Mathematical Statistician and Engineering Applications
ISSN: 2094-0343

A New Form of Soft Functions in Soft Topological Spaces

P. Anbarasi Rodrigo' and S. Anitha Ruth?
1. Assistant Professor, Department of Mathematics, St. Mary’s College (Autonomous),
Thoothukudi, Affiliated by Manonmaniam Sundaranar University Abishekapatti, Tirunelveli, India,
Email.id: anbu.n.u@gmail.com

2. Research Scholar (Part Time), Department of Mathematics,

St.Mary’s College (Autonomous), Thoothukudi, Register Number: 19122212092001. Affiliated by
Manonmaniam Sundaranar University, Abishekapatti,

Tirunelveli, India, Email.id: anitharuthsubash@gmail.com

Article Info Abstract
Page Number: 460 - 470 In this paper, we introduce a new category of soft function
Publication Issue: . . . . .
Vol 69 No. 1 (2020) called S ar - con'Elnuous func_tlon. Also W_e stuc!y in Fjetall the

properties of  Sa* - continuous function, S a™ irresolute
function and its relation with other S function. All these
findings will provide a base to researchers who want to work
in the field of soft topology and will help to establish a
general frame work for applications in practical fields.

Article Received: 20 October 2019
Revised: 28 November 2019
Accepted: 10 December 2019 Keywords and phrases: S a* -continuous function, Sa*
Publication: 10 January 2020 irresolute function

1. Introduction

Molodtsov introduced the concept of soft sets from which the difficulties of fuzzy sets,
intutuionistic fuzzy sets, vague sets, interval mathematics and rough sets have been rectified.
Application of soft sets in decision making problems has been found by Maji et al. whereas Chen
gave a parametrization reduction of soft sets and a comparison of it with attribute reduction in rough

set theory. Further soft sets are a class of special information.

Shabir and Naz introduced soft topological spaces in 2011 and studied some basic properties
of them. Meanwhile generalized closed sets in topological spaces were introduced by Levine in
1970 and recent survey of them is in which is extended to soft topological spaces in the year 2012.
Further Kannan and Rajalakshmi have introduced soft g — locally closed sets and soft semi star
generalized closed sets. Soft strongly g — closed sets have been studied by Kannan, Rajalakshmi and

Srikanth. Chandrasekhara Rao and Palaiappan introduced generalized star star closed sets in
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topological spaces and it is extended to the bitopological context by Chandrasekhara Rao and

Kannan.

Recently papers about soft sets and their applications in various fields have increased
largely. Modern topology depends strongly on the ideas of set theory. Any Research work should
result in addition to the existing knowledge of a particular concept. Such an effort not only widens
the scope of the concept but also encourages others to explore new and newer ideas. Therefore in
this work we introduce a new soft generalized set called S a* open set and its related properties.
This may be another starting point for the new soft set mathematical concepts and structures that are

based on soft set theoretic operations.
2. Preliminaries

In this section, this project X be an initial universe and E be a set of parameters. Let P (X)
denote the power set of X and A be a non-empty subset of E. A pair (Fé,A)denoted by F:' is called

a soft set over X, where F°is a mapping given by F:AS P(X).

Definition 2.1.1. [8] : For two soft sets (Fé,A) and (G,B) over a common universe X, we say that

(F5,A) is a soft subset of (G, B) denoted by (Fé,A)gS (G,B),if

i. (AcgB) and

ii. F5(8)c, G(&)forallécE

Definition 2.1.2. [8] : The complement of a soft set (Fé,A) denoted by (Fé,A)C, is defined by

((FS,A)°):(F§’C,A), where F* : A —P(X) is a mapping given by F*(&)=X—F>(@) forallé cE
Definition 2.1.3. [7] : Leta Sset(FS, A) over X.

a. Null S set denoted by o if for all ecA,F° (&)=¢.
b. Absolute S set denoted by X if for all ec A, F® (8)=X.

