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Abstract

The aim of this paper is to introduce and study the concepts of theoretical applications
of intuitionistic fuzzy B**generalized closed sets by defining new spaces namely,intuitionistic
fuzzy B** generalizedTy, space andintuitionistic fuzzy p™ preT, space. And also we have
introducedintuitionistic fuzzy B** generalized irresolute mappings and investigated some of

their properties.
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1. Introduction

The concept of fuzzy sets was introduced by Zadeh [11] and later Atanassov [1]
introduced intuitionistic fuzzy sets using the notion of fuzzy sets. Coker [2] introduced
intuitionistic fuzzy topological spaces using the notion of intuitionistic fuzzy sets.Saranya
and Jayanthi introduced intuitionistic fuzzy B generalized closed sets in 2016. Sudha and
Jayanthi [6] introduced intuitionistic fuzzy B™ generalized closed sets. In this paper we
overtly enunciate the notion of intuitionistic fuzzy ™ generalized Ty, space,intuitionistic
fuzzy B™pre Ty space,intuitionistic fuzzy B** generalized irresolute mappings and

investigated some of their properties.
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2. Preliminaries
Definition 2.1: [1]An intuitionistic fuzzy set (IFS) A is an object having the form
A = {(X, pa(X), va(X) ) : x € X}

where the functions pa : X — [0, 1] and va : X — [0, 1] denote the degree of membership
(namely pa(x)) and the degree of non-membership (namely va(x)) of each element x X to
the set A respectively, and 0 <ua(X) + va(x) < 1 for each x €X. Denote by IFS(X), the set of
all intuitionistic fuzzy sets in X. An intuitionistic fuzzy set A in X is simply denoted by A =(

X, Ua, vVay instead of denoting A = {{ X, pa(x), va(x) ) : X € X}.

Definition 2.2: [1]Let A and B be two IFSs of the form A = { { X, pa(X), va(x) ) : x € X}
and B = { ( X, us(x), va(X) ) : x € X}. Then,

(@) A c B if and only if pa(x) <pg(x) and va(x) >vg(x) for all x X,
(b) A=Bifandonlyif Ac Band A o B,

©  A*={(X Vva(X), pa(x) ) :x € X},

d)  AuB={{x pa(X) vus(x), va(x) Ave(x) ) : x € X},

(e) AN B ={{X pa(X) Aus(X), va(x) vve(X) ) : X € X}.

The intuitionistic fuzzy sets 0. = ( x, 0, 1 ) and 1. = { X, 1, 0 ) are respectively the

empty set and the whole set of X.

Definition 2.3: [2] An intuitionistic fuzzy topology (IFT) on X is a family t of IFSs in X

satisfying the following axioms:

0] 0., 1.€er,
(i) Gi1n Gyet for any Gy, Gyet
(i)  UGjertforany family {Gi:ielJ}cr

In this case the pair (X, 1) is called the intuitionistic fuzzy topological space (IFTS)
and any IFS in t is known as an intuitionistic fuzzy open set (IFOS) in X. The complement

A° of an IFOS A in an IFTS (X, 1) is called an intuitionistic fuzzy closed set (IFCS) in X.
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Definition 2.4: [8] Two IFSs A and B are said to be g-coincident (A ¢ B) if and only if there

exists an element x X such that pa(x) >vs(X) or va(X) <ug(X).

Definition 2.5: [3] An intuitionistic fuzzy point (IFP), written as p(, ) is defined to be an
IFS of X given by

(a,p) if x=p,

P, py(X) = {(0’1) otherwise.

An IFP p(, p) is said to belong to a set A if a<pa and B=va.

Definition 2.6: [6]An IFS A of an IFTS (X, 1) is said to be an intuitionistic fuzzy B**
generalized closed set (IFBGCS) if cl(int(cl(A))) nint(cl(int(A))) < U whenever A c U
and U is an IFOS in (X, 1).

The complement A° of an IFB™GCS A in an IFTS (X, 1) is called an intuitionistic
fuzzy B** generalized open set (IFB**GOS) in X.

