International Journal of Mathematics And its Applications
Volume 5, Issue 1-C (2017), 365-370.
ISSN: 2347-1557

Available Online: http://ijmaa.in/

International Journal of Mathematics And its Applications

Soft g-closed Sets in Soft Biminimal Spaces

Research Article

R.Gowri! and S.Vembul*

1 Department of Mathematics, Government College for Women(Autonomous), Kumbakonam, India.

Abstract:

MSC:

The purpose of this paper is to introduce a new class of sets called soft g-closed sets in soft biminimal spaces and its basic
properties are investigated.

54A05, 54A08, 54C10.

Keywords: Soft set, soft biminimal, sgm; j)-closed sets, sgim; j)-open sets.

© JS Publication.

1. Introduction

V.Popa and T.Noiri [14] introduced the concept of minimal structure (briefly m-structure). They also introduced the notion

of mx-open set and mx-closed set and characterize those sets using mx-closure and mx-interior operators respectively.

C. Boonpok [1] introduced the concept of biminimal structure space and studied mim%-open sets and m%m%-closed sets

in biminimal structure spaces. R. Gowri and S. Vembu [3] introduced the concept of soft minimal and soft biminimal

spaces. In [4] R. Gowri and S. Vembu introduced soft generalized closed sets in soft minimal spaces. C. Viriyapong [15]

et.al introduced the concept of generalized m-closed sets in biminimal structure spaces and we obtain some properties of

generalized m-closed sets. The concept of soft sets was introduced by Molodtsov [8] in 1999 as a general mathematical tool

for dealing with uncertain objects. Later, he applied this theory to several directions (see [9] [10] [11]). In this paper, we

introduce soft g-closed sets in soft biminimal spaces which are defined over an initial universe with a fixed set of parameters.

2. Preliminaries

Definition 2.1 ([8]). Let U be an initial universe and E be a set of parameters. Let P(U) denote the power set of U and A

be a nonempty subset of E. A soft set Fa on the universe U is defined by the set of ordered pairs Fa = {(z, fa (z)) : x € E},

where fa : E — P(U) such that fa(x) =0 if x ¢ A. Here, fa is called approzimate function of the soft set Fa. The value

of fa(z) may be arbitrary, some of them may be empty, some may have non empty intersection.

Note that the set of all soft sets over U will be denoted by S(U).

Definition 2.2 ([3]). Let X be an initial universe set, E be the set of parameters and A C E. Let Fa be a non empty soft

set over X and P(Fa) is the soft power set of Fa. A subfamily m of P(Fa) is called a soft minimal set over X if Fy € m
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and Fa € m. (Fa,m) or (X,m, E) is called a soft minimal space over X. Each member of m is said to be m-soft open set

and the complement of an m-soft open set is said to be m-soft closed set over X.

Definition 2.3 ([3]). Let X be an initial universe set, E be the set of parameters and A C E.Let Fa be a non empty soft
set over X. Let (Fa,m1) and (Fa,ni2) be the two different soft minimals over X. Then (X, m1,ms2, E) or (Fa,mii,ni2) is

called a soft biminimal spaces.

Example 2.4. Let X = {u1,u2}, E = {z1,22,23}, A= {z1,22} C E and Fa = {(x1, {u1,u2}), (x2,{u1,u2})}. Then

Fa, ={(z1,{w})}, Fay = {(21,{u2})},

Fag ={(z1,{u1,u2})}, Fa, = {(22,{w})},

Fas ={(z2,{u2})}, Fag =A{(z2,{u1,u2})},

Fa; ={(@1,{u1}), (w2, {wa})}, Fag ={(z1,{u1}), (w2, {u2})},
Fag ={(z1,{u1}), (w2, {u1,u2})}, Fayo ={(@1,{u2}) , (z2, {wa})},
Fay ={(@1,{uz2}), (w2, {u2})}, Fay, ={(@1,{u2}) , (22, {ur, u2})}
Fayg ={(@1,{u1,u2}), (w2, {ua})}, Fay ={(@1,{ur, u2}), (2, {u2})},

Fa,s = Fa, Fa,o =Fy
are all soft subsets of Fa. Here, soft biminimals are

m1 = {Fy, Fa,, Fay, Fa;, Fa,,, Fa} and

ma = {Fp, Fay, Fag, Fag, Fayg, Fa}.

