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ABSTRACT. In this paper, we introduce the concept of soft supra strongly
semi” generalized closed sets (soft supra strongly semi* g-closed for short)
in a supra soft topological space (X, u, E) and study their properties in
detail. The relationship between soft supra strongly semi® generalized
closed sets and other existing soft sets have been investigated. It has been
pointed out in this paper that many of these parameters studied have, in
fact, applications in real world situations and therefore I believe that this
is an extra justification for the work conducted in this paper.
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1. INTRODUCTION

In 1970, Levine [13] introduced the notion of g-closed sets in topological spaces
as a generalization of closed sets. Indeed ideals are very important tools in general
topology. In 1983, Mashhour et al. [14] introduced the supra topological spaces,
not only, as a generalization to the class of topological spaces, but also, these spaces
were easier in the application as shown in [4]. In 2001, Popa et al. [16] generalized
the supra topological spaces to the minimal spaces and generalized spaces as a new
wider classes. In 2001, El-Sheikh [3] succeed to use the fuzzy supra topology to
study some topological properties to the fuzzy bitopological spaces. In 2007, Arpad
Szaz [5] succeed to introduce an application on the minimal spaces and generalized
spaces. In 1987, Abd El-Monsef et al. [3] introduced the fuzzy supra topological
spaces.

The notions of supra soft topological spaces were first introduced by El-Sheikh
et al. [7]. Recently, Kandil et al. [12] introduced the concept of soft supra g-closed
soft sets in supra soft topological spaces, which is generalized in [1]. Here, we used
the concept of supra soft closure, supra soft interior and supra semi open soft sets to
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define the notion of soft supra strongly semi* generalized closed (resp. open) sets.
The relationship between soft supra strongly semi* generalized closed sets and other
existing soft sets have been investigated. Furthermore, the union and intersection
of two soft supra strongly semi* generalized closed (resp. open) sets have been
obtained.

2. PRELIMINARIES

In this section, we present the basic definitions and results of soft set theory,
which may be found in earlier studies. Throughout this paper, X will be a nonempty
initial universe set and E will be the set of all parameters, which are often attributes,
characteristics or properties of the objects in X. Let P(X) be the power set of X.
Then, the soft set over X is defined as follows:

Definition 2.1 ([15]). Let A be a non-empty subset of E. A pair (F, A) denoted
by Fj is called a soft set over X , where F': A — P(X).

In other words, a soft set over X is a parameterized family of subsets of the
universe X. For a particular e € A, F(e) may be considered the set of e-approximate
elements of the soft set (F, A) and if e ¢ A, then F(e) = ¢, i.e.,

Fa={(e,F(e)):ec ACE, F: A— P(X)}.

The family of all these soft sets denoted by SS(X) 4. Clearly, a soft set is not a crisp
set.

Definition 2.2 ([17]). Let 7 be a collection of soft sets over a universe X with a
fixed set of parameters F, then 7 C SS(X)g is called a soft topology on X, if

(i) X, € 7, where ¢(e) = p and X(e) = X, Ve € E,

(ii) the union of any number of soft sets in 7 belongs to T,

(iii) the intersection of any two soft sets in 7 belongs to 7.
The triplet (X, 7, E) is called a soft topological space over X. The members of 7
are said to be open soft sets in X. We denote the set of all open soft sets over X by
OS(X, 1, E), or OS(X) and the set of all closed soft sets by CS(X, 1, E), or CS(X).

Definition 2.3 ([9, 10]). Let (X, 7, E) be a soft topological space and (F,E) €
SS(X)g. Then, (F,E) is said to be a semi open soft set, if (F, E)Ccl(int(F, E)).
The set of all semi open soft sets is denoted by SOS(X) and the set of all semi
closed soft sets is denoted by SCS(X).

Definition 2.4 ([7]). Let 7 be a collection of soft sets over a universe X with a
fixed set of parameters E. Then p C SS(X)g is called supra soft topology on X
with a fixed set E, if

(i) X, ¢ € p,

(ii) the union of any number of soft sets in p belongs to p.
The triplet (X, u, E) is called supra soft topological space (or supra soft spaces) over
X.

