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Introduction

The fuzzy concept has wide application in all real life problems such as control system and information
sciences. Especially, in mathematics fuzzy set is introduced by L. A. Zadeh [15]. The theory of fuzzy
topological space was introduced and developed by C. L. Chang [3]. The various notions in classical topology
have been extended to fuzzy topological space. In 1986, the “intuitionistic fuzzy set” was first initiated by
Atanassov [2]. The concept of intuitionistic fuzzy topological spaces was defined by Coker [4] in 1997. This
concept yields a wide field for working in the area of fuzzy topology and its application. One of the
specification is associated to the properties of intuitionistic fuzzy sets introduced by Gurcay [6] in 1997. in

2013, M.Umadevi K.Arun Prakash and S.Vengataasalam developed |F £ GCS in the topological space[12]

and to study the application of IF SGCS |, IF, Ty space introduced. Furthermore, these authors introduced
By 72

the concepts of IF # generalized irresolute mapping and its characterizations are also discussed in 2016[13].

In this paper, intuitionistic fuzzy contra B generalized continuous mapping introduced and defined several
theorems. The characterizations of the functions discussed.

1. Preliminaries

Definition 2.1 [2] An intuitionistic fuzzy set (IFS for short) P in X is an object having the form
P={<x,up(x),yp(x)>/Xe X} where the functions sp:X —>[01] and  yp:X —>[0,1]
denote the degree of the membership (namely 1,(x)) and the degree of non- membership (namely 7,(x)) of
each element X € X tothe set A respectively, 0< s, (x)+y,(x)<1 foreach x € X .
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Definition 2.2 [2] LetP and Qbe IFS’s of the forms P ={{x 1 (x),7(x))/xeX} and
Q= {<X,uQ(x), 7o(x))/x e X } Then,

(@ PcQifandonlyif ,(x)< ug(x) and y,(x)< yo(x) forall x e X,

(b) P=Q ifandonlyif PcQand Qc P,

© P={{x7500 1))/ x e X},

(@ P Q=111 (x) A 11 (%) 70 (X)v 7o (X)) x € X |
() PUQ=1{{X, 15 (X)v 11 (%), 75 (X) A 7 (X)) x € X |
fo.= {(x,O,l)/x € X} and 1= {(x,LO)/x € X}

@ P=P,T.=0_0_=1_.

Definition 2.3 [4] An intuitionistic fuzzy topology (IFT for short) on X is a family 7 of IFS’s in X
satisfying the following axioms:

(i) 0-1-en,

(i) SnS,er forany §,S, e,

(iii) U'S, e for any family {S,|ie J}c 7.

Here (X,7) is said to be an intuitionistic fuzzy topological space( IFTS for short) and any IFS inz is known

as an intuitionistic fuzzy open set (IFOS for short) in X. The complement P of an IFOS P inIFTS (X,r)
is known as intuitionistic fuzzy closed set ( IFCS for short) in X.

Definition 2.4 [4] Let X and Y are two non-empty sets and K:X —Y be a function. If
Q= {<x,,uQ(x), yQ(x)>/x € X} is an IFS in Y, then the pre image of Q underk , denoted by k'l(Q), is the

IFS in X defined by k (Q)= {{x,k ao(x), 7o (X)) /x & X .

Definition 2.5 [4] Let (X,z) be an IFTS and P={x,z(x),75(x))/x € X} be anIFS in X. Then the
intuitionistic fuzzy interior and intuitionistic fuzzy closure of A are defined by

int(P) = {G|Gis an IFOSin X and G c P}
cl(P)=n{K|K isan IFOCSin X and P c K}

Note that, for any IFS P in (X,z), we have cl (P) =int(P) and int (P) = cl(P)

Definition 2.7 [10] An IFS P of an IFTS (X,z’) is called an intuitionistic fuzzy& -generalized closed set
if cl(int(cl(P)))c U, whenever PcU and U isan IFOS.
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The complement P of an intuitionistic fuzzy [ generalized closed set P is called an intuitionistic fuzzy

£ generalized open set.

Definition 2.9 [9] A function w:(X,z)—(Y,x) from an IFTS (X,z) into an (Y,x) is called an
intuitionistic fuzzy& generalized closed function[IF&G closed function in short], if w(Q) is an

intuitionistic fuzzy # generalized closed set in Y for every IFCS Q in X.