The family of all IFB™GOSs of an IFTS (X, 1) is denoted by IFB™GO(X).

Result 2.7: [6] Every IFCS, IFRCS, IFSCS, IFPCS, IFBCS, IFaCS, IFGCS is an IFB**GCS

but the converses may not true in general.

Definition 2.8: [9]An IFTS (X, 1) is said to be an intuitionistic fuzzyTy, spaceif every
IFGCS is an IFCS in (X, 7).

Definition 2.9: [4]Let f be a mapping from an IFTS (X, 1) into an IFTS (Y, o). Then f is said
to be an intuitionistic fuzzy (IF) continuous mapping if f }(B) e IFO(X) for every B eo.

Definition 2.10:[7]A mapping f : (X, 1) — (Y, o) is called an intuitionistic fuzzy B**
generalized continuous (IFB**G continuous) mapping if f*(V) is an IFB**GCS in (X, t) for
every IFCS V of (Y, o).

Definition 2.11:[5] A mapping f: (X, 1) — (Y, o) is called an intuitionistic fuzzy generalized
irresolute (IF irresolute) mapping if (V) is an IFGCS in (X, t) for every IFGCS V of (Y, o).
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3.Theoretical applications of intuitionistic fuzzy g** generalized closed sets

In this section we have investigated some theoretical applications of intuitionistic
fuzzy B** generalized closed sets by defining new spaces and obtained many interesting

propositions.

Definition 3.1: An IFTS (X, 1) is an intuitionistic fuzzy B**pT1(IFp**pT/2) space if every
IFR**GCS is an IFPCS in X.

Example 3.2: Let X = {a, b} and 1= {0-, G1, G, 1-} be an IFT on X, where G; = (X, (0.5,
0.3p), (0.54, 0.4p)), G2 = (X, (0.5, 0.4p), (0.5, 0.3)).

Then,

IFPC(X) ={0- ,1-, Ma € [0,1], Mp € [0,1], va€ [0,1], vp € [0,1]/ 0 < pat+ vy <l and 0 < pa+ vy
<1} and

[FB**GC(X) ={0-,1-, Ha € [0,1], M € [0,1], vae [0,1], Vb € [0,1]/ 0< pa + Pp< 1, 0< pa + pp<1}
Therefore the space (X, 1) is an intuitionistic fuzzy B**pTi, space, as every IFp**GCS is an
IFPCS in this (X, 7).

Definition 3.3: An IFTS (X, 1) is an intuitionistic fuzzy B**gT1(IFB**gT1) Space if every
IFB**GCS is an IFGCS in X.

Example 3.4:In example 3.2, IFGC(X) ={0-,1-, 14 € [0,1], Mp € [0,1], va€ [0,1], vp € [0,1]/ 0 <
Matva <1land 0< pa+vy <1}. The space (X, 1) is an intuitionistic fuzzy p**gT;/, Space, as
every IFB**GCS is an IFGCS in this (X, 1).

Remark 3.5: Not every IFp**pTy, space is an IFTy, space. This can be seen easily from the

following example.
Example 3.6: In example 3.2, (X, 1) is an IFp**pTy, space, but not an IFT;, space.

Since the IFS A = (X, (0.6, 0.7,), (0.44, 0.3p)) is an IFGCS, but not an IFCS, as cl(A) =
1#A.
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Proposition 3.7: An IFTS (X, 1) is an IFB**gTy, space if and only if IFGO(X) =
IFB**GO(X).

Proof: Necessity: Let A be an IFB**GOS in (X, 1), then A® is an IFB**GCS in (X, 1). By
hypothesis, A® is an IFGCS in (X, 1). Hence A is an IFGOS in (X, 1). Thus IFGO(X) =
IFB**GO(X).

Sufficiency: Let A be an IFB**GCS in (X, t). Then A° is an IFB**GOS in (X, t). By
hypothesis, A® is an IFGOS in (X, 1). Therefore A is an IFGCS in (X, 1). Hence (X, 1) is an
IFB**gT1, Space.