Definition 2.5 ([7]). Let (X, u, E) be a supra soft topological space and (F, E) €
SS(X)g. Then, (F, E) is said to be a supra semi open soft set, if (F, E)Ccl®(int*(F, E)).
The set of all supra semi open soft sets is denoted by supra-SOS(X) and the set of
all semi closed soft sets is denoted by supra-SCS(X).
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Definition 2.6 ([12]). A soft set (F, E) is called soft supra generalized closed set

(soft supra g-closed) in a supra soft topological space (X, u, F) if cl*(F, E)C(G, E)

whenever (F, E)C(G, E) and (G, E) is supra open soft in X.

Definition 2.7 ([18]). A soft set (F, E) is called supra regular open [resp. closed]
soft set in a supra soft topological space (X, u, E), if int*(cl*(F, E)) = (F, E) [resp.
cl®(int*(F,E)) = (F,E)]. The set of all supra regular open soft sets is denoted
by supra-ROS(X) and the set of all supra regular closed soft sets is denoted by
supra-RC'S(X). Also, it is called soft supra regular generalized closed (soft supra

rg-closed) in a supra soft topological space (X, u, E) if cl*(F, E)C(G, E), whenever

(F,E)C(G, E) and (G, E) is supra regular open soft in X.

Definition 2.8 ([2]). A soft set (F,E) is called a supra semi* generalized closed
soft set (~supra semi*g-closed soft)~ in a supra soft topological space (X,pu,E), if
cl*(F, E)C(G, E) whenever (F, E)C(G, E) and (G, E) is supra semi open soft in X.

3. SOFT SUPRA STRONGLY SEMI* GENERALIZED CLOSED SETS

The notions of soft supra generalized closed sets in a supra soft topological space
(X, p, E) [7], were first introduced by Kandil et al. [12], which are generalized in [1].
In this section, we introduce and study the concept of soft strongly semi* generalized
closed sets in supra soft topological spaces.

Definition 3.1. A soft set (F,E) is called soft supra strongly semi* generalized
closed set (soft supra strongly semi* g-closed) in a supra soft topological space
(X, p, E), if cl*(int*(F, E))C(G, E), whenever (F, E)C(G, E) and (G, E) is supra
semi open soft in X.

Example 3.1. Suppose that there are three phones in the universe X given by
X = {p1,p2,p3}- Let E = {ey,es} be the set of decision parameters which are
stands for ”expensive” and ”android” respectively.
Let (G, E), (G2, E) be two soft sets over the common universe X, which describe
the composition of the phones, which Mr. Z are going to buy, where:

Gi(er) = {p2,ps}, Gi(e2) = {p1,p2},

Ga(e1) ={p1,p2}, Ga(e2) = {p1,ps}.
Then, u = {X,, (G1,E), (G2, E)} is a supra soft topology over X. Thus, the soft
sets (F1, E), (Fy, E), where:

Fi(e1r) = {p2,p3}, File2) = {p1,p3},

Fy(er) = {p1,p2}, Fale2) = {p1,p2}-
are soft supra strongly semi* g-closed in (X, u, E'), but the soft sets (G, E), (G, E)
are not soft supra strongly semi* g-closed.

Remark 3.1. The soft intersection (resp. soft union) of any two soft supra strongly
semi* g-closed sets needs not to be a soft supra strongly semi* g-closed in general
as shown in the following examples.

Example 3.2. Suppose that there are four alternatives in the universe of cars

X = {a,b,¢,d} and consider E = {ey, ez} be the set of decision parameters which

are stands for ”quality of cars” and ”expensive” respectively.

