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Abstract: The notion of supra soft topological spaces was initiatedfe first time by El-sheikh et alLB]. In this paper, we introduce
and investigate some weak soft separation axioms by usegdtion of suprg8-open soft sets, which is a generalization of the supra
soft separation axioms mentioned B]j.[We study the relationships between these new soft separaxioms and their relationships
with some other properties. As a consequence the relatiossnoe supra soft separation axioms are shown in a diagranshdie
that, some classical results in general supra topology @ré&ure if we consider supra soft topological spaces insteadinstance, if
(X, u,E) is supra soff3-T;-space need not every soft singletenis supraf-closed soft.

Keywords: Soft sets, Soft topological spaces, Supra soft topologipakes Supr@-open soft sets, Supra sgtT; spaces(i =
1,2,3,4), Supra soft continuity, Supi@-irresolute open soft function.

1 Introduction study the properties of the soft semi regular spaces and
soft semi normal spaces. The notion of soft ideal was

Soft set theory is one of the emerging branches Of!nitiated for the first time by Kandil et al20]. They also

mathematics that could deal with parameterizationmot:%deuisedartge diggzgzgé ?/\]:itsog \I,?:\f\l,l tgjr}?r:gnﬁegvhizit
inadequacy and vagueness that arises in most of th P

problem solving methods. It is introduce#] in 1999 by opologies from the original one, called soft topological

: . o 7. spaces with soft idedX, T,E,I). Applications to various
the Russian mathematician Molodtsov with its rich . SR o = .
potential applications in divergent directions such asgglgzVzvg]re'gﬁ(rathr?(;tlig\:]eitflg:lje?ab)s/oli??:Ilo?éaii[;g'szices
stability and regularization, game theory, operations” 777" " b polog p

research, soft analysis e@f37]. Further research works Was initiated for the first time by El-sheikh and Abd
produced so mar):y deﬁitigns results and practicaIEI'lat'f [13]. They also introduced new different types of

applications. After presentation of the operations of softSUbsetS of supra soft topological spaces and study the

: o relations between them in detail. The notiontsfopen
EZ:/SeBS]éé?]e Sﬁ[]%'?gg'ierf c?ggs?r? 5;?3%@5309; S?rf]t ?g(t:gr'f;orysoft sets was initiated for the first time by El-sheikh and

X . o4 Abd El-latif [12], which is generalized to the supra soft
years, many interesting applications of soft set theorygpological spaces ir[14],

have been expanded by embedding the ideas of fuzzy se{ . . , )
[4,5,9,16,25,30,31,32,33,37,38,47]. To develop soft set 1€ main purpose of this paper, is to generalize the
theory, the operations of the soft sets are redefined and B0tion of supra soft separation axion# py using the
uni-int decision making method was constructed by usingn©tions of suprg-open soft sets.
these new operation&()].

It got some stability only after the introduction of soft
topology §Q] in 2011. In [17], Kandil et al. introduced 2 Preliminaries
some soft operations such as semi open soft, pre open
soft, a —open soft angB —open soft and investigated their
properties in detail. Kandil et al.2f] introduced the In this section, we present the basic definitions and results
notion of soft semi separation axioms. In particular they of soft set theory which will be needed in the paper.
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Definition 2.1[36] Let X be an initial universe ané be

a set of parameters. Le¥(X) denote the power set of
X and A be a non-empty subset &. A pair F denoted
by Fa is called a soft set oveX , whereF is a mapping
given byF : A — 2(X). In other words, a soft set over
X is a parametrized family of subsets of the univexse
For a particulae € A, F(e) may be considered the set of
e—approximate elements of the soft §EfA) and ife £ A,
thenF(e)=0i.eFa={F(e):ec ACE, F:A— Z(X)}.
Definition 2.2[11] A soft setF over X is a set valued
function from E to 42(X). It can be written a set of
ordered pairsF = {(e,F(e)) : e € E}. Note that if
F(e) = 0, then the elemerie, F(e)) is not appeared if.
The set of all soft sets ovét is denoted byse (X).

Definition 2.3[11] Let F,G € S (X). Then,

(1)If F(e) = 0 for eache € E, F is said to be a null soft
set, denoted byp.

(2)If F(e) = X for eache € E, F is said to be absolute soft
set, denoted b¥. .

(3)F is soft subset 06, denoted byF CG, if F(e) C G(e)
for eachec E.

(4F =G, if FCG andGCF.

(5)Soft union ofF andG, denoted byFUG, is a soft set
over X and defined byrUG : E — Z2(X) such that
(FUG)(e) = F(e)UG(e) for eache € E.

(6)Soft intersection oF andG, denoted b NG, is a soft
set oveiX and defined bfF "G : E — £2(X) such that
(FAG)(e) = F(e)NG(e) for eache € E.

