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1. INTRODUCTION

Zadeh [13] introduced fuzzy sets in 1965, and in 1968,
Chang [2] introduced fuzzy topology. After the introduction
of fuzzy set and fuzzy topology, the notion of intuitionistic
fuzzy sets was introduced by

Atanassov [1] as a generalization of fuzzy sets. In 1997,
Coker [3] introduced the concept of intuitionistic fuzzy
topological spaces. In 2005, Young Bae Jun and Seok Zun
Song [12] introduced Intuitionistic fuzzy beta continuous
mappings in intuitionistic fuzzy topological spaces.
S.Jothimani and T.Jenitha premalatha [7] introduced the
notion of intuitionistic fuzzy ngeneralized beta closed
mappings and intuitionistic fuzzy m generalized beta open
mappings. In this paper we introduce intuitionistic fuzzy
almost 7 generalized beta closed mappings, intuitionistic
fuzzy contra m generalized B continuous mappings, and
intuitionistic fuzzy almost contra ngeneralized  continuous
mappings. We investigate some of their properties.

2. PRELIMINARIES

Definition 2.1: [1] An intuitionistic fuzzy set(IFS in short)
A in X is an object having the form A={<X, pA(X),
vA(X)>/xeX}where the functions pA:X—[0,1] and vA:
X —][0,1] denote the degree of membership (namely
wA(x)) and the degree of non -membership (namely vA(x))
of each element x X to the set A, respectively, and 0 < uA
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(x) +vA(x) <1 for each xeX. Denote by IFS(X), the set of
all intuitionistic fuzzy sets in X.

Definition 2.2: [1] Let A and B be IFSs of the form A =
{<x, pA(X), vA(X)>/ xeX} and B = {<x, uB (X), vB(X)> /
xeX}. Then

(a)A B if and only if pA (X) < uB (X) and vA(X) > vB(X)
for all xeX

(b)A=Bifand onlyif AcB and B cA

(©)A" = {< x, vA(X), LA(X)>/ X eX}
(DA N B = {<x, pA(X) NuB(X), VA(X) UvB(X)>/ xeX}
(e)A UB = {<x, pA(X) UuB(X), VA(X) nvB(X)>/ x €X}

We shall use the notation A = { X, uA, vA) instead of A =
X, BA(X), VA(X)) / x eX}.

The intuitionistic fuzzy sets 0~ = {(x, 0, 1) / x eX} and 1~ =

{(x, 1,0)/x eX} are respectively the empty set and the
whole set of X.

Definition 2.3: [11] The IFS p (a, B) = <X, po, p1- > where
a €(0, 1], B €[0, 1) and o + B < 1 is called an intuitionistic
fuzzy point (IFP for short) in X.
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Definition 2.4: [6] Let p (o, B) be an IFP of an IFTS (X, 1).
An IFS A of X is called an intuitionistic fuzzy
neighborhood of p (a, B) if there exists an IFOS B in X such
thatp (o, ) € B A

Definition 2.5: [3] An intuitionistic fuzzy topology (IFT
for short) on X is a family t of IFSs in X satisfying the
following axioms.

(i) 0~, 1~et

(iNG1NG2ert for any G1, G2et

(iii)UGi e 1 for any family {Gi /i€l }et.

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

complement A® of an IFOS A in IFTS (X, 1) is called an
intuitionistic fuzzy closed set (IFCS in short) in X.

Definition 2.6: [3] Let (X, 1) be an IFTS and A= ( X, HA,
vA) be an IFS in X. Then the intuitionistic fuzzy interior and
intuitionistic fuzzy closure are defined by int(A) = U{ G/G
isan IFOS in X and G = A}and cl(A) = n{ K /K is an IF)S
in X and A < K }. Note that for any IFS A in (X ,1) (W

have cl(A%)=[int(A)]¢ and int(A%)= [cl(A)]°[11]. (il

Definition 2.7: [9] An IFS A= <X, uA, VA> in an IFTS (X,
1) is said to be an

(i) Intuitionistic fuzzy semi closed set (IFSCS in short) if
int(cl(A)) c A

(ii) Intuitionistic fuzzy pre closed set (IFPCS in short) if
cl(int(A)) c A

(iii) intuitionistic fuzzy o closed set (IFaCS in short) if
cl(int(cl(A)) < A. These respective complements of the
above IFCS s are called their respective IFOSs. The family
of all IFSCSs, IFPCSs, and IFaCSs (respectively IFSOSs,
IFPOSs and IFaOSs) of an IFTS(X, t) are respectively
denoted by IFSC(X), IFPC(X) and IFaC(X) (respectively
IFSO(X), IFPO(X) and IFaO(X)).

Definition 2.8: [6] An IFS A=( X, LA, VA) in an IFTS (X, 1)
is said to be an intuitionistic fuzzy beta closed set (IFBCS in
short) if int (cl(int(A))) < A.

Definition 2.9:[10] An IFS A in an IFTS (X,t) is said
to be an intuitionistic fuzzy generalized beta closed set
(IFGBCS for short) if pcl(A) cU whenever AcU and U is an
IFOS in (X, 7).

Definition 2.10: [7] An IFS A in an IFTS (X,t) is said
to be an intuitionistic fuzzy = generalized beta closed
set (IFGBCS for short) if pcl(A) cU whenever AcU and U
is an IFxOS in (X,7).The family of all IFxGBCSs of an
IFTS (X,) is denoted by IFTGBC(X).
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Definition 2.11: [6] Let A be an IFS in an IFTS (X,t). Then
Bint(A) = U{G / Gisan IFBOS in X and G cA}. Bcl(A) = N
{K/Kisan IFBCS in X and A cK}. Note that for any IFS A
in (X, 1), we have Bcl(A®) = (Bint(A)® and Bint(A%) =

(Bel(A)° [7].

Definition 2.12: [7] The complement AC of IFTGBCS in an
IFTS (X,1) is called an IFTGBOS in X.

Definition 2.13: [6] Let f be a mapping from an IFTS (X7)
into an IFTS (Y,0).Then f is said to be an intuitionistic
fuzzy closed mapping ((IFCM) for short) if f (A) is IFC(X)
in Y, for each ICS B inX.

Definition 2.14: [9] Let a mapping f: (X,t) —>(Y,c) Then f
is said to be an

(i) Intuitionistic fuzzy semi continuous mapping if f -1
elFSO(X) for every Be .

(i) Intuitionistic fuzzy a-continuous mapping if

£ 1(B) elFaO(X) for every Be.

(i) Intuitionistic fuzzy pre continuous mapping if f ~
elFPO(X) for every Be &.

