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ABSTRACT. Many researchers defined some basic notions on supra
soft topology and studied many properties of this concept. In this paper,
we define supra regular generalized closed (open) soft sets in supra soft
topological spaces and study their properties in detail. Also we introduce
the concept of supra regular generalized closed soft sets with respect to
a soft ideal in supra soft topological spaces, which is the extension of the
concept of supra regular generalized closed soft sets. We discuss their
relationships with different types of subsets of supra soft topological spaces
with the help of counterexamples. We introduce these concepts in supra
soft topological spaces which are defined over an initial universe with a
fixed set of parameters.
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1. INTRODUCTION

In 1999, Molodtsov [9] proposed the concept of a soft set which can be seen as
a new mathematical approach to vagueness. In fact, a soft set is a parameterized
family of subsets of a given universe set. The way of parameterization in problem
solving makes soft set theory convenient and simple for application. Maji et al. [3]
carried out Molodtsov’s idea by introducing several operations in soft set theory.
Shabir and Naz [12] presented soft topological spaces and they investigated some
properties of them. Later, many researchers [3, 4, 6, 7, 10, 11, 14] studied some of
basic concepts and properties of soft topological spaces.

El-Sheikh and Abd El-Latif [1] introduced the concept of supra soft topological
spaces, which is wider and more general than the class of soft topological spaces.
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They introduced a unification of some types of different kinds of subsets of supra soft
topological spaces using the notion of y-operation and studied the decompositions
of some forms of supra soft continuity. After then Kandil et al. [5] studied the
concepts of supra generalized closed soft sets and supra generalized closed soft sets
with respect to a soft ideal in a supra topological space.

Yiiksel et al. [13] defined some new concepts in supra soft topological spaces
which are defined over an initial universe with a fixed set of parameters such as soft
regular closed (open) sets and soft regular generalized closed (open) sets. In this
paper we extend these different types of subsets of soft topological spaces to supra
soft topological spaces. Also we introduce the concept of supra regular generalized
closed soft sets with respect to a soft ideal in supra soft topological spaces, which
is the extension of the concept of supra regular generalized closed soft sets. We
investigate many basic properties of these concepts. Moreover, we also establish
several interesting results and present their fundamental properties with the help of
some examples.

2. PRELIMINARIES

In this section, we present the basic definitions and results of soft set theory which
may be found in earlier studies.

Let X be an initial universe set and E be the set of all possible parameters with
respect to X. Parameters are often attributes, characteristics or properties of the
objects in X. Let P (X) denote the power set of X. Then a soft set over X is defined
as follows.

Definition 2.1 ([9]). Let X be an initial universe set and E be the set of parameters.
A pair (F, A) is called a soft set over X where A C F and F : A — P(X) is a set
valued mapping.

In other words, a soft set over X is a parameterized family of subsets of the
universe X. For Ve € A, F(e) may be considered as the set of e-approximate
elements of the soft set (F, A). Clearly, a soft set is not a set.

Definition 2.2 ([8]). A soft set (F, A) over X is said to be a null soft set denoted
by @ if for all e € A, F(e) = &. A soft set (F, A) over X is said to be an absolute

soft set denoted by A if for all e € A, F(e) = X.

Definition 2.3 ([12]). Let Y be a nonempty subset of X, then Y denotes the soft
set (Y, E) over X for which Y(e) =Y, for all e € E. In particular, (X, E) will be

denoted by X.

Definition 2.4 ([8]). For two soft sets (F, A) and (G, B) over X, we say that (F, A)
is a soft subset of (G,B) if A C B and for all e € A, F(e) and G(e) are identical
approximations. We write (F, A) C (G, B). (F,A) is said to be a soft super set of
(G, B), if (G, B) is a soft subset of (F, A). We denote it by (G, B) C (F, A). Then
(F,A) and (G, B) are said to be soft equal if (F, A) is a soft subset of (G, B) and
(G, B) is a soft subset of (F, A).
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Definition 2.5 ([8]). The union of two soft sets (F, A) and (G, B) over X is the soft
set (H,C'), where C = AUB and for alle € C, H(e) = F(e) ife € A\B, H(e) = G(e)
ifee B\A, H(e) = F(e) UG(e) if e € AN B. We write (F, A)U (G,B) = (H,C).
[2] The intersection (H,C) of (F, A) and (G, B) over X, denoted (F, A) M (G, B), is
defined as C = AN B, and H(e) = F(e) NG(e) for all e € C.

