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1 Introduction 2 Preliminaries

Definition 2.1[1] An intuitionistic fuzzy set (IFS in
short) A in X is an object having the form
A = {{(X,ua(X),va(x))/x € X} where the functions
Ua : X = [0,1] andva : X — [0,1] denote the degree of
Fuzzy set as proposed by Zadehl][ in 1965 is @ membership (namely ua(x)) and the degree of
framework to encounter uncertainty, vagueness and']on_membership (nameli (x)) of each element € X to

partial truth and it represents a degree of membership fothe setA, respectively, and G pia(x) + va(x) < 1 for
each member of the universe of discourse to a subset of ikachx € X. Denote by IF$X), the set of all intuitionistic
By adding the degree of non-membership to Fuzzy setfuzzy sets inX.

Atanassov ] proposed intuitionistic fuzzy set in 1986 . gnition 2.2[1] Let A andB be IFSs of the fornA —

which looks more accurate to uncertainty quantification _
and provides the opportunity to precisely model the;{g’#ﬁ(exr)]’v/*(x»/xex} andB = {(x, ks(x), Ve (x))/x €

problem based on the existing knowledge and . )
observations. In 1997, Coke®][introduced the concept (&)AC Bif and only if Ua(x) < pg(x) andva(x) = va(X)

of intuitionistic fuzzy topological space. forall xe X. .
(h)A=Bifand onlyif AC BandB C A.

In this paper we introduce the notion of intuitionistic  (C)A® = {(x,Va(X), Ha(X))/X € X}.
fuzzy mr generalized3 closed Mappings and intuitionistic ~ (d)ANB = {{x, ua(X) A Us(X),Va(X) V vg(X)t/x € X}
fuzzy m generalized3 open mappings and study some of (e)AUB = {{x, Ua(X) V ts(X),va(X) Ava(X)t/x € X}
their properties. We also introduce intuitionistic fuzzy The intuitionistic fuzzy sets.0= {(x,0,1)/x € X} and

Mrm generalized B closed mappings as well as ; _ 1 X tivelv th t
intuitionistic fuzzy Mt generalized open mappings. We thNewéf))l(é égi/o);(e } are respectively the empty set and

provide the relation between intuitionistic fuzzy v Definition 2.3[2] An intuitionistic fuzzy topology (IFT
li losed i d intuitionistic f . . .
generalizech closed mappings and intuitionistic fuzzy for short) onX is a family T of IFSs inX satisfying the

generalized B closed mappings, and establish thef lowi :
relationships with other classes of early defined forms of ©'OWINgG axioms.
intuitionistic fuzzy mappings. (0-,1 €1
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(iNG1NGy e TforanyGy, Gy € 1.
(i) UG € 1 for any family {G; /i € I} C 1.

Definition 2.4[2] Let (X,7) be an IFTS and
A = (X,Ua,Va) be an IFS inX. Then the intuitionistic

(iv)intuitionistic fuzzy B-continuous mapping if ~1(B) €
IFBO(X) for everyB € o.

(V)intuitionistic  fuzzy gf-continuous mapping if
f~1(B) € IFGBO(X) for everyB € g.

fuzzy interior and intuitionistic fuzzy closure are defined Definition 2.12[7] A mapping f : (X,1) — (Y,0) is

by

Int(A) = U{G/Gis an IFOS inX andG C A}

CI(A) = N{K/K isan IFCS in X andA C K} Note that
for any IFS A in(X, 1), we have CIA®) = (Int(A))¢ and
Int(A°) = (CI(A))° [2].

Definition 2.5[3] An IFS A= (X, ia,Va) inan IFTS(X, 1)

is said to be an

() Intuitionistic fuzzy semi closed set(IFSCS in short) if
Int(cl(A)) CA

(iiIntuitionistic fuzzy pre closed set(IFPCS in short) if
cl(Int(A)) CA

(iii)Intuitionistic fuzzy aclosed set (IBECS in short) if
cl(Int(cl(A))) CA

(iv)Intuitionistic fuzzy  closed set (IBCS in short) if
Int(cl(Int(A))) C A

(V)Intuitionistic fuzzy B closed set(IBCS for short)
Int(cl(Int(A))) C A.

called an intuitionistic fuzzytgB continuous mapping if
f=1(V) € IFRGBCS in(X, 1) for every IFCSV of (Y, o).
Definition 2.13[8] An IFTS (X, 1) is said to be IF]),
space if every IFGCS is an IFCS (X, 7).

Definition 2.14[7] If every IFTGBCS in (X,1) is an
IFBCS in (X,T), then the space can be called as an
intuitionistic fuzzymBT, ;> space.

Definition 2.15][8] A map f : X — Y is called an
intuitionistic fuzzy closed mapping (IFCM) if (A) is an
IFCS inY for each IFCHAin X.