(iv) Intuitionistic fuzzy B continuous mapping if

1(B) eIFBO(X) for every B € o.

(B)

@)

Definition 2.15: [10] Let f: (X,1) —(Y,c) be a mapping.
Then f is said to be an intuitionistic fuzzy generalized
Bcontinuous mapping (IFGBCM) if f '1(B)eIFGBC in X for
every IFCSBinY.

Definition 2.16: [7] Let f: (X,1) —(Y,c) be a mapping.
Then f is said to be an intuitionistic fuzzy = generalized f
continuous mapping (IFRGBCM) if f '1(B) e IFrGBC in X
forevery IFCSBinY.

Definition 2.17: [12] Let f be a mapping from an IFTS (X,
1) into an IFTS (Y,s). Then f is said to be intuitionistic

fuzzy almost continuous (IFA continuous in short) if f '1(B)
e IFC(X) for every IFRCS B in Y.

Definition 2.18: [11] Let f be a mapping from an IFTS (X,
7) into an IFTS (Y,5). Then f is said to be intuitionistic
fuzzy almost nGp continuous (IFATGpB continuous in

short) if f'l(B)e IFTGBC(X) for every IFRCS B in Y.

Definition 2.19: [6] Let ¢ (a,f) be an IFP in (X,t). An IFSA
of X is called an intuitionistic fuzzy beta neighborhood
(IFBN for short) of ¢ (a,p) if there is an IFBOS B in X such
that ¢ (a,B)eB<A.
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Definition 2.20: [7] A mapping f: X—Y is said to be an
intuitionistic fuzzy = generalized beta closed mapping
(IFTGBCM, for short) if f (A) is an IFRGBCS in Y for every
IFCSAin X.

Definition 2.21: [7] A mapping f: X —Y is said to be an
intuitionistic fuzzy M & generalized beta closed mapping
(IFM7GBCM, for short) if f (A) is an IFrGBCS in Y for
every IFrGBCS A in X.

Definition 2.22: [8] A mapping f: X —Y is said to be an
intuitionistic fuzzy almost mgeneralized beta continuous
mapping (IFATGBCM, for short) if f'l(A) is an IFtGBCS in
X for every IFRCS Ain'Y.

Definition 2.23: [5] Two IFSs A and B are said to be g
coincident (AgB in short) if and only if there exists and
element x e X such that pA(X) > vB(x) or VA(x) < pB(x).

Definition 2.24: [4] A mapping f: (X, 1) — (Y, o) is called
an

i) intuitionistic fuzzy contra continuous if f*(B) is an IFCS
in X for every IFOSBin Y [4]

ii) intuitionistic fuzzy contra beta continuous if

£1(B) is an IFBCS in X for every IFOS B in Y.[4]

iii) intuitionistic fuzzy contra nGp continuous if

£1(B) is an IFRGBCS in X for every IFOS B in Y.[8]

3. INTUITIONISTIC FUZZY ALMOST nGp CLOSED
MAPPINGS

In this section we have introduced intuitionistic fuzzy almost
nGB open mappings. We have investigated some of its
properties.

Definition 3.1: A map f: X—>Y is called an intuitionistic
fuzzy almost mgeneralized beta closed mapping
(IFATGBCM for short) if f (A) is an IFRGBCS in Y for each
IFRCS Ain X.

Example 3.2: Let X ={ab},Y={uv} and G1 =
(x,(0.4a,0.3b),( 0.5a, 0.6b)), G2 = (y,( 0.2u,0.3v),( 0.8y,
0.7v)).Then t ={0~, G1, 1~}and ¢ = { 0~, G2, 1~} are IFTs
on X and Y respectively. Define a mapping f: (X, 1) =(Y,0)
by f (2) =u and f (b) = v. Then fis an IFATGBCM.
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Definition 3.3: A map f: X>Y is called an intuitionistic
fuzzy almost n generalized  open mapping (IFArGB OM
for short) if f (A) is an IFrGBOS in Y for each IFROS A in
X.

Theorem 3.4: Every IFCM is an IFArGBCM but not
conversely.

Proof: Let f: X—Y be an IFCM. Let A be an IFRCS in X.
Since every IFRCS is an IFCS, A is an IFCS in X. Then f
(A) isan IFCS in Y. Since every IFCS is an IFTGBCS, f (A)
is an IFTGBCS in Y. Hence f is an IFATGf CM.

Example 3.5: In Example 3.2 f is an IFATGB CM but not an
IFCM since G1° = (x,(0.5a, 0.6h), (0.4a, 0.3b)) is an IFCS
in X but f(G1°) = (y,(0.5u,0.6v), (0.4u,0.3v)) is not an IFCS
in 'Y, since cl(f(G1%)) = G2°«f(G1°).

Theorem 3.6: Every IFSCM is an IFATGBCM but not
conversely.

Proof: Let f: X—Y be an IFSCM. Let A be an IFRCS in X.
Since every IFRCS is an IFCS, A is an IFCS in X. Then f
(A) is an IFSCS in Y. Since every IFSCS is an IFrGpCS, f
(A) is an IFTGBCS in Y. Hence f is an IFATGBCM.

Example 3.7: Let X ={ab}Y={uv} and G1 =
(x,(0.43,0.3h), ( 0.5, 0.6b)), G2 = (y,( 0.5u,0.4v), ( 0.2y,
0.3v)). Then t = {0~, G1, 1~} and o = {0~, G2, 1~} are IFTs
on X and Y respectively. Define a mapping f: (X,7)—(Y,oc)
by f(a) = u and f(b) = v. Then fis an IFArGBCM but not an
IFSCM, since G1° = (x,(0.5a,0.6b), (0.4y,0.3b)) is an IFCS

in X but f(G1%) = (y,(0.5u, 0.6v), (0.4u,0.3v)) is not an

IFSCS in Y, since int(cl(f(G1°))) = 1~ f(G1°).
Theorem 3.8: Every IFaCM is an IFArGBCM but not
conversely.

Proof: Let f: X—Y be an IFaCM. Let A be an IFRCS in X.
Since every IFRCS is an IFCS, A is an IFCS in X. Then f
(A) is an IFaCS in Y. Since every IFaCS is an IFrGBCS, f
(A) is an IFTGBCS in Y. Hence f is an IFARGBCM.

Example 3.9: In Example 3.2, fis an IFArGBCM but not
an IFaCM since G1°¢ = (x,(0.5a,0.6b), (0.4y,0.3p)) is an
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IFCS in X, but f(G1°) = (y,(0.5u,0.6v), (0.4u, 0.3v) ) is
not an IFaCS in Y, since cl(int(f(G1°))) = 1 « f(G1°).