Definition 2.5 ([3]). Let Fa be a non empty soft set and m be soft minimal over X. For a soft subset Fg of Fa, the m-soft

closure of Fig and m-soft interior of Fp are defined as follows:

mClU(Fp) = N{Fo : FsCFa,Fa — Fo € m},

miInt(Fp) = U{Fs: FsCFp,Fs € m}.
Lemma 2.6 ([3]). Let Fa be a non empty soft set and 7 be soft minimal over X. For a soft subset Fp, Fo C Fa, the
following properties hold:
(1). MCU(Fa — Fg) = Fa — (mInt(Fp)) and mlnt(Fa — Fg) = Fa — (mCL(Fg)),
(2). If (Fa — FB) € m, then mCI(Fg) = Fp and if Fg € m, then mInt(Fg) = Fp,
(3). MCU(Fy) = Fy, mCL(Fa) = Fa, mInt(Fy) = Fy and mInt(Fa) = Fa,
(4). If FsCFg, then mCl(Fg)CTmCl(Fc) and mint(Fg)Cmint(Fo),
(5). FeCmCI(Fp) and mint(Fp)CFp,
(6). mCl(mCIl(Fg)) = mCIl(Fg) and mInt(mInt(Fg)) = mInt(Fg).

Lemma 2.7 ([3]). Let Fa be a non empty soft set and m be soft minimal over X satisfying property B. For a soft subset

F of Fa, the following properties hold:
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(1). Fg € m if and only if mInt(Fp) = Fp,
(2). Fp is m-closed if and only if mCIl(Fp) = Fp,
(8). mInt(Fg) € m and mCIl(Fp) € m-closed.

Definition 2.8 ([3]). Let Fa be a non-empty soft set and m on X satisfying property B if the union of any family of subsets

belonging to m belongs to m.

Definition 2.9 ([3]). Let Fa be a non-empty soft set and m be soft minimal over X satisfying property B if the union of

any family of subsets belonging to m belongs to m.

Definition 2.10 ([4]). A soft subset Fp of a soft minimal space (Fa,m) is said to be soft generalized m-closed sets (briefly

sgm-closed) if mCl(Fg) C Up whenever Fg C Ug and Ug is soft m-open set.

3. Soft Generalized Closed Sets in Soft Biminimal Spaces

In this section, we introduce the concept of soft generalized closed sets in soft biminimal spaces and study some of their

properties.

Definition 3.1. A soft subset Fg of a soft biminimal space (Fa,m1,mz2) is called a soft generalized m;m;-closed sets
(briefly sgim jy-closed) if mi;Cl(Fg) C Up whenever Fg C Up and Up is soft mi;-open, where i,j = 1,2 and i # j.
The complement of a sgim; j)-closed set is called a sgm; j)-open. The family of all sgin; ;)-closed(sgm; ;)-open) sets of

(Fa,mi1,ms) is denoted by sgim; jyC(Fa) (reps. sgm; jyO(Fa)), where i, =1,2 and i # j

Definition 3.2. A soft subset Fg of a soft biminimal spaces (Fa,m1,m2) is said to be pairwise sgm-closed (briefly p— sgm-
closed) if Fp is sgi,2)-closed and sgm(z1)-closed. The complement of a pairwise sgim-closed set is said to be pairwise

sgm-open (briefly p — sgm-open,).