Definition 2.6 ([12]). The difference (H, E) of two soft sets (F, E) and (G, E) over
X, denoted by (F, E)\(G, E), is defined as H(e) = F(e)\G(e) for all e € E.

Definition 2.7 ([12]). The relative complement of a soft set (F, E') over X is denoted
by (F, E)¢ and is defined by (F, E)¢ = (F¢, E) where F°: E — P(X) is a mapping
given by F¢(e) = X\F(e) for all e € E.

Proposition 2.8 ([3, 12, 14]). Let (F,E), (G, E), (H,E) and (K, E) be the soft
sets over X. Then
M(FE) = (
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Definition 2.9 ([14]). Let I be an arbitrary index set and {(F;, E)}ier be a sub-
family of soft sets over X. The union of these soft sets is the soft set (G, E), where
G(e) = UjerFi(e) for all e € E. We write U;er(F;, F) = (G, E). The intersection
of these soft sets is the soft set (H, E), where H(e) = N;crF;(e) for all e € E. We
write I_Il-e](Fl-,E) = (H, E)

Definition 2.10 ([12]). Let 7 be the collection of soft sets over a universe X with
a fixed set of parameters E, then 7 is said to be a soft topology on X if

(1) &, X € 7.

(2) the union of any number of soft sets in 7 belongs to 7.

(3) the intersection of any two soft sets in 7 belongs to 7.

The triplet (X,7,E) is called a soft topological space. Every member of 7 is
called a soft open set. A soft set (F, E) is called soft closed in X if (F, E)° € T.
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Definition 2.11 ([1]). Let p be the collection of soft sets over a universe X with a
fixed set of parameters E, then u is said to be a supra soft topology on X if

(1) @, X € p.

(2) the union of any number of soft sets in p belongs to .

The triplet (X, pu, E) is called a supra soft topological space. Every member of u
is called a supra open soft set. A soft set (F, E) is called supra closed soft in X if
(F,E) €

Remark 2.12 ([1]). Every soft topological space is supra soft topological space,
but the converse is not true in general as shown in the following example.

Example 2.13 ([1]). Let X = {x1, 29, 23,24}, E = {e1,e2} and p = {®, X, (F1, E),
(Fy, E)}, where

Fi(e1) = {x1, 22}, Fi(e2) = {z2, 23},

Fg(el) = {il,xg}, FQ(@Q) = {Il,IQ}.
Then (X, u, E) is a supra soft topology, but it is not soft topology.

Definition 2.14 ([1]). Let (X, u, E) be a supra soft topological space and (F, E)
be a soft set over X.

(1) The supra soft closure of (F, E) is the soft set (F, E)™* =nN{(G,E): (G,E)
is supra closed soft and (F, E)C(G, E)}.

(2) The supra soft interior of (F, E) is the soft set (F, E)** = U{(H, E) : (H,E)
is supra open soft and (H, E)C(F, E)}.

Clearly, (F, E)~* is the smallest supra closed soft set over X which contains (F, E)
and (F, E)°® is the largest supra open soft set over X which is contained in (F, E).

Theorem 2.15 ([1]). Let (X, u, E) be a supra soft topological space and (F, E) and
(G, E) soft sets over X Then

(1) ®°* =P and ( )es

(2) (F,E)** C (F, E).

(3) ((F, E)OS)“ = (F,E)**

(4) (F,E)C (G,E) mplzes (F,E)°** C (G,E)°**
(5) ((F E) (G, E))** C (F,E)** N(G, E)®.

Theorem 2.16 ([1]). Let (X, u, E) be a supra soft topological space and (F, E) and
(G, E) soft sets over X. Then

1)@= and (X) * =
(2) (F,E) C (F,E)"".
(3) (F,E)™")"* = (F,E)™*
(4) (F, E) C (G, E) implies (F,E)~* C (G, E)~*
(5) (F.E) " L(G.B) " C (( E)U(G, E))~
Definition 2.17 ([5]). Let (X, pu, E) be a supra soft topological space. A soft set

(F,E) is called a supra generalized closed soft set (supra g-closed soft) in X if
(F,E)~° C (G, E) whenever (F,F) C (G, E) and (G, E) is a supra open soft set in
X.