Theorem 3.10: Every IFPCM is an IFArGBCM but not
conversely.

Proof: Let f: X >Y be an IFPCM. Let A be an IFRCS in X.
Since every IFRCS is an IFCS, Aiisan IFCS in X Then f (A)
is an IFPCS in Y. Since every IFPCS is an IFrGBCS, f (A)
isan IFTGBCS in Y. Hence f is an IFATGBCM.

Example 3.11: In Example 3.2 f is an IFATGBCM but not
an IFPCM, since G1°= (x, (0.5a, 0.6b), (0.4a, 0.3b)) is an
IFCS in X but f(G1°) = (y, (0.5u, 0.6v), (0.4u, 0.3v))is not an
IFPCS in Y, since cl(int(f(G1%))) = G2° «f(G1°) .

Theorem 3.12: Every IFGBCM is an IFATGBCM but not
conversely.

Proof: Let f: X—>Y be an IFGBCM. Let A be an IFRCS in
X. Since every IFRCS is an IFCS, Ais an IFCS in X Then f
(A) isan IFrGBCS in Y. Hence f is an IFArGBCM.

Example3.13: Let X ={a ,b},Y={u, v} and G1 =
(x,(0.13,0.1b), (0.43,0.4h)), G2 = (x,(0.2a,0b), (0.5a,0.5h)),
G3 = (¥,(0.5y,0.6v), (0.2u,0v)) and G4 = (y,(0.4u,0.1v),
(0.2y,0.1v)). Then = = {0~G1,G2,1~}and © =
{0~,G3,G4,1~}are IFTs on X and Y respectively. Define a
mapping f: (X, 1) =>(Y,c) by f (a) =u and f (b) = v. Then fis
an IFARGPM but not an IFGBCM , since G2¢ =
(x,(0.5a,0.5b), (0.2a, Ob))is an IFCS in X but f(G2°%) = (y,(
0.5u,0.5v), ( 0.2u, Ov)) is not an IFAGBCS in Y, since f(G2°)

< G3 but el(f(G2°) = 1~zG3.

Theorem 3.14: Every IFACM is an IFArGBCM but not
conversely.

Proof: Let f: (X, ©) —(Y,0) be an IFACM. Let A be an
IFRCS in X. Since f is IFACM, f (A) is an IFCS in Y. Since
every IFCS is an IFRGBCS, f (A) is an IFtGBCS in Y
.Hence fis an IFARGBCM.

Theorem 3.15: Let f: X —>Y be a mapping. Then the

following are equivalent
(i) fis an IFATGBOM
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(i) fis an IFATGBCM.
Proof: Straightforward

Theorem3.16 A bijective mapping f: X —Y is an IFArGp
closed mapping if and only if the image of each IFROS in X
isan IFtGBOS in Y.

Proof Necessity: Let A be an IFROS in X. This implies AC
is IFRCS in X. Since f is an IFAnGf closed mapping, f(AC)

is an IFRGPCS in Y .Since f (A%) = (f (A)°, f (A) is an
IFRGBOS in Y.

Sufficiency: Let A be an IFRCS in X. This implies A%isan
IFROS in X. By hypothesis, f (AC) is an IFtGBOS in Y.

Since f (A°) = (f (A))°, f (A) is an IFRGBCS in Y. Hence f is
an IFA=Gp closed mapping.

Theorem3.17 Let f :( X, ©) —(Y,c ) be an IFArGp closed
mapping. Then f is an IFA closed mapping if Y is an
IFrpT1/2space.

Proof: Let A be an IFRCS in X. Then f (A) is an IFrGBCS
in Y, by hypothesis. Since Y is an IFrBT1/2 space, f (A) is
an IFCS in Y. Hence f is an IFA closed mapping.

Theorem3.18: Let f: X—Y be a mapping where Y is an
IFRBT 1, space .Then the following are equivalent:

(i) fis an IFATGBCM

(i) Bel(f(A))f(cl(A))for every IFBOS A in X

(i) Bel (F(A))<f(cl(A))for every IFSOS A in X. (iv)
f (A)Bint(f(int(cl(A)))) for every IFPOS A in X.

Proof: (i)=(ii) Let A be an IFBOS in X .Then cl(A) is an
IFRCS in X. By hypothesis f (A) is an IFtGBCS in Y and
hence is an IFBCS in Y, since Y is an IFrpT1/2space.This
implies Bel(f(cl(A))) = f(cl(A)).

Now Bel(f(A) cPBel(f(cl(A)))=
BeI(f(A))=f(cI(A).

(if)=(iii) Since every IFSOS is an IFBOS ,the proof directly
follows.

(iii)=(i) Let A be an IFRCS in X. Then A = cl(int(A)).
Therefore A is an IFSOS in X. By hypothesis, Bcl(f(A)) <
f(cl(A)) = f(A) < Pcl(f(A)). Hence f (A) is an IFBCS and

f(cl(A)). Thus
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hence is an IFtGBCS in Y. Thus f is an IFATGBCM.
(D=(iv)Let A be an IFPOS in X. Then Acint(cl(A)).Since
int(cl(A)) is an IFROS in X, by hypothesis, f(int(cl(A))) is an
IFTGBOS in Y. Since Y is an IFnBT1/2 space, f(int(cl(A)))
is an IFBOS in Y.
Therefore f(A)cf(int(cl(A)))<pint(f(int(cl(A)))).

(iv)=(i) Let A be an IFROS in X. Then Ais an IFPOS in X.
By hypothesis, f(A)cpint(f(int(cl(A)))) =Bint(f(A))=f(A).
This implies f(A) is an IFBOS in Y and hence is an
IFTGBOS in Y. Therefore f is an IFATGBCM.

Theorem 3.19: Let f: X —Y be a mapping. Then f is an
IFARGBCM if for each IFP c(a,B)eY and for each IFBOS B
in X such that f(c(a,p)eB, Bcl(f(B)) is an IFBN of
c(a,p)eY.

Proof: Let c(o,p)eY and let A be an IFROS in X. Then A is

an IFBOS in X. By hypothesis f'l(c(a,B))eA jthat is
c(o,p)ef(A) in Y and Bcl((f(A)) is an IFBN of c(a, B) in Y.
Therefore there exists an IFBOSB in Y such that c(a,p))eB
< PBel(f(A).We  have  c(a,B)ef(A)<Bcl(f(A)).Now
B=u{c(a,B)/c(0,p)eB}= f(A).

Therefore f(A) is an IFBOS in Y and hence an IFrGBOS in
Y Thus fisan IFATGBOM.

Hence by Theorem 3.15 f is an IFATGBCM.

