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Abstract: In this paper, we generalize the notions of soft supra styogiglosed sets and soft supra strongtgpen setsd] by using

the soft ideals notionl5] in supra soft topological spacéX, i, E) and study their basic properties. Here, we used the contaspfto
ideals, soft closure, soft interior and supra open softtsetsfine soft supra strongig-closed sets. The relationship between soft supra
strongly ig-closed sets and other existing soft sets have been inaestigFurthermore, the union and intersection of two sqftau
strongly fg-closed (resp. open) sets have been obtained. It has beeteghaiut in this paper that many of these parameters studied
have, in fact, applications in real world situations andéfi@re | believe that this is an extra justification for therkvoonducted in this

paper.

Keywords: Soft sets, Soft topological space, Supra soft topologipats, Soft supra stronglig-closed sets, Soft supra strongly
Ig-open sets and soft functions.

1 Introduction between soft stronglyg-closed sets and other existing
soft sets have been investigated.

In 1970, Levine 17] introduced the notion ofi-closed
sets in topological spaces as a generalization of close
sets. Indeed ideals are very important tools in genera

topology. In 1983, Mashhour et all§ introduced the | this section, we present the basic definitions and results
supra topological spaces, not only, as a generalization tey (supra) soft set theory which will be needed in this
the class of topological spaces, but also, these spaces WeFBper. For more details sek B, 4,8,13,15,16,19,21].

easier in the application as shown 8].[In 2001, Popa et - . .
al. [20] generalized the supra topological spaces to theDeflnltlon 2.1[19 Let X be an initial universe ané be

minimal spaces and generalized spaces as a new widd} Set of parameters. LEY(X) denote the power set of
classes. In 2007, Arpad SzaZ ucceed to introduce an andA _be a non-empty subset & A pair ('.:’A) denot.ed
application on the minimal spaces and generalized space?.y Fa IS ca.lled a soft set ovex, whereF is a mapping
In 1987, Abd El-Monsef et al.§] introduced the fuzzy given byF 'A._> P(X)'. In other words, a SOﬁ.SEt over
supra topological spaces. In 2001, EI-Sheikh success 5 2 parametrized family of subsets of the univexséor

. ticulare € A, F(e) may be considered the set &f
use the fuzzy supra topology to study some topologmafa1 partic )
properties to the fuzzy bitopological spaces. i]pepr:g)((g]it (?p(ialgments of the soft $B1A) and ife ¢ A
The notions of supra soft topological space were first- N c . ;
introduced by EI-Sheikh et al8]. Recently, Abd El-latif ?e;e{go(ﬁ)éeﬁse&ﬁo%édlzég\x_)) P(X)}. The family of all
[2] introduced the concept of soft supra strongiglosed finition 2.2121] Let T b A'” i f soft set

Definition 2.2[21] Let T be a collection of soft sets over

sets in supra soft topological spaces. Here, we introduc , : i

and study the concept of soft supra stronffyclosed & UniverseX with a fixed set of parametess, thent C
sets, which is the extension of the concept of soft supra>3X )& is called a soft topology oK if
stronglyg-closed sets7]. Also, we study the relationship (1)X, ¢ € 1, whereg (e) = ¢ andX(e) = X, Ve€ E,
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(2)the union of any number of soft setstibelongs tor,
(3)the intersection of any two soft setsiirbelongs tor.

The triplet(X, 1, E) is called a soft topological space over

Definition 2.3[11] Let (X,7,E) be a soft topological
space. A soft seff-, E) overX is said to be closed soft set
in X, if its relative complementF, E )¢ is an open soft set.

Definition 2.4[11] Let(X,7,E) be a soft topological
space. The members ofare said to be open soft sets in
X. We denote the set of all open soft sets oXeby
OSX,1,E), or when there can be no confusion®gX)
and the set of all closed soft sets ®BSX,1,E), or
CSX).

Definition 2.5[21] Let (X,7,E) be a soft topological
space,F,E) € S3X)g andY be a non-null subset of.
Then the sub soft set ¢F, E) overY denoted by(F,E),

is defined as follows:

Fr(e)=YNF(e) VecE.
In other wordgFy,E) = YA(F,E).
Definition 2.6[21] Let (X,7,E) be a soft topological
space and be a non-null subset of. Then

v ={(~,E): (F,E) et}
is said to be the soft relative topology ¥nand (Y, 1y, E)
is called a soft subspace 0X, 1,E).