Example 3.3. Let X = {u1,u2}, E = {z1,22,23}, A ={z1,22} C E and Fa = {(z1,{u1,u2}), (x2, {u1,u2})}. Then

Fay ={(z1,{wm})}, Fay = {(21,{u2})},

Fag = {(z1,{u1,u2})}, Fa, = {(z2,{w1})},

Fas = {(z2,{u2})}, Fag = {(w2,{u1,u2})},

Fa; ={(z1,{w1}), (w2, {w1 })}, Fasg ={(z1,{w1}), (w2, {u2})},
Fag ={(z1,{u1}), (w2, {u1,u2})}, Fayy = {(@1,{uz2}), (w2, {ua})},
Fay ={(@1,{u2}), (w2, {u2})}, Fay, ={(z1,{u2}), (x2, {u1,u2})}
Fayy = {(z1,{u1,u2}) , (w2, {us})}, Fay ={(@1,{u1,u2}), (w2, {u2})},
Fa,, = Fa, Fay = Fy

my = {F@aFA67FA77FA137FA}a Mo = {F®>FA37FA67FA87FA127FA}>
Sgﬁl(l,?)C(FA) = {FQHFAUFAmFA37FA47FA5»FA67FA87FAgvFAlovFAu:FAm:FAMvFA}'

Remark 3.4. By setting mi1 = ma in Definition 3.1, a sgm; ;)-closed becomes sgm-closed set.

Remark 3.5. Every soft m( j)-closed set is sgm(; j)-closed set but the converse is not true as seen from the following

example.
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Example 3.6. Let X = {ui,u2}, E = {x1,22,23}, A = {z1,22} C F and Fa = {(x1, {u1,u2}), (x2, {u1,u2})}. Then
m1 = {Fy, Fay, Fay, Fayy, Fa},and miy = {Fy, Fag, Fag, Fag, Fay,, Fa}. Here Fa, is sgi 2)-closed set but not soft m( 2

closed set.

Proposition 3.7. Let (Fa,m1,m2) be a soft biminimal spaces and let F be soft subset of (Fa,m1,m2). If Fp is both soft

m;-open and sgmy; ;)-closed, then Fp is soft m;-closed.
Proof. Let Fg be soft i;-open and sgmy;,;)-closed, we have mCIl(Fp) = Fp. Hence, Fp is soft m;-closed. O
Theorem 3.8. Union of two sgm,,jy-closed sets is sgm; ;)-closed set.

Proof. Suppose Fg and Gg are sgm;,jy-closed set. Let Up be soft m;-open set such that Fp UGCUsg. Since FsUGCUg,
we have FgCUg, GeCUg. Since Usg is soft mi;-open and Fg and Gp are sgm;,;)-closed sets, we have m;CIl(Fp) C Ug and

mi;Cl(Gg) C Up. Therefore, n1;Cl(Fp UGp) C m;Cl(Fp) Um;Cl(Gp) C Up. Hence, Fg UG is sgim j)-closed set. [
Remark 3.9. The intersection of two sgm; jy-closed sets need not be sgm; ;)-closed as seen from the following exzample

Example 3.10. Let X = {ui,u2}, E = {z1,22,23}, A = {z1,22} C E and Fa = {(z1,{u1,u2}), (x2,{u1,u2})}. Then
my = {F@,FAl,FAs,FA7,FA12,FA}, and ms = {F@,FAI,FA3,FA77FA127FA147FA}‘ Then Fa,, and Fa,, are 89771(172)-Cl086d

but Fay3 N Fa,, = Fag is not sgmy,2)-closed.

Theorem 3.11. Let (Fa,m1,m2) be a soft biminimal space. If Fip is sgﬁz(i’j)—closed and Hp 1is soft mj-closed, then Fg N

Hp is sgm(z-,ﬂ—closed.

Proof. Let Up be soft mi;-open such that Fg N Hp C Ug. Then Fg C U U (Hp)¢ and so m;CIl(Fg) CUp U (Hp)".
Therefore m,;Cl(Fg) N Hp C Ug. Since Hp is soft mj-closed. Therefore, m;Cl(Fg N Hp) C Up. Hence, Fg N Hp is

sgm (s, jy-closed. O

Remark 3.12. sgin 2)C(Fa) is generally not equal to sgim,1)C(Fa) as can be seen from the following example.