Theorem 3.20:Let f :X—Y be a mapping. If f is an
IFATGBCM then nGBcl(f(A)<f(cl(A)) for every IFBOS A in
X.

Proof: Let A be an IFBOS in X. Then cl(A) is an IFRCS in
X. By hypothesis f(cl(A)) is an IFrGBCS in Y. Then
nGBel(f(cl(A)) = f(cl(A)). Now
nGBCl(f(A))=rgBel(f(cl(A)))<f(cl(A)). That is
nGRcl(f(A)<f(cl(A)).

Corollary 3.21: Let f : X—>Y be a mapping. If f is an
IFARGBCM, then nGBcl(f(A)cf(cl(A))for every IFSOS A
in X.

Proof: Since every IFSOS is an IFBOS, the proof directly
follows from the Theorem 3.20

Corollary3.22: Let f : X—>Y be a mapping. If f is an
IFATGBCM, then =G Bcl(f(A)cfcl(A)) for every IFPOS A
in X.

Proof: Since every IFPOS is an IFBOS, and hence nGpOS,
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the proof directly follows from the Theorem 3.20.

Theorem 3.23: Let f: X —Y be a mapping. If f is an
IFATGBCM, then =nGBcl(f(A))cf(cl(Bint(A))) for every
IFBOS A'in X.

Proof: Let A be an IFBOS in X. Then cl(A) is an IFRCS in
X. By hypothesis , f(cl(A)) is an IFtGBCSin Y.
Then nGBcl(f(A)) cngBcl(f(cl(A)))=
cf(cl(Bint(A))), since Bint(A) = A.

f(cl(A))

Corollary3.24: Let f :X—>Y be a mapping. If f is an
IFARGBCM, then =nGBcl(f(A))<f(cl(Bint(A))) for every
IFSOS Ain X.

Proof: Since every IFSOS is an IFBOS, the proof directly
follows from the Theorem 3.23.

Corollary3.25: Let f :X—Y be a mapping. If fis an
IFATGBCM, then nGRcl(f(cl(A))) < f(cl(Bint(A))) for every
IFPOS A'in X.

Proof: Since every IFPOS is an IFBOS, the proof directly
follows from the Theorem 3.23.

Theorem 3.26: Let f: X —Y be a mapping. If
f(Bint(B))<pint(f(B)) for every IFSB in X, then f is an
IFATGBOM.

Proof: Let B < X be an IFROS. By hypothesis, f(Bint(B))
< Bint(f(B)).Since B is an IFROS, it is an IFBOS in X.
Therefore Bint(B)=B. Hence f(B)=f(Bint(B)) <Bint(f(B))
cf(B). This implies f(B) is an IFBOS and hence an IFrGBOS
in Y. Thus fis an IFARGBOM.

Theorem 3.27: Let f : X —Y be a mapping. If
Bel(f(B))cf(Bcl(B)) for every IFSB in X, then f is an
IFATGBCM.

Proof: Let B < X be an IFRCS. By hypothesis, pcl(f(B)) <
f(Bcl(B)). Since B is an IFRCS it is an IFBCS in X.
Therefore Bcl(B)=B. Hence f(B) = f(pcl(B)) opcl(f(B))
of(B). This implies f(B) is an IFBCS and hence an
IFTGBCSin Y. Thus fisan IFATGBCM.

Theorem 3.28: Let f :X —Y be a mapping where Y is an
IFnBT1/2 space Then the following are equivalent.
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fisan IFATGBOM
for each IFPc(a,B) in Y and each IFROSB in X such that f

1(c(a,B))eB, cl(f(cl(B))) is an IFBN of c(a,p) in Y.
Proof: (i)=(ii) Let c(a,B)eY and let B be an IFROS in X

such that f "1(c(a, B))eB. That is c(a,B) <f(B).

By hypothesis f(B) is an IFrGBOS in Y. Since Y is an
IFrBT1/2 space, f(B) isan IFBOS in Y.

Now c(a,B)ef(B) <f(cl(B)) ccl(f(cl(B))). Hence cl(f(cl(B)))
isan IFBN of c(a,p) in Y.

(ii)=(i) Let B be an IFROS in X . Then f '1(c(a,B))eB. This
implies c(o,B)ef(B). By hypothesis, cl(f(cl(B))) is an IFBN
of c(o,B). Therefore there exists an IFBOS A in Y such that
c(a,B)eA c cl(f(cl(B))).

Now A= u{c(a ,B)/c(a, B)eA} =f(B). Therefore f(B) is an
IFBOS and hence an IFTGBOS in Y .

Thus fisan IFARGBOM.

Theorem 3.29:The following are equivalent for a mapping f
: X —>Y where Yisan IFafT1/2 space

0] f is an IFATGBCM
(i) Bel(f(A)) < f(acl(A)) for every IFBOS Ain X
@iinpcl(f(pA)) < focl(A))for every IFSOS A
(iv) f(A) c Bint(f(scl(A))) for every IFPOS Ain X.

Proof:(i)=(ii) Let A be an IFBOS in X .Then cl(A) is an
IFRCS in X. By hypothesis f(A) is an IFrGBCS in Y and
hence is an IFBCS in Y, since Y is an IFxpT1/2 space .This
implies Bcl(f(cl(A)))=f(cl(A)). (i)
Now Bcl(f(A)) < Bel(f(cl(A))) = f(cl(A)). Since cl(A) igign
IFRCS, cl(int(cl(A)))= cl(A).
Therefore  Bcl(f(A)) <
f(AUCI(int(cl(A)))) < f(acl(A)).
Hence Bcl(f(A)) < f(acl(A)).
(if)=(iii) Let A be an IFSOS in X. Since every IFSOS is an
IFJOS, the proof is obvious.

(iii)=(i)Let A be an IFRCS in X. Then A =cl(int(A)).
Therefore A is an IFSOS in X. By hypothesis,

Bel(f(A)) < f(acl(A)) < f(cl(A)=Ff(A)< Bcl(f(A)).That is
Bel(f(A))=f(A).

Hence f(A) is an IFBCS and hence is an IFtGBCS in Y. Thus
fisan IFARGBCM.

