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and fuzzy soft open sub-base.
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I. INTRODUCTION

We are not able to solve some kind of problemgédical
Science, Sociology, Economics, Environment,Enginger
etc. by using classical methods because of thertaioidy. To
deal with these uncertainties some theories likez¥isets,
rough sets intuitionistic fuzzy sets were developasi
mathematical tools. [6] As these theories also hhge own
difficulties Soft theory was introduced by Molod¢sa 1999.

[5] Fuzzy soft set, a combination of fuzzy set aoft set was
first introduced by Maji in 2001. [10] Later Topdgical
structure of fuzzy soft sets has been introduce@ Hyanay,

Il. PRELIMINARIES

Let U be an universal set and E be a collectioallgiossible
parameters with respect to U, where parameterstrae
characteristics or properties of objects in U.

Definition 2.1: [9]. Let A0 E andp(U) be the set of all fuzzy
sets in U. Then the pair (FS, A) denoted by EScalled a
fuzzy soft set over U, if FS: A- p(U) is a function.

Definition 2.2: [9]. Two fuzzy soft sets BhSand F§ are said
to be disjoint if FS(ap FS(b)=p,0 all A,b O B.

Definition 2.3: [9]. A fuzzy soft set FSis said to be a subset
of a fuzzy soft set RSif A OB and Fg(a)<sF(a) Oal
A.

Definition 2.4: [9]. The union of two fuzzy soft sets k%nd
FS; over a common universe U is the fuzzy soft setfs%nd
0 eJAOB, we have

S,(e), if e A-B;
FS A os(e)= S:(e), edB-A; and We
S,(e)0S;(e), elBn A.

write SADSB = SADB-

MB Kandemir in 2011.[2] In 2012 J.Mahanta and PKsDa

introduced fuzzy soft point and studied the concept
neighborhood of a fuzzy soft point in a fuzzy doftological
space. They studied fuzzy soft closure and fuzftyisterior
etc.[4] T Simsekler and S Yuksel too studied anodved
some results on this theory.Theydefined fuzzy spén sets,
fuzzy soft closed sets, fuzzy soft Q- neighborheoie2012.
[8] TJ Neog, DK Sut and GC Hazarika have estabtisttane
properties and propositions related to fuzzy sgfibtogical

spaces in 2012. [3] In 2013 S Atmaca and | Zorlatun

introduced the notion of soft quasi-coincidenceftazy soft
sets and used this notion to characterize fundarheocepts
of fuzzy soft topological spaces such as fuzzy slaitures,

fuzzy soft bases and fuzzy soft continuity. Someida

properties are also presented.
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Definition 2.5: [9]. The intersection of two fuzzy soft sets FS
A and Fg over a common universe U is the soft set FsSand
O eOANB, FS , s(e)=FS\(e) nFSs(e).

We write FSNnFS; = FSang.

Definition 2.6: [4]. The complement of a fuzzy soft set £S
denoted by FS and is defined by F@)=(FS(a))J al A.

Definition 2.7: [4]. A fuzzy soft set FSover U is called a
fuzzy soft null set, denoted by £8 A=E and0allE,FS(e) =
0.

Definition 2.8: [4].A fuzzy soft set FQ over U is called a
fuzzy soft fullset, denotedlﬁjE , if A=E andOa LIE ,FS(e)
=1.

Definition 2.9: [4]. Let FS, be a fuzzy soft set,{nqbe the
class of all fuzzy soft subsets of F&ndT be a subclass of {
FSaq; -ThenT is called a fuzzy soft topology onk¥ the
following conditions hold.

().FS, S, OT;
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(ii). FSa,FSOT=FS\nFSO T ;
(i), {(FSMWOAYOT= O FSalI T.

Definition 2.16: [10].The fuzzy soft closure of a fuzzy soft set

FS, denoted b)SA is defined by the intersection of all fuzzy
soft closed super sets of £S

Then (FQ, T) is called a fuzzy soft topological space.
Members of Tare called fuzzy soft open sets and theire = N {FSgi: FS; is fuzzy soft closed super set ofFHS

complements are called fuzzy soft closed sets.

Definition 2.10: [4]. Let (FS,, T) be a fuzzy soft topological By the definition it is clear that

space and R Saq.Then the fuzzy soft topolog¥e= {

FSnFSy \FS\0 T}is called fuzzy soft subspace and (£S (i). S, is a fuzzy soft closed séb). FS, 0 S, and(iii) . If FS

Tg) is called fuzzy soft subspace of (F5).

