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ABSTRACT
The aim of this paper is to introduce a new class of sets called soft regular generalized £ closed sets (briefly soft rg

[ — closed set). Further some properties of soft contra regular generalized £ continuous mapping and soft contra

regular generalized /3 irresolute mappings are discussed in the soft topological spaces which are defined over an
initial universe with a fixed set of parameters.
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1. INTRODUCTION

The soft set theory is a rapidly processing field of mathematics. Molodtsov’s [10] soft set theory was originally
proposed as general mathematical tool for dealing with uncertainty problems. He proposed soft set theory, which
contains sufficient parameters such that it is free from the corresponding difficulties, and a series of interesting
applications of the theory instability and regularization, Game Theory, Operations Research, Probability and Statistics.
Topological structure of soft sets was initiated by Shabir and Naz [12] and studied the concepts of soft open set, soft
interior point, soft neighborhood of a point, soft separation axioms and subspace of a soft topological space. Many
researchers extended the results of generalization of various soft closed sets in many directions. Athar Kharal and
B. Ahmad [3] defined the notion of a mapping on soft classes and studied several properties of images and inverse
images of soft sets.

In this paper we introduce the concept of soft regular generalized £ closed sets (briefly soft rg # — closed set) ,soft

contra regular generalized £ continuous mappings and soft contra regular generalized /3 irresolute mappings on the
topological space. Also the relation between the existing space and newly defined space are discussed.

2. PRELIMINARIES

Definition 2.1[10]: Let U be an initial universe and E be a set of parameters. Let P(U) denote the power Set U of and A
be a non empty subset of E.A pair (F,A) is called a soft set over F, where F is a mapping given by F:A—P(U).

Definition 2.2[8]: A subset (A, E) of a topological space X is called Soft generalized closed (soft g —closed) is
cl(A, E)C (U, E) whenever (A, E) = (U,E) and (U, E) is open in X.

Definition 2.3[1]: A subset (A, E) of a topological space X is called Soft semi generalized closed (soft sg —closed) is
scl(A, E)  (U,E) and (U, E) is soft semi-open in X.

Definition 2.4[1]: A subset (A, E) of a topological space X is called Soft generalized- semi closed (soft gs —closed) is
scl(A, E) C (U, E) and (U, E) is soft open in X.
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Definition 2.5[1]: A subset (A, E) of a topological space X is called Soft /3 closed if int(cl(int(A, E))) C (A E)

Definition 2.6[1]: A subset (A, E) of a topological space X is called Soft ¢ generalized closed(soft ¢« g —closed) is
a cl(A, E) C (U, E) whenever (A, E) = (U, E) and (U, E) is soft open in X.

Definition 2.7[6]: A subset (A, E) of a topological space X is called Soft generalized ¢ -closed (soft g & —closed) is
a cl(A, E) C (U, E) whenever (A, E) < (U, E) and (U, E) is soft & -open in X.

Definition 2.8[1]: A subset (A, E) of a topological space X is called Soft generalized- /3 closed (soft g  —closed) is
B cl(A E)C (U, E) and (U, E) is soft open in X.

Definition 2.9[8]: A subset (A, E) of a topological space X is called generalized- pre closed (soft gp —closed) is
pcl(A, E) S (U, E) and (U, E) is soft open in X.

Definition 2.10[6]: Let (X, 1, E) and (Y, 7, E) be a two soft topological spaces. A function f: (X, 1, E)— (Y, 7, E) is
said to be soft contra semi-continuous if f (G, E) is soft semi- closed (open) in (X, 1, E) for every soft open (closed)
set (G,E)of (Y, 1,E).

Definition 2.11[6]: Let (X, 1, E) and (Y, t, E) be a two soft topological spaces. A function f: (X, 1, E)—=(Y, 7, E) is
said to be soft contra & -continuous if f (G, E) is soft «& - closed (open) in (X, 1, E) for every soft open (closed) set
(G,E) of (Y, 7, E).

Definition 2.12[6]: Let (X, 7, E) and (Y, 7, E) be a two soft topological spaces. A function f: (X, 1, E) —(Y, 1, E)is
said to be soft contra sg-continuous if £t (G,E) is soft sg- closed (open) in (X, t, E) for every soft open (closed) set
(G,E)of (Y, 7, E).

Definition 2.13[6]: Let (X, 1, E) and (Y, 7, E) be a two soft topological spaces. A function f: (X, 1, E) — (Y, 7, E) is
said to be soft contra gs-continuous if £t (G, E) is soft gs- closed (open) in (X, t, E) for every soft open (closed) set
(G,E) of (Y, 7, E).

Definition 2.14[6]: Let (X, 7, E) and (Y, 7, E) be a two soft topological spaces. A function f: (X, 1, E) — (Y, 7, E) is
said to be soft contra g /3 -continuous if f! (G,E) is soft g 7 - closed (open) in (X, 1, E) for every soft open (closed) set
(G, E) of (Y, 7, E).