(i)=(iv) Let A be an IFPOS in X. Then A c int(cl(A)).Since
int(cl(A)) is an IFROS in X, by hypothesis f(int(cl(A))) is an
IFTGBOS in Y. Since Y is an IFxpT1/2 space, f(int(cl(A)))
is an IFBOS inY.Therefore f(A) < f(int(cl(A) <

(iif)

flcl(A)=(cl(int(cl(A))) <

© 2018, IJSRMSS All Rights Reserved

Vol. 5(4), Aug 2018, ISSN: 2348-4519

Bint(f(int(cl(A)))) =Bint(f(Avint(cl(A))))
=Bint(f(scl(A))). That is f(A)<Bint(f(scl(A))).
(iv)=(i)Let Abe an IFROS in X. Then Alisan IFPOS in X.
By hypothesis, f(A) < Bint(f(scl(A))). This implies f(A) <
Bint (f(Auint(cl(A)))) < Bint(f(AUA))=Bint(f(A))

f(A).Therefore f(A) is an IFBOS in Y and hence an
IFTGBOS in Y .Thus f is an IFATtGBCM by Theorem 3.13

n

Theorem 3.30: Let f: X—>Y be a mapping where Y is an
IFRBT1/2 space. If fis an IFARGBCM, then
int(cl(int(f(B))))< f(pcl(B)) for every IFRCS B in X.

Proof: Let BcX be an IFRCS. By hypothesis, f(B) is an
IFTGBCS in Y. Since Y is an IF=BT 4, space, f(B) is an
IFBCS in Y. Therefore Bcl(f(B))=f(B). Now int(cl(int(f(B))))
cf(B)wint(cl(int(f(B)))) =pcl(f(B))=f(B)= f(Bcl(B)).

Hence int(cl(int(f(B))))<f(Bcl(B)).

Theorem 3.31 Let f: XnY be a mapping where Y is an
IFRBT 1, space. If fis an IFATGBCM, then
f(Bint(B) )ccl(int(cl(f(B)))) for every IFROS B in X.

Proof: This theorem can be easily proved by taking
complement in Theorem 3.30

Theorem3.32: Let f: (X ,t) —(Y, o) be a mapping from an
IFTS X into an IFTS Y. Then the following conditions are
equivalent if Y isan IFxBT1/2 space.

f isan IFATGBCM

f is an IFATGBOM

f(int(A)) < int(cl(int(f(A)))) for every IFROS A in X.

Proof : (i) = (ii) It is obviously true.

('ii) = (iiii) Let A be any IFROS in X. This implies A is an
IFOS in X. Then int(A) is an IFOS in X. Then f(int(A)) is
an IFrGBOS in Y. Since Y is an IFBT1/2 space , f(int(A))
isan IFOSinY.

Therefore f(int(A)) = int ( f( int(A)) < int ( cl( int ( f(A)))).
(iii) = (i) Let A be an IFRCS in X. Then its complement A°
is an IFROS in X. By hypothesis

f(int(A%)c  int(cl(int(f(A%)))). This  implies (A%
int(cl(int(f(A%)))). Hence f(A°) is an IFaOS in Y.

Since every IFaOS is an IFrGBOS ,f(AC) is an IFTGBOS in
Y. Therefore f(A) is an IFTGBCS in Y. Hence f is an
IFATGBCM.
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Theorem 3.33 Let f: (X, 1) — (Y, 6 ) be an IFA closed
mapping and g : (Y, 0 ) — (Z, 8 ) is IFAnGp closed
mapping, then gof : (X, t) —(Z, 8) is an IFA closed
mapping. if Z is an IFTBT1/2 space.

Proof: Let A be an IFRCS in X. Then f(A) isan IFCS in Y.
Since g is an IFnGp closed mapping, g(f(A)) is an IFtGBCS
in  Z. Therefore g(f(A)) is an IFCS in Z, by hypothesis.
Hence g.f is an IFA closed mapping.

Theorem 3.34 Let f: (X, 1) — (Y, ¢ ) be an IFA closed
mapping and g : (Y, o) — (Z,n ) be an IFnGP closed
mapping. Then gof: (X, 1) — (Z, 1) is an IFAnGP closed
mapping.

Proof: Let A be an IFRCS in X. Then f(A) isan IFCSin Y,
by hypothesis. Since g is an IFzGp closed mapping, g(f(A))
is an IFTGBCS in Z. Hence gof is an IFATGp closed
mapping.

Theorem 3.35If f: (X, 1) — (Y, o) is an IFAnGp closed
mapping and Y is an IFzf3T1/2 space, then f(A) is an IFGCS
inY for every IFRCS Ain X .

Proof: Let f: (X, t) — (Y, o) be a mapping and let A be an
IFRCS in X. Then by hypothesis f(A) is an IFtGBCS in Y.
Since Y is an IFBT1/2 space, f(A) is an IFGCS inY.

Theorem 3.36 Let f: X— Y be a bijective mapping. Then
the following are equivalent.
(i) fis an IFARGBOM. (ii) f is an IFA=GBCM.

(iii) f * is an IFATGP continuous mapping.

Proof : (i) = (ii) is obvious from the Theorem 3.15

(if) =(iii) Let A < X be an IFRCS. Then by hypothesis,
f(A) is an IFTGBCS in Y. That is (f %) *(A) is an IFrGBCS
in Y. This implies f ! is an IFATGp continuous mapping.
(iif) = (ii) Let A < X be an IFRCS. Then by hypothesis (f -
Y (A) is an IFTGBCS in Y. That is f(A) is an IFRGBCS in
Y. Hence f is an IFATGBCM.

Theorem 3.37 Let f : X — Y be an IFATGBOM , where Y
is an IF<BT1/2 space. Then for each IFP ¢(a, ) in Y and
each IFROS B in X such that

f'l(c(a, B)) €B, cl(f(cl(B))) is an IFBN of c(a, B ) in Y.
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Proof: Let c¢(a, B) € Y and let B be an IFROS in X such that
f "Y(c(0, P)) € B. That is c(a, B) € f(B). By hypothesis, f(B)
is an IFTGBOS in Y. Since Y is an IFnBT1/2 space, f(B) is
an [FBOS in Y.

Now c(a, B) € f(B) < f(cl(B)) < cl(f(cl(B))). Hence
cl(f(cl(B))) is an IFPN of c(a, B) in Y.

Remark 3.38 If an IFS A in an IFTS (X, t ) is an IFTtGBCS
in X, then ntgPcl(A) = A. But the converse may not be true in
general, since the intersection does not exist in IFtGBCSs.

Remark 3.39If an IFS Ain an IFTS (X, 1) is an IFtGBOS
in X, then mgPint(A) = A. But the converse may not be true
in general, since the union does not exist in IFTGBOSs.

Theorem 3.40 Let f: X — Y be a mapping. If f is an
IFATGBCM, then mtgfcl(f(A)) < f(cl(A)) for every IFBOS A
in X.

Proof: Let A be an IFBOS in X. Then cl(A) is an IFRCS in
X. By hypothesis f(cl(A)) is an IFRGBCS in Y. Then
ngBel(f(cl(A)) = f(cl(A)). Now ngBcl(f(A)) <
gBel(f(cl(A))=f(cl(A)).

