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Abstract. Topology is an important and major area of math@waind it can give many

relationships between other scientific areas anthenaatical models.The aim of this
paper is to construct intuitionistic fuzzy soft mabpological space and it is shown that
an intuitionistic fuzzy soft multi topological smaaqives a family of parameterized
topological spaces and some basic properties rnegardith this concepts are

investigated. We also introduced the notion ofitid@nistic fuzzy soft multi open sets,

intuitionistic fuzzy soft multi closed sets, inriand closure of intuitionistic fuzzy soft

multisets and studied their basic properties.
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1. Introduction and preiminaries

Theory of fuzzy sets was initiated by Zadeh [7[LB65 and thereafter, 1986 Atanassov
[3] presented the intuitionistic fuzzy sets as aegealization of fuzzy sets which are very
effective to ideal with vagueness & several autlhange considered it further.

Theory of soft sets and multisets are importanterattical tool to handle uncertainties.
The concept of soft set theory initiated by Molods{6] as a mathematical tool for
dealing with uncertainties. It has recently recdiwdde attention in real life applications
and theoretical research. Combining soft sets fuvitky sets [7] and intuitionistic fuzzy
sets [3], Maji et al. [4,5] defined fuzzy soft setsd intuitionistic fuzzy soft sets which
are rich potentials for solving decision making lpemns. Alkhazaleh et al. [1] as a
generalization of Molodtsov’s soft set, presentsel definition of a soft multiset and its
basic operations such as complement, union, aatsattion etc. In 2012 Alkhazaleh and
Salleh [2] introduced the concept of fuzzy soft tinidet theory and studied the
application of these sets.

In this paper we have introduc#tsM-topological spaces which are defined over
an initial universe with a fixed set of paramefEne notion ofIFSM- open setslFSM-
closed sets; interior and closure ofl&BM- set are introduced. Also we introduced the
concept of parameterized topological space indiigednIFSMs- topological space and
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studied some of its properties.
We now give some ready references for further disioum.

Definition 1.1. [7] Let X be a non empty set. Theriuazy set A is a set having the form
A={(x, Ma(X)): xOX}, where the functionspa: X-[0,1] represents the degree of
membership of each elemeriiX.

Definition 1.2. [3] Let U be a non empty set. Theniatuitionistic fuzzy set (in short
IFS A on U is a set having the forme=({ x, u,(x), v,(x)):x OU} , where the functions

M, :U-[0,1] andV, :U-[0,1] represents the degree membership and the degree of
non-membership respectively of each eleméntand 0< 4, (x)+v, (x)< 1 for each XIU.

Definition 1.3. [6] Let U be an initial universe and E be a set of patars. Let P(U)
denotes the power set of U andlB. Then the pair (F, A) is calledsaft set over U,
where F is a mapping given by F-AP(U).

Definition 1.4. [2] Let{ui ot be a collection of universes such titat u, = gand let
{E:i01} be a collection of sets of parameters. et FS(Ui) where FS(Ui)
denotes the set of all fuzzy subsetdof E=[1] §, andALE. A pair (F, A) is called
a fuzzy soft multi set over U, where F is a mapgign byF: A - U.

Definition 1.5. [2] For any fuzzy soft multi set (F, A), a pi{'gruw,:%) is called a
U, —fuzzy soft multiset partie, ; Ua, and R, OF(A) is afuzzy approximate value set,
wherea, LA, k[0{1,2,3,..,m}, i0{1,2,3,..,n}and j 0{1,2,3,..,r}.

Definition 1.6. [2] A fuzzy soft multi set (F, A) over U is called alhfuzzy soft multi
set, denoted byF, A)¢, if all the fuzzy soft multi set parts of (F, Ay@alsq.

Definition 1.7. [2] A fuzzy soft multi set (F, A) over U is called ahsalute fuzzy soft
multi set, denoted b{F, A),, if (%.,j,FqJ_.):Uu Oi .

2. Intuitionistic fuzzy soft multi set

Definition 2.1. Let{Ui i I} be a collection of universes such tfigt, U, = @ and let
{E i I} be a collection of sets of parameters. let=[],, IFS(U,) where

IFS(U,) denotes the set of all intuitionistic fuzzy subsefsU;, E =[] E, and

ALOE. A pair (F, A) is called an intuitionistic fuzaoft multi set (in shorFSM-set)
over U, where F is a mapping given By A - U.