Proposition 3.8: Let X be an IFB**pTy, space. Then for an IFS A the following
conditions are equivalent:
(i)  Ae IFp**GO(X)
@iy  Acint(cl(A)
(iii)  There exists an IFOS G such that G < Acint(cl(A))
Proof: (i) = (ii) Let AeIFB**GO(X). This implies A is an IFPOS in X, since X is an
IFB**pTy, space. Then A®is an IFPCS in X. Therefore cl(int(A%)) < A°. This implies A
cint(cl(A)).
(ii) = (iii) Let A cint(cl(A)). Hence int(int(A)) < A cint(cl(A)). Then there exists IFOS
G in X such that G < Acint(cl(A)), where G = int(A).
(iii)= (i) Suppose that there exists IFOS G such that G < Acint(cl(A)). It is clear that
(int(cl(A)))* < AS. This implies cl(int(A%)) < A° .That is A® is an IFPCS in X. This
implies A is an IFPOS in X. Hence Ae IFB**GO(X).

Proposition 3.9: Let X be an IFp**gTy, space. If A is an IFS of X then the following

properties are equivalent:

(i) A e IFB**GO(X)

(i) U cint(cl(int(A))) whenever U c Aand U isan IFCS in X.
(iii)  There exist IFOSs G and G; such that G;c Ucint(cl(G)).

Proof: (i) = (ii) Let Ae IFB**GO(X). This implies A is an IFGOS in X, since X is an
IFB**gTy/, space. Then A% is an IFGCS in X. Therefore cl(A®) < V whenever A°c V and V
is an IFOS in X. That is cl(int(cl(A%)) < cl(cl(A)) < cl(A®) < V. This implies
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Vecint(cl(int(A))) whenever V°c A and Vs an IFCS in X. Replacing V¢ by U,
U cint(cl(int(A))) whenever U — Aand U is an IFCS in X.

(if) = (iii) Let U cint(cl(int(A) )) whenever U — A and U is an IFCS in X. We have int(U) c
U cint(cl(int(A))). Hence there exist IFOSs G and G; in X such that Gic Ucint(cl(G)) where
G =int(A) and G; = int(U).

(iii)= (i) Suppose that there exist IFOSs G and G; such that Gic Ucint(cl(G)). Then it is
clear that (int(cl(G)))° cU°®. That is (int(cl(int(A))))° cU°. This implies cl(int(cl(A®))) cU",
A° cUnd Uis an IFOS in X. This implies cl(A®) cU°. That is A® is an IFGCS in X. This
implies A is an IFGOS in X. Hence Ae IFB**GO(X).

Proposition 3.10: Let (X, 1) be an IFB**pTy, space. Then
Q) Any union of IFB**GCS is an IFB**GCS,

(i)  Any intersection of IFB**GOS is an IF**GOS.

Proof: (i) Let {Ai}ic) be a collection of IFp**GCSs. Since (X, 1) is an [FB**pTy/, space,every
IFB**GCS is an IFPCS. As any union of IFPCS is an IFPCS, Y Ajis an IFPCS. Since every

iel

IFPCS is an IFB**GCS, Y Aijis an IFp**GCS.

iel

(if)can be proved easily by taking complement in (i).

Proposition 3.11: An IFTS (X, 1) is an intuitionistic fuzzy p**pTy, space if and only if
IFB**GO(X) = IFPO(X).

Proof: Necessity:Let A be an IFB**GOS in (X, 1), then A° is an IFB**GCS in (X, 1). By
hypothesis, A° is an IFPCS in (X, 1). Hence A is an IFPOS in X. Thus IFB**GO(X) =
IFPO(X).

Sufficiency: Let A be an IFB**GCS in (X, 1). Then A® is an IFB**GOS in (X, 1). By
hypothesis, A® is an IFPOS in (X, T ) and hence A is an IFPCS (X, 1). Therefore (X, 1) is an

intuitionistic fuzzy B**pT1, Space.