Definition 2.10 [5] An IFS P s said to be an intuitionistic dense (IFD for short) in another IFS Q inan
IFTS (X,7)if cl(P)=Q.

Definition 2.11 A function y : (X,z)— (Y,«) froman IFTS (X,7) intoan(Y,x) said to be an

(a) intuitionistic fuzzy contra continuous function (IF contra continuous function in short) if i (P)is an
IFCS inY for every IFOS P in X.

(b) intuitionistic fuzzy contra « - continuous function (IFca continuous function in short) if  ~*(P) is an
IFaOS inY for every IFOS P in X.

(c) intuitionistic fuzzy contra generalized continuous function (l1FcG continuous function in short) if
w (P) isan IFGCS inY for every IFOS P in X.

(d) intuitionistic fuzzy contra generalized semi continuous function (IFcGS continuous function in short) if
w (P) isan IFGSCS inY forevery IFOS P inX.

INTUITIONISTIC FUZZY CONTRA f GENERALIZED CONTINUOUS MAPPINGS

Intuitionistic fuzzy contra § generalized continuous mapping is introduced and their characteristics are
studied in this section.

Definition 3.1: A mapping ¢:(X,7) — (Y,x) is called an Intuitionistic Fuzzy Contra § Generalized
continuous mapping (IFC S Gcontinuous mapping) if ¢ ~(T) is an IFBGCS in Y for every IFOS T in Y.

Example 3.2: Assume that X = {x;,x,}and Y = {y;,v,}. Let S =(x, (ﬂ xz),(xl ﬂ)) and T =

0.1’0.2 0.1’0.7

(y, (3’—133—22)(5—15%)) Then 7 ={0_,1.,5} and k ={0.,1.,T} are [FTSson X and Y correspondingly.
X1 X2

Construct a function ¢: (X, 7) = (Y, k) by ¢(x1) = y1, ¢(x3) = y,. Then ¢~ 1(T) = (x, (EE)(&%))

cl(p~X(T)) = 1., cl(int(cl(¢p~(T))) = 1. and ¢~1(T) € 1.. Thus ¢~1(T) is an IFBGCS in X. Hence ¢
isan IFCBG continuous mapping.

Theorem 3.3: In IFTS (X, ) every intuitionistic fuzzy contra continuous mapping is an IFCAG continuous
mapping, but converse implication does not hold.

Proof: Consider an intuitionistic fuzzy contra continuous mapping ¢: (X,7) - (Y,k) and an IFOS T in Y. By

assumption, ¢ ~1(T) is an IFCS in X. As by Theorem 2.2.4 each IFCS is an IFBGCS, ¢ ~1(T) isan IFBGCS in
X for each IFOS T in Y. Therefore ¢ isan IFCSG continuous mapping.
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Example 3.4: Assume that X = {x;,x,} and Y = {y;,y,}. Let S=(x ((%%)(ﬁ%)) and T =
(y, (g—;%)(g’—;g—;)) Then 7=1{0.,1_,5} and k ={0_,1_,T} are [FTS on X and Y correspondingly.

Construct a function ¢:(X,7) > (Y,k) by o¢(x1) =y, ¢p(x) = y,. Now ¢ 1(T) =
(x,("l "2)(;‘—13;‘—22)) cl(p=1(T)) = 1., cl(int(cl(¢p*(T))) = 1. and ¢~*(T) € 1. only. Thus ¢~1(T)

05’07
is an IFBGCS in X. Therefore ¢ is an IFCfGcontinuous mapping. Then cl(¢p~X(T)) = 1. # ¢~ 1(T),

implies ¢ ~1(T) is an IFCS in X. Hence ¢ is not an intuitionistic fuzzy contra continuous mapping.

Theorem 3.5: In IFTS(X, 7) every intuitionistic fuzzy contra a continuous mapping is an IFCSG continuous
mapping, but converse implication does not hold.

Proof: Consider an intuitionistic fuzzy contra @ continuous mapping ¢: (X,7) = (Y, k) and an IFOS T in Y.
By assumption ¢ ~1(T) is an IFaCS in X. As by Theorem 2.2.8 [14] every IFaCS is an IFBGCS, ¢~(T) is
an IFBGCS in X. Therefore ¢ isan IFCSG continuous mapping.