That is ngBcl(f(A)) < f(cl(A)).

Corollary 3.41 Let f: X — Y be a mapping. If f is an
IFATGBCM, then mgBcl(f(A) < f(cl(A)) for every IFTGBOS
Ain X

Proof: Since every IFSOS is an IFGBOS, the proof is
obvious from the Theorem 3.40.

Corollary 3.42 Let f: X — Y be a mapping. If f is an
IFATGBCM, then ngBcl(f(A) <f(cl(A)) for every IFGOS A
in X.

Proof: Since every IFGOS is an IFrGBOS, the proof is
obvious from the Theorem 3.38.

Theorem 3.43 Let f: X — Y be a mapping. If f is an
IFARGBCM, then mgBcl(f(A)) cf(cl(Bint(A))) for every
IFBOS A in X.

Proof: Let A be an IFBOS in X. Then cl(A) is an IFRCS in
X. By hypothesis, f(cl(A)) isan IFtGBCS in Y.
Then mgBcl(f(A)) < mgBel(f(cl(A))) =
f(cl(Bint(A))), since Bint(A) = A.

ficl(A)) <
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4: INTUITIONISTIC FUZZY CONTRA =nGp OPEN
MAPPINGS

In this section we have introduced intuitionistic fuzzy contra
nGB open mappings. We have investigated some of its
properties.

Definition 4.1: A mapping f: (X, t) — (Y, o) is said to be
an intuitionistic fuzzy contra m generalized beta open
mapping (IFCrGBOM for short) if f(A) is an IFrtGBCS in Y
for every IFOS Ain X.

Example 4.2: Let X ={a, b}, Y = {u, v} and G1 = (x, (0.3,
0.1), (0.6, 0.7) »,G2 = (y, (0.5, 0.4), (0.5, 0.6) ). Then T =
{0~, G1, 1~} and ¢ = {0~, G2, 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 IFCTGPOM.

Definition 4.3: A mapping f: (X, ©) = (Y, o) is called an
intuitionistic fuzzy contra  w generalized beta closed
mapping (IFCnGp closed in short) if for every IFCS A of
(X, 1), f(A) is an IFtGPOS in (Y,0).

Theorem 4.4: For a bijective mapping f : (X, 1) — (Y, o),
where Y is an IFnBT1/2 space, the following statements are
equivalent:

(i) fis an IFCrgBOM.

(ii) for every IFCS A in X, f(A) is an IFrGBOS in Y

(iii) for every IFOS B in X, f(B) is an IFrtGBCS in Y .

(iv) for any IFCS A in X and for any IFP p(a, B)e Y, if ™
(P(c, B)) q A, then p(c., B) q Bint(f(A))

(v) For any IFCS A in X and for any p(a, B) € Y, if f “(p(a,
B)) qA, then there exists an IFtGBOS B such that p(a, f)qB
and f (B) c A.

Proof: (i) = (ii) Let A be an IFCS in X. Then A° is an IFOS
in X. By hypothesis, f(A°) is an IFrGBCS in Y. That is f(A)°
is an IFtGBCS in Y. Hence f(A) is an IFrgBfOS in Y.

(ii) = (i) Let A be an IFOS in X. Then A®is an IFCS in X.
By hypothesis, f(A®) = (f(A))° is an IFrGBOS in Y. Hence
f(A) is an IFRGBCS in Y. Thus f is an IFCrGBOM.

(if) = (iii) is obvious.

(if) = (iv) Let A < X be an IFCS and let p(a, B)eY. Assume
that f (p(a, B)) q A. Then p(a, B) q f(A). By hypothesis,
f(A) is an IFrGBOS in Y. Since Y is an IFBT1/2 space, f(A)
is an IFBOS in Y. This implies Bint(f(A)) = f(A).Hence p(a,
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B) qBint(f(A)).

(iv) = (ii) Let A < X be an IFCS and let p(a, B) € Y.
Assume that f'l(p(a, B)) q A. Then p(a, B) q f(A). By
hypothesis p(a, B) qPfint(f(A)). That is f(A) <Pint(f(A))
cf(A).Therefore f(A) = Bint(f(A)) is an IFBOS in Y and
hence an IFTGBOS in Y.

(iv) = (v) Let A < X be an IFCS and let p(a, B) € Y.
Assume that f '1(p(a, B)) 9 A. Then p(a, B) q f(A). This
implies p(a, B) q Bint(f(A)). Thus f(A) is an IFBOS in Y and
hence an IFTGBOS in Y. Let f(A) = B.

Therefore p(a, B)q B and £ *(B) = f (f(A)) < A.

(V) = (iv) Let A =X be an IFCS and let p(a, B) €Y. Assume
that f “(p(a, B)) q A. Then p(a, B) q f(A). By hypothesis
there exists an IFrGBOS B in Y such that p(a, f) q B and f~
Y(B) c A. Let B = f(A).

Then p(a, B) q f(A). Since Y is an IFBT1/2 space, f(A) is an
IFBOS in Y. Therefore p(a, B) qPint(f(A)).

Theorem 4.5: Let f: (X, t) — (Y, o) be a bijective mapping.
Suppose that one of the following properties hold:

(i) f(cl(B)) < int(Bcl(f(B))) for each IFS B in X

(i) cl(Bint(f(B))) c f(int(B)) for each IFS B in X

(iii) f Y(cl(Bint(A))) < int(f *(A)) for each IFS Ain Y

(iv)f Y(cl(A)) < int(f (A)) for each IFBOS A in Y

Then f is an IFCTGBOM.

Proof: (i) = (ii) is obvious by taking the complement in (i).
(ii) = (iii) Let A < Y. Put B = f "(A) in X. This implies A =
f(B)inY.

Now cl(Bint(A)) = cl(Bint(f(B))) < f(int(B)) by (ii).
Therefore f *(cl(Bint(A))) < f *(f(int(B))) = int(B) = int(f -
().

(iii) = (iv) Let A — Y be an IFBOS . Then Bint(A) = A. By
hypothesis, f *(cl(Bint(A))) < int(f (A)).

Therefore f *(cl(A)) < int(f (A)).

Suppose (iv) holds: Let A be an IFOS in X. Then f(A) is an
IFS in Y and Bint(f(A)) is an IFBOS in Y. Hence by
hypothesis, we have f *(cl(Bint(f(A)))) < int(f *(Bint(f(A))))
c int(f (f(A))) = int(A) < A.

Therefore cl(Bint(f(A))) = f(f *(cl(Bint(f(A))))) <f(A). Now
cl(int(f(A))) < cl(Bint(f(A))) = f(A).