Definition 2.7[15] Let I be a non-null collection of soft
sets over a universg with the same set of parametdts
Thenl C SSX)e is called a soft ideal oX with the same
setE if

(1)(F,E) e [and(G,E) e I = (F,E)J(G,E) €1,
(2)FE)eIand(G E)C(F,E) = (G, E)el

intS(F,E) = O{(G,E)
(G.E)E(F,E)}.
Definition 2.13[8] Let (X,u,E) be a supra soft
topological space oveX and (F,E) € SSEX)g. Then,

the supra soft closure dfF,E), denoted bycl3(F,E) is

the soft intersection of all supra closed super soft sets of
F.E).i.e

cl3(F, E =N{(H,E)
(F.E)C (H E)}.
Definition 2.14[2] A soft set (F,E) is called soft supra
strongly generalized closed set (soft supra strongly
g-closed) in a supra soft topological spage, u,E) if
cl3(int3(F,E))C(G,E) whenever (F,E)C(G,E) and
(G,E) is supra open soft iX.

: (G,E) is supra open soft set and

—~

: (H,E) is supra closed soft set and

3 Soft supra stronglyig-closed sets

Abd El-latif [2] introduced the notion of soft supra
strongly generalized closed sets in supra soft topological
spaces. In this section, we generalize this notion by using
the soft ideal notion15].

Definition 3.1. A soft setFe € SSX,E) is called soft
supra strongly generalized closed set with respect to soft
ideal I (soft supra stronglyg-closed set) in a supra soft
topological space(X,u,E) if clS(intS(Fg)) \ Ge €
whenevelFe CGg andGg is supra open soft iiX.

Example 3.2.Suppose that there are three phones in the
universe X given byX = {a,b,c}. LetE = {e1,e,} be the

set of decision parameters which are stands for
"expensive” and "beautiful” respectively.

Let (G1,E),(G2,E) be two soft sets over the common
universe X, which describe the composition of the cars,

i.e.l is closed underflnlte soft unions and soft subsetswhere:

Lemma 2. 8[14] If 'is a soft ideal orX andY C X, then
Iy = {(Y,E)A(I,E) : (1,E) € I'} is a soft ideal of .

Definition 2.9[16] A soft set (F,E) is called supra
generalized closed soft with respect to a soft ideal

(suprafg-closed soft) in a supra soft topological space

(X, U, E) if cISFg \ Gg € i 'whenevelre CGg andGg € p.
Definition 2.10[8] Let (X,7,E) be a soft topological

space andX, u,E) be a supra soft topological space. We G(e;) =

say that,u is a supra soft topology associated withf
TC .

Definition 2.11[8] Let (X,u,E) be a supra soft
topological space ovex, then the members qf are said
to be supra open soft sets ¥ We denote the set of all
supra open soft sets ove&r by supra— OSX, u,E), or
when there can be no confusion bypra— OSX) and
the set of all supra closed soft sets
supra— CSX, U, E), orsupra— CYX).

Definition 2.12[8] Let (X,u,E) be a supra soft
topological space oveX and (F,E) € SSEX)g. Then,
the supra soft interior ofF,E), denoted byintS(F,E) is
the soft union of all supra open soft subsetsriE). i.e

Gl( ) {b,C} Gl(e2):{aab}'

Gz(el) = {a, b},_, Gz(ez) = {a7 C}'

Then, u = {X,9,(G1,E),(Gz,E)} is a supra soft
topology overX. Let

I'={¢,Fe,Ge,He}

be a soft ideal oiX, where:
F(e) ={b} F(ex)=9¢,

{b} G(ez) ={a},
H(er) =¢ H(e)={a}.
Hence, the soft se($,E), (2, E), where:
Fl(el) = {b7 C} Fl(ez) = {a7 0}1
Fa(e) ={ab} Fx(ex)={ab}.

are supra stronglig-closed soft sets (X, u,E), but the
soft sets(Gy,E), (Gy,E) are not soft supra stronglg-
closed in(X, u,E).

by Theorem 3.3.Every soft supra@-closed set is a soft supra

stronglylg-closed.

