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Abstract: The concept of soft ideal was first introduced by Kandil et &8].[In 1999, Molodtsov 22] introduced the concept of soft
sets as a general mathematical tool for dealing with uncertain objectsoReept of generalized closed soft sets in soft topological
spaces was introduced by Kanndb|[in 2012. The notions of supra soft topological space were first intred by Kandil et al.14].

In this paper, we introduce the concept of supra generalized cloftesbts(supra g-closed soft for short) in a supra topological space
(X, u,E) and study their properties in detail. Also, we introduce the concept o&sygeralized closed soft sets with respect to a soft
ideal (suprag-closed soft for short) in a supra topological spése, E) and study their properties in detail, which is the extension
of the concept of supra generalized closed soft sets.

Keywords: Soft sets, Soft topological space,Open soft, Closed soft, Supréopofogical space, Supra open soft, Supra closed soft,
Supra g-closed soft, Supra g-open soft, Suralosed soft, Suprég-open soft sets, sofg-open sets and continuous soft mappings.

1 Introduction Recently, in 2011, Shabir and N&29| initiated the study

) _ of soft topological spaces. They defined soft topology on
The concept of soft sets was first introduced by he collectiont of soft sets over X. Consequently, they
Molodtsov 2] in 1999 as a general mathematical 00l yefined basic notions of soft topological spaces such as
for dealing with uncertain objects. 2% 23], Molodtsov  gnen soft and closed sets, soft subspace, soft closure, soft
successfully applied the soft theory in several directions 4 of 4 point, soft separation axioms, soft regular spaces
such as smoothness of functions, game theory, operations,,y soft normal spaces and established their several
researc.h, Riemann integration, Perron integraﬂon’properties. Hussain and Ahmad)][investigated the
probability, theory of measurement, and so on. properties of open (closed) soft, soft nbd and soft closure.
After presentation of the operations of soft s&f][the  They also defined and discussed the properties of soft
properties and applications of soft set theory have beerihterior, soft exterior and soft boundary which are
studied increasingly4 16,23 25]. In recent years, many  g,nqamental for further research on soft topology and will
interesting applications of soft set theory have bee”strengthen the foundations of the theory of soft
expanded by embedding the ideas of fuzzy sB8, 6,18, (g|ogical spaces. Kandil et al13 introduced the
19,20,21,23,24,32]. To develop soft set theory, the .o of soft ideal in soft set theory. Also, they
operations of the soft sets are redefined and a uni-infioquced the notion of soft local function. These

decision making method was constructed by using thes%oncepts are discussed with a view to find new soft
new operations7].

* Corresponding author e-maiiaa 8560@yahoo.com, dr.Aladaby@yahoo.com

@© 2014 NSP
Natural Sciences Publishing Cor.


http://dx.doi.org/10.12785/amis/080430

1732 NS 2 A. Kandil et. al. : Supra Generalized Closed Soft Sets with Respect to...

topologies from the original one. Kandil et all{] (LA CB, and
introduced the notion of supra soft topological spaces,(2)F(e) C G(e), Vec A.
which is wider and more general than the class of soft
topological spaces.

In 1970, Levine [18] introduced the notion gfclosed

In this caseF, is said to be a soft subset 6 andGg is
said to be a soft superset £, Gz DFa.

sets in topological spaces as a generalization of close!?em't'on 2j3'[20] Two soft ,SUbseﬂ:A and Gg ovgr a
common universe s are said to be soft equalHy is a

sets. :
Indeed ideals are very important tools in general topology.SOft subset 0l andGg is a soft subset dfa.

It was the works of Newcomt®f], Rancin p7], Samuels  Definition 2.4[4] The complement of a soft s¢F,A),
[28] and Hamlet Jankovicg10] which motivated the denoted by (F,A)’, is defined by (F,A) = (F',A),
research in applying topological ideals to generalize theF’ : A — P(X) is a mapping given by’(e) = X — F(e),
most basic properties in general Topology. S. Jafari and”€ € A andF’ is called the soft complement function of
N. Rajesh introduced the concept gfclosed sets with F-

respect to an ideal which is a extension of the concept ofclearly (F’)" is the same aB and((F,A)")" = (F,A).
g-closed sets. Recently. K. Kannahd] introduced the  Definition 2.5[29] The difference of two soft setd~, E)
concept ofg-closed soft sets in a soft topological spaces. and (G,E) over the common universX, denoted by
The main purpose of this paper is to introduce the notion(F,E) — (G, E) is the soft setH,E) where for alle € E,

of supra generalized closed soft sets(supra g-closed sofi(e) = F(e) — G(e).

for short) in a supra topological spag¢, 4, E) and study  pefinition 2.6[29] Let (F, E) be a soft set oveX andx &

their properties in detail. We introduce the concept of y \\e say thak ¢ (F,E) read a belongs to the soft set
supra generalized closed soft sets with respect to a sof(tF E) whenevei ¢ F (e) for all e € E.