This implies f(A) is an IFPCS in Y and hence an IFxGBCS
inY. Thus fis an IFCtGBOM.

Theorem 4.6: Let f': (X, 1) — (Y, o) be a bijective mapping.
Suppose that one of the following properties hold:
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(i) f *(Bcl(A)) < int(f (A)) for each IFS Ain Y

(ii) Bel(f(B)) < f(int(B)) for each IFS B in X

(iii) f(cl(B)) < Bint(f(B)) for each IFS B in X Then f is an
IFCTGBOM.

Proof: (i) = (ii) Let B < X. Then f(B) is an IFS in Y. By
hypothesis, f (Bcl(f(B))) cint(f *(f(B))) = int(B).

Now Bel(f(B)) = f(f “(Bel(f(B)))) < f(int(B)).

(i) = (iii) is obvious by taking complement in (ii).

Suppose (iii) holds. Let B be an IFCS in X. Then cl(B) = B
and f(B) isan IFSin Y.

Now f(B) = f(cl(B))cBint(f(B)) < f(B), by hypothesis. This
implies f(B) is an [FBOS in Y and

Hence an IFxGBOS in Y. Thus f is an IFCaGBOM by
Theorem 4.4.

Theorem 4.7: Let f: (X, 1) — (Y, o) be a bijective mapping.
Then fis an IFCTGBOM if
cl(f *(A)) < f (Pint(A)) for every IFS Ain Y.

Proof: Let A be an IFCS in X. Then cl(A) = A and f(A) is
an IFS in Y. By hypothesis

cl(f 1(f(A))) < f (Bint(f(A))). Therefore A = cl(A) = cl(f
H(f(A))) < f(Bint(f(A))).

Now f(A) c f(f "(Bint(f(A)))) = Bint(f(A)) < f(A). Hence
f(A) is an IFBOS in Y and hence an IFiGBOS in Y. Thus f is
an IFCtGBOM by Theorem 4.4.

Theorem 4.8: If f: (X, 1) — (Y, o) is an IFCtGBOM, where
Y is an IFBT1/2 space, then the following conditions are
hold:

(1) Bel(f(B)) < f(int(Bcl(B))) for every IFOS B in X

(i1) f(cl(Bint(B))) < Bint(f(B)) for every IFCS B in X

Proof: (i) Let B < X be an IFOS. Then int(B) = B. By
hypothesis f(B) is an IFtGBCS in Y. Since Y is an IFzf3T1/2
space, f(B) is an IFBCS in Y. This implies Bcl(f(B)) = f(B) =
f(int(B)) <f(int(Bcl(B))).

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

Theorem 4.9: A mapping f : (X, 1) — (Y, o) is an
IFCrGBOM if f(Bcl(B)) < int(f(B)) for every IFS B in X.

Proof: Let B < X be an IFCS. Then cl(B) = B. Since every
IFCS is an IFBCS , Bcl(B) = B. Now by hypothesis, f(B) =
f(Bcl(B)) < int(f(B)) < f(B). This implies f(B) is an IFOS in
Y. Therefore f(B) is an IFrGBOS in Y. Hence f is an
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IFCnGBOM.

Theorem 4.10: A mapping f : (X, 1) — (Y, o) is an
IFCrGBOM, where Y is an IFxfT1/2 space if and only if
f(Bcl(B)) < Pint(f(cl(B))) for every IFS B in X.

Proof: Necessity: Let B < X be an IFS. Then cl(B) is an
IFCS in X. By hypothesis f(cl(B)) is an IFrGBOS in Y.
Since Y is an IFBT1/2 space, f(cl(B)) is an IFBOS in Y.
Therefore f(Bcl(B)) < f(cl(B)) = Bint(f(cl(B))).

Sufficiency: Let B < X be an IFCS. Then cl(B) = B. By
hypothesis, f(Bcl(B)) < Bint(f(cl(B))) = Pint(f(B)). But
Becl(B) = B. Therefore f(B) = f(Bcl(B)) <Pint(f(B) < f(B).
This implies f(B) is an IFBOS in Y and hence an IFrGBOS
in Y. Hence f is an IFCtGBOM.

Theorem 4.11: An IFOM f: (X, 1) — (Y, o) is an
IFCrGBOM if IFrGBO(Y) = IFTGBC(Y).

Proof: Let Ac X be an IFOS. By hypothesis, f(A) is an
IFOS in Y and hence is an IFTGBOS in Y. Thus f(A) is an
IFTGBCS in Y, since IFTGRO(Y) = IFrGBRC(Y). Therefore f
is an IFCtGBOM.

Definition 4.12: A mapping f : (X, 1) — (Y, o) is said to be
an intuitionistic fuzzy almost contra © generalized B open
mapping (IFACrGBOM for short) if f(A) is an IFTGBCS in
Y for every IFROS A in X.

Example 4.13: Let X = {a, b}, Y = {u, v} and G1 = (x, (0.4
0.2), (0.5, 0.4),G2 = {y, (0.5, 0.3), (0.5, 0.4) ). Then T = {0~,
G1, 1~} and o = {0~, G2, 1~} are IFTs on X and Y
respectively. Define a mapping f: (X, t) = (Y, o) by f(a) =
u and

f(b) = v. Then f is an IFACtGBOM.

Theorem 4.14: If f: (X, 1) — (Y, o) is a bijective mapping,
where Y is an IFzBT1/2 space, then the following conditions
are equivalent:

(i) fis an IFACrGBOM.

(i) f(A) < IFrGBO(Y) for every A e IFRC(X) .

(iii) f(int(cl(A))) BIFTGBC(Y) for every IFOS A € X.

(iv) f(cl(int(A))) < IFrGBO(Y) for every IFCS A € X.

Proof: (i) = (ii) is obvious.

(i) = (iii) Let A be any IFOS in X. Then int(cl(A)) is an
IFROS in X. By hypothesis, f(int(cl(A))) is an IFTGBCS in
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Y. Hence f(int(cl(A))) € IFrGBC(Y).

(iii) = (i) Let A be any IFROS in X. Then A'is an IFOS in
X. By hypothesis, f(int(cl(A))) € IFrGBC(Y).

That is f(A) € IFrGB (Y), since int(cl(A)) = A. Hence f is an
IFACGBOM.

(i) = (iv) is similar as (i) = (iii).