(7)Soft complement of is denoted byF© and defined by
F¢:E — £ (X) such that-¢(e) = X\ F(e) for each
ecE.

We will consider Definition 2.2 and Definition 2.3. the rest

of paper.

Definition 2.4[48] The soft seF € S(X) is called a soft

pointif there exist ar € E such thaf (e) # 0 andF (¢/) =

0 for eache’ € E \ {e}, and the soft poinF is denoted by

er. The soft poinkr is said to be in the soft s&, denoted

by e €G, if F(e)CG(e) for the elemene € E.

Definition 2.5[24,40] The soft set(F,E) over X such

thatF(e) = {x} Ve € E is called singleton soft point and

denoted byg or (X, E).

Definition 2.6 [3] Let S¢(X) andS«(Y) be families of soft

sets,u: X — Y andp: E — K be mappings. Therefore

fou 1 SE(X) = Sk (Y) is called a soft function.

(L)If F € S£(X), then the image of underfp,, written as
fou(F), is a soft set iS¢ (Y) such that

fou(F) (k) = {geﬂ“(k) u(F(e)),

p (k) #0
otherwise
for eachk €Y.

(2)If G € (Y), then the inverse image @ under fp,
written asfgul(G), is a soft set irsg (X) such that

p(e)eY
otherwise

for eachec E.

The soft functionfp, is called surjective ifp andu are

surjective, also is said to be injective f and u are

injective.

Theorem 2.1[3] Let S£(X) andSk(Y) be families of soft

sets. For the soft functiofyy : Se(X) — S (Y), for each

F,F1,F, € S(X) and for eachG,G1,Gz € K (Y) the

following statements hold,

(Dt (G°) = (TaiG)°

(2)fpu(f5l}(G))gG. If fpy is surjective, then the equality
holds.

B)FCfot(fou(F)). If oy is injective, then the equality
holds.

@ fpu(X)CY. If fou is surjective, then the equality holds.

B)f i (Y) = X and fpu(®@) = @.

(6)If F1CFo, then fpu(Fr)C fpu(Fa).

(MIf G1CGy, thenfyH(G1) C ft(Go).

(8)fp]l(G1OGz) = fp]l(Gl)O faul(Gz) and
fﬁul((‘ilﬁez) = f@l(Gl)ﬁfﬁul((Ez).
(g)fpu(F1UF2) = fPU(Fl)Upr(FZ) and

fpu(FLOF2) € fou(F1) A fou(F2). I fou is injective, then
the equality holds.

Definition 2.7[40] Let T be a collection of soft sets over
a universeX with a fixed set of parametefs, thent C
S (X) is called a soft topology oKX if

X,® e 1, where®(e) = 0 andX(e) = X, for eache € E,

(1)The soft union of any number of soft setsrtibelongs
tot,

(2)The soft intersection of any two soft setsiirbelongs
toT.

The triplet(X, 7,E) is called a soft topological space over
X. A soft set(F,E) overX is said to be open soft set in
Xif (F,E) € 1, and it is said to be closed soft setXy

if its relative complementF,E)’ is an open soft set. We
denote the set of all open soft sets oXeby OS(X, 7,E),

or when there can be no confusion ®%(X) and the set
of all closed soft sets b§S(X, 1,E), orCS(X).

Definition 2.8[4Q] Let (X,7,E) be a soft topological
space oveX andF € S(X). Then, the soft interior and
soft closure of F, denoted byint(F) and cl(F),
respectively, are defined as,

int(F) = O{G: G is open soft set anGCF }
d(F) = ﬁ{H ' H is closed soft setanBCH }.

If there exists at least two soft topologiesand 1, over
X, then to avoid confusion it can be writtént;, (F) and
intz, (F) for F € Se(X).

Definition 2.9[48 Let (X, 11,E) and (Y, 12,K) be soft
topological spaces andp, : SE(X) — &(Y) be a
function. Then, the functiofiy, is called,

(1)Continuous soft iff 5, (G, K) € 11 for each(G,K) € 1.
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(2)Open soft iffyu(F,E) € 12 for each(F,E) € 11.

Definition 2.10[13 Let T be a collection of soft sets over

a universeX with a fixed set of parametefs, thenu C

S (X) is called supra soft topology ax with a fixed set

E if

(X, ® € p,

(2)The soft union of any number of soft setstirbelongs
to u.

The triplet(X, i, E) is called supra soft topological space

(or supra soft spaces) ovEr
Definition 2.11[13 Let (X,7,E) be a soft topological

space andX, u,E) be a supra soft topological space. We

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

Definition 2.12[13 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 over by supra— OS(X, u,E), or
when there can be no confusion bypra— OS(X) and
the set of all supra closed soft sets
supra—CS(X, u,E), orsupra— CS(X).

