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CHAPTER IV

Supra Regular Generalized Closed (Open) Soft Sets in Supra Soft

Topological Spaces
Section 4.1
Supra Regular Generalized Closed (Open) Soft Sets
Definition: 4.1.1 |

Let (X, 1, E) be a supra soft topological space. A soft set (F,E) is called a
supra regular open soft (supra regular closed soft) in X if (F,E) = int>(cl*(F,E))

((F,E) = c*(int>(F,E))).
Remark: 4.1.2

Every supra regular closed soft set in supra soft topological space (X, i, E) is

supra closed soft set but the converse does not hold.
Example: 4.1.3

Let X = {x4,X;,X3,%4}, E ={e; e,} and
u={X, 8, (F1,E), (F,,E), (F3,E), (Fy, E)} where
Fi(er) = {x1, %2}, F1(e2) = {X1,Xq}.
Fo(e1) = {x2}. F2(e2) = {x4}.
F3(e1) = {x3,x4}. F3(e2) = {x2, X3},
Fa(er) = {X2,X3,Xa}, Falez) = {X2,X3, X4}

Then (X, 1, E) is a supra soft topological space over X. Clearly (F4, E)“ is a

supra closed soft set in (X, 1, E), but it is not a supra regular closed soft set.

Definition: 4.1.4

Let (X, 1, 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
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cI3(F,E) € (G, E) whenever (F,E) € (G,E) and (G, E) is a supra regular open soft set
in X.

Theorem: 4.1.5

Every supra g-closed soft set in a supra soft topological space (X, E) is a

supra rg-closed soft set.
Proof:

Suppose that (F,E) € (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) € (G,E) and
(G,E) is supra open soft. Since (F,E) is a supra g-closed soft, then

cIS(F,E) € (G, E). Therefore (F, E) is a supra rg-closed soft set.
Example: 4.1.6

The supra soft topological space (X, y, E) is the same as in Example 4.1.3. Let
(H, E) be a soft set over X such that H(e;) = {X,,X3}. H(e;) = {x4}. Clearly (H,E) is

supra rg-closed soft set in (X, p, E). but it is not supra g-closed soft.
Remark: 4.1.7

The intersection (resp. union) of two supra rg-closed soft sets is generally not

a supra rg- closed soft set.
Example: 4.1.8

Let X = {Xq,X3,X3,X4,Xs5,X6}, E ={€; €,} and

li = {X, 6' (Fli E)' (FZI E): (F3, E)' (F4, E)' (F5: E), (F6l E), (F—/, E), (FB' E)' (F‘): E):
(F10,E), (F11,E)} where

F1(e;) = {X2,Xs, X6}, F1(e2) = {X4, X5, Xs},
Fa(er) = {xs}, F2(e2) = {xs}.
Fs(ey) = {X1, Xz, X3}, Fa(ey) = {x,},
Faler) = {x2}. Falez) = {Xa, X6}
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Fs(e;) = {X1,X2, X3, Xs,, X6} Fs(ey) = {X1,X4, X5, X6 }-

Fe(e1) = {x1,X2, X3, X5} Fe(ez) = {X1,%s}.

F;(e1) = {x2,%s}. F7(ez) = {Xq X5, X6}

Fg(e,) = {x1,%2,%3}. Fg(ey) = {X1,X4, X6}

Fo(e1) = {x1,X2,X3,Xs}. Fo(ez) = {X1,X4,Xs, X6}
Fio(er) =X, Fio(e2) = {X1,X2, X3, Xq, X6}

Fii(ey) = {x1,X2, X3, X4, X6} Fi1(e) =X

Then (X, E) is a supra soft topological space over X. Let (H,E) and (G, E) be two
sets over X such that H(e;) = @. H(e,) = {xs} and G(e,) = {xs}, G(e;) = @. Clearly.
(H,E) and (G, E) are supra rg-closed soft sets in (X, y, E) but (H,E) U (G,E) is

not a supra rg-closed soft set.
Example: 4.1.9

The supra soft topological space (X, y, E) is the same as in Example 4.1.8. Let
(H,E) and (G, E) be two soft sets over X such that H(e;) = {Xq, X2, X3, X4} H(e,) =
{X1,Xqe, X} and G(e;) = {xq, X2, %3}, G(ez) = {X1,X4,Xs,Xg}. Clearly, (H,E) and
(G, E) are supra rg-closed soft sets in (X, y, E) but (H,E) n (G, E) is not a supra rg-

closed soft set.
Theorem: 4.1.10

Let (X, 1, 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 cl*(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, E) be a supra regular
closed soft subset of cl*(F,E)\(F,E). Then (H,E) € cI*(F,E) n (F,E) so (F,E) <
(H,E)¢. But (F, E) is a supra rg-closed soft set. Therefore cIs(F,E) € (H,E)".