Clearly, X*=¢pand ¢° =X,
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Definition 2.1.4. [4]: The Union of two S sets of (Fg,A) and (G, B), over the common universe X is

the Sset(H, C), where C = A B, and forallée C

H(e)=F°(8)ifécA—B, H(@)=G (&) ifecB—Aand H(8)=F° (&)U G(&) ifécAngB.and s

denoted as (Fé, A)uS G(&)=(H,C)

Definition 2.1.5. [4] :The Intersection (H,C) of two S sets of (Fs,A)and (G,B), over the common

universe X, denoted by the S set (H,C).where C=An¢B,and H(&)=F° (&), G (&) forallé<C.

Definition 2.1.6. [10]: Lettbe a collection of S sets over X with the fixed set of parameters. Then

tis called a S of Topology on X, if

i. ®and Xbelongstor,.

ii. The union of any number of Soft sets int, belongs to,.

iii. The intersection of any two Soft sets in t, belongs tot,.
The triplet (X,rs, E)is called Soft Topological Spaces over X.

The members of 1. are called Soft open sets in X and complements of them are called Soft Closed

sets in X.

Definition 2.1.7. [10]: Let (X,rs, E) be a Soft Topological Spaces over X and let (FS, E) be a Soft
set over X.
1) The Soft Interior of (Fg, E) is the Soft set Soft Int (F‘E’, E)ug (O, E): (O, E) which is Soft open
and (O,E)gs (FSE)}

2) The Soft closure of (FS, E) is the Soft set Soft cl (FS, E)ms {(A E): (A, E) which is Soft
closed and (F*, &)=, (A, E)}. Clearly Soft ¢l (F®, &) is the largest Soft closed set over X
E).

which contains (FS,

1 Vg

Definition 2.1.8. : A Sub set of a Soft topological space (X T E)is said to be

1.  aSoft Semi-Open set [3] if (FS, E)gs SCI(Sint (F%,E)and a Soft semi-Closed set if S int
ClF, )=, (F.E).
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a S Pre-open set [1] if ( )cs SInt(SCI(FS )) and a Soft Pre-Closed set if S
CI(Sint (FS A)cs (FS » S Open set [1] if (FS A)cs élnt(SCI(int(Fg,E)) and a So. of -
Closed set if S CI(Slnt(§ ( )Cs (FS »

a § B -Open set [1] if (F, E )=, SCI(Sint (Scl (F°, E))and a Sp Closed set if S int

5l Ele. (€.

a Sgeneralized Closed set (briefly S gs-Closed) if S Cl (FS, E)gs (G, E)Whenever

(Fé, E)gs (G, E)and (G, E)iséOpen in(X,rS, E). The complement of a S gs-Closed set is
called a S gs-Open set.

a S Semi-generalized Closed set (briefly S Sg-Closed) if S ClI (FS,E)QS (G,E)whenever
(Fg, é)gs (G, E) and (G, E) is §oftsemi0penin(x r E) The Complement of a Soft

1 bg

Semi g-Closed set is called a S Sg-Open set.

a generalized Soft Semi-Closed set (briefly gs-Closed) if éCI(Fg,E)OS(G,E)Whenever
(Fg,é)gs (G,E)and(G,E)is§oft0penin(x,rs,E). The complement of a Soft gs-Closed
set is called a S gs-Open set.

—_——

a Soft - Closed [9] if S (Fé, E)gs (G,E) whenever (Fg, E)gs (G, E)and G, E) is Soft semi

Openin (X,rs,é)

a Soft m-Closed [9] if S (FS, E)gs (G,E)Whenever (Fg, E)gs (G, E)and(G, E) is Soft semi
Openin.

a Soft alpha-generalized Closed set (brieflySa g-Closed) if oS Cl(Fé,é)gS (G,E)
whenever (FSQ, é)gs (G, E) and (G, E)is §oftsemi0penin(x,rs, é). The Complement of
a Soft ag -Closed set is called a S a g-Open set.

a Soft generalized alpha Closed set (brieflySg a-Closed) if a S Cl(Fé,E)gS (G,E)
whenever (Fé,é)gs (G,E) and (G, E)is Soft Openin (X T E) The Complement of a Soft

1 Vg

ga -Closed set is called a S go-Open set.