Definition 2.16[3] Amap f : X — Y is called an

(intuitionistic fuzzy semi-open mapping (IFSOM for
short) if f (A) is an IFSOS irY for each IFOSRAin X.
(iNintuitionistic fuzzy a-open mapping (IEOM for
short) if f (A) is an IFOS inY for each IFOSAin X.
(iiintuitionistic fuzzy pre-open mapping (IFPOM for

The respective complements of the above IFCSs are. Short) if f(A) is an IFPOS iy for each IFOSAin X.

called their respective IFOSs.

Definition 2.6 [4] An IFS Ain an IFTS(X, T) is said to be
an intuitionistic fuzzy @ closed set (IFBCS for short) if
BCI(A) CU wheneveA C U andU is an IFOS in(X, 7).

Definition 2.7[6] An IFS Ain an IFTS(X, 7) is said to be
an intuitioRemarknistic fuzzyrg closed set (IFBCS for
short) if BCI(A) C U wheneveA C U andU is an IFTOS
in (X,1).

The family of all IFTGBCSs of an IFTS(X,T) is
denoted by IFIGBC(X).

Definition 2.8[2] Let A be an IFS in an IFTSX,1).
Then

BInt(A) = U{G/Gis an IFSPOS irXandG C A}.

BCI(A) =N {K/Kis an IFSPCS iX andA C K}.

Note that for any IFSA in (X,1), we have
BCI(A®) = (Blint(A))¢ andBInt(A%) = (BCI(A))¢ [3].
Definition 2.9[6] The complemenA® of an IFTGBCS A
inan IFTS(X, 1) is called an IFIGBOS inX.

Definition 2.10[3]Let f be a mapping from an IFTS
(X,7) into an IFTS (Y,0). Then f is said to be an
intuitionistic fuzzy continuous mapping (IFCM) for short
if f~1(B) € IFO(X) for everyB ¢ o.

Definition 2.11[5] Let a mappingf : (X,7) — (Y, 0).
Thenf is said to be an

(Dintuitionistic fuzzy semi-continuous mapping if
f=1(B) € IFSO(X) for everyB € .
(ii)intuitionistic fuzzy a-continuous mapping if ~%(B) €
IFaO(X) for everyB € 0.
(iiijintuitionistic  fuzzy pre-continuous mapping if
f~1(B) € IFPO(X) for everyB € @.

(iv)intuitionistic fuzzy Bopen mapping (IBOM for short)
if f(A)isanIFBOSIinY foreach IFOSAIn X.

Definition 2.17]5] A map f : X — Y is called an
intuitionistic  fuzzy generalized Bopen mapping
(IFGBOM for short) if f(A) is an IFBOS inY for each
IFOSAin X.

Definition 2.18[9] A mapping f : (X,7) — (Y,0) is
called an intuitionistic fuzzy pre-regular closed mapping
(IFPRCM for short) if f(V) is an IFRCS in(Y,o) for
every IFRCSV of (X, T).

Definition 2.19[8] The IFS p(a,B) = (X, Pa,P1-p)
wherea € (0,1, B € [0,1) anda + 8 < 1 is called an
intuitionistic fuzzy point (IFP for short) iiX.

Definition 2.20[8] Let p(a,B) be an IFP of an IFTS
(X,7). An IFS A of X is called an intuitionistic fuzzy
neighborhood ofp(a, 3) if there exists an IFOB in X
such thap(a,B) e BC A

Definition 2.21.Let p(a,B) be an IFP of an IFT$X, 1).
An IFS A of X is called an intuitionistic fuzzy
B-neighborhood op(a, B) if there exists an IBOSB in
Xsuch thatp(a,B) e BC A

Remark 2.1.Let (X, T) be an IFTS wherX is an IFBTy 2

space. An IFR\is an IFTGBOS inX if and only if Ais an
IFSN ofc(a, B) for each IFRc(a, B) € A.

Necessity:Let c(a,) € A. Let A be an IFTGBOS in X.

SinceX is an IBTy/, spaceA is an IPBOS inX. Then
clearlyAis an IFBN of c(a, B).

Sufficiency: Let c(a,B) € A. Since A is an IFBN of

c(a,B), there is an IBOS B in X such that
c(a,B) € BC A Now A = J{c(a,B)[c(a,B) € A} C

U{BC(G,B)|C(aaB) EA}CA
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This impliesA = U{Bc(q p)lc(a,B) € A}. Since each
Bis an IBOS,Ais an IFBOS and hence an &30S in
X.

Remark 2.2.For any IFSA in an IFTSX, 1) whereX is
an I3 Ty, spaceA € IFMGBO(X) if and only if for every
IFPc(a,B) € A, there exists an IRGBOS B inX such that
c(a,B)eBCA

Proof. Necessity:If A € IFTGBO(X), then we can take
B = Aso thatc(a, B) € BC Afor every IFPc(a, ) € A.
Sufficiency: Let A be an IFS inX and assume that there
existsB € IFTGBO(X) such that(a,B) € BC A.. Since
Xis an IFBTy/, spaceB is an IPBOS ofX.

ThenA= U {c(a,f)}C U BCA
c(a,B)eA c(a,B)eA
ThereforeA= |J BisanIFBOS (X) and hencé

c(a,B)eA
is an IFMGBOS inX. ThusA € IFIGBO(X).

