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ORIGINAL ARTICLE

Soft Topological Notions via Molodtsov Model
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Abstract

In the present paper, we introduce a new concept of soft sets called soft g(8, w)-closed sets. Also, we study the basic
properties of this new concept and we investigate the relation between soft g(8,w)-closed sets and some of the other soft
sets. Finally, we introduce the concept of soft g(6, w)-continuous map and we study the relationship between the new

concept and some of the other types of soft continuity.
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1. Introduction

M olodtsov [1] introduced the soft setin 1999. The
soft sets were employed in application by Maji
et al. Furthermore, soft information is a particular
information class. Shabir and Naz explored some
more fundamental features and introduced the soft
topological space in [2]. Following that, some topo-
logical research discovered several fresh varieties of
near soft open sets and investigated both their indi-
vidual and interrelated characteristics. K. Kannan
first discussed the idea of a soft generalised closed set
in [3]. Many different soft generalised closed set types
were then defined by various topologists. In this
article, we introduced a brand-new class of soft
generalised sets termed soft (8, w)-closed and
described its fundamental characteristics. Recent
years have seen a significant growth in the number of
articles regarding soft sets and their applications in
numerous disciplines, as demonstrated in [4—6].

2. Preliminaries

In this section, we present the basic definition and
some results of soft set theory. Let i be a universal
set and « be the set of parameters, P()) is the power
set of )1, ACk and the soft set will be denoted by S-set.

Definition 2.1 [1]. A S-set (Q,A) on N is defined
by the set of ordered pairs
(Q,A) = {(h,Qa(R)) : h €k, Qa(h) EP(V)}, where
Qu : A= P(N).

Definition 2.2 [1,7]. A S-set (Q,A) is called null S-
set if for all, €A, then Q() = ¢ and its denoted by
¢. A S-set (Q,A) is called absolute S-set if for all a€
A,Q(h) = N and its denoted by N.

Definition 2.3 [1,7]. Let (Q,A) and (W, 8) be two S-
sets over M. Then, the union of (Q,A) and (¥, 8) is a
S-set (H,C) where C = (AUB) and

H(h) = Q(h) if heA-(,H(h) =W() if
hep — A, H(h) = Q(h)u¥(h) if he Ang.

Definition 2.4. [1,7] Let (Q,A) and (W, 8) be two S-
sets over M. The intersection of (Q2,A) and (¥, ) is a
S-set (F, D) where D = Ang, F(h) = Q(h)n®¥(h), for
allheD.

Definition 2.5. [1,7] A S-set (Q,A) is called a S-
subset of (W, 8) if ACS and Q(h)CW¥(h) for all a€A.
We write (Q,A)C(W, 8).

Definition 2.6 [1,7]. Let (Q, ), (¥, «) be two S-sets
over M. Then, the difference of (Q,«), (¥, «) is
denoted by (H,C) = (Q,«) \ (¥, ) such that H(C) =
Q(h)\¥(h) for all h in A.

Definition 2.7. [1,7] The relative complement of
(Q,A) is denoted by (Q,A)" = (Q°,A) where Q°: A—
P(R) given by Q°(h) = K\ Q(h) for all h in A.
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Definition 2.8 [2,8]. Let 7 be a collection of S-sets
over N. Then, 7 is called a S-topology on N if the
following axioms are satisfied:

1) ¢,Ner.
(2) The union of arbitrary S-sets in 7 belongs to 7
(3) The intersection of two S-sets in 7 belongs to 7.

The triple (N, 7,«) is called a S-topological space
and the members of 7 are called S-open sets and its
complement are called S-closed sets.

Definition 2.9. [2,8] The S-interior of (Q,«) is the
union of all S-open sets of topological space (h, 7, «)
contained in (Q, k) and its denoted by int(Q, ).

Definition 2.10. [2,8] The S-closure of (Q, k) is the
intersection of all S-closed sets containing and its
denoted by cl(Q, k).

Definition 2.11. [6,9—11] Let (, 7,«) be a S-topo-
logical space. Then, (Q,«) is said to be:

(1) A S-a-open set if (Q,«)Cint(c
(2) A S-semi-open set if (Q, K)Q in

(3) A S-pre open set if (Q, k)Cint(cl(Q, k)).

(4) A S-b-open set if (Q,«)Cint(cl(Q, ))Ucl(mt(Q,K)).
(5) A S-B-open set if (Q,x)Ccl(in t(cl(Q K)))-

1(int(Q, k))).
cl(int(Q, x))
Q. k

The family of all S-a-open (resp. S-semi-open, S-
pre open, S-b-open and S-$-open) sets in a S-topo-
logical space (N, 7,«), is denoted by SaO (resp. SSO,
SPO, SbO and SB0.