Consequently (H,E) € {cl*(F.E))" (1)
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We have already (H,E) € cl*(F,E) (2)
From (1) and (2) (H,E) € cI5(F,E) n (cI*(F,E)) =0

Thus (H,E) = @. Therefore cl*(F, E)\(F,E) contains only null supra regular closed

soft set.
Remark: 4.1.11

The converse of Theorem 4.1.10 is not true in general and is shown in

following example.
Example: 4.1.12

The supra soft topological space (X, E) is the same in Example 4.1.8.
cl8(Fg, E)\(Fg, E) contains only null supra regular closed soft set. But (Fg, E) is not a

supra rg-closed soft set in (X, p, E).
Corollary: 4.1.13

Let (X, 1, 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 cl*(int*(F, E))\(F, E) is

supra regular closed soft.
Proof:

Let (F,E) be a supra rg-closed soft set. If (F,G) is supra regular closed soft.
then cls(int3(F,E))\(F,E) = @. Since @ is always supra regular closed soft, then
cI5(ints(F, E))\(F, E) is supra regular closed soft.

Conversely, suppose that cl*(int*(F,E))\(F,E) is regular closed soft. Since
(F,E) is supra rg-closed soft and cl*(F,E)\(F,E) contains the supra regular closed
soft set clS(int*(F, E))\(F,E). then cl®(int*(F,E))\(F,E) = @ by Theorem 4.1.10.
Hence cls(ints(F, E)) = (F,E). Therefore (F, E) is supra regular closed soft.

Theorem: 4.1.14

Let (X, 1, 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) € (G,E) € cl*(F,E), then dF(G, E)

(G, E) contains only null supra regular closed soft set.
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Proof:

If (F,E) € (G,E). then (G, E)° € (F, E)-. (1)
If (G,E) € cI(F, E). then cI*(G, E) € cl*(cl*(F,E)) = cI5(F,E) (2)
That is cI*(G, E) € cI*(F,E).
From (1) and (2) (cI°(G,E) n (G, E)) € (cI*(F,E) n (F,E))
which implies (cI*(G, E)\(G, E)) € (cI*(F, E)\(F,E))
Now (F,E) is supra rg-closed soft. Hence cl*(F,E)\(F,E) contains only null supra

regular closed soft. neither does cl*(G, E)\ (G, E).
Definition: 4.1.15

Let (X, p, 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: 4.1.16

A soft set (F, E) is supra rg-open soft in a supra soft topological space (X, y, E)
if and only if (H, E) € int3(F, E) whenever (H, E)is supra regular closed soft in X and
(H,E) c (F,E).

Proof:

Let (H,E) € int5(F,E) whenever (H,E) is supra regular closed soft in X,
(H,E) € (F,E) and (K,E) = (F,E)°. Suppose that (K,E) € (G, E) where (G E) is

supra regular open soft.

Now (F,E)¢ € (G,E) implies (H,E) = (G E)¢ € (F,E) and (H,E) is supra
regular closed soft which implies (H,E) € int’(F,E). Also (G,E) € int®(F,E)
implies cl*(int*(F,E)) € cI*(H,E) = (G, E). This in turn implies (int*((K, E))) €
(G, E). or equivalently cI5(K,E) € (G, E). Thus (K, E) is supra rg-closed soft. Hence

we obtain (F, E) is supra rg-open soft.

Conversely. suppose that (F, E) is supra rg-open soft, (H, E) € (F,E) and
(H, E) is supra regular closed soft. Then (F,E)¢ € (H,E)¢. Since (F, E)© is supra
rg-closed soft, cI*((F,E)€) € (H,E)°.
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Therefore (H,E) € (cIS((F,E)9))" = cI*(F, E).
Remark: 4.1.17

The intersection (resp. union) of two supra rg-open soft sets is generally not a

supra rg- open soft set.
Section 4.2
Supra Regular Generalized Closed (Open) Soft Sets with respect to a Soft Ideal
Definition: 4.2.1

A soft set (F,E) is called a supra regular generalized closed soft sets with
respect to a soft ideal I (supra I-rg closed soft) in a supra soft topological space
(X, 1, E) if cI*(F,E)\(G,E) € 1 whenever (F,E) € (G,E) and (G,E) is supra regular
open soft in (X, i, E).

Example: 4.2.2
Let X = {xy, X5, X3}, E ={e, e;) and p = {X, @, (F1, E), (F;, E), (F3,E)} where
Fi(e1) = {x3}, F1(e2) = {x3}.
Fa(er) = {x2,x3},  Fa(ez) = {x3},
Fi(e)) = {X2, %3}, Fs(e) = 0.