ideal (supralg-closed soft for short) in a supra
topological spacéX, u,E) and study their properties in
detail, which is the extension of the concept of supra
. (null set).

generalized closed soft sets. Also, we study the
relationship  between supfg-closed soft sets, Definition 2.8[20] A soft seNt(F,A) overX is said to be an
suprafg-open soft sets, supgaclosed soft sets and supra aPSolute soft set denoted Byor Xa if for all ec A, F(e) =
g-open soft sets. This paper, not only can form theX: Clearly we have<; = gn and@ = Xa.
theoretical basis for further applications of topology on Definition 2.9[20] The union of two soft set$F,A) and
soft set, but also lead to the development of information(G, B) over the common universg is the soft setH,C),
systems. whereC = AUB and for allee C,

F(e), ec A—B,
H(e) = { G(e), ee B—A,

F(e)uG(e), ec ANB.
Definition 2.10[20] The intersection of two soft sets
In this section, we present the basic definitions and result$F, A) and (G, B) over the common universg is the soft
of soft set theory which will be needed in the sequel. set (H,C), where C = ANB and for all e € C,
H(e) = F(e) N G(e). Note that, in order to efficiently
discuss, we consider only soft s¢fSE) over a universe

andA be a non-empty subset & A pair (F,A) denoted Xin wh.ich all the parameter sé& are same. We denote
by Fa is called a soft set oveX , whereF is a mapping e family of these soft sets [55(X)e.

given byF : A — P(X). In other words, a soft set ovet Definition 2.11[33] Let | be an arbitrary indexed set and
is a parametrized family of subsets of the univexséor L = {(F;,E),i € 1} be a subfamily o8S(X)e.

a particulare € A, F(e) may be considered the set ef

approximate elements of the soft &t A) and ife & A, (1)The union of L is the soft set(H.E), where

Definition 2.7 [20] A soft set(F, A) overX is said to be a
NULL soft set denoted by or g ifforall ec A, F(e) = ¢

2 Preliminaries

Definition 2.1[22] Let X be an initial universe ani be
a set of parameters. L&(X) denote the power set of

thenF(e) = pi.e H(e) = Ui Fi(e) for each e € E . We write
Fa={F(e):ec ACE, F:A— P(X)}. The family of all Oiel(Fl E) = (H,E).

these soft sets denoted B§(X)a. (2)The intersection ol is the soft set(M,E), where
Definition 2.2[20] Let Fa, Gg € SS(X)e. ThenF, is soft M(e) = Nig F(e) for eache € E . We write
subset ofGg, denoted byFaC G, if Niel (F,E) = (M, E).
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Definition 2.12[29] Let T be a collection of soft sets over
a universeX with a fixed set of parameteis, thent C
SS(X)g is called a soft topology oKX if

(L)X, @ € T, whereg(e) = p andX(e) = X, Vec E,
(2)the union of any number of soft setsiibelongs tor,
(3)the intersection of any two soft setstibelongs tor.

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

X.

Definition 2.13][9] Let (X,7,E) be a soft topological
space. A soft sefF, A) over X is said to be closed soft set
in X, if its relative complemen(tF, A)’ is an open soft set.

Definition 2.14]9] 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 oXerby

OS(X, 1,E), or OS(X) and the set of all closed soft sets

by CS(X,1,E), orCS(X).

Definition 2.15[29 Let (X, T1,E) be a soft topological
space andF,E) € S§(X)e. The soft closure of F,E),
denoted bycl (F,E) is the intersection of all closed soft
super sets ofF,E) i.e
cd(F,E) = N{(H,E)
set and (F,E)C(H,E)}).
Definition 2.16[33] Let (X, 1,E) be a soft topological
space andF,E) € SS(X)e. The soft interior of(G,E),

(H,E) is closed soft

denoted byint(G, E) is the union of all open soft subsets

of (G,E) i.e

int(G,E) = U{(H,E)
set and (H,E)C(G,E)}).
Definition 2.17[33] The soft se{F,E) € S§(X)g is called

a soft point inXg if there existx € X ande € E such that
F(e) = {x} andF(¢) = ¢ for eache € E — {e}, and the
soft point(F, E) is denoted bye.

Definition 2.18[33] The soft pointx. is said to be
belonging to the soft s€iG,A), denoted by.E(G,A), if
for the elemene e A, F(e) C G(e).

Definition 2.19][33] A soft set(G,E) in a soft topological
space X, 1,E) is called a soft neighborhood (briefly: nbd)
of the soft pointxeEXe if there exists an open soft set
(H,E) such thate& (H,E)Z(G,E).

A soft set(G,E) in a soft topological spacéX,1,E) is
called a soft neighborhood of the sgi, E) if there exists
an open soft setH, E) such that(F,E)&(H,E)C(G,E).
The neighborhood system of a soft poiat denoted by
Nr(Xe), is the family of all its neighborhoods.