Definition 2.13[13 Let (X,u,E) be a supra soft
topological space oveX andF € S=(X). Then the supra
soft interior of F, denoted byintS(F) is the soft union of
all supra open soft subsets Bf Clearly int3(F) is the
largest supra open soft set overvhich contained irF i.e

int3(F) = O{G : G is supra open soft set a@F }.

Definition 2.14[13 Let (X,u,E) be a supra soft
topological space ovet andF € S (X). Then, the supra
soft closure of F, denoted bycl3(F) is the soft
intersection of all supra closed super soft setsFof
Clearlycl3(F) is the smallest supra closed soft set oXer
which containg- i.e

cS(F) = ﬁ{H ' H is supra closed soft set affCH }.

Definition 2.15[13 Let (X,u,E) be a supra soft
topological space andF,E) € S(X). Then, (F,E) is
called suprg3-open soft set if F, E) Ccl3(int5(cl3(F,E))).
We denote the set of all supr@-open soft sets by
SBOS(X, u,E), or SBOS(X) and the set of all supra
B-closed soft sets bg8CS(X, u, E), or SBCS(X).
Definition 2.16[2,13] Let (X, 13, E) and(Y, 12,K) be soft
topological spacesy; and u, be associated supra soft
topologies witht; and 1y, respectively. The soft function
fou: SE(X) = Sk(Y) is called

(1)Supra continuous soft function fg,l(G,K) € s for
each(F,E) € 1.

(2)Supra open soft ifpy(F,E) € py for each(F,E) € 13.

(3)Suprairresolute soft 'rfgul(F, E) € yy foreach(F,E) €
Ho.

by

(4)Supra irresolute open soft fi,u(F,E) € o for each
(Fa E) € H1.

(5)SupraB-continuous soft iff 5, (F, E) € SBOS(X, 1, E)
for each(F,E) € .

3 Supra soft3-separation axioms

Definition 3.1. Let (X, 1,E) be a soft topological space
and u be an associated supra soft topology withLet
X,y € X such tha £ y. Then,(X, i, E) is called

(1)Supra softB-Tp-space (S-sofB-Tp for short) if there
exists au-supraf-open soft setF, E) containing one
of the pointsx,y but not the other.

(2)Supra softB-T;-space (S-sof-T; for short) if there
exist u-supraf3-open soft set$F,E) and (G, E) such
thatx e (F,E),y ¢ (F,.E) andy € (G,E), x¢ (G,E).

(3)Supra soft Hausdorff space or supra $f,-space (S-
soft 3-T, for short) if there exisp-supra-open soft
sets(F,E) and(G,E) such thax € (F,E),y € (G,E)
and(F,E)"(G,E) = @.

Proposition 3.1.Let (X, T,E) be a soft topological space
andx,y € X such tha # y. If there existu-supra3-open
soft sets(F,E) and (G, E) such that eithex € (F,E) and
ye (F,E)*orye (G,E) andx € (G,E)°. Then,(X,u,E)

is supra soff3-Tp-space.

Proof. Let x,y € X such thatx # y. Let (F,E) and(G,E)
be u-supraf-open soft sets such that eitherc (F,E)
andy € (F,E)“oryc (G,E) andx ¢ (G,E)". If xe (F,E)
andy € (F,E)® Then,y € (F(e))¢ for eache € E. This
implies that, y ¢ F(e) for each e € E. Therefore,
y & (F,E). Similarly, if y € (G,E) andx € (G,E)®, then
x ¢ (G,E). Hence (X, 1,E) is supra soff3- To-space.
Theorem 3.1.A supra soft topological spad&, 4, E) is
supra soft3-Tp-space if and only if the supra closures of
each distinct pointg andy are distinct.

Proof. Necessityt et (X, u,E) be a supra sof-Tp-space
andx,y € X such thatx # y. Then, there exists g-supra
B-open soft setF,E) such thak € (F,E) andy ¢ (F,E).
Hence,(F,E)® is supraB-closed soft set containingbut
not x. It follows that, clS(ye)C(F,E)¢. Therefore,
X & cl3(yeg). Thus,clS(xg) # clS(ye).

Sufficient: Let x,y be two distinct points inX such
thatclS(xg) # clS(ye). Then, there exists a poinbelongs
to one of the setsl(xg),clS(yg) but not the other. Say,
ze d3(xe) andz & cl3(ye). Now, if x € cIS(yg). Then,
clS(xg)Ccl®(ye), which is a contradiction with
z ¢ cl3(ye). So, x & cl3(ye). Hence,[cl3(yg)]¢ is supra
B-open soft set containing but noty. Thus, (X, u,E) is
supra soft3-To-space.

Proposition 3.2.Let (X, T7,E) be a soft topological space
andx,y € X such tha # y. If there existu-supra3-open
soft sets(F,E) and (G,E) such thatx € (F,E) andy €
(F,E)¢ andy € (G,E) andx € (G,E). Then(X,1,E) is
supra sofi3-T;-space.
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Proof. Itis similar to the proof of Proposition 3.1.