Theorem 4.15: If f : (X, 1) — (Y, o) is a mapping, where X
is an IFBT1/2 space, then the following are equivalent:

(i) fis an IFACrG continuous mapping .
(ii) f "(A) e IFRGBO(X) for every A € IFRC(Y)

(iii)  "(int(cl(G))) eIFrGBC(X) for every IFOS G Y
(iv) f (cl(int(H))) eIFrGPO(X) for every IFCSH < Y

Proof: (i) = (ii) Let A be an IFRCS in Y. Then A® is an
IFROS in Y. By hypothesis, f (A% is an IFxGBCS in X.
Therefore f (A) is an IFrGPOS in X. Therefore f (A) is an
IFTGBOS in X.

(i) = (iii) Let G be any IFOS in Y. Then int(cl(G)) is an
IFROS in Y. By hypothesis, f “(int(cl(G))) is an IFrGPCS in
X. Hence f "(int(cl(G))) e IFRGBC(X).

(iii) =(i) Let A be any IFROS in Y. Then A is an IFOS in
Y. By hypothesis, we have f "(int(cl(A))) cIFrGBC(X).
That is f*(A) e IFRGBC(X), since int(cl(A)) = A. Hence f is
an IFACnGp continuous mapping.

(ii) = (iv) is similar to (i) = (iii).

Definition 4.16: A mapping f: (X, t) — (Y, o) is said to be
an intuitionistic fuzzy contra MnGp open mapping
(IFCM=GBOM ) if f(A) is an IFrGBCS in Y for every
IFRGBOS A in X.

Example 4.17: Let X = {a, b}, Y = {u, v} and G1 = (x, (0.5,
0.6), (0.4, 0.3)) , G2 = (y, (0.2, 0.3), (0.8, 0.7)). Then t =
{0~, G1, 1~} and ¢ = {0~, G2, 1~} are IFTs on X and Y
respectively. Define a mapping

f: (X 1) =>(Y, o) by f(&) = u and f(b) = v. Then f is an
IFCM7GBOM.

Theorem 4.18: Let f : (X, 1) — (Y, o) be a bijective
mapping. Then the following statements are equivalent:

(i) fis an IFCM7GBOM,
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(i) f(A) is an IFRGBOS in Y for every IFRGBCS A in X.

Proof: (i) = (ii) Let A be an IFrGBCS in X. Then ACis an
IFRGPOS in X. By hypothesis, f(A®) is an IFRGBCS in Y.
That is f(A)® is an IFrGBCS in Y. Hence f(A) is an
IFTGBOS in Y.

(ii) = (i) Let A be an IFRGBOS in X. Then A°® is an
IFRGBCS in X. By hypothesis, f(A°) is an IFtGBOS in Y.
Hence f(A) is an IFrGBCS in Y. Thus f is an IFCMnGBOM.

Theorem 4.19: Every IFCMnGBOM is an IFCrGBOM but
not conversely.

Proof: let f: (X, 1) — (Y, o) be an IFCMnGBOM , and Ac
X be an IFOS. Then A is an IFrGBOS in X. By hypothesis,
f(A) is an IFRGBCS in Y. Hence f is an IFCrGBOM.

Example 4.20 Let X = {a, b}, Y = {u, v} and G1 = (X, (0a,
0.3b), (0.5a, 0.4b)) ,G2 =( 'y, (0.2u, 0.4v), (0.5u, 0.4v)) G3 =(
Yy, (0.1u, 0.3v), (0.3u, 0.4v)) ,G4 =(y, (0.1u, 0.3v), (0.5u,
0.4v)) , G5 =( 'y, (0.2u, 0.4v), (0.3u, 0.4v) Yand G6 = (y,
(0.4u, 0.4v), (0.3u, 0.4v) ). Then Tt = {0~, G1, 1~} and c =
{0~, G2, G3 ,G4 ,G5, G6, 1~} are IFTs on X and Y
respectively. Define a mapping f: (X, 1) (Y, ) by f(a) =u
and f(b) = v. Then f is an IFCtGBOM but not an
IFCM=GBOM , since A = X, (0a, 0.3b), (0.5a, 0.4b) is an
IFCMn=GBOS in X but f(A) =y, (0u,0.3v), (0.5u,0.4v) is not
an IFtGBCSinY.

Theorem 4.21 (i) If f: (X, 1) — (Y, 6) is an [IFOM and g :
(Y, 6) — (Z, 1) be an IFCrnGBOM, then g,f is an
IFCGBOM.

1) Iff: (X, 1) = (Y, o) is an IFCrGPOM and g : (Y, 6) —
(Z,n) is an IFMTtGBCM, then g,f is an IFCTGBOM.

(i) If £ : (X, 1) — (Y, o) is an [FrGBOM and g : (Y, o)
—(Z, ) is an IFCMnGBOM, then g,f is an IFCrGBOM.
(v) Iff: (X, 1) = (Y, 0) is an IFCrGBOM and g : (Y, ) —
(Z, m) is an IFCM7GBOM, then g,f : (X, 1) — (Z, 1) is an
IFTGBOM.

Proof: (i) Let A be an IFOS in X. Then f(A) is an IFOS in
Y. Therefore g(f(A)) is an IFTGBCS in Z. Hence g-f is an
IFCrGBOM.
(if) Let A bean IFOS in X. Then f(A) isan IFrGBCS in Y.
Therefore g(f(A)) is an IFrGBCS in Z. Hence g-f is an
IFCrGBOM.
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(iii) Let A be an IFOS in X. Then f(A) is an IFzgBOS in Y.
Therefore g(f(A)) is an IFrGBCS in Z. Hence g-f is an
IFCrGBGOM.

(iv) Let A be an IFOS in X. Then f(A) is an IFrGBCS in Y,
since f is an IFCriGBOM. Since g is an IFCMnGBOM,
g(f(A)) is an IFRGBOS in Z. Therefore g-f is an IFRGBOM.

Theorem 4.22: If f: (X, 1) — (Y, o) is an IFCMaGBOM,
then for any IFTGBCS A in X and for any IFP p(a, B) € Y,

if £~ (p(0, B)) q A, then p(a, B)qnGp int(f(A)).

Proof: Let A < X be an IFtGBCS and let p(a, B) € V.
Assume that f ™ (p(c, B)) q A. Then p(a, B) 4 f(A). By
hypothesis, f(A) is an IFrGBOS in Y. This implies
nGRint(f(A)) = f(A). Hence p(a, B) (nGRIint(f(A)).

Theorem 4.23: If f : (X, 1)— (Y, o) is an IFCnGp closed
mapping and Y is an IFzfT1/2 space, then f(A) is an IFGOS
in'Y for every IFCS Ain X.

Proof: Let f: (X, t) = (Y,o ) be an IFCnGp closed mapping
and let A be an IFCS in X. Then by hypothesis f(A) is an
IFTGPOS in Y. Since Y is an I[FnfT1/2 space, f(A) is an
IFGOSinY.
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