3 Intuitionistic fuzzy mgeneralizedf closed
mappings and intuitionistic fuzzy i
generalized3 open mappings

In this section we introduce intuitionistic fuzzyt
generalized3 closed mappings and intuitionistic fuzzy

generalizedB open mappings. We study some of their

properties.

Definition 3.1.Amapf : X — Y is called an intuitionistic
fuzzy m generalizedB closed mapping (IRGBCM for
short) if f (A) is an IFTGBCS inY for each IFCSAin X.

Example 3.1.LetX = {a,b},Y = {u,v} and
G1 = (X, (0.74,0.7p), (0.22,0.3p)),

GZ = <ya (0'3Ua 04V)7 (0-7U7 05V)>

Thent ={0.,G1,1.} ando = {0.,Gy,1.} are IFTs on
X andY respectively. Define a mappirfg (X, 1) — (Y, 0)
by f(a) =uandf(b) =v. Thenf ia na IFTGBCM.
Theorem 3.1. Every IFCM is an IFIGBCM but not
conversely.

Proof. Let f : X — Y be an IFCM. LetA be an IFCS irX.
Then f(A) is an IFCS inY. Since every IFCS is an
IFGBCS, f(A) is an IFTGBCS inY. Hencef is an
IFMGBCM.O

Example 3.2.LetX = {a,b},Y = {u,v} and
Gy = <X, (O.Sa, 0.4b), (O.Za, 0.3b)>,

Gz = <y7 (O'2U7 O3V)7 (03U704\/)>

Thent ={0.,G;,1.} ando = {0.,G,,1.} are IFTs on
X andY respectively, therf is an IFTGBCM but not an
IFCM, sinceG§ = (x,(0.2,,0.3p), (0.35,0.4p)) is an IFCS
in X, but f(Gf) = (y,(0.24,0.3y),(0.3y,0.4y)) is not an
IFCSinY.O

Theorem 3.2.Every IFaCM is an IFTGBCM but not
conversely.

Proof. Let f : X — Y be an IFfCM. Let A be an IFCS
in X. Thenf(A) is an IACS inY. Since every IECS is
an IFGBCS, f(A) is an IFTGBCS inY. Hencef is an
IFTGBCM. O

Example 3.3.Let X = {a,b},Y = {u,v} and
G1 = (X, (0.64,0.5p), (0.34,0.2,)),

G2 == <y, (O.2u, 0.2\/)7 (0.6u, 07\/)>,
Gs = (X, (0.44,0.5p), (0.54,0.5p)).

Thent = {0.,G1,1.} ando = {0.,G,,G3,1.} are IFTs
on X andY respectively. Define a mapping: (X, 1) —
(Y,0) by f(a) =uandf(b) =v. Thenf is an IFTGBCM
but not an IrCM.OJ

Theorem 3.3.Every IFSCM is an IFRGBCM but not
conversely.

Proof. Let f : X — Y be an IFSCM. LetA be an IFCS
in X. Thenf(A) is an IFSCS irY. Since every IFSCS is
an IFGBCS, f(A) is an IFTGBCS inY. Hencef is an

IFMGBCM.O

Example 3.4.LetX = {a,b},Y = {u,v} and
G, = <X, (0.5a, 0.7b), (O.Za, 0.3b)>,

G2 = <y7 (0'3U7 04\/)7 (0-4u, 06\/)>,

thenf is an IFTGBCM but not an IFSCM, Sinc&y is an
IFCS inX, but f(Gf) = (y,(0.24,0.3y),(0.54,0.7y)) is not
an IFSCS inv..J

Theorem 3.5.Every IFPCM is an IFRGBCM but not
conversely.

Proof. Let f : X — Y be an IFPCM. LetA be an IFCS
in X. Thenf(A) is an IFPCS irY. Since every IFPCS is
an IFGBCS, f(A) is an IFTGBCS inY. Hencef is an

IFMGBCM.O

Example 3.5.Let X = {a,b},Y = {u,v} and
Gy = <X, (0-7a, 0.5b), (0.33, 0.4b)>,

GZ - <y7 (03U704\/)7 (0'7Ua OSV)}

Thent ={0.,G1,1.} ando = {0.,Gy,1.} are IFTs on
X andY respectively. Define a mappirfg (X, 1) — (Y, 0)
by f(a) =uandf(b) =v. Thenf is an IFTGBCM but not
an IFPCM, sincef (GY) is an IFCS inY but not an IFPCS
inYy.O

Definition 3.2. A mapping f : X — Y is said to be an
intuitionistic fuzzy M 1 generalized3 closed mapping
(IFMTIGBCM) if f(A) is an IFIGBCS inY for every

IFMGBCSAINn X.

Theorem 3.5.Every IFMIGBCM is an IFTGBCM but

not conversely.