Volume XI, Issue XI, November/2020 Page No0:63



WAFFEN-UND KOSTUMKUNDE JOURNAL ISSN NO: 0042-9945

Proposition 3.12: For any IFS A in (X, t) where X is an [F**pT, space, A € IFB**GO(X)
if and only if for every IFP p(, pye A, there exists an IFB**GOS B in X such that p(, peB =
A.

Proof: Necessity: If A e IFB**GO(X), then we can take B = A so that p(, pc B < A for
every IFP pe, g e A.

Sufficiency: Let A be anIFS in (X, 1) and assume that there exists B € IFp**GO(X) such

that p, pye B < A. Since X is an IFB**pTy, space, B is an IFPOS [6]. Then A = Y{p(a,ﬂ)}
Pla.p)=A

c Y B < A. Therefore A = Y B , which is an IFPOS. Hence A is an IF**GOS in X.
P(a,p)=A P(a,p)SA

4. Intuitionistic fuzzy B** generalized irresolute mappings

In this section we have introduced intuitionistic fuzzy B* generalized irresolute

mappings and studied some of their properties.

Definition 4.1:A mapping f : (X, 1) — (Y, o) is an intuitionistic fuzzy B** generalized
(IFB**G) irresolutemappingif (V) is an IFB**GCS in (X, 1) for every IFB**GCS V of (Y,

o).

Example 4.2:Let X = {a, b} and Y = {u, v}. Then t = {0, G1, G, 1.} and o = {0., G3, 1.}
are IFTs on X and Y respectively, where G; = ( X, (0.55, 0.4y), (0.55, 0.6) ), G2 = { X, (0.8,
0.6p), (0.2,, 0.4p) ) and G3 =( Yy, (0.3, 0.4,), (0.5, 0.6,) ). Define a mapping f: (X, 7) — (Y,
o) by f(a) = u and f(b) = v. Then f is an IFB™*G irresolute mapping.

Proposition 4.3:Let f : (X, ©) = (Y, o) be an IFB™G irresolute mapping, then f is an IFB*G

continuous mapping but not conversely.

Proof:Let V be any IFCS in Y. Then V is an IFB**GCS and by hypothesis f*(V) is an
IFB™GCS in X. Hence f is an IFB™G continuous mapping.

Example 4.4:Let X ={a, b} and Y = {u, v} and G; = { X, (0.6,, 0.8p), (0.2,, 0.1p) ), G2 = (X,
(0.35, 0.3p), (0.25, 0.2p) ) and Gz =y, (0.5, 0.6,), (0.5y, 0.4,) ). Then Tt = {0., G1, G, 1.} and
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o ={0., G3, 1.} are IFTs on X and Y respectively. Define a mapping f: (X, 1) — (Y, o) by
f(a) = u and f(b) = v.

Then f is an IFB**G continuous mapping but not an IFR™G irresolute mapping, since
the IFS A =(y, (0.5, 0.3,), (0.2, 0.1,) ) is an IFB**GCS in Y and its inverse f 1(A) is not an
IFB™GCS in X, as f1(A) = ( X, (0.55 0.3y), (0.2, 0.1p) Y= Gy, but int(cl(int(f*(A)))) N
cl(int(cl(F*(A)))) = 1.z Gx.

Proposition 4.5: A mapping f: (X, 1) — (Y, o) is an IFB™G irresolute mapping if and only
if the inverse image of each IFBGOS in Y is an IFB™GOS in X.

Proof :straightforward.

Proposition 4.6:The composition of two IFB**G irresolute mappingsis an IFB™G irresolute

mapping.

Proof :Letf: (X, 1) — (Y, o) andg: (Y, c) = (Z, 8) be any two IFB™G irresolute mappings.
Let V be an IFB™*GCS in Z. Then g (V) is an IFB**GCS in Y, by hypothesis. Since f is an
IFB™G irresolute mapping, f(g*(V)) is an IFB**GCS in X. Hence g o f is an IFB*G

irresolute mapping.