Theorem 3.2.Every supra sofff-Ti-space is supra soft-
Ti_, foreachi =1,2.

Proof. Obvious from Definition 3.1.

Remark 3.1. The converse of Theorem 3.2 is not true in
general, as following examples shall show.

Examples 3.1.

(1)LetX = {hy,hy}, E = {1} andt = {X, ®,(F1,E)}
where(F1,E) is s soft sets oveX defined as follows:

Fi(e1) = {hi}, Fi(e2) =

Then, T defines a soft topology oX. Consider the
assomated supra soft topologywith 7 is defined as
= {X,®,(Gy,E), (Gy,E),(Gs3,E)}, where(Gy,E),
(Gz, ) and (Gs,E) are soft sets oveK defined as

follows:

X.

Gi(er) =X, Gi(ez) = {ha},
Ga(e1) = {h1}, Go(&2) = X,
Gs(e1) = {h1}, G3(e) = {hl}

Therefore,(X, 4, E) is supra sof{3-T;-space, but it is
not supra soff3-T,-space, foihy,hy € X andhy # hy,
but there are nqu-supraf3-open soft setgF,E) and
(G,E) such thath, € (F,E), h, € (G,E) and
(F,E)A(G,E) = ®.

(2)Let X {hi,hp,hg}, E {er,e} and
T = {X,®,(F1,E)} where (F,E) is soft set oveiX
defined as follows by

Fi(er) = {h,hz}, Fi(e2) = {hy, h2}.

Then, T defines a soft topology oK. The associated
supra soft topology u with 7 is defined as
u {X,®,(G1,E),(Gz,E),(G3,E)},  where
(G1,E),(Gy,E ), and (Gs,E) are soft sets oveiX
defined as follows:

Gi(er) = {}, Gi(e) = {ht},
Gz(e1) = {hy,h2}, Ga(e2) = {hy, ho},
Gz(e1) = {hz,hs}, Gz(ex) = {hy,hs}.

Hence,(X, i, E) is supra soff3-Tp-space, but it is not
supra soft3-T;-space, sincép, hz € X, andhy # hg,
but every supr@-open soft set which contairng also
containsh,.

Theorem 3.3.Let (X, u,E) be a supra soft topological
space. Iig is supraB-closed soft set i for eachx € X,
then(X, u,E) is supra sof3-T;-space.

Proof. Suppqse that € X andxg is suprgB-closed soft set
in u. Then,Xg is supraB-open soft set iru. Letx,y € X
such thak #y. Forx € X andxC is supraf-open soft set
such thak ¢ x¢ andy € xE. Slmllarlyyg is supraf3-open
soft setinu such thay ¢ yg andx € yg. Thus,(X, 4,E) is
supra sof{3-T;-space ovekK.

Remark 3.2. The converse of Theorem 3.3 is not true in
general, as following examples shall show.
Example 3.1.

LetX ={hy,h2}, E={ey, &} andr = {X, @, (G,E)}
where(Gy, E) is a soft sets oveX defined as follows:

Gi(er) = {ha}.

Then, T defines a soft topology orX. Consider the

assomated _supra soft topology with 1 is defined as
{X,®,(FLE),(F,E), (Fs,E)} where (FiE),

(Fz, )and(F3 E) are soft sets oveX defined as follows:

X, Gi(e2) =

Fi(er) =X, Fi(e)= {hz},
Fo(er) = {}, F(e) =
Fa(er) = {h}, R3(e2) = {hl}-

Then, u defines a supra soft topology ofi Therefore,
(X, u,E) is a supra sof8-T1-space. On the other hand, we
note that for the singleton soft poirtige andhyg, where

hi(e1) = {h1}, hi(€2) = {hy},
ha(er) = {h2}, ha(ez) = {ha}.

The relative complemerif. andhS:, where

ht(er) = {ha}, h§(e2) = {ha},
hS(e1) = {hi}, h5(ex) = {ha}.

Thus,h‘EE is not u-supraB-open soft set. This shows that,
the converse of the above theorem does not hold.
Also, we have
He, = {Xv @, {hl}}' and
He, ={X, ®@,{h1},{h2}}. Therefore(X, e, ) is not a supra
B-Ti-space, at the time th&X, u,E) is a supra sofff-T1-
space.
Definition 3.2. Let (X,7,E) be a soft topological space
and u be an associated supra soft topology withLet
(G,E) be au-supraB-closed soft set ilX andx € X such
thatx ¢ (G,E). If there existu-supraf-open soft sets
(F1,E) and (F2,E) such thatx € (F1,E), (G,E)C(Fp,E)
and (F1,E)"(Fp,E) = @, then (X, 1,E) is called supra
soft B-regular space. A supra sqB-regularT;-space is
called supra sofff-Tz-space (S-sof8-Ts for short).
Proposition 3.3.Let (X, 7,E) be a soft topological space
and u be an associated supra soft topology withLet
(G,E) be au-supraB-closed soft set ilX andx € X such
thatx ¢ (G,E). If (X, 7,E) is supra sof{3-regular space,
then there exists g- supraﬁ open soft setF, E) such that
€ (F,E) and(F,E)"\(G,E) =
Proof. Obvious from Def|n|t|0n 3.2.