Definition 2.12. [6,9—11] A S-set (Q,«) of a S-to-
pological space (N, 7, k) is called S-a-closed (resp. S-
semi-closed, S-pre closed, S-b-closed and S-
B-closed) sets if its complements is S-a-open (resp.
S-semi-open, S-b-open and S-B-open) sets.

Definition 2.13. [6,9—11] Let (N, 7,«) be a S-topo-
logical space and (Q,x) be a S-set. Then, The,
intersection of all S-a-closed (resp. S-semi-closed,
S-pre closed, S-b-closed and S-B-closed) sets con-
taining (Q,«) is called S-a-closure (resp. S-semi-
closure, S-pre closure, S-b-closure and S-(-closure)
of (Q,«) and its denoted by Sacl(Q, ) (resp. SScl(Q,
k), SPcl(Q, k),

(1) Sbcl(Q, k) and SBcl(Q, k).

(2) The union of all S-a-open (resp. S-semi-open, S-
pre open, S-b-open and S-$-open) sets contain-
ing in (Q,«) is called S-a-interior (resp. S-semi-
interior, S-pre interior, S-b- interior and S-g-
interior) of (Q, «) and it is denoted by Saint(Q, )
(resp. SSint(Q, k), Spint(Q, ), Sbint(Q,«) and
56int(Q, ).

Definition 2.14. [12—14] A S-subset (Q,«) of a S-
topological space (R, 7,«) is called:

(1) A S-generalized closed set (sg-closed) if
(Q,k)C(¥,k) and (W,«) is S-open implies that
cl(Q, k) (W, k)

(2) A S-semi-generalized closed set (SSg-Closed set)
if (Q,x)C(W,«) and (W, k) is S-semi-open implies
that SScl(Q, k) C(W, k)

(3) A generalized S-semi-closed set (SgS-closed set)
if (Q,k)C(¥,«) and (W, «) is S-open implies that
5Scl(Q, k) (W, k)

(4) A S-a-generalized closed set (S o g-closed set) if
(Q,k)C(W¥, k) and (W, k) is S-a-open implies that
5Scl(Q, k) (W, k)

(5) A S-generalized a-closed set (Sg a-closed set) if
(Q,k)C(¥,k) and (¥,«) is S-open implies that
Sacl(Q, k)C(W, k).

(6) A S-a-closed set (S w-closed set) if (Q, k)C(W, k)
and (W, k) is S-semi-open set implies that Scl(Q,
K)C(W, k).

(7) A S-generalized pre closed set (Sgp-closed set) if
(Q,k)C(W, k) and (¥, k) is S-open set implies that
Spcl(Q, k) (W, k).

Definition 2.15. [15] A map O: (R, 7,«) (V,7,«') is
called:

(i) A S-continuous map if O 1(Q,«’) is a S-open
set in (N, 7, k), for every S-open set (Q',«’) in
(V, 7', &).

(ii) A S-a- continuous map if O71(Q',«) is a a-S-
open set in (N, 7, ), for every S-open set
() in (V, 7, &).

(iii) A S-semi continuous map if O 1, K)isaS-
semi-open set in (N, 7,«), for every S-open set
(k) in (V, 7, «).

3. A Soft generalized (6, w)-closed set

Definition 3.1. Let (N,7,k) be a S-topological
space. If (Q,k)C(N,k) and (M,x) is S-w-open set
implies that 8cl(Q, «)Cint(, ), then (Q, k) is called a
S-generalized g(8,w) closed set. The set of all S-
generalized ¢(8,w) closed sets is denoted by Sg(8,
w)c.

In this paper, we consider N = {1, N,} and =
{h1,ho}, (k) = N = {(hla%)v(h%m)}a (Q,k) =¢ =
{(he, ). (ha, @)}, (Q.6) = {(hr, {M1}), (ha, {Fa})}, (€,
;))}: {(hla {th}% (h27 {ERZ})}W (957 K) = {(hla m)v (hZa

(Q6vK) = {(hh ) (hZ’ml)} (977’{) - {(hlv ) (hZ’
()}, (€5,0) = {(hn,6), ,

(ha {1}, (Q,6) = { (1, 8), (B, {M2})}, (Quoy0) =
{(he, {91 }). (ha, (M)},

(Qu1, &) =
{(h17 ¢)7 (hz, SR)}, (912, K) = {(hh {ml}>7 (hz, m)}’
(Qu3, k) = {(h1, {N2}),
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(hz, g}t)}v (9147 K) = {(hla {;}}1})7 (h27 ¢)}v
{(h17 {ER2})7 (h27 ¢)}7

(16, K) = {(Br. {M2}), (B2, {M2})}

Example 3.1. Let 7 = {),¢,Q3,Q6,Q13}. Then, 7° =
{R, ¢,Q4,Q9,Q5}. We have that 8(8, w)c = {1, Q,
Q4,Q5,Q7,Q9, Q1, Qu3, Q15, Q6 }-

Proposition 3.1. A S-set (Q,«) is S-w-open if and
inly if (W, x)Cint(Q, k), whenever (W, k) is S-semi-
closed and (W, k)C(Q, ).