Remark 2.18 ([5]). Every supra closed soft set is supra g-closed soft.
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Definition 2.19 ([10, 4]). Let I be a nonempty collection of soft subsets over a
universe X with a fixed set of parameters F, then I is said to be a soft ideal on X
if the following holds :

(1) If (F,E) € I and (G,E) C (F,E), then (G, E) € I (heredity).

(2) If (F,F) and (G, E) € I, then (F, E)U (G, E) € I (additivity).

Definition 2.20 ([5]). Let (X, u, E) be a supra soft topological space. A soft set
(F,E) is called a supra generalized closed soft set with respect to a soft ideal I
(supra I-g-closed soft) in X if (F, E)"*\(G, E) € I whenever (F,FE) C (G, FE) and
(G, E) is a supra open soft set in X.

3. SUPRA REGULAR GENERALIZED CLOSED (OPEN) SOFT SETS

In this section we introduce supra regular generalized closed soft sets which are
weaker than the supra generalized closed soft sets and study some of their properties.

Definition 3.1. Let (X, i, E) be a supra soft topological space. A soft set (F, E) is
called a supra regular open soft set (supra regular closed soft set) in X if (F, E) =
(F,E)7%)° ((F.E) = (F, E)**)7*).

Remark 3.2. Every supra regular closed soft set in a supra soft topological space
(X, u, E) is a supra closed soft set.

Now we give an example to show that the converse of above remark does not
hold.
Example 3.3. Let X = {z1, 22,235,224}, E = {e1,e2} and
n= {(I)a Xa (Fla E)v (F27 E)7 (F3a E)v (F47 E)}a where

Fi(er) = {w1, 22}, Fi(e2) = {x1,24},

Fy(er) = {xa}, Falea) = {4},

F3(e1) = {x3, 14}, F3(e2) = {w2, w3},

F4(€1> = {$27I37l‘4}, F4(62) = {$27I3,I4}.
Then (X, u, E) is a supra soft topological space over X. Clearly, (Fy, E)° is a supra
closed soft set in (X, u, E'), but it is not a supra regular closed soft set.

Definition 3.4. Let (X, u, E) be a supra soft topological space. A soft set (F, E)
is called a supra regular generalized closed soft set (supra rg-closed soft) in X if
(F,E)~* C (G, E) whenever (F,E) C (G, E) and (G, E) is a supra regular open soft
set in X.

Proposition 3.5. Every supra g-closed soft set in a supra soft topological space
(X, u, E) is a supra rg-closed soft set.

Proof. Suppose that (F,E) C (G, E), where (G, E) is supra regular open soft. If

(G, E) is supra regular open soft, then (G, E) is supra open soft. Thus (F, E) C
(G,E) and (G, E) is supra open soft. Since (F, F) is supra g-closed soft, (F, E)™* C
(G,E). Thus (F, E) is a supra rg-closed soft set. O

Example 3.6. The supra soft topological space (X, i, E') is the same as in Example

3.3. Let (H, E) be a soft set over X such that H(ey) = {xo, 23}, H(ez) = {z4}.

Clearly, (H, E) is supra rg-closed soft in (X, u, E), but it is not supra g-closed soft.
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Remark 3.7. The intersection (resp. union) of two supra rg-closed soft sets is
generally not a supra rg-closed soft set.
Example 3.8. Let X = {1, z2,z3,24,25,26}, E = {e1,ea} and
H = {¢7Xa (F17 E)7 (F27E)7 (F?n E)a ey (FII)E)}7 where
Fi(e1) = {z2, 75,76}, Fi(e2) = {4, 75,76},

Fy(er) = {x5}, Fa(e2) = {zs},

Fs(er) = {z1, 22,23}, F3(e2) = {21},

Fi(e1) = {x2}, Fale2) = {z4, 76},

Fs(e1) = {x1, 22,23, x5, 26}, Fs(e2) = {21, 24,5, 26},
Fs(e1) = {x1, 2, 3,25}, Fe(ea) = {x1, 25},

Fr(e1) = {z2, 25}, Fr(e2) = {x4, 75,26},

Fy(e1) = {z1, 2, w3}, Fg(e2) = {1, 24,26},

Fy(e1) = {x1, 20, 23,25}, Fy(ea) = {1, 24,25, 76},
Fio(e1) = X, Fio(ez) = {x1, 72, 23,24, 6},

F11(61) = {$1,$2,$3,£4,$6}, F11(€2) = X.