Definition 2.20[29] Let (X,7,E) be a soft topological
space,(F,E) € SS(X)g andY be a non null subset of.
Then the sub soft set ¢F, E) overY denoted by(Fy,E),

is defined as follows:

(H,E) is an open soft

Fr(e)=YNF(e) VecE.
In other wordgFy,E) = YA(F,E).

Definition 2.21]29] Let (X,7,E) be a soft topological
space and be a non null subset of. Then

v ={(~,E): (F,E) e T}

is said to be the soft relative topology ¥nand(Y, 7y, E)
is called a soft subspace OX, 7,E).

Theorem 2.1[29] Let (Y, ty,E) be a soft subspace of a
soft topological spacéX, 7,E) and(F,E) € SS(X)g. Then

(1)If (F,E) is an open soft set i andY < T, then(F,E) €
T.

(2)(F,E) is an open soft set il if and only if (F.E) =
YA\(G,E) for some(G,E) € T.

(3)(F,E) is a closed soft set il if and only if (F.E) =

YA(H,E) for some(H, E) is T-closed soft set.

Definition 2.22[2] Let S§(X)a andSS(Y )g be families of
soft sets orX andY respectivelyy: X —Y andp: A— B
be mappings. Lefy, : SS(X)a — SS(Y)g be a mapping.
Then;

(L)If (F,A) € SS(X)a. Then the image offF, A) underfpy,
written as fpu(F,A) = (fou(F), p(A)), is a soft set in
SS(Y)g such that

fpu(F)(b) =

{ Uacp-1na U(F (@), pib)NA# 0,
o, otherwise.

forall b € B.

(2)If (G,B) € SS(Y)g. Then the inverse image ¢f5, B)
under fp,, written asf,'(G,B) = (f51(G), p~*(B)),
is a soft set irSS(X)a such that

u1(G(p(a))),
f,;ul(G)(a) {(p ( (p( )))

)

p(a) €B,
otherwise.
forallac A.

The soft functionfy, is called surjective ifp andu are
surjective, also is said to be injective g and u are
injective.

Definition 2.23[11,33] Let (X,11,A) and (Y, 12,B) be
soft topological spaces arfg, : SS(X)a — SS(Y)g be a
function. Then

(1)The functionfp, is called continuous soft (cts-soft) if
fal(G,B) € 11V (G,B) € Ta.

(2)The function f,, is called open soft if
fpu(G,A) €V (G,A) € T1.
(3)The function fp, is called closed soft if

fou(G,A) € T,Y (G,A) € T,.
(4)The functionfp, is called semi open soft if, (G, A) €
SOSY)V (G,A) € 11.
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(5)The functionfp, is called semi continuous soft function The triplet(X, u,E) is called a supra soft topological space
(semi-cts soft) iff 1(G B) € SOS(X)V (G,B) € 12. (or supra soft spaces) ovEr

(6)The function fpu is called irresolute soft if pefinition 2.26[14] Let (X,u,E) be a supra soft
foi (G,B) € SOS(X)[fyi'(F,B) € SCSX)]V (G,B) €  topological space over an(F,E) € SS(X)e. Then the
SOS(Y)[(F,B) € SCYY)]. supra soft interior of G, E), denoted byintS(G, E) is the

(7)The functionfp, is called irresolute open (closed) soft soft union of all supra open soft subsety6f E). Clearly
if fou(G,A) € SOS(Y)[fpu(F,A) € SCY)]V (G,A) € intS(G,E) is the largest supra open soft set oxewhich
SOS(X)[(F,A) € CHY)]. contained in(G,E) i.e

o intS(G,E) = O{(H E) : (H,E) is supra open soft
Theorem 2.2[2] Let S§(X)a and S(Y)g be families of oy o (H,E)E(G,E)}.
Soft sets. For the soft functiofp, : S5X)a — SXY)e, Definition 2.27[14] Let (X,u,E) be a supra soft

the following statements hold, topological space over antF,E) € SS(X)e. Then the

@fp ((G,B)) = (fa L(G,B))'V (G,B) € SY(Y)g. supra soft closure ofF, E), denoted byclS(F,E) is the
() Fpu(fpe 1((G,B)))C (G B)V (G,B) € S(Y)g. If fp, is  soft intersection of all supra closed super soft sets of
surjective, then the equality holds. (F,E). Clearly cl3(F,E) is the smallest supra closed soft
(c)(F, A)gfpul(fpu((F,A)))v (F,A) € SS(X)a. If fou is  setoverX which containgF,E) i.e
|nject|ve then the equality holds. cS(F,E) = M{(H,E) : (H,E) is supra closed soft

(d)fpu( )CY If fou is surjective, then the equality holds.  set and (F,E)C(H,E)}.

Ol ( )= Xandfpu((pA) @
(HIf (F AC(G,A), thenfpu(F,A)C fpu(G,A).

