is denoted by
S55(X),.

Definition 2.2 : [16] The collection 7 ¢ S5(X), is called a soft topology on
X if it is contain X, ¢ and closed under finite intersection and arbitrary
union. The triplet (X, 7,E) is called a soft topological space (sts, for short)
over X.

Definition 2.3 : [7] The collection uc SS(X), is called a soft supra
topology on X with a fixed set E if it is contain X, ¢ and closed under
arbitrary union. The triplet (X, #,E) is called soft supra topological space
(ssts, for short) over X. We denote the set of all soft supra open sets by
SSO(X) and the set of all soft supra closed sets by SSC(X). If (X,7,E) is
a soft topological space, then we say that, u is ssts associated with 7 if
TC U

Definition 2.4 : [1, 7] Let (X, &, E) be a ssts and (A,E) e SS(X),. Then,
(A,E) is said to be,
(1) Softsupra « -open setif (A,E) E int*(cl’(int’(A, E))),
(2) Soft supra A-set if (A,E)=(G,E)—(H,E) where (G,E) is soft supra
open and (H,E) is soft supra regular open in X.
(3) Softsupralocallyclosed (SSL-closed, forshort)if (A, E) = (G,E)~(H,E)
where (G, E) is soft supra open and (H,E) is soft supra closed.

We will denote the set of all soft supra ¢ -open (resp. A-, SSL-closed)
sets by SSaO(X) (resp. SSA(X)), SSLC(X).

3. Soft supra locally o -closed sets

In the present section, we initiate the notions of soft supra locally
o -closed sets, soft supra locally o -closed sets and soft supra locally
o ~closed sets in ssts’s and study their basic properties.
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Definition 3.1 : Let (A,E) be a soft subset of a ssts (X, g, E) such that
(A,E)=(B,E)A(C,E), if:
1. (B,E) is soft supra o -open and (C,E) is soft supra o -closed
in X, then (A,E) is said to be a soft supra locally « -closed (SSL-
o -closed, for short).

2. (B,E) issoftsupra o -openand (C,E) is soft supra closed in X, then
(A,E) is said to be a soft supra locally & -closed (SSL-a -closed, for
short).

3. (B,E) issoft supra open and (C,E) is soft supra « -closed in X, then

(A,E) is said to be soft supra locally & -closed (SSL-a -closed, for
short).

If we denoted the family of all SSL-« - (resp. @ - and a -) closed
sets of a ssts X by SSL-aC(X) (resp. SSL- C(X) and SSL-a " C(X), then
for a ssts (X, i, E) we have the following implications.

SSL-aC(X) <« SSL-a'C(X)

T T
SSL-ar 'C(X) « SSL-C(X) <« SSA(X)
T
SSO(X)

These implications are easy to be proved, also these implications are
not reversible as shall shown in the following examples.

Examples 3.2 :

(1) Let X={h,i,j,k} and E={e e,} be the set of decision parameters.
Let (H,,E), (H,,E), (H,,E), (H,,E), (H,E) be five soft sets over the
common universe X defined as follows:

H,(e,)=1{h,i,k}, H,(e,)=1{h,i,k},
H,(e,)=1{h,j}, H,(e,)=1i, ]},
H,(e,)=1{i,j,k}, H,(e,)=1i, ]k},
H,(e,)=1i,j}, H,(e,)=1{h,j},

H,(e,)=1{h,i,j}, H(e,)={hi,j}.
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@)

Hence, u=1{X,¢,(H,,E), (H,E), (H,,E), (H,E), (H,E)} is a ssts
over X.

The soft set (Z,E), where Z(e,)=1{i}, Z(e,)={h} is SSL- e -closed,
but it is not SSL- & ~closed.

The soft set (S,E) where S(e,)=1{h,j,k}, S(e,)={i,jk} is SSL-a
-closed in (X, &, E), butitis not

SSL- o ~closed.

The soft set (T,E) is SSL- o -closed, but it is not SSL-closed, where
T(e,)={h}, T(e,)={k}.

The soft set (U,E) is SSL-a" -closed, but it is not SSL-closed, where
U(e,)=1{h}, Ule,)=1i,j}

The soft sets (S,E) (resp. (T,E) and (U,E)) are SSL-« - (resp. « -
and « -) closed, respectively. But, each of them neither soft supra
open nor soft supra closed in (X, i, E).