Then (X, u, F) is a supra soft topological space over X. Let (H, E) and (G, E) be two
soft sets over X such that H(e1) = @, H(ez) = {x5} and G(e1) = {x5}, G(e2) = @.
Clearly, (H,E) and (G, E) are supra rg-closed soft sets in (X, u, E) but (H, E) U
(G, E) is not a supra rg-closed soft set.

Example 3.9. The supra soft topological space (X, i, E') is the same as in
Example 3.8. Let (H, E) and (G, E) be two soft sets over X such that

H(e1) = {z1, 22,23, w4}, Hl(e2) = {w1, 24, 26}
and

G(e1) = {w1, 72,73}, G(e2) = {1,274, 5,76}
Clearly, (H,E) and (G, E) are supra rg-closed soft sets in (X, u, F) but (H,E) M
(G, E) is not a supra rg-closed soft set.

Theorem 3.10. Let (X, u, E) be a supra soft topological space and (F, E) be a soft
set over X. If a soft set (F,E) is a supra rg-closed soft set, then (F,E)™°\(F,E)
contains only null supra regular closed soft set.

Proof. Suppose that (F, E) is a supra rg-closed soft set. Let (H, F) be a supra regular
closed soft subset of (F, E)"*\(F,E). Then (H,E) C (F,E)"* N (F,E)°. Thus
(F,E) C (H,E)°. But (F,FE) is a supra rg-closed soft set. So (F,E)~* C (H, E)°.
Consequently

(3.1) (H,E)C ((F,E)™*)°.
We have already
(3.2) (H,E)C (F,E)"°.

From (3.1) and (3.2)
(H,E)C (F,E)"°N((F,E)™ %)= .

Thus (H, E) = ®. Therefore (F, E)~*\(F, E) contains only null supra regular closed
soft set. O
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The converse of this theorem is not true in general as can be seen from the
following example.

Example 3.11. The supra soft topological space (X, u, E) is the same as in Example
3.8. (Fg, E)~°\(Fs, F) contains only null supra regular closed soft set. But (F3, E)
is not a supra rg-closed soft set in (X, u, E).

Corollary 3.12. Let (X,u, E) be a supra soft topological space and (F,E) be a
supra rg-closed soft set in X. (F,E) is supra regular closed soft if and only if
((F,E)°?)=5\(F, E) is supra regular closed soft.

Proof. Let (F,E) be a supra rg-closed soft set. If (F,FE) is supra regular closed
soft, then ((F,E)°®)"°\(F,E) = ®. Since ® is always supra regular closed soft,
((F, E)°®)~*\(F, E) is supra regular closed soft.

Conversely, suppose that ((F, E)°%)~5\(F, E) is supra regular closed soft. Since
(F, E) is supra rg-closed soft and (F, E)~*\(F, E) contains the supra regular closed
soft set ((F,E)°*)"*\(F,E), ((F,E)**)"*\(F,E) = ® by Theorem 3.10. Thus
((F,E)°®)~% = (F, E). So (F, E) is supra regular closed soft. O

Theorem 3.13. Let (X, u, E) be a supra soft topological space, (F,E) and (G, E)
soft sets over X. If (F, E) is supra rg-closed soft and (F,E) C (G,E) C (F,E)"*,
then (G, E)7*\(G, E) contains only null supra regular closed soft set.

Proof. Since (F,E) C (G, E), (G,E)¢ C (F,E)° . Since (G,E) C (F,E)"*,
(G,E)*C((F,E)®)°=(F,E)"®. Then (G,E)* C (F,E)*. Thus
(G,E)"1(G,E)°) E ((F,E)"* N (F,E)).
This implies
((G.E)"*\(G,E)) C ((F, E)"\(F, E)).

Now (F, E) is supra rg-closed soft. Hence (F, E)~*\(F, E) contains only null supra
regular closed soft, neither does (G, E)~*\(G, E). O

Definition 3.14. Let (X, u, E) be a supra soft topological space. A soft set (F, E)
is called supra regular generalized open soft (supra rg-open soft) in X if (F, E)¢ is
supra rg-closed soft.