(O)If (F,B)C(G,B), then 3 Supra generalized closed soft sets
~1 Sl
N ffpu (Ev B)nguB()G’ B)_V (fFL?)’F((;’I?EngQB' q Kannan [L5] introduced generalized closed soft sets in
() fil[( ’ B)U~< é ) _f lplg <B7~ ;Ulpé(B’ ) an soft topological spaces. In this section we generalize the
pi [(F.B)N(G,B)] = T (F.B)N Ty’ (G, B) notions of generalized closed soft sets to supra soft

topological spaces.

Definition 3.1. A soft set (F,E) is called a supra
generalized closed soft set (supra g-closed soft) in a supra
soft topological space(X,u,E) if c3(F,E)C(G,E)
whenever(F,E)C(G,E) and (G,E) is a supra open soft
Definition 2.24[13] Let I be a non-null collection of soft in X.

sets over a universé with the same set of parametéts = Example 3.1. Suppose that there are three cars in the
Theni C SS(X)g is called a soft ideal oX with the same  universe X given byX = {hy, hy,hs}. LetE = {ey, e} be
setE if the set of decision parameters which are stands for
"expensive” and "beautiful” respectively.

Let (Fi,E), (R, E) be two soft sets over the common
universe X, which describe the composition of the cars,
where

Fi(er) = {h2,hs}, Fi(e2) = {hy, h2},

Fa(er) = {h1,ha},  Fa(ez) = {hy, ha}.

Then u = {X,,(F,E),(F,E)} is the supra soft
topology overX. Hence the soft seté,E), (F,,E) are
supra g-closed soft sets itX, u,E), but the set(G,E)

where
Definition 2.25[14] Let 7 be a collection of soft sets over G(e,) = {h,}, G(ey) = {hy} is not supra g-closed soft

a universeX with a fixed set of parametets, thenu C in (X, u,E).
SS(X)g is called a supra soft topology ot with a fixed

foul(F, A)ﬁ(G A)]Cfpu(F A)ﬂfpu(G A)
V (F,A),(G,A) € SS(X)a. If fpy is injective, then the
equality holds.

(1)(F,E) e i and(G,E) € i = (F,E)J(G,E) €
(2)(F,E) e i and(G,E)C(F,E) = (G,E) e,
i.e.l is closed under finite soft unions and soft subsets

Theorem 2.3[12] Let (X;,11,A,l) be a soft topological
space with soft ideal(Xy, 172,B) be a soft topological
space andfpy : (Xl,rl,A,f) — (X2, 12,B) be a soft
function. Thenfpy () = { fu((F,A)) : (F,A) € [} is a soft
ideal onXs.

Remark 3.1.The soft intersection (resp. soft union) of any

sete if two supra g-closed soft sets is not supra g-closed soft in
WX, pep, general as shown in the following examples.

(2)the union of any number of soft setspirbelongs tou. Examples 3.1.
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(1)In example 3.1(Fy,E), (R, E) are supra g-closed soft Conversely, assume thel(H,E) \ (H,E) contains only
in  (X,u,E), but their soft intersection null supra closed soft se(tH,E)é(G7E),~(G,E) is supra

(F1,E)A\(F1,E) = (M,E) where open soft and suppose that(H,E)Z(G,E). Then
M(e1) = {hz}, M(e2) = {h1} is not supra g-closed clS(H,E)"\(G,E)" is a non null supra closed soft subset of
soft. cl3(H,E)\ (H,E) which is a contradiction. Thud,E) is

(2)Suppose that there are four alternatives in the universsupra g-closed soft iX. This completes the proof.
of housesX = {hy,hz,hs,hs} and consideE = {e}  Corollary 3.1. Let (F, E) be supra g-closed soft set. Then

be the single parameter "quality of houses "to be the &(F E) is supra closed soft if and only dS(F,E) \ (F,E)

(F4,E), (Fs,E), (Fs,E),(F7,E), (Fg,E) be eight soft Proof. If (F,E) is supra closed soft, then
sets over the common universe X which describe thec|5(|:’E) \ (F,E) = ¢ is supra closed soft. Conversely,
goodness of the houses, where suppose thatlS(F,E) \ (F,E) is supra closed soft. Since
Fi(e) ={h}, Fa(e)={hs}, Fs(e)={hs,ha}, (F.E) be supra g-closed soft set. Then
Fa(e) = {hi,hp}, Fs(e) = {ha,hs}, cS(F,E) \ (F,E) = @ from Theorem 3.2. Hence
Fe(e) = {hi,h2,ha},  F(e) = {hyh3 ha}, cIS(F,E) = (F,E). Thus(F,E) is supra closed soft.

Fg(e) = {hl,hz,h{}. .