a Soft generalized preClosed set (brieflySgp-Closed)[1] if p S CI(Fé, E) s (G, E)
whenever a Soft gp-Openset.

a Soft generalized preregular Closed set (briefly S gpr-Closed)[5] if p S CI(Fé, E)gs (G, E)
whenever (Fé, E)gs (G, E) and (G, E) is Soft regular Open in (X,rs,é). The complement of
a Soft gpr-Closed set is called a S gpr-Open set.
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3.1: S a* - continuous function

Definition 3.1.1:
AS of t functionf :(X, T,. E)—)(Y,css, E) is called a S a*- continuous, if the inverse image of
every Soft -open set in (Y, o, E) isS a*-Open set in (X,rs, E) (ie) (fS,E)is a Sa*-open set in

(X,rs, E), for every § open set in (Y, o, E) :
Example 3.1.2:

Let X =Y ={x,,x, }, 7, = {5, f.2 5 Jand S a*— O (X)={f;, 5,15, £, 15,5

£2,80, 05,5, 15,5, 0,65, 6, B | and o, =S, 5,5, 15,75 )

Let  f:(Xt,E)>(V,0,E)be defined byf(f?)=f° for all =1 to 16
f (fss ):f; f - (flsl ): flsl’ £ (flsz ): f152 f - (flss ): f155 f - (flse ): flSG = {fss }1 {flsl }’ {flsz }’ {flss }' {flse } are in S
a*- open, clearly f is S a* - continuous.

Theorem 3.1.3: Every Soft - continuous function is S o*- continuous, but not conversely.

Proof:

Letf:(X,t,,E)—(V,o,,E)oe a soft — continuous function. Let (f*,E) be a §- Open in
(V,o,,E). Since f is a soft — continuous function, then, f:(f*,E) isSoft —Open in

(X, 7, E)=F" (fs, E) isa S a*-Open in (X, T, E):>f is aS o*- continuous function.
Example 3.1.4:

Let X =V ={x,%, b1, ={f5, £ £, 65,15 Jand o, ={f, 5,55, 15,5
S ax—O(X)={fs, F5, 85,85, 15,1, 5,608, 15 £, 65,5, 65,15, 15, and
Sax—O(V)={fs, f2, 88, 15,85, 8,15, 5,15, 15,55, 15,65 )
Let f:(X,1,,E)— (¥,0,,E)be defined by f (F)=f2,£(fs)=f:,£(5)=f:,
6= 15,00 )=15. 15 )= 12,187 ) = 12,065 )= 5, £(65)= 15, £ (62 )= 12,
(72 )= 15 £ (1) = 12 (R )= 5, £ (82 )= 12, (R ) = £, £ (65 )= 5

Clearly f is S a* - continuous but not Soft -continuous function, because
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£3(F )= 2 (85 )=F5, £A(F5, )= £, are not Soft -Open in (X7, E).

Theorem 3.1.5:
Every S a-continuous function is S a*-continuous, but not conversely.

Proof :
Let (f*,E)be a Soft -Open in (¥,o,,E). Since f is a S a-continuous function, then,
f‘l(fS,E)is a So-Open in (x,rs,E):f‘l(fs,E) is a Sa*-Open in (X,rS,E):M‘ is as a*-

continuous function.

Example 3.1.6:

Let X =Y ={x, %, ht, ={F5, £, 55, 15,55 L So— O(X) = {5, 5,55, 15,15, ).
S ax— O ={fs F5. 55 £ 0 05, £ B £ £ B o f | o = (2, 5, 585
Let f:(X,1,,E)— (¥,0,,E)be defined by f (Fs)=F5,F(F3)=fs,£(F:)=1:,
ffs)=15 165 )=, 16 )= 5.0 )= 15,06 )= 12, 7(F5 ) =15, (02 ) =5,
()= 10 (7 ) = £ )= £2 £ (85 )= 12, (R ) = £, £ (65 )= 5.
Clearly f is S a* - continuous but not S a continuous function, because

f‘l(fj):fgf‘l(f7s):1°7S are not S a Open in (X,rs, E).