Then (X,u,,E) is a supra soft topological  space.  Let
1 ={@,(,,E),(,,E),(I3,E), ..., (I;, E)} be a soft ideal on X, where

I,(e;) = 0, I;(ey) = {x2},
I(e;) = @, [,(e2) = {x2,%3},
I3(e) = {x1}, I5(e;) = @,
[4(e1) = {x1}. l4(ez) = {x1,%2}

Is(e;) = {x1}. Is(ez) = {x1},

lg(ey) = @. le(e2) = {x4},
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I;(e1) = {x1}. [;(e;) = {x2}.

Clearly. (F5, E) is supra I-rg closed soft. In fact. (F3,E) € (F3,E) and (F3, E) is supra

regular open soft. Hence w obtain cl*(F3, E)\(F3,E) € 1.
Theorem: 4.2.3
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, i, E). Let (F,E) € (G,E) and (G,E) is supra regular open soft in(X, u, E). Since
(F,E) is supra rg-closed soft, then cl *(F, E) € (G, E) and hence cl3(F,E) €
(G,E) = 0 € I. Consequently (F,E) is a supra I-rg-closed soft set.

The converse of this theorem is not true in general.
Example: 4.2.4

Let us take the supra soft topology p on X in Example 4.2.2. Let (H,E) be a
soft set over X such that H(e;) = {x3}. H(e,) = @. Clearly (H,E) is supra I-rg-closed

soft but it is not supra rg-closed soft.

Theorem: 4.2.5
Every supra I-g-closed soft set is supra I-rg-closed soft.

Proof:

Let (F,E) be a supra I-rg-closed soft set in a supra soft topological space
(X, 1, E). We show that (F,E) is supra I-rg-closed soft. Suppose that (F,E) < (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) € (G,E) and (G, E) is supra open soft. Since (F, E) is
supra I-g-closed soft, then cI*(F, E)\(G, E) € I. Therefore (F,E) is a supra I-rg-closed

soft set.

63



Example 4.2.6

Let X = {X;, Xz X5 Xs}. E={e;e;) and p={X 0, (Fy,E), (F,E), (F3E)}

where

F1(e1) = {Xq, %2, X3} Fi(er) = X,

Faler) = x4}, Fa(ez) = {x2}.
Fs(ey) = {x1,%2}. Fs(ez) = {Xq, X2, X3}

Then (X,u,,E) is a supra soft  topological  space.  Let
1 ={0,(,E),(,,E), (I3, E)} be a soft ideal on X. where

1,(e;) = {x2}. I,(ez) = 0.
I,(e) = 0. [(e2) = {x1}.
I5(e1) = {x2}, I3(ez) = {x1}.

Clearly. (F;,E) is supra I-rg-closed soft in (X, p, E). but it is not supra I-g-

closed soft.
Remark: 4.2.7

The intersection (resp. union) of two supra I-rg-closed soft sets is generally

not a supra I-rg-closed soft set.

Example: 4.2.8

The supra soft topological space (X, y, E) is the same as in Example 4.1.8. Let
1 = {8, (I, E), (I,,E), (I3, E)} be a soft ideal on X, where

1 (eq) = {x3}, 1,(ex) = @,
I,(e;) =0, I2(e2) = {x1},
I5(e1) = {x3}, I3(ez) = {x1}.

Let (H, E) and (G, E) be two soft sets over X such that H(e;) = @, H(e,) =
{xs} and G(e;) = {x5}. G(e;) = @. Clearly, (H,E) and (G, E) are supra I-rg-closed
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soft sets in (X, 1, 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(e1) = {x1, X2, X3, X4 }- H(ez) = {x1,X4, X6} and G(eq) = {x1, X2, X3}
G(e,) = {X1,X4,Xs,Xg}. Clearly. (H,E) and (G, E) are supra I-rg-closed soft sets in
(X, 1, E) but (H,E) N (G, E) is not a supra I-rg-closed soft set.

Theorem: 4.2.9

Let (X, 1, 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) € cI*(F,E)\(F,E) and (H, E) is

supra regular closed soft implies (H,E) € 1.
Proof:

Suppose that (F,E) is supra I-rg-closed soft. Let (H,E) be a supra regular
closed soft subset of clS(F,E)\(F,E). Then (H,E) € clI*(F,E)n (F,E)° and so
(F,E) € (H,E)C. Since (F,E) is a supra I-rg-closed soft set, then cl3(F, E)\
(H,E) € 1. But (H,E) € cIS(F, E)\(H, E)¢, by the properties of soft ideal (H,E) €1,

The converse of this theorem not true in general.
Example: 4.2.10

The supra soft topological space (X, i, E) and soft ideal I are the same as in
Example 4.2.8. cI3(Fg, E)\(Fg, E) contains soft set (G, E) such that (G,E) = @ is only
supra regular closed soft set implies (G,E) = @ € L. But (Fg, E) is not a supra [-rg-

closed soft set in (X, i, E).
Theorem: 4.2.11

Let (X, 1, E) be a supra soft topological space, (F, E) and (G, E) soft sets over
X. If (F,E) is supra l-rg-closed soft and (F,E) € (G,E) < cl*(F,E). then (G,E) i1s

supra I-rg-closed soft.