Example 6.2.6: Assume that X = {x;,x,} and Y = {y;,y,}. Let S=(x,(%,g—23),(&,%)) and T =

{y, (%33%)((%%)) Then 7={0_,1.,5} and k = {0_,1_,T} are IFTS on X and Y correspondingly.
Construct a mapping ¢: (X, 7) = (Y, k) by ¢(x1) = y1,9(xz) = y,. Now ¢~ H(T) = (x, (%%)(;%%)

cl(p™X(T)) = 1., cl(int(cl(¢p~1(T))) = 1.,¢~1(T) < 1.. Then ¢~(T) is an IFBGCS in X. Thus ¢ is an
IFCBG continuous mapping. Now cl(int(cl(¢~1(T))) = 1. & ¢~2(T). Then ¢ ~1(T) is not an IFaCS in X.
Therefore ¢ is not an intuitionistic fuzzy contra @ continuous mapping.

The following diagram shows the relationships between IFCBG continuous mapping with other existing
intuitionistic fuzzy contra continuous mappings.

IFC cts M —  KCBGctsM < IECaetsM
Figure 3.1 Relation between IFCBG cts M and existing IFC cts M
The reverse implication in the diagram is not true in general as seen from the above illustrated examples.
Theorem 3.7: If ¢: (X,7) = (Y, k) is an IFCBG continuous mapping and (X, 7) is an IFBgT1/2 space then ¢
is an intuitionistic fuzzy contra continuous mapping.
Proof: Consider IFOS T in Y. By assumption ¢~1(T) is an IFAGCS in X. As (X,7) is an IFBng/Zspace,
¢~1(T)is an IFCS in X. Therefore ¢ is an intuitionistic fuzzy contra continuous mapping.
Theorem 3.8: If ¢: (X, 1) = (Y, k)is a mapping and (X,7) is an IFEng/Zspace, then the statements below
will equivalent:
(i) ¢ isanIFCBG continuous mapping and
(ii) ¢ is an intuitionistic fuzzy contra continuous mapping.
Proof: (i) = (ii): Since from Theorem 3.7 the proof is obvious.
(if) = (i): Proof is obvious from Theorem 3.3.
Theorem 3.9: If ¢: (X, 1) — (Y, k) be a mapping then the statements below will equivalent:
(i) ¢ is an IFCBG continuous mapping and
(i) ~1(S) isan IFBGOS in X for each IFCSSin Y.

Proof: (i)=(ii): Consider an IFCSS in Y. Thus S is an IFOS in Y. By assumption ¢~1(S) = (¢~1(S)) is an
IFBGCS in X. Hence o~ 1(S) is an IFBGOS in X.
(ii) = (i): Consider an IFOSS in Y. ThusS is an IFCS in Y. By assumption ¢~1(S) = (¢~1(S)) is an
IFBGOS in X. Then ¢~1(S) isan IFBGCS in X. Hence ¢ is an IFCAG continuous mapping.
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Theorem 3.10: If ¢: (X, 1) = (Y, k) be a mapping and ¢~1(T) be an IFRCS in X for each IFOST in Y, then
¢ is an IFCfGcontinuous mapping.

Proof: Consider an IFOS T be in Y. By assumption ¢»=1(T) is an IFRCS in X. As from Theorem 2.2.6[14], it
has been prove that each IFRCS is an IFSGCS, ¢~(T) is an IFBGCS in X. Therefore ¢ is an IFCAG
continuous mapping.

Theorem 3.11:In a mapping ¢: (X, 1) = (Y, k) if one of the subsequent properties is held:
(i) P(cl(S)) < int(¢(S)) for every IFS Sin X,
(i) cl(¢~(T)) € ¢~ (int(T)) forevery IFS T inY and
(iii) ¢~1(cl(T)) € int(¢p~1(T)) forevery IFSTinY.

Then ¢ is an IFCBGcontinuous mapping.
Proof: (i) = (ii): Consider an IFST in Y. Put S=¢ 1(T). By assumption ¢(cl(¢p~X(T))) <
int (¢(¢1(1)) = int(1).  Then ¢~ (p(cl(@ () € ¢~ (int(T)).  Hence  cl(¢p~"(T))
¢~ (int(T)).
(it) = (iii): Taking complement for the result (ii) will implies (iii).