Then p = {X,@,(FL.E),(F2E), (Fs,E), (Fa.E),
(Fs,E), (Fs,E), (F7,E),(Fs,E)} is the supra soft
topology overX. Hence the setéF;,E), (R, E) are

supra g-closed soft sets ifX, u,E), but their soft )
union (F1, E)J(Fy, E) = (H,E) where Theorem 3.3. Let (X,u,E) be supra soft topological

H(e) = {hy, hs} is not supra g-closed soft. spacg. Then the supra} soft $E’;§) is supra g-open soft
set if and only if (FE)CintS(G,E) whenever
Remark 3.2.Every supra closed soft set is supra g-closed(F,E)C (G, E) and(F, E) is supra closed soft iX.
soft. But the converse is not true in general as shown inthe ~ Proof. Let (F,E) be a supra g-open soft iiX,
following example. (F,E)C(G,E) and(F,E) is supra closed soft iX. Then
(F,E) is supra g-closed soft from Definition 3.2 and
(G,E)C(F,E). Since (F,E) is supra g-open soft iiX.
, Then cl3(G,E) C(F,E). Hence
Theorem 3.1.Let (X,u,E) be a supra soft topological (F.E)C[IS(G,E)] = intS(G,E). Conversely, let
space and(F,NE) be a supra g-clpsed soft iX. If (F,E)'C.(H,E) and (H,E) is supra open soft iiX. Then
(F,E)C(H,E)Ccl3(F,E), then(H,E) is a supra g-closed (H,E)E(F,E) and (H,E) is supra closed soft irX.
soft ~ _ Hen ce(H,E) CintS(F,E) from the necessary condition.
Proof. Let (H,E)C(G,E) a.nd (GE) € . Smcg Thus [int(F,E)] = dS[(F,E)|C(H,E) and (H,E) is
&F,E)g(H,i)g(G,E) aﬂg(g,g)ls(s;ugra g—cIosestoft n supra open soft irX. This means thafF,E)’ is supra
5 ~t sen . C (F,E)S(G, )s' _ nence g-closed soft inX. Therefore,(F,E) is supra g-open soft
cl*(H,E)cd (F,E)Q(G,E). Thus d*(H,E)S(G,E). set from Definition 3.2. This completes the proof.
Therefore(H,E) is a supra g-closed soft.
Example 3.3.In example 3.1({F,E), (R, E)" are supra
g-open soft in(X, u,E).
Remark 3.3. Every supra open soft set is supra g-open
soft. But the converse is not true in general as shown in the
following example.

Definition 3.2. A soft set (F,E) is called a supra
generalized open soft set (supra g-open soft) in a supra
soft topological spacéX, u, E) if its relative complement
(F,E)" is supra g-closed soft iX .

Example 3.2.In example 3.1(F,E), (R, E) are supra g-
closed soft in(X, , E), but not supra closed soft ov&r

Theorem 3.2.Let (X,u,E) be a supra soft topological
space. TheitH,E) is supra g-closed soft i if and only

if cIS(H,E)\ (H,E) contains only null supra closed soft
set.

Proof. Let (H,E) be a supra g-closed soft séE, E)
be a non null supra closed soft set iX and Example 3.4.In example 3.1(F1,E)’, (R, E)" are supra

(F.E)CCIS(H,E) \ (H,E). Then (F,E)" is supra open 9-0pen softinX, ui,E), but not supra open soft ovil:
soft, (F,E)CclS(H,E) and (F,E)C(H,E)’. Hence Theorem 3.4.Let (X,u,E) be a supra soft topological
(H,E)E(F,E)'. Since(H,E) is supra g-closed soft. Then space and(F,E) be a supra g-open soft iX. If
cIS(H,E)C(F,E)’. Hence (F,E)C[cIS(H,E)]. This int(F,E)C(H,E)C(F,E), then(H,E) is a supra g-open
means that (F,E)CclS(H,E)A[cS(H,E)) = ¢. Thus  soft.

(F,E) = ¢@ which is a contradiction. Therefore, Proof. Let (G,E)C(H,E) and (G,E) € u. Since
cl3(H,E)\ (H,E) contains only null supra closed soft set. (G,E)Q(H,E)_(F E) an d(F,E) is supra g-open soft in
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X, then (G,E)CintS(F,E). Hence
(G,E)CintS(F,E)CintS(H,E). Thus (G,E)CintS(H,E).
Therefore(H,E) is a supra g-open soft.

4 Supra generalized closed soft sets with
respect to an soft ideal

Definition 4.1. A soft setFe € SS(X,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 cISFe \ Gg e I whenevelre CGg andGg € p.

Example 4.1.Let X = {hy,hp,h3} be the set of three
houses under consideration a&d= {e;, e} be the set of

Fs(e1) = {hs}, Fs(e2) = X,and
Fa(er) = {hy,hs}, Fa(e2) = X.

Then H = {)’Za(’bv(FlaE)a(FZE)?(F&E)a(F47E)} is the
sSupra

soft topology over X. Let
I = {@,(11,E),(I2,E),(I3,E)} be a soft ideal oveiX,

where(11,E), (I2,E), (I3,E) are soft sets oveX defined

by

li(e1) = {h2}, Fi(&2) = @,

I2(€1) = {hs}, I2(e2) = @, and

Is(e1) = {hz,ha}, Is(e2) = @.