Let (F1, E), (Fy, E), (Fs, E), (Fy, E), (F5, E), (Fs, E), (Fr, E), (Fs, E), (Fy, E), (F1o, E),
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(F11, E), (F12, E) be twelve soft sets over the common universe X, which describe
the goodness of the cars which Mr. A are going to buy, where:

Fi(e1) = {a}, Fi(e2) = {d},

Fy(e1) = {a,d}, Fy(ez) = {a,d},
Fs(e1) = {d}, Fz(e2) = {a},

Fy(e1) = {a,b}, Fi(e2) = {b,d},
Fs(e1) = {b,d}, F5(e2) = {a, b},
Fs(e1) = {a,b, c}, Fs(ea) = {a,b,c},
F7(€1) = {b C, d} F7(62) = {b C, d}
Fg(el) = {a b d} F8(62) = {CL b d}
Fy(e1) = F9(€2) = {a,b,c},
Flo(el) :{ C, d} Flo(eg) X
F11<61) = {a b C} Fn(@g) X
F12( 1) X F12(€2) = {b C, d}

Then n= {ngo?(Fh ) (F27 ) (F37E) (F47E) (F57E) (FﬁaE) (F77E) (FSaE)7
(Fg,E) (Fro, E), (F11, E), (Fi2, E)} is a supra soft topology over X. Thus, the soft
sets (Hy, E), (Ho, E) are soft supra strongly semi* g-closed in (X, u, F), where:
Hl(el) = {CL,b, C}a H1(62> = {b7 C, d}a
H2(€1) = {a,b, d}, HQ(@Q) = ~{b,C7 d}
But, their soft intersection (Hy, E)N(Hs, E) = (Q, E), where:
Q(el) = {aa b}a Q(eQ) = {b7 C, d}a
is not soft supra strongly semi* g-closed.
On the other hand, the soft sets (G, E), (G2, E) are soft supra strongly semi*
g-closed sets in (X, u, ), where:
Gi(e1) = {d}, Gi(e2) = {d},
Ga(e1) = {a}, Ga(ez) = {a}.
But, their soft union (G1, F)J(Ga, E) = (P, E), where:
P(el) = {a‘vd}v P(GQ) = {a7d}>
is not soft supra strongly semi* g-closed.

Theorem 3.1. FEvery supra closed soft set is a soft supra strongly semi* g-closed in
a supra soft topological space.

Proof. Let FeCGp and Gy € supra-SOS(X). Since Fi is closed soft,
cl* (int*(Fg))Ccl®(Fg) = FgCGp.
Then, Fg is soft supra strongly semi* g-closed. O

Remark 3.2. The converse of the above theorem is not true in general as shall
shown in the following example.

Example 3.3. In Example 3.1, the soft sets (F1, E), (Fy, E) are soft supra strongly
semi* g-closed in (X, u, E'), but not supra closed soft.

Theorem 3.2. If a soft subset Fg of a supra soft topological space (X, u, E) is both
supra semi open soft and soft supra strongly semi* g-closed, then it is supra reqular
closed soft set.

Proof. Since Fg is supra semi open soft and soft supra strongly semi* g-closed,
cl® (int*(Fg))CFpCcl® (int* (Fg)).
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Then, Fg is supra regular closed soft set. O

Theorem 3.3. In a supra soft topological space (X, u, E), supra-SOS(X) = supra-
RCS(X) if and only if each soft set is soft supra strongly semi* g-closed.

Proof. Necessity: Let Fg be any soft subset of X such that FrCGE, where G €
supra-SOS(X). Then, by hypothesis, G € supra-RCS(X). Thus, cl*(int*(Fg))C
cl®(int*(Gg)) = Gg. So, Fg is soft supra strongly semi* g-closed.

Sufficient: Let Op € supra-SOS(X). From the necessary condition, O is soft
supra strongly semi* g-closed. Then, cl*(int*(Og))COrCcl®(int*(Og)). This im-
plies that, Op € supra-RCS(X). Thus, supra-SOS(X) C supra-RC'S(X). But, we
have supra-RCS(X) C supra-SOS(X). This means that, supra-SOS(X) = supra-
RCS(X). O

Theorem 3.4. Let (X, u, E) be a supra soft topological space and Fg be a soft
supra strongly semi® g-closed in X. If FCHpCcl®(int®(Fg)), then Hg is soft
supra strongly semi* g-closed.

Proof. Let HgCGg and Gg € supra-SOS(X). Since FrCHECGE and Fg is soft
supra strongly semi* g-closed in X, cl®(int*(Fg))CGg. Thus,

cl*(int*(Hg)) = cl* (int* (Fg))CGE.
So, Hg is soft supra strongly semi* g-closed. O

Theorem 3.5. A soft subset Hg of a supra soft topological space (X, u, E) is soft
supra strongly semi* g-closed if and only if cl®(int*(Hg)) \ Hg contains only null
supra semi closed soft set.