Theorem 3.15. A soft set (F, E) is supra rg-open soft in a supra soft topological
space (X, u, E) if and only if (H,E) C (F, E)°® whenever (H, E) is supra regular
closed soft in X and (H,E) C (F,E).

Proof. Let (H,E) C (F,E)°® whenever (H, E) is supra regular closed soft in X,
(H,E) C (F,FE) and (K, E) = (F,E)°. Suppose that (K, E) C (G, E) where (G, E)
is supra regular open soft.

Now (F,E)¢ C (G,E) implies (H,E) = (G,E)¢ C (F,E) and (H, E) is supra
regular closed soft which implies (H, E) C (F, E)°*. Also (H, E) C (F, E)°® implies
((F,E)°®)¢ C (H,E)¢ = (G,E). This inturn implies (((K, E)¢)°*)¢ C (G, E). Or
equivalently (K, E)~* C (G, E). Thus (K, E) is supra rg-closed soft. So we obtain
(F, E) is supra rg-open soft.

Conversely, suppose that (F, F) is supra rg-open soft, (H, F) C (F, FE) and (H, E)
is supra regular closed soft. Then (H, E)¢ is supra regular open soft. Thus (F, F)¢ C
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(H,E)°. Since (F, E)° is supra rg-closed soft, ((F, E)°)~° C (H,E)°. So (H,E) C
(((F, E)) %) = (F, E)°. O

Remark 3.16. The intersection (resp. union) of two supra rg-open soft sets is
generally not a supra rg-open soft set. (See Example 3.8 and Example 3.9)

4. SUPRA REGULAR GENERALIZED CLOSED (OPEN) SOFT SETS WITH RESPECT TO
A SOFT IDEAL

In this section we study the concept of supra regular generalized closed soft sets
with respect to a soft ideal in a supra soft topological space (X, i, E'), which is the
extension of the concept of supra generalized closed soft sets.

Definition 4.1. A soft set (F, E) is called a supra regular generalized closed soft
set with respect to a soft ideal I (supra I-rg-closed soft) in a supra soft topological
space (X, u, E) if (F, E)~°\(G, E) € I whenever (F,FE) C (G, E) and (G, E) is supra
regular open soft in (X, u, E).

Example 4.2. Let X = {x1, 22,23}, E = {e1,e2} and p = {0, X, (F1, E), (Fy, E),
(F3,E)}, where

Fi(er) = {ws}, Fi(e2) = {3},

Fy(e1) = {z2, w3}, Fa(e2) = {3},

Fs(e1) = {z2}, F3(e2) = @.
Then (X, u, E) is a supra soft topological space. Let I = {®, (I1, E), (I3, E), (I3, E),
.oey (I7, E)} be a soft ideal on X, where

Ii(e1) = @, Li(e2) = {2},

Clearly, (F5, E) is supra I-rg-closed soft. In fact, (F5, E) C (F3, E) and (F3, F) is
supra regular open soft. Thus we obtain (F5, E)~*\(F3, E) € I.

Proposition 4.3. Every supra rg-closed soft set is supra I-rg-closed soft.

Proof. Let (F,E) be a supra rg-closed soft set in a supra soft topological space
(X,u, E). Let (F,E) C (G, E) and (G, E) be supra regular open soft in (X, u, F).
Since (F, E) is supra rg-closed soft, (F,E)~° C (G, E). Thus (F,E)"°\(G,E) =
® e 1. So (F,E) is a supra I-rg-closed soft set. O

The converse of this proposition is not true in general as can be seen from the
following example.

Example 4.4. Let us take the supra soft topology p on X in Example 4.2. Let
(H, E) be a soft set over X such that H(ey) = {z3}, H(ez) = &. Clearly, (H, E) is
supra I-rg-closed soft but it is not supra rg-closed soft.