Definition 2.15[6]: Let (X, 1, E) and (Y, %, E) be a two soft topological spaces. A function f: (X, 1, E) —=(Y, 7, E) is
said to be soft contra gs /3 -continuous if £t (G, E) is soft gs /3 - closed (open) in (X, 1, E) for every soft open (closed)
set (G, E) of (Y, 7, E).

3. SOFT REGULAR GENERALIZED £ CLOSED SETS

Definition 3.1: A subset (A, E) of a topological space X is said to be soft regular generalized /3 closed (soft rg 5 -
closed) in a soft topological space (X,7 , E), if S cl(A, E) C (U, E), whenever (A, E)C (U, E) and (U, E) is soft

regular open in X.

Theorem 3.2:
1. Every soft closed set is soft rg # — closed.

Every soft semi-closed set is soft rg 5 — closed.
Every soft pre-closed set is soft rg  — closed.
Every soft g-closed set is soft rg  — closed.
Every soft sg-closed set is soft rg 5 — closed.
Every soft gs-closed set is soft rg 2 — closed.
Every soft /3 -closed set is soft rg 5 — closed.

© N o o~ wDN

Every soft & g-closed set is soft rg 2 — closed.
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9.

10.
11.
12.

Proof:

Every soft g & -closed set is soft rg 2 — closed.
Every soft rg-closed set is soft rg 5 — closed.
Every soft g 3 -closed set is soft rg 2 — closed.
Every soft gp-closed set is soft rg 5 — closed.

Let (A, E) be any soft closed set in X such that (A, E) = (U, E), where (U, E) is soft regular open. Since p
cl(A, E) C cl(A, E)=(A, E).Therefore [ cl(A, E) (U, E). Hence (A, E) is soft rg 3 — closed set in X.

Let (A, E) be any soft semi-closed set in X such that (A, E) < (U, E), where (U, E )is soft regular open. Since
S cl(A E) Cscl(A, E) < (U, E).Therefore S cl(A, E) C (U, E).Hence (A, E) is soft rg 8 — closed set in
X.

The remaining proofs are straight forward.

The Converse of the above implications need not be true which are proved by the below examples.

Example 3.3: Let X={a, b, c}, E={e;, e;} and 7 ={ @, X, (F, E), (Fs, E), (Fe, E)},

Where

(FL E), (F5, E), (F3, E),...... (F1s, E) are soft sets over X defined by

(FLE) =
(Fa B) =
(F7.B) =
(Fwo, E) =
(Fi3E)=

(i)

{er{a}). (2 @), (F,,E) ={(er{a}). (e2 {ah)}, (F3 E) = {( e, {b}), (e2{b})}

{1, ), (e2{b})}, (Fs.E) ={(er{b, c}), (e2{b, ch}, (Fs,E) = {(es{a, b}), (e2{a, b})}
{(es{a, c}).(e2{a, ch}, (F E) = {(er.{c}). (e2:{ch)}. (F,E) = {(er{a}). (e, {a, b})}
{(er{a, b}), (e2{aD}, (Fi, E) = {(es{a, b, c}), (e2{a, ch} (Fio. E) = {(en{b}), (62, #)}
{(e1, {b}), (e2,{a, c})} and (X, 7, E) be soft topological spaces over X. Then

(F3 E) is soft rg # — closed but not soft closed.

(i) (Fe E)issoftrg # — closed but not soft semi-closed.
(iii) (F1,, E) is soft rg # — closed but not soft g-closed.
(iv) (Fo E) is softrg 2 — closed but not soft gp-closed.
(V) (Fao E) is softrg 5 — closed but not soft /3 -closed.
(vi) (F11, E) issoftrg £ — closed but not soft g /3 -closed.
(vii)(F E) is soft rg # — closed but not soft pre-closed.

(viii) (Fg E) is soft rg # — closed but not soft rg-closed.

(iX) (F4 E) is softrg 3 — closed but not soft & g-closed.

Remark:

1.
2.

The intersection of two subsets of a soft rg /3 — closed set in X need not be soft rg  — closed set in X.
If A and B are soft rg 2 — closed set in X, then AU B need not be soft rg 5 — closed set in X.

From the above results and examples the following implications are made:

Soft Closed Soft Semi-Closed Softpre-closed

Soft g closed h Soft rg & —closed ) . Soft o g dosed

SoftEX focad Soft £p dlosed "

Softrg closed
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Theorem 3.4: If (A, E) £ Y C X and suppose that (A, E) is soft rg [ — closed sets in X then (A, E) is soft
rg # — closed set relative to Y.