Definition 2.11: [4]. A fuzzy soft set FSis said to be a fuzzy 1S fuzzy soft closed then kS Sa-

soft point in (Fg, T),denoted by F&§, if for the element
elJA,FS(e)£gand FS(e)w,Oe’'TA-{e}.

Definition 2.12: [4].The complement of a fuzzy soft point

FSieis a fuzzy soft point (FQ)’ such that Fg'(e) = 1- FS(e),
and FQ'(e’)=1 ,0 e'DA - {e}.

Definition 2.13: [2]. A fuzzy soft point F&.is said to be in a

fuzzy soft topological space { E,SS_E FS; }, denoted by
FS\OFS; if for the elementi@ A,FSy(e) < FS(e).
Example:- Let U={a, b, c, d}
A={el,e3,e4}, B={el,e2,e3,e4}
F&:{Fs(el):{az,b_4C_0’d'7},FS(GS):{Q5,b_o,C'g,d'4},FS(e4):{
a.Zlb.SlC.31d.9}'

FS={FS(el)={asba,c1,do},FS(€2)={asbo,Cc4d 4}, FS(€3)=
{a.s,b2co.0i},FS(e4)={as,bs,Ce,0h}}-

E={el,e2,e3,e4,e5},

Example - Let U = {a,b,c,d} E = {el,e2,e3,e4}, A =
{el,e3,e4}, B ={el,e2,e3,e4}

FSa={S(el) = {ax,b4cod 7},FS(e2) = {a,bo,Co,do}, FS(e3) =
{a.s,b0,Csda}, FS(e4) = {a,bs,C3,d )}

FS = {S(el)={aszbascide, FS(e2)={asbo,C4ds},
FS(e3)={as,b2,Co,01}, FS(e4) = {a,bs,C6,0u}}-

Consider a fuzzy soft topology={ FS, S. FS., FS}
(FS)= { FS'(el) = {agbeC1da},FS'(€2)={ay,bi,c,di},
FS'(e3) = {as,b1,C2de}, FS'(e4) = {agbs,c7,d1}}

(FS) = {FS(el)={abgcCqds}, FS'(€2)={asby,Cede},
FS'(e3)={as,bg,C1,do}, FS'(€4) = {ag,bs5,C4,00}}.

Clearly (FQ) and (FS)’ are fuzzy soft closed sets

Now write FS ={ FS’(el)={a,b3,co,dg},
FS,(eZ):{aB!b.GaC.Zvd.l}v FS'(es)z{a:?»b.laCOrdO}v FS'(e4) =

Here FSe1,FSwes are the fuzzy soft points of the fuzzy sofi{@o,0.4,C3,do}}-

topology { FS, S_E FSs}but FSaeq is not a fuzzy soft point o

{FSp S FS: }.
And (FSe3)'={a s, by, c5, dg}.

Definition 2.14: [4] Let (FS, T) be a fuzzy soft topological

space over FSFS; be a fuzzy soft subset of F8nd F@x be
a fuzzy point in (F§ T), then Fgis called a fuzzy soft

neighborhood of FX if there exists a fuzzy soft open et

FSsuch that Fx FFSS C5.

N Its clear that FSO (FS:)’ and the fuzzy soft closure of.S

Sb = (F%)’ al S_E :(FSB)’ :{Fsy(el):{aj.b,s,C_g,d_l},
FS’(eZ):{aj,bl,C'G'd'G}' FS’(eg):{aB!b.S!C.lldO}l FS’(e4) =
{a.glb.SlCAudO}}.

Here we can observe thatOFESS_C

Fuzzy SOFT BOUNDARY POINT

Definition 3.1 : A fuzzy soft point Fg.is said to be a fuzzy
soft boundary point of a fuzzy soft setgf$ Syl §B N SB

Definition 2.15: [2]. The fuzzy soft interior of a fuzzy soft set Definition 3.2 : The set of all fuzzy soft boundary points over
FS. denoted by(FS,) is defined by the union of all fuzzy soft a fuzzy soft set FSis called fuzzy soft boundary of the set

open sub sets of kS

i.e = [ ] {FSsi: FSy is fuzzy soft open sub set of £B
i

By the definition it is clear that

(). I(FSy) is afuzzy soft open s@i).l (FSy) O FSsand(iii). If
FSiis fuzzy softopen then S (FS,).