Theorem 4.5. Every supra I-g-closed soft set is supra I-rg-closed soft.
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Proof. Let (F,E) be a supra I-g-closed soft set in a supra soft topological space
(X, u, E). We show that (F,E) is supra I-rg-closed soft. Suppose that (F,E) C
(G, E), where (G, E) is supra regular open soft. If (G, E) is supra regular open soft,
then (G, E) is supra open soft. Thus (F,F) C (G,FE) and (G, FE) is supra open
soft. Since (F, E) is supra I-g-closed soft, (F, E)~*\(G,E) € I. So (F, E) is a supra
I-rg-closed soft set. O

Example 4.6. Let X = {x1,z2,25,24}, E = {e1,ea} and p = {®, X, (F, E),
(Fy, E), (F3, E)}, where

Fl(el) = {1'1,1'2733‘4}, Fl(eg) = X,

Fy(er) = {z1}, Fa(e2) = {z2},

Fg(@l) = {.731,332}, Fg(eg) = {3317332,1‘3}.
Then (X, u, E) is a supra soft topological space over X. Let I = {®, ([, E), (I3, E),
(I3, E)} be a soft ideal on X, where

Il(€1> = {1‘2}, 11(62) =,

Ir(er) = @, Ir(ez) = {x1},

I3(e1) = {@2}, Is(e2) = {z1}.
Clearly, (F}, E) is supra I-rg-closed soft in (X, u, E), but it is not supra I-g-closed
soft.

Remark 4.7. The intersection (resp. union) of two supra I-rg-closed soft sets is
generally not a supra I-rg-closed soft set.

Example 4.8. The supra soft topological space (X, i, E) is the same as in Example
3.8. Let I ={®,(I1,E), (15, E), (I3, E)} be a soft ideal on X, where
11(61) = {563}, 11(62) =,
Ir(er) = @, Ir(ez) = {x1},
I3(e1) = {ws}, Is(e2) = {x1}.

Let (H, E) and (G, E) be two soft sets over X such that H(e;) = @, H(ez) = {z5}
and G(e1) = {z5}, G(e2) = @. Clearly, (H, E) and (G, E) are supra I-rg-closed soft
sets in (X, u, E) but (H,E) U (G, E) is not a supra I-rg-closed soft set. Also, let
(H,E) and (G, E) be two soft sets over X such that

H(el) = {371, Zo,X3, 1‘4}, H(eg) = {,Tl, T4, 1'6}
and

G(e1) = {x1, 22,23}, Ge2) = {x1, x4, 5,26}
Clearly, (H, E) and (G, E) are supra I-rg-closed soft sets in (X, u, F) but (H, E) 11
(G, E) is not a supra I-rg-closed soft set.

Theorem 4.9. Let (X, u, E) be a supra soft topological space and (F, E) be a soft set
over X. If a soft set (F, E) is supra I-rg-closed soft, then (H, E) C (F, E)"*\(F, E)
and (H, E) is supra reqular closed soft implies (H,E) € I.

Proof. Suppose that (F, E) is supra I-rg-closed soft. Let (H, E) be a supra regular
closed soft subset of (F,E) *\(F,E). Then (H,E) C (F,E) * N (F,E)°. Thus
(F,E) C (H, E)°. Since (F, E) is a supra I-rg-closed soft set, (F, E)~°\(H, E)° € I.
But (H, E) C (F,E)~*\(H, E)¢, by the properties of soft ideal (H, F) € I. O

We note that the converse of this theorem is not true in general as shown in the

following example.
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Example 4.10. The supra soft topological space (X, u,E) and soft ideal I are
the same as in Example 4.8. (Fg, E)®\(Fs, E) contains soft set (G, E) such that
(G, E) = ® is only supra regular closed soft set implies (G, E) = ® € I. But (Fg, F)
is not a supra I-rg-closed soft set in (X, u, E).

Theorem 4.11. Let (X, u, E) be a supra soft topological space, (F,E) and (G, E)
soft sets over X. If (F, E) is supra I-rg-closed soft and (F,E) C (G,E) C (F,E)~*
then (G, E) is supra I-rg-closed soft.

Proof. Let (F, E) be a supra I-rg-closed soft set and (F,E) C (G,E) C (F,E)~*°
Suppose that (G, E) C (H, E) and (H, E) is supra regular open soft. Then (F, E) C
(H,E). Since (F,FE) is supra I-rg-closed soft, (F,E) *\(H,E) € I. If (G,FE) C
(F,E)~%, then (G,E)"* C ((F,E)™%)"% = (F,E)~*. Sowe have [(G, E)"*\(H, FE)] C
[(F,E)~*\(H, E)] and we obtain (G, E)~°\(H, E) € I. Hence (G, E) is supra [-rg-
closed soft. O

Definition 4.12. A soft set (F, E) is called supra regular generalized open soft set
with respect to a soft ideal I (supra I-rg-open soft) in a supra soft topological space
(X, u, E) if and only if (F, E) is supra I-rg-closed soft in (X, u, F).