Proof:

Let (F,E) be asupra l-rg-closed soft set and (F, E) € (G,E) c cI5(F,E).
Suppose that (G,E) € (H,E) and (H,E) is supra regular open soft.  Then
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(F,E) € (H,E). Since (F,E) is supra I-rg-closed soft. then cl*(F,E)\(H,E) € I If
(G, E) CcS(F,E). then clI5(GE) € cl’(cl’(F,E) = cI*(F,E). So we have
[cI5(G, E)\(H, E)] € [cI°(F,E)\(H,E)] and we obtain cI*(G,E)\(H,E) € 1. That 1is

(G, E) is supra I-rg-closed soft.
Definition: 4.2.12

A soft set (F,E) is called supra regular generalized open soft set with
respect to soft ideall (supra I-rg-open soft) in a supra soft topological space

(X, 1, E) if and only if (F, E) is supra I-rg-closed soft in (X, i, E).
Theorem: 4.2.13

A soft set (F,E) is a supra I-rg-open soft set in a supra soft topological space
(X, 1, E) if and only if (G E)\(H,E) € int*(F,E) for some (H,E) € l. whenever
(G,E) € (F,E) and (G, E) is supra regular closed soft in (X, i, E).

Proof:

Suppose that (F,E) is supra I-rg-open soft, (G, E) € (F,E) and (G, E) is supra
regular closed soft. Then (G, E)€ is supra regular closed soft. Then (F,E)¢
(G,E)C. Since (F,E)¢ is supra I-rg-closed soft, cI*((F,E))\ (G, E) € I. This implies
that clI5((F,E)9\ (G, E)¢ = cIS((F,E)) n (G,E) = (H,LE)€l. so [c*((F,E))n
(G,E)] U (G,E)¢ = (H,E) U (G, E)°. Hence cIS((F,E)°) € (G,E)° U (H,E) for some
(H,E) € I. So [(G,E)¢ U (H,E)]¢ € (cI5(F,E)9)¢ = int°(F,E) and therefore (G, E)%
(H,E) = (G,E) i (H,E)* € int*(F, E).

Conversely, assume that (G, E) € (F,E) and (G, E) is supra regular closed soft
(X, 1, E). These imply that (G, E)\(H,E) € int*(F,E) for some (H,E) € I. Now we
show that (F,E)¢ is supra I-rg-closed soft. Let (F,E)¢ & (K,E) and (K,E) is supra
regular open soft. Then (K E)¢ < (F,E). By assumption (K, E)*\(H, E) €
intS(F,E) = (cI5(F, E)%))¢ for some (H,E) € I. This gives that [(K,E) U (H,E)]° S
(cIS(F,E)))¢.  Then cI3((F,E)) € (K,E)U(H,E) for some (HE)E€L
Thus cIS((F, )\ (K, E) € ((K,E) U (H, E)\(K,E) = ((K,E) U (H,E)) n (K, E)*
=(H,E) N (K,E)¢ € (H,E) € I. This shows that cI*((F,E))\(K E) €I (from the
properties of soft ideal). Hence (F, E)€ is supra I-rg-closed soft and (F, E) is supra

[-rg-open soft.
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Remark: 4.2.14

The intersection (res. union) of two supra I-rg-open soft sets is generally not

supra [-rg-open soft.
Theorem: 4.2.15

Let (X, 1, E) be a super 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 cl*(F, E)\(F, E) is supra I-rg-open soft.

Proof:

Suppose that (F,E) is soft I-rg-closed and (H,E) & cl*(F, E)\(F, E). where
(H,E) is supra regular closed soft. Then (H,E) € I and hence (H,E)\(G,E) = @ for
some (G,E) € I. Clearly (H,E)\(G,E) € int*(cl*(F, E)\(F,E)). By Theorem 4.2.13,
cl$(F,E)\(F,E) is supra I-rg-open soft.

The converse of this theorem is not true in general.
Example: 4.2.16

The supra soft topological space (X, E) and soft ideal I are the same in
Example 4.2.8. Let (H, E) be a soft set over X such that H(e;) = {xs}, H(ez) = {xs}.
cIS(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).
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