(iv). I(FSy) is the largest fuzzy soft open subset of FS
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FS.. and is denoted WB(FS,).

Example:- Take F&@ = { FS'(el) = {a;,b2Codq},
FS,(EZ):{a_z,bo,Co,do}, FS'(es) = {a:3!bOaC.81d0}1 FS'(e4) =
{aOYb.ZYC.]JdO}}

F& ={ FS(el)={ abscod}, FS(e2)={asbec2dal},
FS(e3)={ae,b.1,Co.do}, FS(e4) = {a,0.4,C5,0o}}-

S = {FS(el)={anbsCod), FS(e2)={anby,Cedd},
FS(e3)={asbs,C1,do}, FS(€4) = {a,b5,C.4,00}}-
(FX)' = {FS'(el)={agbsci,di}, FS'(e2)={a;b4cCsdg},
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FS'(e3)={ar,bo,C1,0h}, FS'(€4) = {a,b6,C7.0}}-

Sc = (FS)'n S =(FS)'= { FS(eD) = {asbcidd,
FS'(e2)={ag by, c1,di}, FS'(e3) = {azbycodi},F S'(e4) =

{a1,bg,Co,0}}

Now BFS)= FS nFS¢ = (FS(eD)={aibscads),
FS(e2)={abucodd, FS (e3)={asbscut, FS(e4) =

{a.0,b5,C4,d0}}.

A fuzzy soft point, Fg = { FS'(el) = {a;,b2Cod0},
FS'(e2)={azbo,Co,do}, FS'(€3) = {agbo,c1,do}, FS'(e4) =
{ao,b2,C1,d0}} is a fuzzy soft boundary point of ESAnd we

say FR.OB(FS)O edA.

Note:- Being the intersection of two fuzzy softssd sets, the

fuzzy soft boundary set is fuzzy soft closed.
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= FS is fuzzy soft closed set.

IV. Fuzzy sOFTCOMPACTNESS

Definition 4.1 : Let (FS,, T) be a fuzzy soft topological
space. A class {R§ of fuzzy soft subsets of FSs said to be
a fuzzy soft open cover of k¥ each fuzzy soft point in KBS

belongs to at least one §S

Definition 4.2 : A subclass of a fuzzy soft open cover which
itself is an open cover is called a fuzzy soft sec.

Definition 4.3 :A fuzzy soft compact space is a fuzzy soft
topological space in which every fuzzy soft opewerchas a
finite fuzzy soft subcover.

Definition 4.4 :A fuzzy soft compact subspace of a fuzzy soft
topological space is a fuzzy soft subspace whi¢hzgy soft
compact as a fuzzy soft topological space in ita aght.

Theorem 3.3:Let (FS, T) be a fuzzy soft topological spaceTheorem 4.5- Any fuzzy soft closed subspace of a fuzzy soft

and FQOT then

(). B(F&) O S_C i.e. the fuzzy soft boundary of a fuzzy soft
set is subset of the fuzzy soft boundary of the set

(i). FScis fuzzy soft open set if and only if ESB(FS)=FS,

(iii). FSc is fuzzy soft closed if and onlyB{FS)) OFS:

Proof:-
()By definition 3.2 we

closed.

O(FS)' = S =B(FS) O(FS) Using ()

=FSnB(FS)=FS,

Conversely suppose that

FSnB(FS)=FS,

:SC' O(FS)'=

(FR) = g(since (Fgy OF SC‘)D( FS) is fuzzy

soft closed setF: is fuzzy soft open
(iii).Suppose F$
=FS. =B(FS) OF%. using (i).

Conversely suppose thA{FS;) 00 F&:

= F&'n B(F&) = FS= F&' is fuzzy soft open set

have ;l;(F&):
FSn Sc =BF%) OFS. .(AlsoB(FS) O SC')

(ii). Suppose F§ is fuzzy soft opens ( FS)' is fuzzy soft

Fen(FS 0 Se )= F9=(Fen S ) =(F9)

is fuzzy soft closed,

then ES
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compact space is fuzzy soft compact.

Proof:- Let (FS, T) be a fuzzy soft compact space.
LetFS be a fuzzy soft closed subspace of FS

Now we have to prove that E® fuzzy soft compact space.