Proof. Necessity: Let Hg be a soft supra strongly semi® g-closed set, let Fig be a
non-null supra semi closed soft and FgCcl®(int®(Hg))\ Hg. Then, FrCHS implies
that HpCFg. Since Hp is soft supra strongly semi* g-closed and F§ is supra semi
open soft, cl*(int*(Hp))CFS. Thus, FpClcl®(int*(Hg))]°. So,
FpCcl®(int®(Hg))N[cl® (int* (Hg))]¢ = @.
Hence, Fg = ¢, which is a contradiction. Therefore, cl®*(int*(Hg)) \ Hg contains
only null supra semi closed soft set.
Sufficient: Assume that cl®*(int*(Hg)) \ Hg contains only null supra semi closed
soft set, Hz CG' g, where G is supra semi open soft set. Suppose cl® (int® (Hg))2GE.

Then, cl*(int*(Hg))NGS is a non-null supra semi closed soft subset of cl*(int* (Hg))\
Hpg. This is a contradiction. Thus, Hg is a soft supra strongly semi* g-closed. O

Corollary 3.1. A soft supra strongly semi* g-closed Hg is supra regular closed soft
if and only if cl®(int*(Hg)) \ Hg is supra semi closed soft and HrpCcl®(int*(Hg)).

Proof. Necessity: Sine Hg is supra regular closed soft, Hg = cl®*(int*(Hg)). Then,
cl®*(int*(Hg)) \ Hg = ¢ is supra semi closed soft.

Sufficient: Assume that cl®(int*(Hg)) \ Hg is supra semi closed soft. Since Hp
is soft supra strongly semi* g-closed, cl*(int®(Hg)) \ Hg contains only null supra
semi closed soft set from Theorem 3.5. Since cl®*(int®(Hg))\ Hg is supra semi closed
soft, it follows that, cl®(int*(Hg)) \ Hg = @, implies that cl*(int*(Hg))CHp. But,
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HpCcl®(int*(Hg)) from the necessary condition. Thus, Hp = cl*(int*(Hg)) and
Hpg is supra regular closed soft. O

4. SOFT SUPRA STRONGLY SEMI* GENERALIZED OPEN SETS

Definition 4.1. A soft set Fg is called soft supra strongly semi* g-open set (soft
supra strongly semi* g-open) in a supra soft topological space (X, u, E), if its relative
complement F'g; is soft supra strongly semi* g-closed.

Example 4.1. In Example 3.1, the soft sets (Fy, E)¢, (Fy, E)¢ are soft supra strongly
semi* g-open, where (Fy, E)¢and(Fy, E)¢ are defined by:

Fi(e1) ={p}, Fi(e2) = {p2},

Fy(er) ={ps}, File2) ={ps}-

Theorem 4.1. A soft set Gg is soft supra strongly semi* g-open set if and only if
FpCint®(cl*(Gg)) whenever FECGg and Fg is supra semi closed soft.

Proof. Necessity: Let FrCGE and Fg be supra semi closed soft in X. Then G% QF]%
and F§ is supra semi open soft. Since G% is soft supra strongly semi* g-closed,
cl®(int*(G%))CFg. Thus,

FpClel® (int* (G%))]¢ = int* (cl*(Gg)).

Sufficient: Let G%QHE and Hg be supra semi open soft in X. Then, H%QGE
and H¢ is supra semi closed soft in X. Thus, HECint*(cl*(Gg)), from the necessary
condition. So, [int*(cl®*(Gg))]¢ = cl*(int®(G%))CHg and Hg is supra semi open soft
in X. This shows that, G% is soft supra strongly semi* g-closed in X. Hence, G is
soft supra strongly semi* g-open set. 0

Remark 4.1. The soft intersection (resp. soft union) of any two soft supra strongly
semi* g-open sets is not soft supra strongly semi* g-open in general as shown in the
following examples.