Proof.Let f : X — Y be an IFMTIGBCM. LetAbe an IFCS
in X. ThenA'is an IFTGBCS in X. By hypothesisf (A) is

an IFMGBCS inY. Thereforef is an IFKGBCM.O
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Example 3.6.LetX = {a,b},Y = {u,v} and

G1 = (X,(0.15,0.3p), (0.54,0.6p)),
Gz = (y,(0.24,0.3,),(0.44,0.5)),

= < 7(0 1,,0. 3V)7 (O'5U7O'6V)>7
G4 = (X,(0.05,0.3p),(0.55,0.6p)).

Thent = {0.,G1,1.} ando = {0.,G;,G3,Gy4,1.} are
IFTs on X and Y respectively. Define a mapping
f:(X,1) = (Y,0) by f(a) =uandf(b) =v. Thenf is
an IFMGBCM but not an IFMIGBCM. Since
A = (X,(0.05,0.3p),(0.55,0.6p)) is IFMGBCS in X but
f(A) = (y,(0.04,0.3y),(0.54,0.6)) is not an IFTGBCS in
Y.O

Theorem 3.6.Let f : X — Y be a mapping. Then the
following are equivalent itf is an IF3Ty > space. (i)f is
an IFMGBCM (ii) BCI(f(A)) C f(cl(A)) for each IFSA
of X.

Proof. (i) — (ii): Let A be an IFS inX. Then c[A) is an
IFCS inX. (i) implies thatf(cl(A)) is an IFTGBCS inY.
SinceY is an IFBT,, space,f(cl(A)) is an IBCS inY.
ThereforeBCI(f(cl(A))) = f(cl(A)). Now BCI(f(A)) C
BCI(f(cl(A))) = f(cl(A)). HenceBCI(f(A)) C f(cl(A))
for each IFSA of X.

(i) — (i): Let Abe any IFCS irX. Then c[A) = A, (ii)
implies thatBCI(f(A)) C f(cl(A)) = f(A). But f(A) C
BCI(f(A)), therefore d|f (A)) = f(A). This impliesf (A)
is an IBCS inY. Since every IBCS is an IFIGBCS,
f(A) is an IFTGBCS inY. Hencef is an IFTGBCM.O

Theorem 3.7.Let f : X — Y be a bijection. Then the
following are equivalent i’ is an IFB Ty, space

(i) f is an FTIGBCM
(i) BCI(f(A)) C f(cl(A)) for each IFSA of X
(i) f~1(BCI(B)) C cl(f~1(B)) for every IFSB of Y.

Proof. (i) implies (ii) is obvious by theorem 3.6.

(i) —(iii): Let Bbe an IFSirY. Thenf~1(B) is an IFS
in X. Sincef is onto,BCI(B) = BCI(f(f~1(B))) and (ii)
impliesBCI(f(f~1(B))) C f(CI(f~*(B))).
ThereforeBCI(B) C f(CI(f~1(B))).

Now f~1(BCI(B)) C f~1(f(CI(f~1(B))). Sincef is one
to one,f~}(BCI(B)) C CI(f(B)).

(iii) — (ii): Let A be any IFS ofX. Thenf(A) is an
IFS of Y. Since f is one to one, (iii) implies that
f=1(BCI(f(A)) C CI(f~%(f(A)) = CI(A). Therefore
f(f~1(BCI(f(A)))) C f(CI(A)). Since f is onto
BCI(f(A) = f(FL(BCI(f(A)))) C f(cl(A).0
Theorem 3.8.Let f : X — Y be an IFTGBCM, then for
every IFSA of X, f(cl(A)) is an IFTGBCS inY.

Proof. Let A be any IFS inX. Then C[A) is an IFCS inX.
By hypothesidsf (CI(A)) is an IFTGBCS inX.O

Theorem 3.9.Let f : X — Y be an IFTGBCM whereY is
an IFBT, ;> space, therf is an IFCM if every IBCS is an
IFCSinY.

Proof. Let f be an IFTGBCM. Then for every IFCR\ in
X, f(A)is an IFTGBCS inY. SinceY is an IFBT, space,
f(A)is an IRBCS inY and by hypothesi§(A) is an IFCS
inY. Hencef is an IFCMO

Theorem 3.10Let f : X — Y be an IFTGBCM whereY is
an IF3Ty/, space. Therf is an IFPRCM if every IBCS
is an IFRCS irY.

Proof. Let A be an IFRCS irX. Since every IFRCS is an
IFCS, A is an IFCS inX. By Hypothesisf(A) is an
IFGBS inY. SinceY is an IFBTy/, space,f(A) is an
IFBCS inY and hence is an IFRCS ¥, by hypothesis.
This implies thatf (A) is an IFPRCM

Theorem 3.11If every IFSis an IFCS, then an tf5s3CM
is an IFG3 continuous mapping.

Proof. Let A be an IFCS inY. Thereforef—1(A) is an
IFCS inX. Since every IFCS is an IEGBCS, f1(A) is
an IFMGBCS in X. This implies thatf is an IFTGS
continuous mapping!