Theorem 3.4.Every supra soffj-space is supra soft-T;
foreachi =0,1,2, 3.

Proof. It is clear from the fact that, every supra open soft
set is suprg3-open soft set]3].

Proposition 3.4.Let (X, u,E) be a supra soft topological
space(F,E) € S(X) andx € X. Then:

(@© 2016 NSP
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()xe (F E) if and only if xe C(F
(i)If xeN(F,E) = @, thenx ¢ (F

Proof. Obvious.

Theorem 3.5.Let (X,u,E) be a supra soft topological

space andx € X. If (X,u,E) is supra softB-regular

space, then

(i)x ¢ (F,E) if and only if xeN(F,E) =
supraf-closed soft setF, E).

(i)x ¢ (G,E) if and only if xeN(G,E) =
supraB-open soft sefG, E).

E).
E).

@ for every u-

@ for every u-

Proof.

()[Let (F,E) be apu-supraf-closed soft set such that
x ¢ (F,E). Since(X, 1,E) is supra soft regular space.
By Proposition 3.3 there existsiasupraB-open soft
set (G,E) such that x ¢ (GE) and
(F,E)A(G,E) = &. It follows that, xEC(G E) from
Proposition 3.4 (1). Hence,xgN(F,E) = ®.
Conversely, ifxeN\(F,E) = @, thenx ¢ (F,E) from
Proposition 3.4 (2).

(ilLet (G,E) be a p-supraB-open soft set such that
X ¢& (G,E). If x¢ G(e) for eache € E, then we get the
proof. If xZ G(e;) andx € G(e) for someey, e, € E,
thenx € G°(e1) andx ¢ G*(e) for somee;, e € E
This means thate(G,E) # ®. Hence, (G, E)C i
u-supra 3-closed soft set such that ¢ (G, E)C. It
follows by (1) xeN(G, E)® = @. This implies that,
xeC(G,E) and sox € (G,E), which is contradiction
with x ¢ G(e;) for some e; € E. Therefore,
xeN(G,E) = @. Conversely, ifxeN(G,E) = @, then
it obvious thaix ¢ (G, E). This completes the proof.

Corollary 3.1. Let (X, u,E) be a supra soft topological

space ana € X. If (X, u,E) is supra soff3-regular space,

then the following are equivalent:

() (X,1,E) is supra soff3-T;-space.

(IiV x,y € X such thatx # y, there exisfu-supra-open
soft sets(F,E) and (G,E) such thatxe C(F,E) and
yeN(F, E) @ andyEC(G E) andxe\(G,E) = .

Proof. Obvious from Theorem 3.5.

Theorem 3.6.Let (X,u,E) be a supra soft topological
space ana € X. Then, the following are equivalent:

() (X, u,E) is supraB-soft regular space.

(iFor every u-supraf-closed soft setG,E) such that

xeN(G,E) = @, there existu-supraf- open soft sets
(F,E)_ and (F,E) such that xEC(Fl,E)
(G,E)S(R2,E) and(Fy, E)A(F2,E) =

Proof.

(i) = (ii) Let (G,E) be au-supraf-closed soft set such
thatxgN(G,E) = ®. Then,x € (G, E) from Theorem
3.5 (1). It follows by (1), there exist-supraf-open
soft sets(Fy,E) and (F2,E) such thatx € (Fi,E),
(G,E)E(R2,E) and (F,E)A\(F2, E) = @. This means
that, xeC(F1,E), (G,E)C(F2,E) and
(F1,E)"(F2,E) = .

(i) = (i) Let (G,E) be au-supraf-closed soft set such
thatx ¢ (G,E). Then,xgM(G,E) = ® from Theorem
3.5 (1). It follows by (2), there exigti-supraf-open
soft sets(F,E) and (F2,E) such thatxg C(Fi,E),
(G,E)C(F,E) and (F1,E)"(F,E) = @. Hence,
x € (F,E), (G,E)C(F,E) and(F1,E)A(F2,E) = &.
Thus, (X, 1,E) is suprgB-soft regular space.

Theorem 3.7.Let (X,u,E) be a supra soft topological
space. If(X, u,E) is supra sofflz-space, thelv' x € X, Xg
is u-supraf-closed soft set.