Proof. Let FeCGg andGeg € p. SinceFe is soft suprag-
closed, thercl®(Fg ) EGe andclS(int3(Fg ) ) Ccl®(Fe ) EGe.
Hence,cl3(int>(Fe)) \ Ge = ¢ € |. Therefore e is soft
supra stronglyg-closed.
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Remark 3.4.The converse of the above theoremis not trueclS(intS(Ag)) \ FE € I. But, FeCclS(intS(Ag)) \ FE, then
in general. The following example supports our claim. Fe € | from Definition 2.7.

Example 3.5. Suppose that there are two suits in the (<) Assume that AfCGe and Ge € p. Then,
universe X given by X = {ab}. Let CI°(int%Ag))\Ge = cl(int® (Ae))AGE is a supra closed
E = {ey(cottor), ex(woollen} be the set of parameters SOft set andcl*(int%(Ag)) \ GeCcl*(int%(Ag))"Gg. By
showing the material of the dresses. assumptiongl®(intS(Ag)) \ Ge < |. Therefore Ag is soft
Let Ag,Bg,Ce be three soft sets over the common Supra stronglyg-closed. N

universe X, which describe the composition of the Theorem 3.14.If F¢ is soft supra strongljg-closed in a
dresses, where: supra _soft topological space (X,u,E) and
Aler)={a} Ale)= FeCGeCcl3(intS(Fg)), then Gg is soft supra strongly
B(e;) ={a} B(e)= {b} Ig-closed.

C(e1) ={a} C(e)={a}. Proof. Let GeCHg andHg € u. Then,FeCHe. SinceFe

Then, = {¢,X,Ae,Bg,Ce} is @ supra soft topology js  soft  supra_  strongly fg-closed,  then

overX. Let . clS(intS(Fg)) \ He € I. Now, GeCclS(intS(Fg)), implies
I'={¢,Fe,Ge,He} that cIS(Ge ) Cels(intS(Fg)). So,

be a soft ideal oiX, where: cl3(int®(Gg)) \ HeCcl®(Ge) \ HeCcel¥(intS(Fg)) \ He.

Thus, clIS(intS(Gg)) \ He € | from Definition 2.7.
ConsequentlyGe is soft supra stronglig-closed.

Remark 3.15.The soft intersection (resp. union) of two
soft supra stronglyfg-closed sets need not to be a soft
supra sofg-closed, where: supra stronglylg-closed as shown by the following

V(ee)=¢ V(e)={b}. examples.

Theorem 3.6.Every supra closed soft set is a soft supraExamples 3.16.

stronglylg-closed. (1)Let X = {a,b} be the set of two cars under
Proof. Let FEEGE andGE c U. SinceFe |S supra closed consideration andE = {el(cosﬂ}o’ez(Luxurioug}_
soft, then clS(intS(Fg))CclS(Fe) = FeCGe. Hence, Let Ag,Be be two soft sets representing the
cl3(int>(Fg)) \ Ge = ¢ € I. ThereforeFe is a soft supra attractiveness of the phone which Mr. X and Mr. Y are
stronglyig-closed. going to buy, where:

Remark 3.7.The converse of the above theoremis nottrue  A(e;) =¢ A(e) = {a},

in general as shall shown in the following example. B(e;) ={b} B(e)=1{a}.

Example 3.8.In Example 3.2, the soft sat is soft supra Then,Ae andBe are soft sets ovex and
stronglylg-closed but not supra closed soft set where:

Fle) ={a} F(ex)=9,
G(er) = {a} G(ep) = {a},
H(er) =¢ H(e) = {a}.

The soft setVg is soft supra stronglyg-closed but not

Theorem 3.9.Every soft suprég-closed set is a soft supra is the supra soft topology ove. Let
stronglylg-closed. ~

Proof. Let FgCHg and He € p.  Then, I'={¢,Fe,Ge,He}
cl3(intS(Fg)) \ leCelS(Fe) \ Ig € L for some Ig € I.

ThereforeFg is soft supra strongljg-closed. be a soft ideal oiX, where:

. F(er) ={b} F(ez)=9¢,
Remark 3.10.The converse of the above theorem is not G(e)) = {b} G(e)={al},
true in general, as shown in the following example. Hie)=¢ H(e) = {a}.
Example 3.11In Example 3.5, the soft s¥¢ is soft supra The soft setdlg, Ng are soft supra stronglg-closed,
stronglyig-closed but not soft supiig-closed, where: where:
Y(er)=¢ Y(ez)={b}. M(er)=¢ M(e) =X,

Proposition 3.12.If a soft subsetFe of a supra soft
topological spacéX, u,E) is supra open soft, then it is
soft supra stronglyg-closed if and only if it is soft supra
Ig-closed.