Proof. Let (Q,«) be S-w-open. Then (Q¢,«) is a S-
w-closed set. So, cl(QF, k)C(W, k), whenever (QF,
k)C(W1, ), where (Wq,k) is S-semi-open. Hence,
(WS, k) is S-semi-closed and so int(cl(W¢,k))C(W*, k).
If we assume that W = W, then int(cl(W,«))C(W, ).
Since cl(y¢, k)C(¥, k), then (¢, «)Cint(Q, «).
Conversely, let (Q,x) be a S-set such that
(¥, k)Cint(Q, k) whenever (y, k) is S-semi-closed and
(¥,k)C(Q, k). Then, (Q°,k)C(¥*, k), wherever (y*, k) is
S-semi-open set implied that
(Q°, k)C (¥4, k)Cel(int(y*, k) then cl(Q°, k)Ccl(int(y*,
k)). Since

[cl(int(y*, k))] is semi-open set, then (Q° k) is S-
w-closed set and so (Q, k) is S-w-open.

Proposition 3.2. Every S-semi-closed set is a
5g(8,w) — C set.

Proof. Let (y,x) be a S-semi-closed set and (v,
k)C(Q, k), where (Q, k) is S-w-open set. By Proposi-
tion 3.1, we have that (¥, x)Cint(Q, k). Also, since
(¢, k) is S-semi-closed, then (v, k) is S-G-closed, and
S0

SBcl(y, k) = (¥, k)Cint(Q, k). Hence (y,k) is a
58(8,w) — C set.

We not that the converse of the proposition 3.2
may not be a true, in general as shown in Example
3.1.

Example 3.2. Continue to Example 3.1, we have
that S-sets.

{Q5, Q7, Qw, Qn, 913, Q14, 916} are S — (ﬁ, w)—closed
sets but not S-semi-closed sets.

Proposition 3.3. Every S-closed set is a S¢(8, w)— C
set.

Proof. Let (¥, k) be a S-closed set and (y,x)C (Q,«),
where (Q,«) is S-w-open. Then, by Proposition 3.1
(¢, k)Cint(Q, k). Since (¢, k) is a S-closed set, then
(¢, k) is a S-B-closed set and then SBcl(y,k) = (¥,k)C
int(Q, «). Hence, (y,«) is Sg(8,w) — C

We note that the converse of the proposition 3.3
may not be a true, in general as shown in Example
3.1.

Example 3.3. Continue to Example 3.1, we have
that the S-sets.

{Qs, Q7, Qq0, 11, 13, 916} are Sg(ﬂ, (1)) — C sets but
not S-closed sets.

Proposition 3.4. Every S-a-closed set is a Sg(68, w)—
C set.

(Q5, &) =

Proof. Let (¢, «) be a S-a-closed set and (¢, x)C(Q,
k), where (Q,«) is S—W-open. Then, by Lemma 3.1
we have that (y, «)Cint(Q, k). Since (¥,k) be S-
a-closed, then (y,«) is a S-B-closed and S@Bcl(y, k) =
(¥, K)Cint(Q, k). Hence, (y,«) is Sg(8, ») — C set.

We note that the converse of the proposition 3.4
may not be a true, in general as shown in Example
3.1.

Example 3.4. Continue to Example 3.1, we have
that the S-set Qs is Sg(B8,w) — C set but not S-
a-closed.

Proposition 3.5. Arbitrary intersection of
5g(8,w) — C sets is also 5g(8, w) — C set.

Proof. Let (Q;,«) be Sg(B8,w) — C sets in the S-to-
pological space (N,7,«). Then, SBcl(Q,, k) Cint(N,, ),
for each A, whenever (Q,, k)C(N,, k), are S-w-open
sets. Hence, we have that n,;S8cl(Q;, x)Cnyint(N;, k),
for each A, whenever n,(Q,, «)C(M;, ). Since
N(Q, k) is S-w-open, then N;(Q;, ) is a Sg(8, w) — C
set.