Proposition 4.7:Let f : (X, ©) — (Y, o) be an IFB™G irresolute mapping and g : (Y, o) —(Z,
8) is an IFB™G continuous mapping, then g o f : (X, 1) — (Z, §) is an IFB™G continuous

mapping.

Proof:Let V be an IFCS in Z. Then g (V) is an IFB*GCS in Y. Since f is an IFp*G
irresolute mapping, f(g~*(V)) is an IFB**GCS in X. Hence g o f is an IFB**G continuous

mapping.

Proposition 4.8: Let f: (X, 1) = (Y, o) be a mapping from an IFTS X into an IFTS Y. Then

the following conditions are equivalent if X and Y are IF3**pT,/, spaces:

0] fis an IFB**G irresolute mapping

(i)  fY(B)is an IF**GOS in X for each IFp**GOS B in Y
(iiiy  F(pint(B)) < pint(f*(B)) for each IFS B of Y

(iv)  pel((FY(B))c f*((pcl(B)) for each IFS B of Y.
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Proof: (i) < (ii)is obvious, since f1(A%) = (F}(A))".

(i) = (iii) Let B be any IFS in Y and pint(B) < B. Also f*(pint(B)) < f*(B). Since pint(B) is
an IFPOS in Y, it is an IFp**GOS in Y. Therefore f(pint(B)) is an IFp**GOS in X, by
hypothesis. Since X is an IFp**p Ty, space, f1(pint(B)) is an IFPOS in X. Hence f(pint(B)) =

pint(f(pint(B))) < pint(f*(B)).
(iii)= (iv) is obvious by taking complement in (iii).

(iv)= (i) Let B be an IFB**GCS inY. Since Y isan IFp**pTy,space, B isan IFPCSinY
and pcl(B)=B. Hence f*(B) = f*(pcl(B)) opcl(f'(B)), by hypothesis. But f*(B) cpcl(f*(B)).
Therefore pcl(f*(B)) = f(B). This implies f*(B) is an IFPCS and hence it is an IFB**GCS in
X.Thus fis an IFB**G irresolute mapping.

Proposition 4.9: Let f : (X, 1) — (Y, o) be an IFp**G irresolute mapping. Then f*(B)
cpint(f*(int(cl(B))) for every IFp**GOS B in Y, if X and Y are IFp**pTy, Spaces.

Proof: Let B be an IFB**GOS in Y. Then by hypothesis, f*(B) is an IFp**GOS in X. Since X
is an IFB**pTy, space, £1(B) is an IFPOS in X. Therefore pint(f*(B)) = £*(B). Since Y is an
IFB**pTy, space , B is an IFPOS in Y and Bcint(cl(B)). Now f*(B) = pint(f'(B)) < pint(f
L(int(cl(B))).

Proposition 4.10:1f f : (X, 1) — (Y, o) is an IFp**G irresolute mapping and g : (Y, o) = (Z,
d) is an IF contra continuous mapping, then g o f: (X, ©) = (Z, d) is an IF contra B**G

continuous mapping.

Proof:Let V be an IFOS in Z. Then g (V) isan IFCS in Y, since g is an IF contra continuous
mapping. As every IFCS is an IFp**GCS, g (V) is an IFB**GCS in Y. Since f is an IFB**G
irresolute mapping, (g™ (V)) is an IFB**GCS in X. Therefore g o f is an IF contra p**G

continuous mapping.

Proposition 4.11 : Let f: (X, 1) — (Y, o) is an IFB**G irresolute mapping and g : (Y, ) —>
(Z, 8) is an IFB**G continuous mapping, then g o f: (X, 1) —> (Z, d) is an IF almost B**G

continuous mapping.
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Proof :Let V be an IFRCS in Z. Since every IFRCS is an IFCS, V is an IFCS in Z. Therefore
g (V) is an IFB**GCS in Y, by hypothesis. Since f is an IFp**G irresolute mapping,
(g™ (V)) is an IFB**GCS in X. Hence g o f is an IF almost p**G continuous mapping.
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