Proof. It is obvious.

Theorem 3.13. A soft set Ag is soft supra strongly
ig-closed in a supra soft topological spade u, E) if and
only if FEIZCIS(Int (Ae)) \ Ae andFe is supra closed soft
impliesFg e 1.

Proof. (=)Let FeCclS(intS(Ag)) \ Ag and Fe is supra
closed soft. Then, AeCFg. By hypothesis,

N(e1) =X N(e)={a}.
But, P = MeNNg is not soft stronglylg -closed,
where:

Pler) =¢ P(e) ={a}.

(2)Suppose that there are four alternatives in the universe

of housesX = {a,b,c,d} and consideE = {e;, e}
be the set of decision parameters which are stands for
"quality of houses” and "green surroundings”

respectively.

Let

(FL,E), (F2,E), (Fs,E), (Fs,E). (Fs, E), (Fe,E), (F7,E),
(Fs,E), ( ,E), (F10,E), (F11,E), (F12,E) be twelve

(@© 2016 NSP
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soft sets over the common univef$evhich describe
the goodness of the houses, where:

F1( )={a} Fi(e)={d},

Fa(e1) = {a,d} F(e)={ad},
Fs(er) = {d} Fs(e)={a},
Fa(er) ={a,b} Fa(e2)={b,d},
Fs(e1) = {b,d} Fs(e2) ={a b},
Fs(e1) = {ab,c} Fe(e2)={ab,c},
Fr(e1) = {b,c,d} F(e)={b,c.d
Fs(e1) ={ab,d} Fg(e)={ab,d}
Fo(e1) =X Fo(e2) ={a,b,c},
Fio(e1) = {b,c,d} Fio(e2) =X,
Fu(e) ={ab,c} Fu(e) =X,
Fio(e1) =X Fiz(€) = {b,c,d}
Hence, u =

{X.$,(F1,E),(F2,E), (F3,E), (F4,E), (Fs,E), (Fs,E ),
(F7,E),(Fs,E), (Fo,E), (Fi0,E), (F11,E), (F12,E)} i
a supra soft topology ovet. Let

I ={¢,Fe,Ge,He}

be a softideal oiX, where:

F(e1) ={a} F(ep)={b},

G(ey) ={a} G(ep) =9,

H(e1) =¢ H(ey) = {b}.

Therefore, the soft set&,E), (H,E), where:

G(ey) ={d} G(ez)={d},

H(e) ={a} H(ex)={a}. .

are soft supra strongl\g-closed sets X, u,E), but
their soft union(G,E)U(H, E) = (A,E) where:

A(e;) = {a,d} A(ex) = {d,a} is not soft supra
stronglylg-closed.

Theorem 3.17.If Ag is soft supra stronglyg-closed and

4 Soft supra stronglyig-open sets

Definition 4.1. A soft setFg € S§X, E) is called soft supra
strongly generalized open set with respect to soft ideal
(soft stronglyig-open) in a supra soft topological space
(X,u,E) if and only if its relative complemeﬂTE6 is soft
supra stronglyg-closed in(X, i, E).

Example 4.2.In Example 3.2, The soft sef&:,F5 are
soft supra stronglyg-open wherée-, FS: are defined by:
Fr(e)) ={a} Fi(e2)={b},
Fr(e) ={c} Fj(ex)={c}.

Theorem 4.3.A soft setAg is soft supra stronglig-open
in a supra soft topological spa¢X, u,E) if and only if
Fe \ BeCintS(clS(Ag)) for someBg € |, wheneveFe CAs
andFg is supra closed soft itX, i, E).

Proof. (=-) Suppose thaIFEIiAE andFe is supra closed
soft. We haveAS CFE, AL is soft supra stronglyg-closed
and FE € p. By assumptionclS(intS((AL))) \ FE € I.
Hence clS(intS((AL)))EFE0UBE for some Bg € I. So,
(FEOBE)CC[elS(intS((AS)))]E = intS(clS(Ag))  and
therefore,

Fe \ Be = FeMBELintS(cIS(Ag)).