Proof: (A, E) is a is soft rg 5 — closed sets relative to Y. Then (A, E) Y M (U, E),where (U, E) is regular open. Since

(A, E) is soft rg B — closed (A, E) S (U, E).that is Bcl(A, E) < (U, E). Such that (A, E) is soft rg 5 — closed set
relative to Y.

Theorem 3.5: If (A, E) is both soft regular open and soft rg 5 — closed set in X then (A, E) is soft regular closed set.

Proof: Since (A, E) is soft regular open and soft rg /5 — closed set in X, Bcl(AE) = (U, E).But (A, E) S cl(AE).
Therefore A= [ cl(A, E).Hence (A,E) is soft regular closed set.

Theorem 3.6: For x € X, then the set x-{X} is a soft rg /# — closed set or soft regular open.
Proof: Suppose that X-{x} is not soft regular open, then X is the only soft regular open set containing X-{x}.
(i.e) Bel(X-{x}) < X. Then x-{X} isasoftrg  —closed in X.

4. SOFT CONTRA rg f -CONTINUOUS AND SOFT CONTRA rg f -IRRESOLUTE FUNCTIONS IN
TOPOLOGICAL SPACES

Definition 4.1: Let (X, 1, E) —(Y, 7, E) be two soft topological spaces. A function f: (X, 1, E}—~ (Y, 7, E) is said to
be Soft contra rg /3 -continuous, if f (G, E) is soft rg 3 -closed (open) in (X, 1, E), for every soft open (closed) set
(G, E) of (Y, 7, E)

Definition 4.2: Let (X, 1, E) —(Y, 7, E) be two soft topological spaces. A function f: (X, 1, E}—~ (Y, 7, E) is said to
be soft contra rg /3 -irresolute, if £ (G, E) is soft rg /3 -closed (open) in (X, 1, E), for every soft rg /3 - open (closed)
set (G, E) of (Y, 7, E).

Theorem 4.3: If a function f: (X, 1, E) — (Y, 7, E) is soft contra rg /3 -continuous and (U, E) is soft open in (X, 1, E).
Then (f/U): (U, 1, E) —(Y, 7, E) is soft contra rg /3 -continuous.

Proof: Let (V, E) be any soft closed in (Y),E). Since f: (X, 1, E) — (Y, 7/, E) is soft contra rg /3 -continuous,
£ (V, E) is rg 3 -open in (X, 1, E), (fU) " (V,E) M (U,E) is soft contra rg /3 -open in (X, 1, E). Hence f(f/U) * (V))
is soft rg /3 -open in (U, 1, E).

Definition 4.4: A soft topological space (X, 1, E) is called
(i) rg B -locally indiscrete if every rg /3 -open set is closed

(i) TP-space if every rg /3 -closed set is B-closed.

Theorem 4.4: Let (X, 1, E) and (Y, 7', E) be two soft topological spaces and f: (X, t, E)— (Y, 7/, E) be a soft function,
Then

(1) Iffissoftrg £ -continuous and the space (X, 1, E) is rg /3 -locally indiscrete then f is soft contra continuous.
(2) If fissoftrg [ -irresolute and the space (X, 1, E) is rg £ -locally indiscrete then f is soft contra continuous.
(3) If fissoft contra rg S -continuous and the space (X, 1, E) is rg /7 -space then f is soft contra continuous.

(4) 1f fis soft contra rg /5 -continuous and the space (X, 1, E) is Ty 3 - space then fis soft contra [ continuous.

Proof:
(1) Let (V, E) be a soft open in (Y, ', E). Since f is soft rg /3 -continuous. f * (V, E) is soft rg 3 -open in (X, 1, E).

Since (X, 1, E) is soft locally rg /2 -indiscrete, £ (V, E) isclosed in (X, 1, E). Hence fis contra continuous.
The remaining proofs are straight forward.
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Theorem 4.6: If a function f': (X, 1, E) —(Y, 7/, E), then the following conditions are equivalent
1) fissoftcontrarg 8 - continuous.

2) The inverse image of every soft closed set of (Y, 7, E) is soft rg /3 -open.

Proof: proof is obvious.

Theorem 4.7: Let function f: (X, 1, E) —(Y, 7/, E), Then

1)
2)
3)
4)
5)
6)
7)
8)
9)

Proof:
1)

2)

If f is soft contra continuous, then f is soft contra rg /3 -continuous.

If f is soft contra gs- continuous, then f is soft contra rg /3 -continuous.

If f is soft contra pre- continuous, then f is soft contra rg /3 -continuous.

If f is soft contra g- continuous, then f is soft contra rg /3 -continuous.

If f is soft contra sg- continuous, then f is soft contra rg /3 -continuous.

If f is soft contra semi- continuous, then f is soft contra rg /£ -continuous.

If f is soft contracx g- continuous, then f is soft contra rg /3 -continuous.

If f is soft contra g « - continuous, then f is soft contra rg £ -continuous.