So (F,E) is a suprag-closed soft but it is not supra
g-closed soft.

Theorem 4.1.A supra soft setG, E) is a suprag-closed
soft set in a supra soft topological space u,E) if and
only if there exist a supra closed soft $6tE) such that

decision parameters which are stands for "wooden” andF-E)S0l%(G,E)\ (G,E) implies (F.E) 1.

"green surroundings” respectively.

. Let (F1,E),(R,E) be two soft sets representing the soft set and(F,E) be a supra closed soft set such that

attractiveness of the houses which Mrand Mr. B are

going to buy, where

Fi(er) = {h2, ha}, Fi(e2) = {hy, h2},

Fo(e1) = {hy,h2}, Fa(e2) = {h1, hs}.

Then p = {X,0,(F,E),(F,E)} is the supra soft
topology overX. Leti = {@,(I1,E), (I2,E),(I3,E)} be a

soft ideal overX, where (I1,E),(I2,E), (I3,E) are soft
sets ovelX defined by

li(e1) = {1}, Fi(&2) = @,

l2(€1) = @, 12(e2) = {hs}, and

I3(e1) = {h1}, Is(e2) = {hs}.

So(Fy,E) is a supralg-closed soft.

Proposition 4.1.Every suprag-closed soft set is supriar
closed soft.

Proof. Let Fz be a supray-closed soft set in a supra
soft topological spacéX,u,E) and FeCGg such that
Ge € U. Since Fg is supra g-closed soft, then
dS(F.E)CGe and hence cIS(F,E) \ Gt = ¢ € I.
Consequently is a supraig-closed soft set.

Proof. (=) Suppose thatG,E) be a suprdg-closed

(F,E)CclS(G,E) \ (G,E). Then (G,E)C(F,E)". By our
assumption, CcS(G,E) \ (FE) € . But
(F,E)CclS(G,E)A(F,E) = cdSG,E) \ (F,E). Thus
(F,E) e I from Definition 2.24.

(«) Conversely, assume tha(G,E)C(H,E) and
(HLE) € L. Then cdS(GE) \ (H,E) =
cdS(G,E)A(H,E) = dS(G,E)AcS((H,E)) is a supra
closed soft set in  (X,u,E) and

dS(G,E) \ (H,E)CcS(G,E) \ (H,E). By assumption
dS(G,E) \ (H,E) € I. This implies that(G,E) is a
suprafg-closed soft.

Theorem 4.2.1f (F,E) and (G,E) are suprag-closed
soft sets in a supra soft topological spdee i1, E), then
(F,E)J(G,E) is also suprdg-closed soft inX, u, E).

Proof. Suppose thafe and Gg are suprag-closed
soft in (X,u,E). Let FeUGeCHe and He € 1, then
FeCHe and Ge CHe. By assumptiortlSFe \ He € i and
dsGge \ He e T. It follows that
[cISFe \ He]U[cISGE \ He] = cIS[(FeUGE] \ He € I. Thus
Fe UGk is a suprakg-closed soft.

The following example shows that the converse of the
above proposition is not true in general. Theorem 4.3.If Fg is suprafg-closed soft in a supra soft

Example 4.2. Suppose that there are three cars in thetopological spacéX, u, E) andFe CGe Ccl*Fe, thenGg is

universe X given by = {hy,hy, h3}. LetE = {e1,e;} be

the set of decision parameters which are stands for

"expensive” and "beautiful” respectively.
Let Let (Fi,E), (R, E), (Fs,E), (Fs,E) be four soft sets

supratg-closed soft in(X, u,E).

Proof. Let Fe be a suprdg-closed soft,
FeCGeCclSFe in (X,u,E) and GeCHg such that
He € p. ThenFe CHe. SinceFe is a supraig-closed soft,

over the common universe X, which describe thethen clSFg \ He € i. Now, GgCclSFe implies that

composition of the cars, where
Fi(e) = {hi}, Fi(&2) =X,
R(e1) = {hi, o}, Fa(€2) = X,

cSGeCclSFe. So dSGg \ HeCclSFe \ He. Thus
clSGg \ He € i. ConsequentlyGg is a suprag-closed
soft in (X, u,E). This completes the proof.
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Remark 4.1.The soft intersection of two supii-closed
soft sets need not be a supigelosed soft set as shown in
the following example.

Proof. (=) Suppose thaFg is a suprag-open soft
set. LetGe CFe such thatGe is a supra closed soft. We
haveFCGe, Fr is a suprrfg closed soft and; € u. It

Example 4.3.Suppose that there are three dresses in thdollows that cl SFE \ GE e I from Definition 3.1. This

universe X given by X = {h;,hy,hz}. Let

E = {es(cotton),ex(woollen)} be the set of parameters
showing the material of the dresses.