Theorem 3.1.7:
Every S g-continuous function is S a*-continuous, but not conversely.

Proof :
Let (*,E)oe a 5 -Openin (¥,o,,E). Since fisa S g-continuous function, then, f*(f*, E)
is a Sg—O(X)in(X,t,,E)=f*(f,E) is aSa*Open in (X,1,E)=fis aSa*-continuous

function.

Example 3.1.8:
Let X = = e, x, b, =5, 75,13, 5,5

Sg—O(X) = {7, 65 15,55, 15,85, 85 13,65, £, 15, 15,55,

S ax-O(X)= {7, 1585, 6582, 02 620255, 65,55, 65, 65, 2, 65 ), and o, =165, 5, 2,65,
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Let f:(X,7,,E) > (¥, 0,,E)be defined by f (£ )=t £(f )= 3, £(£5 )= £5, £ (55 ) =f¢,
flfs)=12.1 (00 )= 10,0067 ) = 0, £ (65 ) = 5 £(85 )= £, £ )= 15, 762 )= 12, £(8)= 12,
f(ff3):f;,f(f;):ffz,f(ffs):ffs,f(ffG):ffG.Clearly f isSa* - continuous but not Sg continuous

function, becauseffl(fj)zfg f’l(f;):ff3 are not S g Open in (X, T, E).

3.2. S a*- irresolute mappings:

Definition: 3.2.1. A Soft functionf:(X,z,,E)—(Y,o.,E)is Sa* - irresolute mappings, if the

f4(So*—0pen)in(Y,o,,E)isSa*—Openin(X, 7., E).
Example: 3.2.2
Let X =Y =X, %, b1, =5, £5, 55 andS ax—O(X)= {f7, 85,85, 5,1, 1,15, 15,5,

£3,55, 55, 85,65, 5,15 |, and o, ={f2, 5,85, 15,75,

S ar— OO ={f;, 13,15, 11,18 18 F5 05 05, 13 15, £, F5 P T

Let f:(X,7,,E)>(Y,0,,E)be defined by (f7) for all I = 1 to 16, Clearly f is & o

irresolute functions.
Theorem 3.2.3.
A § of t functionf:(X,7,E)—(Y,0,,E)is said to be Sa* - irresolute if f the

f ’l(§a*—CIosed)in (V,0,,E)isS a*—Closedin(X, ., E).

Assume that f is § a*-irresolute. Let (f*,E) be any § o*-Closed in (¥,0,,E). Then(f*,E)°
is Sa*-Open in (Y,0,,E). Since, f is Sa* - irresolute, f‘l((fs,E)c)is Sa* - Open in
(X, 7., E)Gie)f(f°, E)isSa*x—Openin(X, t,, E )= (f*, E)is
So*—Closedin (X, 7,,E) Hence the inverse image of every §a*-Closed in (Y,0,,E) is § o*-
Closed in (X, ., E). Conversely, assume that the inverse image of every § a*-Closed in (Y., E)is
S o*-Closed in (X,7,E). Let (f*,E)be any S a*- Open in (¥,o,,E). Then ((fS,E)C)is 5 a*-Closed

in (Y,GS,E). By  assumption, f‘l((fs,E)c) is is Sa* - Closed in
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(X, 7, E)ie)f(f*,E)is S a*—Closedin (X, 7., E)J=f* (f*, Eis Sa*—O(X)in(X,.,E). Thus f is
S a* - irresolute.
Theorem 3.2.4.

Every S a*-irresolute map is S a*-continuous, but not conversely.
Proof :

Let f:(X.t,,E)>(Y,0,,E)be a §a* irresolute map. Let (f*,E) be a Soft — Open in
(V,5..E). Then(f*,E)is S o* Open in (¥,o,,E). Since fis a § o* -irresolute map (f*,E) isa

S a* -Open in (X, T, E) . Therefore, f is aS o*-continuous function.