Example 3.13. Let X = {ui,u2}, FE = {z1,22,23}, A = {z1, 22} - E and Fau =
{(xlv{u1>u2})7(z2v{u17u2})}' Then ma = {F(Z)aFA37FA47FA117FA}’ and ma = {F@aFA5vFAGvFAngvaFA}'
Then ng(lﬁ)C(FA) = {FﬂaFA17FA27FA37FA4>FA57FA67FA87FAgaFAmaFAnaFAnaFAMaFA}; ng(Q,l)C(FA) =

{F@7 FA17FA37 FA47 FA57 FA67FA77 FA117FA127 FA137 FA147 FA} Thus ng(172)C(FA) 7& ng(Q,l)C(FA)'
Remark 3.14. Let mi1 and mia be two soft minimals on Fa. If iy € mia, then sgm2,1)C(Fa) C sgm(1,2)C(Fa)

Example 3.15. Let X = {u1,u2}, E = {z1,22,23}, A = {z1,22} C E and Fa = {(z1,{u1,u2}), (r2,{u1,u2})}. Then

mi1 = {Fp,Fa,,Fas,Fa,,Fa,,, Fa},and ma = {Fy, Fa,,Fas, Fa,,Fa,s, Fa,,, Fa}. Thus ng(gy”C(FA) é Sgﬁ’L(Lg)C(FA).

Theorem 3.16. Let F be a soft subset of soft minimal space (Fa,m1,m2). If F be sgi; ;)-closed, then m;Cl(Fp) — Fp

contains no non empty soft m;-closed set.

Proof. Let Fp be sgi j-closed subset of m;Cl(Fg) — Fg. Now Hp C m;CIl(Fg) — Fg and Fg C (Hp)® where Fp is
sgi;,j)-closed and (Hp)® is soft ri-open. Thus mi;Cl(Fg) C (Hp)® or equivalently Hp C [ni;CI(Fp)]° . By assumption,
Hgp C [m;Cl(Fg)] and so Hg C [m;CI(Fg)] N [m;Cl(Fg)]® = Fy. Therefore, Hs=Fy. Hence, m;CI(Fg) — Fp contains no

non empty soft m;-closed set. O

Remark 3.17. The converse of the above Theorem 3.16 is not true as seen from the following example
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Example 3.18. Let X = {ui,u2}, £ = {z1,22,23}, A = {z1,22} C E. Then Fa = {(z1,{u1,u2}), (z2,{u1,u2})}.
Then 17ty = {Fp, Fay, Fay, Fayg, Fayy, Fa} and mia = {Fy, Fa,, Fa,, Fa,y, Fa}. Take Fp = Fa,. Then misCl(Fp) — Fp =

MaoCl(Fa,) — Fa, = Fag which does not contain any non empty soft mi-closed set. But Fa, is not sgim (i 2)-closed.

Corollary 3.19. If F is sgimy; j)-closed set in (Fa,mi,m2) then Fp is soft mj;-closed if and only if m;Cl(Fg) — F'p is

soft m;-closed.

Proof.  Assume that Fp is sgim; j-closed set and soft mj-closed. Then m;CI(Fg) = Fp. That is m;CI(F) — Fp = Fj
and hence m;CIl(Fg) — Fp is soft m;-closed. Conversely, suppose m;CIl(Fg) — Fp is soft m;-closed, then by Theorem 3.16,
Fg is sgmy; j)-closed, then m;CI(Fp) — Fp contains no non empty soft m;-closed set. That implies m;CI(Fp) — Fp = Fy.

Hence, Fg is soft m -closed. O
Theorem 3.20. For each (z,u) € (Fa,m1,mz), the singleton {(x,u)} is soft mi-closed or {(x,u)}" is sgm(; ;) -closed set.