If f is soft contra ¢ - continuous, then f is soft contra rg £ -continuous.

Let (F, E) be a soft open set in (Y,,1E), Since f is soft contra continuous

mapping, then £t (F, E) is soft

closed in (X, 1, E). As every soft closed set is soft rg /3 -closed, then fr (F, E) is soft rg 3 -closed in (X, 1, E).
Hence f is soft contra rg /2 -continuous.

Let (F, E) be a soft open set in (Y, & E), Since f is soft contra gs-continuous mapping, then ft (F, E) is soft
gs-closed in (X, 1, E). As every soft gs-closed set is soft rg /3 -closed, then £ (F, E) is soft rg /3 -closed in

(X, 1, E). Hence f is soft contra rg /3 -continuous.

The remaining proofs are straight forward.

From the above results the following implications are made:

3

4

5

1. Soft contra continuous
4. Soft contra g- continuous

2. Soft contra gs- continuous
5. Soft contra sg- continuous

zoft contra rg 8

-continuous

Lo

3. Soft contra pre- continuous
6. Soft contra semi- continuous

7. Soft contrar g- continuous 8. Soft contra g « - continuous 9. Soft contra ¢ - continuous

5. COMPOSITIONS OF SOFT MAPPINGS

Theorem 5.1:
1)
gof: (X, 1, E)— (Z, o, E) is soft rg /3 -continuous.
2)
3)
then gof: (X, t, E)—(Z, o, E) is soft continuous.
4)
then gof: (X, 1, E)— (Z, o , E) is soft contrarg /3 continuous.
5)

If f: (X, 1, E) — (Y, 7, E) is soft rg S -irresolute and g: (Y, t, E) — (Z, o, E) is soft continuous then

If f: (X, 1, E)—>(Y, ¢, E) is soft contra rg /3 -irresolute and g: (Y, T E) —(Z, o, E) is soft contra

rg [F -continuous then gof: (X, 1, E)—(Z, o , E) is soft rg /4 - continuous.
Iff: (X, 1, E)— (Y, 7, E) is soft contra continuous and g: (Y, v/, E)—(Z, o, E) is soft contra continuous

If f: (X, 1, ) —(Y, 7, E) is soft rg /3 -irresolute and g: (Y, 7', E) — (Z, o, E) is softcontrarg £ continuous

If f: (X, 1, B) — (Y, 7, E) is soft contra rg /3 -continuous and g: (Y, ¢, E)— (Z, o, E) is soft continuous

then gof : (X, 1, E)— (Z, 0, E) is soft contra rg /3 -continuous.
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6) Iff:(X,t,E) — (Y, 1, E)is soft contra rg - irresolute and g: (Y, t, E) — (Z, o, E) is soft rg /3 - irresolute
then gof: (X, 1, E)— (Z, T, E) is soft contra rg /3 - irresolute.

7) Iff: (X, 1, E) — (Y, 7, E) is soft contra rg /3 -irresolute and g: (Y, t, E) —(Z, 0, E) is soft contra rg /3 -
irresolute  then gof: (X, 1, E)— (Z, 0, E) is soft rg 3 - irresolute

8) Iff: (X, 1, E)— (Y, v, E)is soft rg [ -irresolute and g: (Y, 7, E)—(Z, 0, E) is soft rg /3 - continuous then
gof: (X, 1, E)— (Z, o, E) is soft rg /3 - continuous.

9) Iff: (X, 1, E) =(Y, 7, E) is soft rg [3 -irresolute and g: (Y, ¥, E) — (Z, o, E) is soft contra rg /3 -irresolute
then gof: (X, 1, E)— (Z, o, E) is soft contra rg /3 -irresolute.

Proof:

1) Let (B,E) be a soft closed set in (Z, o, E), As g is soft continuous then g - (B, E) is soft closed in (Y, 7, E) .As fis
soft rg 3 - irresolute then f (g " (B,E)) is soft rg 3 -closed in (X, 1, E).

Thus gof is soft contra rg /3 -continuous.

2) Let (B,E) be a soft open setin (Z, o, E), As g is soft contra rg /3 - continuous then g - (B,E) is soft rg 3 -closed in

(Y, 7, E) .As fis soft contra rg /3 - irresolute then £ (9 - (B, E)) is soft rg /3 -open in (X, 1, E).
Butf ™ (g " (B,E)) = (gof) " (B,E) softrg S -open in (X, 1, E).

Thus gof is soft rg /3 -continuous.

The remaining proofs are straight forward.

5. CONCLUSION

In this paper soft regular generalized [ closed sets, soft contra regular generalized £ continuous mappings, and soft

contra regular generalized /3 irresolute mappings were studied and their relationship with the already existing sets in

soft topological spaces were discussed. The Scope for further research can be focused on the application of soft
topological spaces.
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