Theorem 3.12.Let A be an IFTGBCS in X. An onto
mappingf : X — Y is both IF continuous mapping and
IFTGBCM, thenf(A) is an IFTGBCS in Y.

Proof. Let f(A) C U whereU is an IFTOS inY, then
A C f71(U) where f~1(U) is an IFTOS in X, by
hypothesis. Sincd is an IFTGBCS, C(A) C f~1(U) in

X. Hence,f(CI(A)) C f(f~1(U)) = U. But f(CI(A)) is

an IFMGBCS inY, since C[A) is an IFCS inX and f is

an IFTGBCM., Therefore BCI(f(CI(A))) € U. Now
BCI(f(A)) € BCI(f(CI(A))) € U. Hence f(A) is an
IFGBCSinY.O

Theorem 3.13.A mappingf : X — Y is an IFTGBCM if

and only if for every IFSB of Y and for every IFIOSU

containingf ~%(B), there is an IRGBOSA of Y such that
Bc Aandf~1(A) cU.

Proof. Necessity:Let B be any IFS inY. Let U be an
IFTOS in X such thatf ~*(B) C U. ThenU¢ is an IFTCS
in X. By hypothesisf(U®) is an IFTGBCS inY. Let
A= (f(U%)C thenAis an IFTGBOS inY andB C A.
Now f~1(A) = f~1(f(U%))° = (f~1(f(U%)))c C U.
Sufficiency: Let A be any IFCS inX, thenA® is an IFOS
in X and f~1(f(A®))C C A®. By hypothesis there exists
an IFMGBSBin Y such thatf (A%) C Bandf~1(B) C A®.
ThereforeAC f~1(B))C.

HenceB® C f(A) C f(f~1(B))® C B®. This implies that
f(A) = B®. SinceBC is an IFTGBCS inY, f(A) is an
IFTGBCS inY. Hencef is an IFTGBCM.O

Theorem 3.14If f: X = YisanIFCMandy:Y — Zis
an IFGBCM, thengo f is an IFTGBCM.

Proof. Let Abe an IFCS inX, thenf(A) is an IFCS inY,
Sincef is an IFCM. Sincey is an IFTGBCM, g(f(A)) is
an IFMGBCS inZ. Thereforgyo f is an IFTGBCM.OI

Theorem 3.15Let f : X — Y be a bijective map wheré
is an IFBTy /> space. Then the following are equivalent.

(i) f is an IFMGBCM
(i) f(B) is an IFTGBOS inY for every IFOSB in X.
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(iii) f (Int(B)) C CI(Int(CI(f(B)))) for every IFSB in X.

Proof. (i)— (ii) is obvious.

(i) —(iii): Let Bbe an IFS inX, then In{B) is an IFOS in

X. By hypothesid (Int(B)) is an IFGBOS inY. SinceY is

an IFBTy ;> spacef(Int(B)) is an IBBOS inY. Therefore
)

f(Int(B)) = BInt(f(Int(B)))
— f(Int(B)) N CI(Int(CI(f (Int(B)))))
C CI(Int(CI(f (Int(B)))))
C CI(Int(CI(f (B)))).

(i) — (i): Let A be an IFCS inX. ThenAC is an IFOS in
X. By hypothesis,
f(Int(A%)) = f(A®) C CI(Int(CI(f(A%))))).
Thatis In(CI(Int(f(A)))) C f(A). This impliesf(A) is an
IFBCS inY and hence an IEGBCS inY. Thereforef is

an IFMGBCM.O

Theorem 3.16.Let f : X — Y be a bijective map wheré
is an IFBT, > space. Then the following are equivalent.

() f is an IFTGBCM
(i) f(B) is an IFMGBCS inY for every IFCSB in X.
(ii)Int (cl(Int(f(B)))) C f(cl(B)) for every IFSBin X.

Proof. (i)—(ii) is obvious.

(i) —(iii): Let B be an IFS inX, then c[B) is an IFCS
in X. By hypothesid (CI(B)) is an IFTGBCS inY. SinceY
isan I3 Ty, spacef(ClI(B)) is an IBBCSinY. Therefore
£(CI(B)) = BCI(f(CI(B))
= f(CI(B)) C Int(CI(Int(f(CI(B)))

D Int(Cl(Int(f(CI(B))) 2 Int(CI(Int(f(B))).

(i) —(i): Let A be an IFCS inX. By hypothesis,
f(CI(A)) = f(A) C Int(CI(Int(f(A)))). This impliesf (A)
is an IPBCS inY and hence an IRGBCS inY. Therefore
fis an IFGBCM.O

Definition 3.3. A mapping f : X — Y is said to be an
intuitionistic fuzzy open mapping (IFOM for short) if
f(A) is an IFOS inY for each IFOSAin X.

Definition 3.4. A mapping f : X — Y is said to be an
intuitionistic fuzzy m generalized 3 open mapping
(IFTGBOM for short) if f(A) is an IFTGBOS inY for
each IFOS irX.