Let (Fi,E),(F,E), (Fs,E) be three soft sets over the
common universeX, which describe the composition of
the dresses, where

Fi(er) = {h2},Fi(e2) = {ha},
Fa(e1) = {h2},F2(€2) = {h2}, and
Fa(er) = {h2}, Fs(e2) = {hy, h2}.

Thenu = {X, @, (F,E ), (R2 ,E), (Fs,E)} is the supra soft
topology overX. Let| = {(p,(ll,E),(Ig,E),(lg,E)} be a
soft ideal overX, where (11,E),(I2,E), (I3,E) are soft
sets ovelX defined by

li(e1) = {hi}, Fi(e2) = @,
l2(e1) = @, I2(e2) = {h1}, and
I3(e1) = {h1}, I3(€2) = {h1}.

So the soft set6G,E), (H, E) which defined by
G(er) = {hi,h2}, G(&2) = ¢ and H(e)) = {hz,hs},

H(ex) = @ are suprdg-closed soft sets. But their soft
intersection  (G,E)A(H,E) = (K,E), where
K(er) = {h2}, K(e2) = @is not supraig-closed soft.

Theorem 4.4.If He is suprafg-closed soft set ankk is a

supra closed soft in a supra soft topological space

(X,u,E). Then HeAFe is a suprag-closed soft in
(X, u,E). o

Proof. Assume thatHeNFe CGg and Gg € . Then
He CGeUFe. SinceHe is a supraig-closed soft set. It
follows that clSHg \ [GeOFt] € [I.  Now,
clS[HeAFe] CclSHeMel SFe = clSHeAFe =
[cISHeMFE] \ Fe. Thus clS[HeAFe] \ GeClclSHeARe] \
[GEUFL]CalHe \ [GEUFL] € I. Hence HeMFe is a
suprafg-closed soft set.

5 Soft generalized open sets with respect to
soft ideal

Definition 5.1. A soft setFe € SS(X,E) is called supra
generalized open soft set with respect to a soft ideal

|mplles thathSFE \GE = IE € i for somelg €[, and then

cl® FE \ G = ISFEmGE = lg € I, so
[cISFeGe]UG: = 1g0Gg. This implies  that
clsFeCalsFe0Ge = IEOG'E. Hence cISFeCGOle for
somelg € 1. So(G Olg) C[cISFe] = intSFe. Therefore,

Ge\lg = GEF_“EQIHISFE

(<) Conversely, assume th&t be a supra soft set.
We want to prove thafe is a supralg-open soft set. It is
sufficient to prove thaFé is a suprag-closed soft set.
So, letFeCGe such thatGe € u . HenceG:CFe. By
assumptionG'E \ IEEintSFE = [cISFz] for somelg € .
Hence cISFE [GE \ lg] = Gglle. Thus
cdSFe \ GEC[GE \ Ig] = [GeUlg] \ G = [GeUIg)AGE =
leAG:Clg € I. This shows thatclSFz \ Gg € I.
ThereforeFé is a supraig-closed soft set and henég is
a supralg-open soft set. This completes the proof.

Definition 5.2. Two soft setsFe and Gg are said to be

supra soft separated sets in a supra soft topologlcal space

(X, 4, E) if cISFeNGg = (pandFEﬁcISGE = Q.

Theorem 5.2.1f Az andBg are supra soft separated and
suprafg-open soft sets in a supra soft topological space
(X,1,E), thenAs UBE is a supraig-open soft in(X, u, E).
Proof. Suppose thatAs and Bg are supra soft
separated and supfg-open soft sets in a supra soft
topological spacéX, 1,E) andFe be a supra closed soft
set such that Fe CA:OUBE. Then
FeNcISAe C[AeUBE]ACISAe = A and FeMclSBeCBe
from Definition 5.2. [(Fefcl®Ag] \ DeCintsAe  and
[FeNclsBe] \ CeCintSBg for some Dg,Ce € | from
Theorem 5.1. This means thieNclSAg] \ intSAg € |

and (FENcl®Bg) \ intSAe € |I. Then
[(FefcI®Ag) \ intSAg]O[(FeAcISBe) \ intSBg] € I. Hence
[FeN(csAeUclsBe)] \ [intsAeUintsBg] e 1. But

Fe = FeN(AeUBe)CReN[dS(AeUBE)], and we have
Fe \ int%(Ac0Be)C(Fer(dl9Ae0BE]) )
intS(AeUBg ) C (FeN[cl3(AeUBE)] \ intSAgUintBg) < T.
Now, take G = Fe \ intS(AeUBg) € i. Then
Fe\Ge = Fe\ [Fe \ int>(Ae UBg )| CintS(Ae UBg ). Hence
Fe \ GeCint3(AgUBg) for some Gg € I. Therefore,

(suprafg-open soft) in a supra soft topological space AgUBE is a supralg-open soft in(X, 4, E) from Theorem

(X,u,E) if and only if its relative complemeriFé is a
suprafg-closed soft i X, u,E).