Proof. We want to prove thatg is u- supraB -closed soft
set, which is sufficient to prove thag is U-supraB-open
soft set for eacty € {x}°. Since (X, u,E) is supra soft
B-Ts-space. Then, there exigt-supra3-open soft sets
(F,E)y and (G,E) such that yeC(F,E), and
xeA(F,E)y = @ andxeC(G,E) andyeN(G,E) = ®. It
follows that, Uye e (F, E)yCxE. Now, we want to prove
that XCCUyE{X}C(F,E)y. Let Uye{x}f(FvE)y = (H,E),
where H(e) = Uye(qcF(e)y for each e € E. Since
¢ (e) = {x}€ for eache € E from Definition 2.5. So, for
eachy € {x}® andec E, xf(e) = {x}¢ = Uyepqely} =
U~y§{x}CyE( )g Uye{x}CF( ) T H(e). Thus,
XCCUye{x}C(F E)y and soxt = Uye{x}c(l: E) . This
means_thatx¢ is - supra -open soft set for each
y e {x}C. ThereforexE is u-supraB-closed soft set.
Theorem 3.8.Every supra sof3-Tz-space is supra soft
B-Tr-space.

Proof. Let (X, u,E) be a supra soffz-space and,y € X
such thaix # y. By Theorem 3.7yg is u-supraB- closed
soft set andx ¢ yg. It follows from the supra soft
regularity, there existi-supra$3-open soft setéF;, E) and
(F2,E) such that x € (F,E), yEC(Fz,E) and
(F1,E)A(F2,E) = @. Thus x e (F,E), ye yEC(F2 E)
and (F,E)"\(F,,E) = @. Therefore,(X,u,E) is supra
soft B-Tp-space.

Corollary 3.2. The following implications hold from
Theorem 3.2, Theorem 3.4 an][ Corollary 3.2] for a
supra soft topological spa¢X, 1, E).

SoftT3 = SoftT, = SoftTy = SoftTy

U ) ) U
S-softTs = S-softT, = S-softT; = S-softTy
U \ ) U

S-soft3-Ts = S-softB-T, = S-softB-T; = S-softB-Ty

Definition 3.3. Let (X, u,E) be a supra soft topological
space(F,E) and(G,E) be u-supraB-closed soft sets in
X such that(F,E)\(G,E) = @. If there existu-supraS-
open soft setgF;, E) and(F, E) such thatF,E)C(Fy, E),
(G.E)C (R, E) and(Fy, E)"(F2,E) = ®, then(X, 11, E) is
caIIed supra soffi-normal space. A supra sgB-normal
Ti-space is called a supra s@ftT,-space (S-sofff-T4 for
short).
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Theorem 3.9.Let (X, u,E) be a supra soft topological
space and € X. Then, the following are equivalent:

() (X, u,E) is supra soff3-normal space.

(iFor everyu-supraB-closed soft setF, E) and u-supra
B-open soft setG,E) such that(F,E)C(G,E), there
exists au-supra-open soft set(F;,E) such that
F,E)C(FL,E), d*(F1,E)E(G,E).

Proof.

(i) = (ii) Let (F,E) be au-supraf-closed soft set and
(G,E)N be a u-supra B- open soft set such that
(F,E)C(G,E). Then, (F,E),(G, E)C are p-supra
B- _closed soft sets such théE,E)N\(G,E)¢ = . It
follows by (1), there exispu-supraf3- open soft sets

(F.,E) and (F,E) such that (F,E)C(Fy,E),
(G,E)’C(R,E) and (Fi,E)A(F2,E) = @. Now,
(FL,E)S(R,E)S, ) SO
cIS(F1,E)CelS(R,E)° = (R,E)S, where (G,E) is
p-supra (-open soft set. Also,(F2,E)*C(G,E)
Hence, clS(F1, E)C(F2, E)*C(G,E). Thus

F.E)C(Fu.E), d%(FLE)C (G, E).

= (i) Let (G1,E),(Gy,E) be u-suprafB-closed soft
sets such that (G1,E)"(Gy,E) ®. Then
(G1,E)Z(Gp,E)S, then by hypothesis, there exists a

(ii)

u-suprNa B-open soft set (Fi,E) such that
G,E)C(FLE),  clS(F,E)C(Go,E)°. So,
(G, E)C [ClS(Fl )]C NGl,E)g(Fl,E) and
[cI3(Fy, E )]‘jm(Fl,E) = ®, where (F,E) and

[cI3(F1,E)]¢ are p-supra B-open soft sets. Thus,
(X, u,E) is supra soff3-normal space.

Theorem 3.10.Let (X, u,E) be a supra soft topological
space. If(X, i, E) is supra soff3-normal space angk is
p-supraB-closed soft set for eache X, then(X, 1,E) is
supra sof{3-Ts-space.