Theorem 3.17.I1f f : X — Y is a mapping. Then the
following are equivalent it is an IFBT,/, Space

() f is an IFTGBOM .
(i) f(Int(A)) C BInt(f(A)) for each IFSA of X
(ii)int (f~1(B)) € f~1(BInt(B)) for every IFSB of Y.

Proof. (i)—(ii): Let f be an IFTGBOM. Let A be any IFS
in X. Then IntA) is an IFOS inX. (i) implies that
f(Int(A)) is an IFTGBOS inY. SinceY is an IBTy ),
space, f(IntA)) is an IRBOS in Y. Therefore
BInt(f(Int(A))) = f(Int(A)) < f(A).
f(Int(A)) = BInt(f(Int(A))) C BInt(f(A)).

Now

(i) —(iii): Let B be any IFS inY. Thenf~1(B) is an

IFS in X. (ii) implies that
f(Int(f~%(B)) C BInt(f(f~1(B)) = BInt(B). Now
Int(f~1(B)) C f=X(f(Int(f~%(B))) C f~1(BInt(B)).

(iii) —(i): Let Abe an IFOS irX. Then IntA) = A and
f(A) is an IFS in Y. (i) implies that
Int(f~1(f(A))) C f=1(BInt(f(A))). Now
A=Int(A) C Int(f-1(f(A))) C £-1(BInt(f (A))).
Hencef (A) C f(f~2(BInt(f(A)) = BInt(f(A)) C f(A).
This implies BInt(f(A)) = f(A). Hence f(A) is an

IFBOS inY. Since every IBOS is an IFIGBOS, f(A) is
an IFMGBOS inY. Thusf is an IFTGBOM.

Theorem 3.18.A mappingf : X — Y is an IFTGBOM if
f(BInt(A)) C BInt(f(A)) for everyAC X.

Proof. Let A be an IFOS inX. Then IntA) = A. Now
f(A) = f(Int(A)) C f(BInt(A)) C BInt(f(A)), by
hypothesis. Bupint(f(A)) C f(A). Thereforef (A) is an
IFBOS inX. That isf(A) is an IFTGBOS in X. Hencef
is an IFTIGBOM.O]

Theorem 3.19.A mappingf : X — Y is an IFTGBOM if
and only if In{ f~1(B)) C f~1(BInt(B)) for everyB C Y,
whereY is an IF3Ty > space.

Proof. Necessity:Let B C Y. Then f~(B) C X and
Int(f~1(B)) is an IFOS in X. By hypothesis,
f(Int(f~1(B))) is an IFMGROS in Y. SinceY is an
IFBT1)2 spacef (Int(f~1(B))) is an IBOS inY. Hence

f (Int(f=%(B))) = BInt(f(Int(f~1(B)))) C BInt(B).

This implies Intf~1(B)) C f~1(BInt(B)).

Sufficiency: Let A be an IFOS in X. Therefore
IntftA) = A. Then f(A) C Y. By hypothesis
Int(f~1(f(A)) < f- 1(Blnt( (A)). That is
Int(A) C Int(f~1(f(A)) € f~1(BInt(f(A))). Therefore
A C  fYBIt(f(A)). This implies
f(A) C BInt(f(A)) C f(A). Hencef (A) is an IFBOS inY
and hence an IRGBOS inY. Thusf is an IFTGBOM.O

Theorem 3.20.Let f : X — Y be an onto mapping where
Y is an IFBTy/, space. Therf is an IFTGBOM if and
only if for any IFP c(a,B) C Y and for any IFNB of

~Y(c(a,B)), there is an IBN A of c(a,B) such that
c(a,B) CAandf~1(A) CB.

Proof. Necessity:Letc(a,3) CY and letB be an IFN of
~L(c(a,B)). Then there is an IFOE in X such that
~Y(c(a,B)) € CCB. Sincef is an IIMGBCM, f(C) is

an IFIGBOS inY. SinceY is an IBTy, space,f(C) is

an IFBOS inY andc(a,B) C f(f~1(c(a,B)))

C f(C) C f(B). PutA= f(C). ThenA is an IFBN of

c(a,B) andc(a,pB) € AC f(B). Thusc(a,B) € A and

f~1(A) C f1(f(B)) =B. Thatisf~1(A) C B.

Sufficiency: Suppose that(a,) C f(B). This implies
~Y(c(a,B)) € B. ThenB s an IFN of f (c(a,B)). By

hypothesis there is an BN A of c(a,pB) such that

c(a,B) € A and f~1(A) C B. Therefore there is an

IFBOSCinY such that(a,B) CCCA

= f(f~1(A)) € f(B). Hencef(B) = {c(a,B)|c(a,B) €

f(B)} < {Ce(a,B)lc(a,B) € f(B)} < f(B). Thus
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f(B) = {C¢(a,B)|c(a,B) C f(B)}. Since eaclkC is an
IFBOS, f(B) is also an IIBOS and hence is an t50S
inY. Thereforef is an IFTGBOM.O

Theorem 3.21.If f : X — Y is a mapping, then the
following are equivalent.