For this we need to show that every fuzzy soft opmrer of
FSscontains a finite fuzzy soft subcover.

Let {FSgi}be a fuzzy soft open cover of ES
By definition 4.1, F§= SGiceneeenaeneanas (a)

Since each FK$ is a fuzzy soft open set in
FS,FSi=FSyi Sgeiiiiias (b) , where FQUOFS.for

each i by definition of relative fuzzy soft topolog

Since F§g is fuzzy soft closed subspace of{HFS%’ is fuzzy
soft open subspace of S

And itimpliesthat Fg= FS FS'.oooeiiennnne. (c)

= Ssi FS'(Using (a)).

= S %)

= FS S S1(Using (b))

= (FSyi %) FSe FS")] By distributive
property.

= [(FSs  S§)  Sal (Using (c)).

[FSii '], Since each F$ and Fg' are subsets of
FSa.

{FSHi,FS'} is a fuzzy soft cover of F§

Since FQ is fuzzy soft compact, this fuzzy soft open cover
has a finite fuzzy soft subcover.

Let it be {FSi, FSuz, FSua FSuaeevvnnn.. FSinFS
SFSy = FSy FSi FSiz Sugeevennnn... Fun FS'
................ (d)

Since F§ FS, we haveFg$= FS, Ss.

SFS=[FSi Se Siz Haeeeeeeenn i FSST
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FSs.( Using (d)). By our hypothesis, this class of &S has a finite fuzzy
subcover.

FS=[(F FSi, SB)eeeennnn.

FSB [(FSu S SB S (FSe Se) For each set in this finite fuzzy soft subcover cam select

(FSun S)l (She B)- aFS;; which contains it by definition4.9.

FS=FS1 FSs2 FSes Seareevvenne F&n The class of F§'s which arises in this way is evidently a
finite fuzzy soft subcover of the original fuzzyfis@pen
cover.

PSS Seo FSs Seaeo Son Definition4.13: Let (FS,, T) be a fuzzy soft topological

FSon, FSso FSeaFSeaeevnnnnnn. FSsis a finite fuzzy soft SPace.A class of fuzzy soft closed subsets of (Fpis called
subcover of FS a fuzzy soft closed base if the class of all commglets of its

o fuzzy soft sets is a fuzzy soft open base andza/fsaft closed
Hence every fuzzy soft open cover ofgfs a finite fuzzy suppase if the class of all complements is a fusdy open

soft subcover. subbase.

And hence Fsis a fuzzy soft compact space. Definition4.14:The class of all finite intersections of fuzzy
Thus any fuzzy soft closed subspace of a fuzzymftpact SOft Séts in a fuzzy soft open subbase is a fuaityppen base,
space is fuzzy soft compact.Hence the theorenoisept it follows that the class of all finite unions afzy soft sets in

a fuzzy soft closed subbase is a fuzzy soft clése. This is

Theorem4.6: A fuzzy soft topological space is fuzzy softcalled the fuzzy soft closed base generated bjuttey soft
compact iff every class of fuzzy soft closed seith wmpty closed subbase.

intersection has a finite subclass with empty seetion. . )
Theorem4.14: A fuzzy soft topological space is fuzzy soft

Proof: This is a direc_t consequence of_the fact thaaascpf compact if every fuzzy soft subbasic open baseahfisite
fuzzy soft open sets is an open cover iff the otsall their  fuzzy soft subcover or equilently if every classfadzy soft
complements has empty intersection. subbasic closed sets with the finite intersectimpprty has

Definition4.7: A class of fuzzy soft subsets of a nonemptyON-€Mpty intersection.

fuzzy soft set is said to have the finite interstproperty if proof: Proof is an easy consequence of theorem4.6 and
every finite subclass has non-empty intersection. theorem4.8

Theorem4.8: A fuzzy soft topological space is fuzzy soft
compact iff every class of fuzzy soft closed séth the finite V. CONCLUSION

intersection property has non-empty intersection. , , ) )
This paper investigates properties of fuzzy softiratary

Definition4.9: A fuzzy soft open base for a fuzzy softpoint and compactness of

topological space is a class of open sets witipthperty that  fuzzy soft topological spaces. Several propertfdazzy soft
every fuzzy soft open set is a union of fuzzy sefs in this open base and fuzzy soft open subbase are discu@test
class. concepts can be studied further.
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