Proof.  Suppose that {(z,u)} is not soft mi;-closed, then {(z,u)}° is not soft mi;-open. Then F4 is the only soft m;-open

set which contains {(z,u)}° and {(z,u)}® is sgmy,,j)-closed set. O

Theorem 3.21. If Fp be sgin, j)-closed set in (Fa,mi1,mz) and Fg C Gp C m;Cl(Fg), then Gp is also sgim; ;) -closed

set

Proof. Assume Fp is sgm;,j)-closed set and Fp Q Gp Q m;Cl(Fg). Let Gp Q Up and Upg is soft m;-open. Given Fp

C Gp. Then Fz C Ug. Since Fg is sgm i, j)-closed set, we have m;CI(Fg) C Ug. Since Gg C m;Cl(Fg), m;Cl(GR) c

O

m;Cl(Fg) C Ug. Hence Gg is sgmy;,jy-closed set.

Theorem 3.22. A soft subset Fi of soft biminimal space in (Fa,m1,mi2) is sgi ;) -open set if and only if Hg C mj;Int(Fp)

whenever Hp is soft mi-closed and Hp Q Fp wherei,j =1,2 and i # j.

Proof. Let Fp be sgm;, jy-open set. Let Hp be a soft m;-closed set such that Hp Q Fp. Let Fp Q Hp and Hp is
soft ri;-closed. Then (Fgp)® C (Hp)® and (Hp)® is soft m,-open, we have (Fp)® is sgiy;,j-closed. Hence, [m;Cl(Fg)¢]
C (Hg)°. Consequently, [ri;Int(Fp)]® C (Hg)°. Therefore, Hp C mijInt(Fg). Conversely, suppose Hp C mijInt(Fg)
whenever Hg C F and Hp is soft ri;-closed. Let (FB)® C Up and Usg is soft mi;-open. Then (Up)*© C Fg and (Up)© is
soft m;-closed. By hypothesis (Up)¢ C mi;Int(Fg). Hence, [m;Int(Fg)]° C Ug. (i.e) [m,;Cl(Fg)°] € Up. Consequently,

(FB)© is sgmy; ;)-closed set. Hence, Fp is sgim;,j)-open. O
Theorem 3.23. A soft subset Fig is sgimy; j)-closed set then m;CIl(Fp) — Fp is sgmy; j)-open set.

Proof.  Let Fg is sgiy;, j)-closed set. Let Hp C mi;Cl(Fp)— Fp where Hp is soft ri;-closed set. Since Fp is sgi; ;)-closed,
we have m;CIl(Fg) — Fp does not contain nonempty soft 1;-closed by Theorem 3.16. Consequently, Hg = Fy. Therefore,
Fy € m;Cl(Fg) — Fg, Fy € mijInt(m;Cl(Fg) — Fg), we obtain Hg C m;Int(m;CIl(Fg) — Fg). Hence, m;Cl(Fg) — Fp is

SgM(;, j)-open. O

Theorem 3.24. Let Fg and Gp be a soft subset of soft biminimal space (Fa,mi1,m2) such that mijInt(Fg) é G Q Fg.

If Fig is sgmy;,;)-open, then G is sgm; j)-open where i,j = 1,2 and i # j.

Proof. Let Fp is SgM(;,5)-OPen. Let Hp be a soft m;-closed such that Hp Q G . Since Hp Q Gp and GB Q Fg, we have
Hgp C Fp. Therefore, Hg C m;Int(Fg). Since m;Int(Fg) C Gp, we have m;Int(rmi;Int(Fg)) C mj;Int(Gg). Therefore,

mjInt(Fg) C mi;Int(Gg). Consequently, Hg C m;Int(Gp). Hence, G is sgin;, j)-open. O
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Theorem 3.25. If Fp and Gp are two sgm; ;y-open subsets of soft biminimal space (Fa,m1,mz), then Fg N Gp is also

SgIM (3, 5) -Open.

Proof. Suppose Hp is soft mj-closed set contained in Fp N Gp. Since Fp and Gp are sgmy; j)-open sets. Since,
HBQFB N Gp, we have HBQFB and HBQGB. Since Fp and Gp are two sgm;,j)-open sets, we have HBQTﬁjInt(FB)

and HpCni;Int(Gg). Therefore, HpCmi;Int(Fp) Nmi;Int(Gp)CmjInt(Fs N Gp). Hence, Fp N Gp is sgin( j-open. [
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