() f is an IFMIGBCM
(i) f(A) is an IFTGBCS inY for every IFMGBCSAin X
(iii) f(A) is an IFTGBOS inY for every IFTIGBOSA in X.

Proof. (i)—(ii)is obvious from the Definition 3.2.

(i) —(iii): Let A be an IFIGBOS inX ThenAC is an
IFMGBCS in X. By hypothesisf (A®) is an IFTGBCS in
Y. That isf(A)C is an IFTGBCS inY and hence (A) is
an IFGBOS inY.

(iii) —(i): Let A be an IFTGBCS in X. ThenAC is an
IFTGBOS inX. By hypothesisf (A®) is an IFTGBOS in
Y. Hencef (A)C is an IFTGBOS inY and hencd (A) is an
IFMGBCS inY, and hencd is an IFMIGBCM.O

Theorem 3.22.Let f : X — Y be a bijective mapping,
where X is an IFBTy/, space. Then the following are
equivalent.

() f is an IFMITGBCM
(ilFor each IFPc(a,B) € Y and every IBN A of
f~1(c(a,B)), there exists an [RGBOSB in Y such
thatc(a,B) e BC f(A).
(ii)For each IFPc(a,B) € Y and every IBN A of
f~1(c(a,B)), there exists an IRGBOS B in Y such
thatc(a,B) € Bandf~1(B) C A.

Proof. (i) — (ii): Let c(a,B) CY andA the IFBN of
f~2(c(a,B)). Then there exists an FOSC in X such
that f~1(c(a,B)) € C C A. Since every IBOS is an
IFIGBOS,C is an IFTGBOS in X. Then by hypothesis,
f(C) is an IFGBOS inY. Now c(a,B) C f(C) C f(A).
PutB = f(C). This impliesc(a,3) CBC f(A).

(i)— (ii): Let c(a,B) €Y and A the IFBN of
f~1(c(a,B)). Then there exists an FOS C in X such
that f~1(c(a,B)) € C C A. Since every IBOS is an
IFIGBOS,C is an IFTGBOS in X. Then by hypothesis,
f(C) is an IFIGBOS inY. Now c(a,B) € f(C) C f(A).
PutB = f(Cf. This impliesc(a,B) € B C f(A). Now
f=1(B) € f1(f(A)) CA Thatisf}(B) C A.

(i) —(i): Let A be an IFTGBOS in X. SinceX is an
IFBT,/, spaceAis an IBOS inX. Letc(a,3) CY and
f~1(c(a,B)) C A Thatisc(a,B) C f(A). This impliesA
is an IBN of f~1(c(a,B)). Then by hypothesis, there
exists an IFIGBOS B in Y such thatc(a,B) C B and
f~1(B) C A. Hence by Remark 2.%,(A) is an IFTGBOS
inY. Thereforef is an IFMTGBCM.OJ

Theorem 3.23.If f: X — Y is a bijective mapping, then
the following are equivalent.

() f is an IFMIGBCM
(i) f(A) is an IFTGLBOS inY for every IFTGBOSAin X.
(iiifor every IFPc(a,3) € Y and for every IFBOSB in
X such that f~Y(c(a,B)) € B, there exists an
IFTGBOS A in Y such thatc(a,8) € A and
f~1(A) CB.

Proof. (i)— (ii): is obvious by Theorem 3.21.

(i) —(iii): Let c(a,B) €Y and letB be an IF@BOS in
X such that f~1(c(a,B)) € B. This implies
c(a,B) € f(B). By hypothesisf(B) is an IFTGBOS in

Y. Let A = f(B). Thereforec(a,p) € f(B) = A and

f~1(A) = f~1(f(B)) CB.

(iii) —(i): Let B be an IFIGBCS in X. Then B¢ is an
IFMGBOS inX. Letc(a,B) € Y And f~1(c(a,B)) C BC.
This impliesc(a,B) C f(B®). By hypothesis there exists
an IFMGBOS A in Y such thatc(a,B) € A and
f~1(A) C B®. PutA = f(B%). Thenc(a,B) € f(B°) and
A= f(f~1(B%)) C f(B°). Hence by Remark 2.%,(B°) is
an IFMGBOS inY. Thereforef(B) is an IFTGBCS inY.
Thusf is an IFMIGBCM.O

Theorem 3.24.If f : X — Y is a bijective mapping, then
the following are equivalent.

() f is an IFMIGBCM

(i) f(A) is an IFTGBOS inY for every IFTGBOSA in X
(iii) f(BInt(B)) C BInt(f(B)) for every IFSB in X
(iv)BCI(f(B)) C f(BCI(B)) for every IFSB in X.

Proof. (i)— (ii) is obvious.

(if) — (iii): Let B be any IFS inX. SincefInt(B) is an
IFBOS, it is an IFIGBOS in X. Then by hypothesis,
f(BInt(B)) is an IFTGBOS inY. SinceY is an IFBTy ),
space, f(BInt(B)) is an IFBOS in Y. Therefore
f(BInt(B)) = BInt(f(BInt(B))) C Bint(f(B)).