Assume (iii) holds. Consider an IFCST in Y. Thus cl(T) = T. By assumption ¢~1(T) = ¢~ 1(cl(T)) S
int(¢~1(T)). Therefore ¢p~1(T) <€ int(¢p~1(T)). But int(¢p~1(T)) € ¢~1(T). Therefore ¢~1(T) is an IFOS
in X. As by the Theorem 2.2.4[14], ¢ ~(T)is an IFBGOS in X. Therefore ¢ is an IFC S Gcontinuous mapping.

Theorem 3.12:Let ¢: (X,7) = (Y, k) is a bijective mapping. Then ¢ is an IFCSG continuous mapping if
cl(¢(S)) € ¢(int(S)) for every IFSS in X.

Proof: Consider an IFCS S in Y. Thus cl(S)= S and ¢~1(S) is an IFS in X. By assumption
cl(d)(dfl(s)))gd)(int(d)‘l(s))). As ¢ is bijective mapping, ¢(¢p"1(S)) =S. Then S=cI(S) =

cl(Pp(d7(5))) € p(int(p~1(S))). Now ¢~1(S) € ¢~ (p(int(p*(5)))) = int(¢p~1(S)) € d7(S).
Therefore p=1(S) is an IFOS in X and ¢ ~1(S) is an IFBGOS in X. Hence ¢ is an IFCAG continuous mapping.

Theorem 3.13:1f ¢: (X, 7) - (Y, x)is an IFCAG continuous mapping and (X, 7) is an IFBng/2 space then the
conditions below will hold:
(i) cl(¢p~U(T)) € ¢~ 1(int(cl(T))) for each IFOS T in Y and

(ii) o~ (c1(int(T))) < int (¢~(T)) for each IFCST in Y.

Proof: (i) = (ii): Consider an IFOST in Y. By assumption ¢ ~*(T) is an IFBGCS in X. As X is an IFEng/z
space, ¢~1(T) is an IFCS in X. Then cl(¢p~1(T)) = ¢~ 1(T) = ¢~ 1(int(T)) S ¢~ (int(cl(T))). Therefore
cl(p™(T)) € ¢~ L(int(cl(T))).

(i) = (ii): Taking complement of (i) we get (ii).

Theorem 3.14: If ¢: (X,7) — (Y, k) is a mapping and (X, 7) is an IFEgT1/Zspace. Then the conditions below
will equivalent:

(i) ¢ isan IFCBGcontinuous mapping,

(i) for every p(qpy in X and IFCST containing ¢ (p(q,p)), there exists an IFOS S in X containing p(q,g) €
Sc ¢ 1(T)and

(iii) for every p(qpy in X and IFCST containing ¢(p(q,p)), there exists an IFOSS in X containing p(qg) €
¢(S)CT.

Proof: (i) = (ii):Consider an IFC/G continuous mapping ¢ and an IFCST in Y. Let Pap) b€ AN IFP in X,
such that ¢(pap)) €T then p(gp) € ¢~ 1(T). By assumption ¢~(T) is an IFFGOS in X. As X is an
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IFg4T1, space, ¢~1(T) is an IFOS in X. For any IFOS S in Y, S = int(¢p~1(T)) € ¢~(T). Therefore
P(a,B) ESC (;b_l(T).

(i) =>(iii): The result follows from the relations d(S) S Pp(¢pUT)) S T.
(iif) = (i): Consider an IFCST in Y and an IFP p(g) in X, such that (I)(p(a,/;)) € T. By assumption there
exists an IFOSS in X. Such that pyp) € S and ¢(S) S Timplies papy €S S ¢~ 2(g(S)) S ¢~ X(T). That
iS Pap EPH(T). As S is an IFOS, S = int(S) € int(¢p~'(T)). Thus pp) € int(¢p~(T)). But
¢~ U(T) = Up e pyeg-1cry Plap) S int(¢p~1(T)) € ¢~1(T). Therefore ¢~1(T) is an IFOS in X. Hence
¢~1(T) isan IFBGOS in X. Hence ¢ is an IFCAG continuous mapping.

Theorem 3.15: Let ¢:(X,7) = (Y,k) and ¢,: (Y,k) = (Z,n) be any two mappings. If ¢, is an
IFCBGeontinuous mapping and ¢, is an IF continuous mapping, then ¢, o ¢, is an IFCBG continuous
mapping.