Proof. Sincexg is u-supraB-closed soft set for eacte X,
then(X, u,E) is supra soff3-T;-space from Theorem 3.3.
Also, (X, 1,E) is suprgB3-soft regular space from Theorem
3.6 and Definition 3.3. Henc€X, i, E) is supra sof3-Ts-
space.

Proposition 3.5. Not every supra softB3-open soft
subspace of supra s@tTi-space is supra soft-Ti-space
foreachi =0,1,2,3,4.

Proof. Obvious from the fact that, the soft intersection of
two supraf-open soft sets need not to be surapen
soft.

4 Supra (-irresolute soft functions

Definition 4.1. Let (X,11,E) and (Y, 12,K) be soft

topological spacesy; and p, be associated supra soft

topologies witht; and1,, respectively. The soft function

fou: SE(X) = S (Y) is called

(1)SupraB-open soft if fou(F,E) € SBOS:(uy1) for each
(F, E) € 1.

(2)Suprag-irresolute soft iff 1(F E) € SBOS(y) for
each(F,E) € SBOS(L2).

(3)SupraB-irresolute open soft ifpu(F, E) € SBOS(12)
for each(F,E) € SBOSe(L).

Theorem 4.1. Let (X,13,E) and (Y,12,K) be soft
topological spacesy; and p, be associated supra soft
topologies with 11 and 1, respectively and
fou : SE(X) — S (Y) be a soft function which is bijective
and suprg3-irresolute open soft. IfX, 11, E) is supra soft
B-To-space, then(Y,12,K) is also a supra sofiB3-
To-space.

Proof. Let y1,y» € Y such thaty; # y,. Since fy, is
surjective, thendxi,x; € X such thatu(xy) = vy,
u(x2) = y2 and x3 # Xo. By hypothesis, there exist
H1-supraB-open soft setéF E) and(G, E) in X such that
eitherx; € (F,E) andxy ¢ (F,E), or x; € (G,E) and
x1 € (G,E). So, eitherx; € Fg(e) and x; ¢ Fe(e) or
X2 € Ge(e) andx; ¢ Gg(e) for eache € E. This implies
that, either y; u(xe) € u[Fe(e)] and
Y2 = U(x2) & U[Fe(€)] or y2 = u(xp) € U[Ge(e)] and
y1 = u(x1) ¢ u[Ge(e)] for eache € E. Hence, either
y1 € fpu(F.E) andy> ¢ fou(F,E) oryz € fpu(G,E) and
y1 ¢ fou(G,E). Sincefp, is supraf-irresolute open soft
function, thenfpy(F,E), fpu(G,E) are suprg3-open soft
sets inY. Hence|Y, 12, K) is also a supra soft-Tp-space.

Theorem 4.2. Let (X,11,E) and (Y, 12,K) be soft
topological spacesy; and u, be associated supra soft
topologies with 11 and 1o, respectively. Let
fou : SE(X) — S (Y) be a soft function which is bijective
and suprgB-irresolute open soft. IfX, 11, E) is supra soft
B-Ti-space, then(Y,12,K) is also a supra sofi3-
T1-space.

Proof. It is similar to the proof of Theorem 4.1.

Theorem 4.3. Let (X,11,E) and (Y,12,K) be soft
topological spacesy; and u, be associated supra soft
topologies with 11 and 1o, respectively. Let
fou : SE(X) — S (Y) be a soft function which is bijective
and suprgB-irresolute open soft. IfX, 11, E) is supra soft
B-To-space, then(Y,12,K) is also a supra sofi3-
To-space.

Proof. y1,y»> € Y such that, # y,. Sincefp, is surjective,
then Jx;, x> € X such thatu(x;) = y1, u(x) = y» and
X1 # X2. By hypothesis, there exigt-supraf-open soft
sets (F,E) and (G,E) in X such thatx; € (F,E),
X2 € (G,E) and (F,E)"(G,E) = ®&. So, x1 € Fe(e),
X2 € Ge(e) andFe(e)NGg(e) = @ for eache € E. This
implies thaty; = u(x1) € u[Fe(e)], y2 = u(x2) € u[Ge(e)]
for eache € E. Hencey; € fou(F,E), y2 € fou(G,E) and
fpu(F,E)Nfpu(G,E) = fpu[(F.E)N(G,E)] = fou[®Pe] =
@k from Theorem 2.1. Sincdy, is suprap-irresolute
open soft function, therfpy(F,E), fpu(G,E) are supra
B-open soft sets ilY. Thus,(Y, 12,K) is also a supra soft
B-T,-space.

Theorem 4.4. Let (X,11,E) and (Y,12,K) be soft
topological spacesy; and p, be associated supra soft
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topologies with 171 and 1o, respectively. Let
fpu - SE(X) = Sk(Y) be a soft function which is bijective,
suprag-irresolute soft and supi-irresolute open soft. If
(X,11,E) is supra sof{3-regular space, thefY, 12,K) is
also a supra soft-regular space.