Remark 3.1. The S-union of two Sg(8,w) — C sets
may not be a Sg(8, w) — C set. This is clear from the
following example.

Example 3.5. Continue to Example 3.1, we have
that Qs5,Qi are S(B,w)— C sets but QsUQ =
Qe &Sg(B, w) — C.

Remark 3.2. The concept of S-generalized (8, w)
closed set and S-g3-closed sets are independent. This
is clear from the following example.

Example 3.6. Continue to Example 3.1, we have
that Qg is S-6- closed set but not generalized (8,
w)-closed set.

Example 3.7. Continue to Example 3.1, let 7 = {Qy,
0,Q5}. Then, we have that 7° = {Q, Qy, Q4 }{Qs5, Qg,
Qy} are S-generalized (8, w)-closed set but int S-g-
closed set.

Remark 3.3. The concept of S-generalized §-closed
set and S-closed sets are independent. This is clear
from the following Example.

Example 3.8. Continue to Example 3.1, we have
that Qg is a S-pre closed set but its not S-generalized
(B, w)-closed set.

Example 3.9. Continue to Example 3.1, we have
get Qs, Qg, Q7 are S-generalized (8, w)-closed set nut
not S-pre closed set.

Remark 3.4. The concept of S-g-closed sets and
generalized (6, w)-closed sets are independent. This
is clear from the following Example.

Example 3.10. Continue to Example 3.1, we have
that 94, 95, Q7, Qlo, 9117 913, 914, Q15, Qm are gener-
alized (B, w)-closed sets but not generalized closed
sets.

The same example above, say that Qi2, Q14 are S-
generalized closed sets but not S-generalized (6,
w)-closed set.



A.A.-z. Nasef et al. / Al-Azhar Bulletin of Science 34 (2023) 80—83 83

Remark 3.5. The concept of S-generalized (8,
w)-closed set and S-w-closed set are independent
this is clear form the following Example.

Example 3.11. Continue to Example 3.1, we have
that Q5, ng, 911, 914, Q]6 are S—generalized (6,
w)-closed set but not S-w-closed set.

Example 3.12. Continue to Example 3.1, let 7 =
{Ql, Qz},TC = {Ql,Qz} we have that, {93, 947916}
are S-w-closed set but not S-generalized (8,
w)-closed set.

Remark 3.6. The concept of S-generalized (8,
w)-closed set and S-a-generalized closed set are
independent is clear form the following Example.

Example 3.13. Continue to Example 3.1, we have
that Q5, Q7, ng, Qn, 913, 914, Qlﬁ are S-generalized
(8, w)-closed set but not S-a-generalized closed set.

Example 3.14. Continue to Example 3.1, we have
that (Qs, ..., Q16) are S-a-generalized closed sets but
S-generalized (8, w)-closed sets.

Remark 3.7. The concept of S-generalized (8,
w)-closed set and S-generalized semi-closed set are
independent.

Example 3.15. Continue to Example 3.1, we have
that Qj9, Q11,Q14, Q16 are generalized (8, w)-closed
set but not S-generalized semi-closed set.

Example 3.16. Continue to Example 3.1, let {r =
{91, Qz, Qw, Qm}. We have that
{Q3,Q4,Q5,Q6, Q7,Q5, Qg, Quo, Qu1, U2, Qu3, Qua}  are
generlaized S-semi-closed but not S-generalized (8,
w)-closed

4. Soft generalized (3, w)-continuous map

Definition 4.1. A map O: (R, 7,«) (V,7',«’) is called
a S-generalized (8, w)-continuous map if O~ (Q', «')
is S-generalized (8, w)-open set in (N, 7,«), for every
S-open set (', «') in (V,7,«).

Example 4.1. Let O: (N, 7,«) (V,7,«') be a map,
where (M, 7,k) is a S-topological space defined in
Example 3.1 and Let V ={a,b},« = {h],hy} and
(V, 7, k") ={V,¢,Q,Q5,Q%} such that
0f = (05, {a}), (W, {a})}. D = {(M5.V), (. {a}))
and Q) = {(h},{a}),(h},V). Then U is a S-generalized
(68, w)-continuous map.

Theorem 4.1. The identity map I : (R, 7,«x) — (N, 7,«)
is a S-generalized (8, w)-continuous map.

Proof. It is obvious.
Theorem 4.2. Let U: (N, 7,«) (V,7',«’) be a S-map.
Then,

(1) If T is S-continuous, then U is S-generalized (8,
w)-continuous

(2) If U is S-a-continuous, then U is S-generalized (8,
w)-continuous

(3) If U is S-semi-continuous, then U is S-general-
ized (8, w)-continuous

Proof. It is obvious.
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