Definition 2.2. An IFSM-set (F, A) over U is called an absoluksM-set, denoted by
(F. Al if (g,.F, ) =U;, O,
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Definition 2.3. Union of twolFSM-sets (FA) and (G,B) overU is anIFSM-set (H, D)
where D = A0 B andOelD,

F(e), if eDA-B
H(e) =4 G(e), if eDB-A
U(F(e).G(e)), if eDANB
whereU(F(e),G(e)):(F% DG%), 0i0{1,2,3,..,.m}, j{1,2,3,..,n} with [I as an
intuitionistic fuzzy union and is written g&, A)0 (G, B)=(H, D).
Definition 2.4. Intersection of twoFSM-sets (FA) and (G,B) overU is anlFSM-set (H,
D) whereD = An B andUelID,
F(e), if edA-B
H(e) =1 G(e), if edB-A
N(F(e).G), if eDANB
whereﬂ(F(e),G(e)):(F%hi A G%), 0i0{1,2,3,....m}, j{1,2,3,..,n} with A as an

intuitionistic fuzzy intersection and is written @s A) A (G, B)=(H, D).

Definition 2.5. The complement of arSM-set (F, A) over U is denoted K§, A)° and
is defined by (F,A°=(F,A) , where F:A-U is a mapping given by
F(a)=c(F(@)), DaOA, where c is an intuitionistic fuzzy complement.

3. Intuitionistic fuzzy soft multi topological spaces
We consider an absolutesM-set (F, A) over U andIFSI\/IsA(g, A) denote the family of

all intuitionistic fuzzy soft multi sub sets o@{?, A) in which all the parameter set A are
same. Throughout this pap€g, A) refers to an initial universaFSM-set with fixed
parameter set A.

Definition 3.1. A null IFSM-set® , over (g, A), is aniFSM-set in which all theFsm-
set parts equalg

Definition 3.2. A sub family 7 of IFS\/ISA(& A) is called intuitionistic fuzzy soft multi
topology (in shortFSMs-topology) on(g, A), if the following axioms are satisfied:

[0l @, (3,A)0r7,

o] {(F.A):i01} 07r=0, (F.A)Or,

(o] If (F,A),(G,A)0r then(F,A)A (G,A)0Or.
Then the pail((g, A),z') is called intuitionistic fuzzy soft multi topologal space (in short

IFSMs-topological space). The members7ofare called intuitionistic fuzzy soft multi
open sets (simplyFSM- open sets) and the conditions] , [0,] and[O,] are called the

axioms forlIFSM- open sets.
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Example 3.3. Let us consider there are three univeldgsandU,. Let U, ={h, h, h},
U,={c,c} and{E,, E,} be a collection of sets of decision parameterseei¢o the

above universes, whetg, ={g, , =expensive, §, , =cheap, §, ;=wooden} and
E,, ={e,,,=expensive, & , =cheap, &, ;= sporty}. Letu=n2,P(U,). E=N%4E,

and A={g =(&,, &,). €=(8,,8,}
c, ¢,
1) (0 1) (0}1>{ (N (03)]}

. {[el H(;l D’ (gz ) (%1 0] ][ez H
w6 (1}3){ i) (1}3)]}

{el[a_ma_)ﬁ (10 ) (o
FA:{[Q[{(Z 704 5)(81 (51’)<5 Mez[{ T ( ?)@H(-;l-l)'(;'z'3}j
- {[el[ ot JJ[%(

i[q H(: Shle) (4.5) (E e 6 %Mez H (8.9 (9.9 oa} ’{(.80,1.3'(.(;,2_1}}}
|

j=a

Fo A)=(FLA) A (R, A) =
h,

[el [{(;17) (3.6) (r75 2’ (8 D (5 ][ 7,2 2)%} {(.g,l.lf(.(e:s,z.s}j]}

Then we observe that the sub famlllye{ W A), (F,A), (Fy,A), (F, A)} of

IFSMs, (§,A) is anIFSMs- topology on(g, A since |t satisfies the necessary three
axioms[Q], [0, and[ O] and((g,A), 1) is anIFSMs- topological space.

Definition 3.4. Let ((g,A),r) be an IFSMs- topological space ovefg A) . An
intuitionistic fuzzy soft multi subseF, A) of (F,A) is called intuitionistic fuzzy soft

multi closed (in shorFSM-closed set) if its compleme(iF, A)° is a member of .