Examples 4.1. (1) In Example 3.2, the soft sets (L1, E),(Ls2, E) are soft supra
strongly semi* g-open sets in (X, u, E), where:
Li(e1) = {a,b,c}, Li(ea) = {a, b, c},
L2(61) = {ba G d}7 L2(62) = {bv Cy d}
But, their soft intersection (L, E)N(La, E) = (J, E), where:
J(e1) = {b,c}, J(ea) = {b, ¢},
is not soft supra strongly semi* g-open.
(2) Suppose that there are two jobs in the universe X given by X = {j1,j2}. Let
E = {e1,ea} be the set of decision parameters which are stands for ”salary” and
”position”, respectively.
Let (G1, E), (G2, E), (G3, E), (G4, E) be four soft sets over the common universe X,
which describe the details of the jobs which Mr. S are going to work, where:
Giler) =X, Gi(e2) = {j2},
Ga(er) = {1}, Gale2) = X,
Gs(er) ={j1}, Ga(e2) = {j2},
Ga(er) = {jo}, Gale2) = {2}
Then, p = {X,$,(G1, E), (G2, E), (Gs, E), (G4, E)} is a supra soft topology over X.
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Thus, the soft sets (H1, E), (Ha, E) are soft supra strongly semi* g-open in (X, u, F),
where:
Fler) =X, F(ez) = {5},
H(er) ={j2}, H(ez) =X.
But, their soft intersection (F, E)N(H, E) = (A, E) where:
Aler) = {j2},  Ale2) = {i1},

is not soft supra strongly semi* g-open.
Theorem 4.2. Fvery supra open soft is a soft supra strongly semi* g-open.

Proof. Let Ag be a supra open soft set such that FpCAp, where Fp € supra-
SCS(X). Then, FgCAg = int®(Ag)Cint®(cl*(Ag)). Thus, Ag is soft supra
strongly semi* g-open. O
Remark 4.2. The converse of the above theorem is not true in general as shown in
the following example.

Example 4.2. In Example 3.1, the soft sets (Fy, E)¢, (Fy, E)¢ are soft supra strongly
semi* g-open in (X, u, E), but not supra open soft over X, where:

Fi(er) ={m}, Fi(e2) = {p2},
Fi(er) = {ps}, F5(e2) = {ps}-

Theorem 4.3. If a soft subset Fg of a supra soft topological space (X, u, E) is both
supra semi closed soft and soft supra strongly semi* g-open, then it is supra regular
open soft.

Proof. Since Fg is supra semi closed soft and soft supra strongly semi* g-open, then
int® (cl*(Fg))CFgCint* (cl*(Fg)).
Thus, Fg is supra regular open soft. O

Theorem 4.4. A soft subset Hg of a supra soft topological space (X, u, E) is soft
supra strongly semi* g-open if and only if Hg \ int*(cl®*(Hg)) contains only null
supra semi open soft set.

Proof. 1t is similar to the proof of Theorem 3.5. O

Corollary 4.1. A soft supra strongly semi* g-open Hg is supra regular open soft if
and only if Hg \ int*(cl®(Hg)) is supra closed soft and HrCint*(cl*(Hg)).

Proof. 1t is similar to the proof of Corollary 3.1. g
Theorem 4.5. Let (X, u, E) be a supra soft topological space and Fg be a soft

supra strongly semi* g-open in X. If int*(cl®(Fg))CHgCFg, then Hg is soft supra
strongly semi* g-open.

Proof. Let GgCHp and Gg € supra—SlCS(X). Since GgCHECFg and Fg is soft
supra strongly semi* g-open in X, GgCint®(cl®*(Fg)). Then,
GpCint®(cl®(Fg))Cint* (cl* (Hg)).

Thus, Hg is soft supra strongly semi* g-open. O
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5. CONCLUSION

In this paper, the notions of supra strongly semi* generalized closed sets and
supra strongly semi* generalized open sets have been introduced and investigated.
In future, the generalization of these concepts by using the notions of soft ideals [11]
will be introduced and the future research will be undertaken in this direction.

6. CONTRIBUTION

In Definition 3.1, if we exchange (G, E) to be a supra a- (resp. -, b-) open soft
set [6, 7] instead of supra semi open soft set, we can get a similar results to which
have been obtained here.
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