(iii) —(iv) can easily proved by taking complement in
(iii).

(iii) —(i): Let A be an IFTGBCS in X. By hypothesis,
Bel(f(A) C f(Bel(A)).

SinceX is an IBT,, spaceA is an IFBCS in X.
Therefore Bcl(f(A)) C f(BCI(A)) = f(A) C Bel(f(A)).
Hencef(A) is an IRBCS inY and hence an IRGBCS in
Y. Thusf is an IFMIGBCM.O

Theorem 3.25. If f : (X,1) — (Y,0) and
g: (Y,0) — (Z,0) are both IFMIGBCM, then their
compositiorgo f : (X, 1) — (Z,9) is an IFMITGBCM.
Proof. Let A be an IFIGBCS in X. Then f(A) is an
IFTGSCS inY, by hypothesis. Sincg is an IFMIGS
closed mappingg(f(A)) = (go f)(A) is an IFTGBCS in
Z. Hencego f is an IFTGBCM.O

Theorem 3.26.1f f: (X,7) — (Y,0) is an IF closed
mapping andy : (Y,0) — (Z,0) is an IFMnGf closed
mapping, then their compositiao f : (X, 1) — (Z,9) is
an IFGQ closed mapping.

Proof. Let Abe an IFCS iX. Thenf(A) is an IFCS inY,
by hypothesis. Since every IFCS is amiBBCS, f(A) is
an IFMGBCS inY. Sinceg is IFMTIGQ closed mapping,
g(f(A)) = (go f)(A) is an IFTGBCS inZ. Hencego f is
an IFGQ closed mappind

Theorem 3.27.f f: (X,17) — (Y, 0) be an IFTGf closed
mapping and/ is an IFTGT,, space, therf is an IFG3
closed mapping.

Proof. Let f : (X,T) — (Y,0) be an IFGS closed
mapping and leA be an IFCS inX. Then by hypothesis
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f(A) is an IFTGBCS inY. SinceY is an IFIGTy, space,
f(A) isan IFGBCS inY. This impliesf is an IFG3closed
mappingl]

4 Conclusion

In this paper Intuitionistic fuzzynGp closed mapping -
were introduced and studied with already existing sets in She has published research

Intuitionistic fuzzy topological spaces. The idea of this , , papers in 13 International
paper will be helpful in the extension of bitopological Journals in the field of Fluid dynamics , and more than 6

spaces. The scope for further research can be focused g}Pers in the field of Topology. She has 15 years of
the applications. teaching experience and she is guiding 5 research

scholars.

Acknowledgment T. Jenitha Premalatha

Assistant Professor in the
Department of Mathematics,
KPR Institute of Engineering
and technology Coimbatore.
Her research interest is in
the area of Topology, She has

We wish to express our thanks to the reviewers for their
valuable suggestions and support to improve the quality of
this paper.

References published in 6 International
d Journals and  presented

[1] K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and a paper in International
Systems, 1986, 87- 96. Conference. She has 15 years of teaching experience.

[2] D. Coker, An introduction to intuitionistic fuzzy topagical
space, Fuzzy sets and systems, 1997, 81-89..

[3] H. Gurcay, D. Coker and Es. A. Haydar, On fuzzy continuity
in intuitionistic fuzzy topological spaces, The J. fuzzy
mathematics, 1997, 365-378.

[4] D.Jayanyhi, Generalized3 closed sets in Intuitionistic
fuzzy topological spaces - International Journal of Adwanc
Foundation And Research In Science & Engineering
(IJAFRSE) Volume 1, Issue 7, December 2014.

[5] D.Jayanthi, Intuitionistic fuzzy Generalize@ continuous
mappings- Indian journal of Applied Research Volume : 4,
Issue : 2, Feb 2014 .

[6] T.Jenitha Premalatha and Jothimani.S - Intuitionigtizzy
ngB closed sets - Int. J. Adv. Appl. Math. and Mech. 2(2)
(2014) 92 - 101.

[7]1T. Jenitha Premlatha and S. Jothimani, Intuitionistic
fuzzy mgf continuous mapping - international conference
proceedings at Department of Mathematics, NGP College of
Arts and Science, Coimbtore, India.

[8] S. J. Lee and E. Lee, The category of intuitionistic fuzzy
topological spaces, Bull. Korean Math. Soc. 2000, 63-76.

[9] S. S. Thakur, and Rekha Chaturvedi, Regular generalized
closed sets in intuitionistic fuzzy topological spaces,
Universitatea Din Bacau,Studii Si CetariStiintifice, Seri
Matematica, 2006, 257-272.

[10] Y. B. Jun and S. Z. Song, Intuitionistic fuzzy semi-preea
sets and Intuitionistic semi-pre continuous mappings;jau
of Appl. Math & computing, 2005, 467-474.

[11] L. A. Zadeh, Fuzzy sets, Information and control, 1983,
8-353.

(@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	Preliminaries
	Intuitionistic fuzzy  generalized  closed mappings and intuitionistic fuzzy  generalized  open mappings
	Conclusion