Example 3.5. Let us consider example: 3.3., then ifR@M-closed sets iro(g) A),rl) are

(F“A)C:{[e“[{(.g.z)'(.?fA)‘ (Es} { ) Esgj '[ez [{ ERIRERE: {(.10,1.8)‘(.;,2.6}}]}
(FZ’A)E{G“H(.G?S)‘(.27.3)‘ (E?} { ) (CS})]] '[ez ({ r(]-11,.8) h(z.l.b)&, {(.1C,1.8)’(.C1,2. }B} L

Definition 3.6. Let ((g A),r) be anFSMs- topological space ofy, A) and(F, A) be an
IFSM-set inFSvs, (3, A) - Then,
1. Interior of (F, A) is denoted bynt(F, A) and defined as

)
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int(F,A)=0{(G,A)|(G,A) is an IFSM- open set contained(if A)}

2.Closureof (F, A) is denoted byl (F, A) and defined as

c(F,A)= ﬁ{(G,A) |(G.A) is an IFSM- closed set containi(§ A)}

Theorem 3.7. Let (3, A),7) be aniFSMs- topological space ofg, A) and let(F, A) be

anlFSM-set inIFSVs, (§, A) - Then

(1) ((F,A) =int(F,A)¢) and (i) (int(F,A)° =cl((F,A)")
Proof. Straight forward.

4. Parameterized topological space

Proposition 4.1. Let ((g, A),r) be anIFSMs- topological space ovgg, A). Then the
collectionr, = {F (e):(F.A) Dr} for eachelJ A, defines a topology og (e) -

Proof: [0] Since®,, (§,A)Or implies thatg, §(e)dz,, for eachelE.

[0,] Let{F (e):i0I} Oz, for some{(F,A):i01} Oz . Since O, (F,A)07, so
O, F (€)Ot,, for eacheDE.

[0)] Let F(e),G(e)0r,, fore some(F,A), (G,A)Or. Since (F,A)A (G,A)O7, so
F(e) A G(e)Or,, for eacheJE.

Thus 7, defines a topology o (e) for eachelJE.

Definition 4.2. Let ((g, A),r) be anIFSMs- topological space ovgg, A). Then the
topology 7, = {F(e):(F,A)Dr} for eachell A, is called parameterized topology and
(%(e),re) is called parameterized topological space.

Example 4.3. Let us consider théFSMs- topologyrlz{qu, (g,A), (Fl,A), (|:2,A),
(F.. A), (FuA)} as in the example: 3.3, It can be easily seen that
1, ={¢. (). F.(e). F.,e). Fy€). F )}, andz, ={¢, 3(e), F(e,), F,(,), FiE)),
F,(e)} are parameterized topologies 8(e) andg(%) respectively.

Definition 4.4. Let (5, A),7) be anFsMs- topological space off, A) and(F, A) be an
IFSM- set inIFSMs, (3,A). Then we defined arfFSM- set associate wit{iF, A) over
(3,A) is denoted bycl (F),A) and defined by (F)(e)=d (F (e)). whered (F(e)) is
the closer ofr () in 7, for eachelJ A.

Proposition 4.5. Let ((g, A),r) be anlFSMs- topological space o(rg, A) and(F,A) be
aniFSM- set inIFSMs, (§,A). Then(d (F),A) Od (F,A).

11



A.Mukherjee and A.K.Das

Proof. For anyel] A,cI(F(e) is the smallest closed set ﬁh],re), which contains
F(e). Moreover ifcl (F,A)=(G,A), theng(e) is also closed set i(U,re) containing
F(e) . This implies thatd (F)(e) = d (F(e)) O G(e). Thus(dl (F),A)01d (F,A).

Corollary 4.6. Let ((§, A),7) be anFSMs- topological space off, A) and(F, A) be an
IFSM- set inIFSVis, (3, A) - Then(cl (F),A) =d(F,A) if and only if (cl (F),A) O7
Proof. If (cI (F),A):cl (F.A), then(d (F),A)=dl(F,A) is anIFSM- closed set and so
(c(F).A) D7

Conversely if(c|(|:),A)°Dr then (cI(F),A) is anIFSM- closed set containing
(F,A). By proposition 4.6.(c|(F),A) Od(F,A) and by the definition of intuitionistic
fuzzy soft multi closure o(F,A), any IFSM- closed set ove(g, A), which contains
(F,A) will contain cl(F,A) . This implies thatd(F,A) m(c|(|:),A) . Thus
(d(F),A)=cl(F.A).

5. Conclusion

Topology is an important and major area of math&wmaand it can give many
relationships between other scientific areas anthemaatical models. In this paper we
have introduced~SMs- topological spaces which are defined over dfaininiverse with

a fixed set of parameter. The notioniB$M- open setslFSM- closed sets; interior and
closure of anFSM- set are introduced. Also we introduced the conoéparameterized
topological space induced by aRSMs- topological space and studied some of its
properties.
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