Example 3.2.5

Let X =Y = {x,, X, 7. = {5, £, 55,55, 15 ho, = 5,85 65, £, 15
S o= O(X)={f:, 15,5, £, 85, 88,85, 65, 5 2, 65, 15, 5
Sa*O(Y) ={f5, 85,55, 1 5, £, 65, £5,, 5,15 )
Let f:(X,1,,E) > (¥,0,, E be defined by f (£} )=f;, F(F;)=f:,f(f)=1:,
£(F) =15, F (50 ) =12 0 (F) =5, £ (F )= £5, £ (F )= £, £ (F )= £5, £ (F3) )= £, £(F )=,
£(£5, ) =15, F(F ) =5, F(F, ) =5 F(f3 )=f3, £ (£, )=f5, . Clearly f isS a* - continuous but not S a*-

irresolute map, because f‘l(fj)z f, arenotin Sa* - Open in (X,rs, E)
Theorem 3.2.6 :

Letf :(X,z,,E)—(V,o,,E)be a Soft - continuous and Soft — Open. Therefore, f is & o* -

irresolute.

Proof:

Let (f*,E) be any Soft— Open in (¥,0,,E). Then (f*, &), Sint*(SCI(Sint*(F*, £)))Since f is

Soft - continuous and Soft — Open, then it follows that,
f1(F, E), FH(Sint+(SCI(Sint*(F, )<, £ (Sint<(ScI(Sint=(F°, £)))
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= £(f*, &), £(Sint (1 (SCI(Sint(f*, E)))<, (Sint*(SCI(Sint*f (f, )
— f(f°,E)isasoft—Openin(X, 7., E)
—fisSa*—irresolute
Theorem 3.2.7
Let f:(X,7,,E)>(Y,0,,E)oe Soft o*- irresolute iff for everysoft set (f*,E) of X,
f (S*—Open)c, a*—Closedf (f*, E).
Proof :

Suppose that fis S a* - irresolute, Now, S a* - Open is S a* - Open
= f (S a*-Open) is S a*-Open setin V.
=So*-Open is Sa* - Open set in Y. Since f is Sa* irresolute, then
£ (Sa*—open(F((F (F°, £) ) Bax—O(x)and ((f*, E )<, £ (F(F*, &))<, F*(Sa*—0(f(F*,E))
Hence by the definition of S o*-Open, § a*-Open ((f*,E))c, f'Sa*—O((f*, )
—f (§a*—©((fs, E)))gs Sa*—O((f*,E)). Conversely, suppose that (F*,E)is Su*~Osetin Y. Now, by
hypothesis,
f(Sax-0(F(f*,E))<, Sax-Of ((f*, E))=, Sax-0((f*, E))<. (. E))

=Sa*—O(F (F,E)lc, FHFFE)) oo 1.

Also, (fS,E)gséa*—C)(( S,E))
=, E)c 1 (Sar—O(F, E)Sa*—OF (F*,E)) oo 2.
From 1 and 2, we get Sa*~O(f *(f*,E))=F*(f*,E)

:>f_1(fs. E)is aS a*-Open.. Hence f is S a*- irresolute.
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Theorem 3.2.8:

Let f:(X.1,,E)—>(Y.0,E)be Soft a*- irresolute iff for all Soft set (F*,E) of v,

f(Sa*—0(f*,E))c, f*(Sa*—0(f (f, E))
Proof :

Suppose that f is S a*- irresolute, Now, Sa* -0 ((fs, E))is S a*-0(Y)
so that f’l(éa*—é((fs, E))) is S o*- Open set in X. Since ((fs, E)gs §oc*—(5(fs, E))
—(f*,E)c, FH{So*-O((f*, £))). By definition of § o*- closure,
Sa*—0(f ()<, f* (Sa*-0((f*, E))). Conversely, suppose that (f*,E)is §a*- O set it Y.

Now, by hypothesis,
Sor-0(F (1, E))c, S~ O((F* )z, (F1E)) oo |

Also, F(F*,E) <, Sa*—OF H(F*E)) oo 2.
From 1 and 2, we get Sa*~O(f *(f*, E))=f *(f*, E)

=f(f*,E)isas o-Open in (X,z,.E)

Hence fis S a*- irresolute.
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