Let X ={x,y,z,w} and E={e ,e,} be the set of decision parameters.
Let (G,,E), (G,,E), (G,,E), (G,,E), (G,,E), (G,,E), (G,,E), (Gg,E),
(Gy,E), (G,,,E) be ten soft sets over the common universe X defined
as follows:

107/

G1 (el) = {xr y}r G] (6‘2) = {x/ y}/
G,(e))={x}, Gy(e,)=1{x},

G,(e)) ={x,y}, G,(e,)=1{x},
G,(e))={x,y,2}, G,(e,)={x,z},
Gi(e))={x,y,2}, Gyle,)=1x,y,2},
Gle))=X, Gy(e,)={x,y,z},
G,(e)={x,y}, G,(e,)={x,y,z2},
Gy(e))={yl, Gyle,) =1y},
Gy(e,) ={x,y,w}, G,(e,)={x,y,z},

Gl() (61) = {x’ y}/ G10(62) = {x/ Z}-
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Hence, ,uz{f(,(ﬁ,(Gl,E), (G,,E), (G,,E), (G,,E), (G,,E), (G,,E),
(G,,E), (G4,E), (Gy,E), (G,,E)} is a ssts over X. Consider the soft set
(P,E)=(G,,E)A(V,E), where (G,,E) is soft supra open and (V,E) is soft
supra closed in X given by V(e,)={z,w}, V(e,)=1{y,w}. Hence, (P,E),
where P(e,)={z,w}, P(e,)={y} is SSL-&- (resp. & - and & -) closed,
but it is not soft supra A-set.

Definition 3.3 : [7] Let (X, u,E) be a ssts over X and (F,E) € S5(X),. Then,
the soft supra ¢ -interior of (F,E), denoted by int’ (F,E), is the soft union
of all soft supra o -open subsets of (F,E). Also, the soft supra « -closure
of (F,E), denoted by cl’ (F,E), is the soft intersection of all soft supra
o -closed super sets of (F,E).

Theorem 3.4 : Let (A,E) be a subset of a ssts (X,u,E). Then,
(A,E)=(B,E)~cl’ (A,E) for some soft supra o -open set (B,E). if and only if
(A,E) is SSL- & ~closed.

Proof : It is similar to the proof of [Theorem 4, [9]]. O

Proposition 3.5 : Let (A,E) be a subset of a ssts (X, u,E). Then, the
following are equivalent:

(a) (A,E)e SSL-aC(X).

(b) (A,E)Ol[cL (A,E)[ is soft supra a -open.

(c) ¢’ (A ,E)—(A,E) is soft supra o -closed.

Proof : Follows from Theorem 3.4 and [[7], Theorem 4.1 ]. O

Theorem 3.6 : Let (A,E) be a subset of a ssts (X,u,E). Then,
(A,E)=(H,E)AcI’(A,E) for some soft supra o -open set (H,E) if and only if
(A,E) is SSL- o ~closed.

Proof : The proof necessity direction is straightforward from Definition
3.1 (2).

For the sufficient direction, let (A,E) be a SSL-o" -closed set in X.
it follows, (A,E)=(H,E)"(B,E) where (H,E) is soft supra o -open and
(B,E) is soft supra closed in X. Therefore, cI’(A,E) < cl’(B,E)=(B,E).
Hence, (A,E)&(H,E)Acl’(A,E)&(H,EYA(B,E)=(A,E). Thus, (AE)=
(H,E)Acl(AE). O
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Corollary 3.7 : Let (M,E) be a subset of a ssts (X,u,E). Then,
(M,E)=(N,E)Acl (M,E) for some soft supra o -open set (N,E) if and only
if (M, E) is SSL- o ~closed.

Proof : Follows from Theorem 3.6. O

The proof of the following theorems are similar to the previous
theorems.

Theorem 3.8 : Let (F,E) be a subset of a ssts (X, i, E). Then, the following are
equivalent:

(@) (F,E)e SSL-a C(X).

(b) (F,E)O[cI*(F,E)" is soft supra o -open.

() cl’'(F,E)—(F,E) is soft supra o -closed.

Theorem 3.9 : Let (S,E) be a subset of a ssts (X,u,E) Then,
(S,E)=(G,E)~cl’ (S,E) for some soft supra open set (G, E) if and only if (S,E)
is SSL- o -closed

Definition 3.10 : For a soft supra topological space (X, E), the soft
subset (Q,E) is called soft supra « -dense set if cI’ (Q,E) = X.

Proposition 3.11 : A soft supra « -dense set (R,E) in a ssts (X, &, E) is
SSL- o -closed if and only if it is soft supra ¢ -open.

Proof : from Theorem 3.4. O

4. Applications on soft supra locally « -closed sets

Here, we apply the notion of SSL-« -closed sets to soft continuity.
Especially, we introduce the notions of SSL-«& C-continuous functions,
SSL- " C-continuous functions and SSL- ™ C-continuous functions. Also,
we investigate their relationships with different types of soft continuity of
ssts’s provided with the counterexamples. Also, a decomposition of soft
supra continuity is obtained.

Definition 4.1 : [1, 7] Let (X,7,,A) and (Y,7,,B) be sts’s. Let x, be an
associated ssts with 7,..Let u: X - Y and p: A — B be mappings. Then,
the function fpu :55(X),, = S5(Y), is called:

(1) Soft supra continuous (S5-continuous) if fp’u1 (G,B)e u, V (G,B)e,.
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(2) Softsupra o -continuous if fp;l (G,B)e SSaO(X)V (G,B)er,.

(3) Soft supra A-continuous function
fp‘u1 (G,B)e SSA(X)V (G,B)e,.