Theorem 5.1.A supra soft setF,E) is a supralg-open
soft set in a supra soft topological spaeé i, E) if and
only if Gg \ IeCintSFe for somelg € I, wheneveiGe CFe
andGg is supra closed soft itX, u, E).

5.1.

Corollary 5.1. If Az andBg are suprdg-closed soft sets
in a supra soft topological spac¥, u,E) such thatﬂfE and
B’E are supra soft separated sets, tAefiBg is a supra-g-
closed soft in(X, u,E).

Proof. Obvious from Theorem 5.2.
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Theorem 5.3.If Ae andBg are suprag-open soft sets in
a supra soft topological spa¢X, i, E), thenAgMBg is a
suprafg-open soft in(X, u, E).

Proof. Let A andBg are suprag-open soft sets in a
supra soft topological spa¢X, u, E), thenAc andBg are
suprafg-closed soft sets. HendéeBg) = AzUBg is a
suprafg-closed soft from Theorem 4.2. Therefofe,JBE
is a supralg-closed soft.

Theorem 5.4.Let A= be a suprdg-open soft in a supra
soft topological spacéX, u, E) such thatntSAg CBg C for
someBg € S§(X)e. ThenBg is a suprd?gj—open soft in
(X, u,E). )

Proof. Let Ae be a suprdg-open soft in a supra soft
topological spaceX, u,E) such thatintAs CBeC for
someBg € SS(X)g. Then AcCBC(int%As) = clS(AD)
and Ac is a suprag-closed soft. HenceB: is a
suprafg-closed soft from Theorem 4.3. TherefoBg, is a
suprafg-open soft in(X, u, E).

Theorem 5.5.A soft setAg is a supra-g-closed soft in a
supra soft topological spa¢¥, i, E) if and only if clSAg \
Ag is a supra-g-open soft.

Proof. (=) Let Fe CclSAg \ Ae and F¢ is a supra
closed soft set. Thekg € I from Theorem 4.1. Hence,
there existslg € | such that Fe \ g = (]) Thus
Fe \ Ie = @CintS[cISAe \ Ag]. ThereforeclSAe \ Ag is a
suprafg-open soft from Theorem 5.1.

(<) Let AeCGg such that Ge € p. Then
dSAeAGECalSAeMA: = cISAg \ Ae. By hypothesis,
[cISAeNGE] \ IeCintS[clSAe \ Ag] = @, for somelg e T
from Theorem 5.1. This implies thatsAs(G:Clg € I.
Therefore,clSAg \ Ge € I. ThusAg is a suprag-closed
soft.

Theorem 5.6. Let (Xi,u1,A), (X, U2,B) be supra soft
topological spaces. Lefp, : SS(X1)a — SS(X2)s be
closed and continuous soft function A € SS(X,E) is a
suprafg-closed soft in (X, u,A), then fou(AE) is a

suprafpy(g-closed soft in (X, u,B), where

fou(l) = {fpu(lg) : e €1}

Proof. Let Ag € SS(X)a be a suprefg-closed soft in
(X, 1,A) and fpu(Ae)CGe for some Ge € . Then
AeC Tl (Ge). It follow that cl®Ae \ f5!(Ge) € I from
Definition 3.1. Hencefpy(cl*Ag) \ Gg € fpu(l) from
Theorem 2.2. Sincep, is a closed soft function, then
fouCl®(Ae) is a supra closed soft ip, from Definition
2.23. ThusdS(fpu(Ag))CclS[fpuclS(Ag)] = fpuclS(Ag).
This implies that
AdS(fpu(Ag)) \ GEC fou(Cl®Ag) \ Ge € fpu(l). Therefore,
fou(Ae) is a suprafyy(l)g-closed soft in(Xo, up, B). This
completes the proof.

6 Conclusion

Topology is an important and major area of mathematics
and it can give many relationships between other
scientific areas and mathematical models. Recently, many
scientists have studied the soft set theory, which is
initiated by Molodtsov and easily applied to many
problems having uncertainties from social life. In the
present work, we have continued to study the properties
of soft topological spaces. We introduce the notions of
supra g-closed soft, supra g-open sets, siigreosed
soft sets, suprég-open soft sets and have established
several interesting properties. Because there exists
compact connections between soft sets and information
systems 25,30], we can use the results deducted from the
studies on soft topological space to improve these kinds
of connections. We see that this paper will help researcher
enhance and promote the further study on soft topology to
carry out a general framework for their applications in
practical life.

Granular computing is a recent approach in the field of
computer science that uses topological structure as
granulation models. The suggested approach for
suprafg-closed soft sets give new methods for generating
the classes of subsets whose lower and upper
approximations are contained in elementary sets which in
turn help in the process of decision making under both
guantities and qualitative information.
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