Proof. Let (G,K) be a suprgB-closed soft set ir¥ and
y € Y such thaty ¢ (G,K). Since fp, is surjective and
supra-irresolute soft, therdx € X such thatu(x) =y
and fgul(G,K) is supraf3-closed soft set irX such that

fpu(K,E), fou(H,E) are suprap-open soft sets inY.
Thus,(Y, 12,K) is also a supra soft-normal space.
Corollary 4.1. Let (X,13,E) and (Y,12,K) be soft
topological spacesy; and u, be associated supra soft
topologies with 13 and 1o, respectively. Let
fou - SE(X) = Sk(Y) be a soft function which is bijective,
suprag-irresolute soft and supi@-irresolute open soft. If
(X, 11,E) is supra sof3-Ts-space, thefY, 12,K) is also a
supra sofi3-T-space.

X ¢ fEul(Ga K). By hypothesis, there exist supra open soft Proof. Itis obvious from Theorem 4.2 and Theorem 4.6.

sets (F,E) and (H,E) in X such thatx € (F,E),
foi (G,K)C(H,E) and (F,E)A(H,E) = @&. It follows
thatt x € Fg(e) for each e € E and
(G,K) = fou[foit(G,K)]C fpu(H,E) from Theorem 2.1.

So, y_= u(x) € ulFe(e)] for each e ¢ E and
(G,K)Cfou(H.E). Hence, y € fp(F,E) and
(G,K)Cfpu(H,E) and fpu(F.E)Nfou(H.E) =

fou[(F,E)A(H,E)] = fpu[®e] = Pk from Theorem 2.1.
Since fpy is supraf-irresolute open soft function. Then,
fou(F,E), fpu(H,E) are suprgB-open soft sets ilY. Thus,
(Y, 12,K) is also a supra sofi-regular space.

Theorem 4.5. Let (X,11,E) and (Y,12,K) be soft
topological spacesy; and u, be associated supra soft
topologies with 171 and 1p, respectively. Let
fpu: SE(X) = & (Y) be a soft function which is bijective,
suprag-irresolute soft and supi@-irresolute open soft. If
(X, 11,E) is supra sof3-Ts-space, theiY, 1o,K) is also a
supra soff3-Ts-space.

Proof. Since (X, 11,E) is supra softB3-Ts-space, then

(X,11,E) is supra sof3-regularT;-space. It follows that,

(Y, 12,K) is also a supra soff-T;-space from Theorem
4.2 and supra soffi-regular space from Theorem 3.8.
Hence,(Y, 12,K) is also a supra soff-Ts-space.

Theorem 4.6. Let (X,11,E) and (Y,12,K) be soft
topological spacesy; and u, be associated supra soft
topologies with 171 and 1p, respectively. Let
fpu: SE(X) = & (Y) be a soft function which is bijective,
suprag-irresolute soft and supi-irresolute open soft. If
(X,11,E) is supra sof{3-normal space, thef¥, 12,K) is
also a supra sofé-normal space.

Proof. Let (F,K), (G,K) be suprgB3-closed soft sets il¥
such that (F,K)"\(G,K) = @. Since fp, is supra
B-irresolute soft, therf, ! (F,K) and f,}(G,K) are supra
B-closed soft set irX such thatf, M (F,K)" fi(G,K) =
fo[(F,K)A(G,K)] = fol[@«] = ®e from Theorem 2.1.
By hypothesis, there exist supfaopen soft setgK,E)
and (H,E) in X such that f (F,K)C(K,E),
foit(G,K)C(H,E) and (F,E)A(H,E) = ®¢. It follows
that, (F,K) foul foit (F, K)]E fpu(K,E)
(G,K) = fpu[fot(G,K)]C fpu(H,E) from Theorem 2.1
and  fou(K,E)"fpu(H.E) = fp[(K,E)A(H,E)] =
fou[®@e] = @« from Theorem 2.1. Sincefp, is supra
B-irresolute open soft function. Then,

5 Conclusion

The notion of supra soft topological spaces was initiated
for the first time by El-sheikh and Abd El-latiflB]. In

this paper, we introduce and investigate some weak soft
separation axioms by using the notion of suf@pen

soft sets, which is a generalization of the supra soft
separation axioms mentioned ir2][ We study the
relationships between these new soft separation axioms
and their relationships with some other properties. As a
consequence the relations of some supra soft separation
axioms are shown in a diagram. We show that, some
classical results in general supra topology are not true if
we consider supra soft topological spaces instead. For
instance, if(X,u,E) is supra soft3-T;-space need not
every soft singletong is supraf-closed soft. Our next
work, is to generalize this paper by using the notion of
b-open soft sets. We hope that, the results in 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.
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