(4) Soft supra locally closed continuous function (SSLC-continuous) if
p y
£:1(G,B)e SSLC(X) ¥ (G, B) e .

(SSA-continuous)  if

Definition4.2: Let (X,7,,A) and (Y, 7,,B) bests’s. Let x, bean associated

sstswith 7,. Let u: X - Y and p: A — B be mappings. Then, the function
fpu :55(X), = SS(Y), is called:

(1) Soft supra locally o -closed continuous function (SSL-a
C-continuous) if fp;l(G,B) € SSL-aC(X)V (G,B)e,.

(2) Soft supra locally o -closed continuous function (SSL-o’
C-continuous) if f,/(G,B)e SSL-&'C(X)V (G,B) € 7,.

(3) Soft supra locally ¢ -closed continuous function (SSL-a”
C-continuous) if f,/(G,B)e SSL-&"C(X) V¥ (G,B) € 7,.

For a ssts (X, i, E) we have the following implications.

SSL- aC — continuous « SSL-a C— continuous
SSL- @' C = continuous <« SSLC— continuous < SSA— continous

1

SS — continuous

These implications are not reversible as shall shown in the following
examples.

Examples 4.3 :

(1) Let X={h,i,jk}, Y={,m,n}, A={k, k,} and B={e,e,}. Define
u:X—-Y and p: A— B as follows:

u(h) ={n}, u(@)={m}, u(j)={}, u(k)={l} and

p(k,)={e,}, p(k,)={e}. Let (X,7,,A) be a soft topological space
over X where,

7, = {X,(b,(Sl,A)}, where (S,,A) defined as follows:

S (k) =1i, j}, S,(k,)={h,j}.
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)

®)

Consider the soft supra topology x4, ={}~(,(7),(H1,A), ....... ,(H,, A)}
in Example 3.2 (1). Let (Y, 7,,B) be a soft topological space over Y
where,

7, ={Y,,(L,B)}, where (L,B) is defined by:

L(e,) ={m}, L(e,)={n}
Consider the soft function f :(X,7,,A)—(Y,7,,B). Then,

fp;l((L,B)) ={(k, {b}), (k,, {a})} is ’ SSL- & -closed but not
SSL- " -closed . Hence, fpu is a SSL- or C-continuous but not supra S
o LC-continuous.

Also, if we take (L,B) as follows: L(e,)={l,n},, L(e,)={l,m}. Then,
fp’ul((L,B)) ={(k, {a,c,d}), (k,,{b,c,d})} is SSL-o -closed but not
SSL- ¢ -closed . Hence, f,. is SSL-e& C-continuous but SSL- o

C-continuous.
Moreover it is SSL- o C-continuous but not SSLC-continuous.

In (1), if we take u: X — Y and (L,B) as follows

u(h) ={n}, u(@)={m}, u(j)={mj, u(k)={l},

L(e,)={n}, L(e,)=1}.

Then, fp‘; ((L,B)) ={(k, {h}), (k,,{k})} is SSL-e&" -closed but not SSL-
closed. Hence, fw is SSL-«a” C-continuous but not supra SLC-
continuous.

Also, if we take (L,B) as follows: L(e,) = {n}, L(e,)={m}.

Then, fp’:((L,B))= {(k,,{n}), (k,,{i,j})} is SSL-a" -closed but not
SSL-closed. Hence, f,, is SSL-a" C-continuous but not supra SLC-
continuous.

Let X ={x,y,z,w}, Y ={a,b,c,d}, A={k k,} and B={e ,e,}. Define
u:X—-Y and p: A— B as follows:

u(x)={c}, u(y)=1{d}, w(z)={a}, u(w)=1{b} and

p(k,)={e,}, p(k,)={e}. Let (X,7,,A) be a soft topological space
over X where,

7, ={X,9,(T,A)}, where (T, A) is defined as follows:

T(k)=1{x,y}, T(k,)={x,y}.
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Consider the soft supra topology 4 in Example 3.2 (2),
M= {f(,(ﬁ,(Gl,A), ....... (G, A)). Let (Y,7,,B) be a soft topological
space over Y where,

T, = {(Y,9,(L,B)}, where (L,B) is defined by:

Lie,) = la,b), L(e,) = {d).

Consider the soft function fpu ((X,7,,A)—>(Y,7,,B). Then,
FA(L,B) = {(k,, {z,w}), (k,, {y})} is SSL-@- (resp. & - and a”-)
closed but not soft supra A-set. Hence, f, is SSL-a C- (resp. SSL-
o C-and SSL- & C)-continuous but not soft supra A-continuous.

5. Conclusion

as a

In this paper, we introduced some weaker forms of soft sets in ssts’s
generalization of soft supra locally closed sets [1]. We investigated

their relationships with different types of subsets of ssts’s with the help
of counterexamples. Also, new types of soft continuity are introduced.

Furthermore, some of their basic properties are obtained. In future, the
generalization of these concepts to fuzzy supra soft topological spaces [2,
4] will be studied.
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