(<) Conversely, assume thag be a supra closed soft
set. We want to prove thakge is a soft supra strongly
fg-open. It is sufficient to prove thafg is soft supra
strongly ig-closed. So, letA CGg such thatGg € p.
Hence, GC CAe. By assumption,
GE\ IECmtS(cIS(AE)) [cIS(cIS(Ag))C]¢ for someig € .
Hence, .

clS(intS( AE) =cl( cIS(AE))CC[Gg\IE] = GgUlg. Thus,

Fe is supra closed soft in a supra soft topological spaceuS |nt8§ N\ GEC[GEU|E] \ Gg = [GE Ol ]mG‘é =

(X, u,E). Then,AeNFg is soft supra stronglig-closed.

Proof. Assume thatAeN\FeCGe and Gg € U. Then,
AEEGEUFE Since Ag |s soft supra stronglyg-closed.

So, cl3(int>(Ag)) GEUFEC) e | Now,
cIS(intS((AEmFE)))ECIS(mtS(AE))

cls(intS(Fg)) =
clS(intS(A E))ﬁintS(FE)Ecls(intS(AE))ﬁFE =
[cIS(intS(Ag))AFe] \ Fe. Therefore,

clS(intS((AeNFe)))  \ GEEJC|S (ints AE))ﬂFE] \
[FEOGE]Ccls(intS(Ag)) \ [GeOFE] € I. Hence AeNFg is
soft supra strongljyg-closed.

Theorem 3.18.Let (Y,7v,E) be a soft subspace of a

supra soft topological spad&, u,E), FeCYe and Fe is
soft supra stronglyg-closed in(X, u,E). Then,Fg is soft
supra stronglyyg-closed in(Y, v, E).

Proof. Assume thatFeCBefiYg and Be € p. So,
@EﬁYE € py andFgCBE. SinceFe is soft supra strongly
Ig-closed in(X, i, E), thencl3(int3(Fg )) \ Be € I. Now,
Lcls(ints(FE))ﬁYE] \ [BEI'NTYE] [C|s |nt )\ BE AYe €
ly. Therefore,Fg is soft supra stronglyyg -closed in
(Y, Ty,E).

IEHGECIE e I. This shows thatglS(intS(Ag)) \ Ge € i
Therefore,AE is soft supra stronglyg-closed and hence
Ag is soft supra stronglyig-open. This completes the
proof.

Theorem 4.4.Every supra open soft set is a soft supra
stronglylg-open.

Proof. Let Ag be supra open soft set such tRat_Ae and

Ag € ut. Then FEEAEEmtS(AE) .
CintS(clIS(Ag)). Hence, Fe \ intS(clS(Ag)) = ¢ € I.
Therefore Ag is soft supra stronglig-open.

Remark 4.5.The converse of the above theorem is not true
in general as shall shown in the following example.

Example 4.6.In Example 3.2, the soft s€ is soft supra
stronglylg-open but not supra open soft set where:

Qler) =¢ Q(er) ={b}.

Proposition 4.7.Every soft suprag-open set is soft supra
stronglylg-open.

Proof. Obvious from Theorem 3.9.

Remark 4.8.The converse of the above theorem s not true
in general, as shown in the following example.

(@© 2016 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci. Lett5, No. 1, 21-26 (2016) www.naturalspublishing.com/Journals.asp NS = 25

Example 4.9.In Example 3.5, the soft s@ is soft supra 5 Conclusion

stronglylg-open but not soft suprig-open, where: .

Z(e) =X Z(e) ={a}. In this paper, the notions of soft supra strontdyclosed
sets and soft supra stronglg-open sets have been
introduced and investigated. In future, the generalimatio
of these concepts to supra fuzzy soft topological spaces
will be introduced and the future research will be

Remark 4.10.The soft intersection (resp. union) of two
soft supra stronglyg-open sets need not to be soft supra
stronglylg-open as shown by the following examples.

Examples 4.11. undertaken in this direction.
(1)In Examples 3.16 (1), the soft s€is;,E), (F2,E) are
soft supra stronglyg-open in(X, u, E), where: Acknowledgements
Fi(er) =X FR(e)=9¢,
Foer)=¢ Fa(e) = {b}. The author expresses his sincere thanks to the reviewers

But, their soft union(Fy, E)0(F,E) = (S E) where: for their valuable suggestions. The author is also thankful

S(e1) =X S&) = {b}is notsoft suprastrongllg-  to the editors-in-chief and managing editors for their

open. important comments which helped to improve the
(2)In Examples 3.16 (2), the soft sétd,E), (H2,E) are  presentation of the paper.
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