Theorem 4.13. A soft set (F,E) is a supra I-rg-open soft set in a supra soft
topological space (X, u, E) if and only if (G, E)\(H, E) C (F, E)°® for some (H,E) €
I, whenever (G, E) C (F,E) and (G, E) is supra regular closed soft in (X, u, E).

Proof. Suppose that (F, E) is supra I-rg-open soft, (G, E) C (F, E) and (G, FE) is
supra regular closed soft. Then (G, E)¢ is supra regular open soft. Thus (F, E)¢ C
(G, E)°. Since (F, E)° is supra I-rg-closed soft, ((F, E)¢)"*\(G, E)°¢ € I. That is

((F,E))°\(G, B) = (F,E)* )" N (G, E) = (H,E) € I.

So [((F, E)*)~*1(G, E)|JU(G, E)¢ = (H,E)U(G, E)¢. Hence ((F, E))* C (G, E)°U
(H,E) for some (H,E) € I. Therefore [(G,E)° U (H,E)]° C (((F,E)°) %) =
(F,E)°* and thus(G, E)\(H,E) = (G, E) N (H, E)¢ C (F, E)°.

Conversely, assume that (G,E) C (F,FE) and (G, E) is supra regular closed
soft in (X,u, E). Then (G,E)\(H,E) C (F,E)° for some (H,E) € I. Now we
show that (F, E)¢ is supra I-rg-closed soft. Let (F,E)¢ C (K,E) and (K, FE) is
supra regular open soft. Then (K, E)¢ C (F, E). By assumption, (K, E)¢ \( E)
(F,E)°* = (((F, E)°)~*)¢ for some (H, E) € I. This gives that [(K, E) U (H, E)]°
(((F,E)¢)=%)¢. Then ((F,E)*)™* C (K, E) U (H, E) for some (H,E) € I. Thus

C
C

((F, E))°\(K, E) C (K, E) U (H, E)\(K, E)
= (K, E)U ( E) (K, E)* = (H,E)1 (K, E)
C (H, )
So ((F, E)°)~*\(K, E) € I (from the properties of soft ideal). Hence (F, E)¢ is supra
I-rg-closed soft and (F, F) is supra I-rg-open soft. O

Remark 4.14. The intersection (resp. union) of two supra I-rg-open soft sets is
generally not supra I-rg-open soft. (See Example 4.8).
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Theorem 4.15. Let (X, u, E) be a supra soft topological space and (F, E) be a soft
set over X. If a soft set (F,E) is supra I-rg-closed soft, then (F,E) *\(F,E) is
supra I-rg-open soft.

Proof. Suppose that (F, E) is supra I-rg-closed and (H, E) C (F, E)~°\(F, E), where
(H, E) is supra regular closed soft. Then (H,E) € I. Thus (H, E)\(G, E) = ® for
some (G,FE) € I. Clearly (H,E)\(G,E) C ((F,E)"*\(F, E))°*. So ,by Theorem
4.13, (F, E)~*\(F, E) is supra I-rg-open soft. O

The converse of this theorem is not true in general as can be seen from the
following example.

Example 4.16. The supra soft topological space (X, u,E) and soft ideal I are
the same as in Example 4.8. Let (H, E) be a soft set over X such that H(e;) =
{z5}, H(e2) = {x5}. (H,E)"*\(H, E) is a supra I-rg-open soft set. But (H, E) is
not supra I-rg-closed soft in (X, u, E).

5. CONCLUSIONS

In the present work, we have studied some new concepts in supra soft topological
spaces which are defined over an initial universe with a fixed set of parameters such
as supra regular generalized closed (open) soft sets and supra regular generalized
closed (open) soft sets with respect to a soft ideal. Also, we have investigated many
basic properties of these concepts. In future more general types of supra regular
generalized closed soft sets may be defined and using of them characterizations re-
lated with supra soft separation axioms and supra soft continuity may be studied.
Hence we expect that some research teams will be actively working on supra reg-
ular generalized closed (open) soft sets and different types of subsets of supra soft
topological spaces with respect to a soft ideal.
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