Proof: Consider an IFOS S in Z. As ¢,is an IF continuous mapping, ¢, *(S) is an IFOS in Y. Further, as ¢,
is an IFCAG continuous mapping, ¢; (¢, 1(S)) = (¢, © 1)1 (S) isan IFBGCS in X. Therefore ¢, o ¢, is
an IFCf Geontinuous mapping.

Theorem 3.16: Let ¢,:(X,7) = (Y,k) and ¢,: (Y,k) = (Z,n) be any two mappings. If ¢, is an
IFCBGeontinuous mapping and ¢, is an IF contra continuous mapping, then ¢, ° ¢, is an IFBGcontinuous
mapping.

Proof: Consider an IFOS T be in Z. As ¢, is an IF contra continuous mapping, ¢, *(T) is an IFCS in Y.
Moreover, as ¢, is an IFCRG continuous mapping, ¢, (¢, 2(S)) = (¢, o ¢p1)~1(S) is an IFRGOS in X.
Therefore ¢, o ¢, is an IFBG continuous mapping.

Theorem 3.17: Let ¢;:(X,7) = (Y,x) and ¢,: (Y, k) — (Z,17) be any two mappings. If ¢, is anIFSG
irresolute mapping and ¢, is an IFC f Gcontinuous mapping, then ¢, o ¢, is an IFCBG continuous mapping.
Proof: Consider an IFOST in Z. As ¢, is an IFCBGcontinuous mapping, ¢, *(T) is an IFBGCS in Y.
Moreover, as ¢, is an IFAG irresolute mapping, ¢; (¢, *(S)) = (¢, © p1)~1(S) is an IFBGCS in X.
Hence ¢, o ¢, is an [FCfGcontinuous mapping.

Theorem 3.18: If ¢: (X, 1) = (Y, k) be any mapping and ¢~1(cl(T)) € int(¢p~1(T)) for each IFS T in Y
then ¢ is an IFCAG continuous mapping.

Proof: Consider an IFCST in Y. Then cI(T) = T. By assumption ¢ ~1(T) = ¢~ 1(cl(T)) S int(¢p~1(T)) S
¢~1(T). Hence ¢~1(T) is an IFOS in X. Therefore ¢ is an intuitionistic fuzzy contra continuous mapping.
Then by Theorem 3.3, ¢ is an IFCAG continuous mapping.

Theorem 3.19: In an IFCAG continuous mapping ¢: (X,7) = (Y, k), (X, 7)is an IFlgng/zspace implied and
implies ¢~ (scl(T)) € int(¢~(cl(T)) foreach IFS T in Y.

Proof: Necessity: Consider an IFST in Y. Then cl(T) is an IFCS in Y. By assumption ¢~1(cl(B) is an
IFBGOS in X. As(X,7) is an IF,T1, space, ¢~ (cl(T)) is an IFBGOS in X. Hence ¢~1(scl(T)) S
¢~ (cl(T)) = int(p~1(cl(T)). Thus IFOS ¢~ (scl(T)) < int(p~1(cl(T)).

Sufficiency: Consider an IFCS T in Y. Then cl(T) = T, and by assumption ¢ 1(scl(T)) <
int(¢~*(cl(T)) = int(¢p~(T)). Since every IFCS is an IFSCS, scl(T) = T. Therefore ¢=(T) =
¢~ (scl(T)) € int(¢p~1(T)) € ¢~1(T) implies ¢~1(T) is an IFOS in X. Therefore ¢~1(T) is an IFBGOS in
X. Hence ¢ is an IFCAG continuous mapping.

Theorem 3.20: An IF continuous mappinge: (X,7) = (Y,k) is an IFCBGcontinuous mapping if
IFBGO(X) = IFBGC(X).

Proof: Consider an IFOS S in Y. By assumption,¢~1(S) is an IFOS in X and hence ¢~(S) isan IFSGOS in
X. Since IFBGO(X) = IFBGC(X), ¢~1(S) isan IFBGCS in X. Henceg is an IFCHG continuous.
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4, Conclusion:

In this research article, we have introduced a new kind of closed function called IFC BG continuous

mapping. The properties, equivalent conditions and some characterizations of the new mapping we established
via theorems and converse parts are illustrated by suitable examples. As a future work, we like to extend the
same concept to contra closed mapping, which is opposite to continuous mapping.
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