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INTRODUCTION

Atanassov [1] introduced the notion
of intuitionistic fuzzy sets. Using the notion
of intuitionistic fuzzy sets, Coker [3]
introduced the notion of intuitionistic fuzzy
topological spaces. Intuitionistic fuzzy beta
continuous mappings in intuitionistic fuzzy

topological spaces are introduced by
Coker[3]. In this paper we introduce
intuitionistic fuzzy generalized beta

continuous mappings and intuitionistic fuzzy
generalized beta irresolute mappings and we
provide some characterizations.

Preliminaries
Definition 2.1: [1] An intuitionistic fuzzy set
(IFS in short) A in X is an object having the
form
A = {{X, pa (%), va(x)) /
xe X}
where the functions p, : X — [0,1] and va: X
— [0,1] denote the degree of membership
(namely pa(x)) and the degree of non -
membership (namely v, (x)) of each element
x €X to the set A, respectively, and O < p,
(x) + va(x) = 1 for each x €X. 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)) / x€X} and
B = { (x, us (X), va(x)) / xe X}. Then

(a) A € B if and only if pa (X) = p (X)
and vA(x) = vg(x) for all x eX

(b) A =Bifandonlyif A € B and B &
A

© A% = {(x,va(0), 1)) / x € X}

(d) A N B = {{X, paX) A pp(x), va(x) V
ve(X)) /x € X}

(@ A UB= {(x, 1a(X) V up(x), va(x) A
ve(X)) / x € X}

For the sake of simplicity, we shall use the

notation A = (X, Ha, Vay instead of

A = {{X, pa(x), va(x)) / x € X}.

The intuitionistic fuzzy sets 0 = {{x, 0, 1)/
x €X} and 1. = {{x, 1, 0) / x € X} are
respectively the empty set and the whole set
of X.

Definition 2.3: [7] The IFS c(a,B ) ={ X, Cu
,Ci1pywhereaes (0,1],B[0,1)and a+B
=< 1 is called an intuitionistic fuzzy point
(IFP for short) in X.

Definition 2.4: [3] An intuitionistic fuzzy
topology (IFT for short) on X is a family t of
IFSs in X satisfying the following axioms.
i O.,1.er

(i)) G1 NGy etforany G|, Gy et

(ii1) U Gj € 7 for any family {Gj/ieJ} & .

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

IFTS (X, 7©) is called an intuitionistic fuzzy
closed set (IFCS in short) in X.

Definition 2.5:[3] Let (X, t) be an IFTS and
A = (X, Ha, Vay be an IFS in X. Then the
intuitionistic fuzzy interior and intuitionistic
fuzzy closure are defined by

int(A)=U

{G/Gis an

IFOS in X

and G € A}

cl(A)=n

{K/Kisan

IFCS in X

and A € K}

Note that for any IFS A in (X, 1), we have cl(A®)
= (int(A))° and int(A°) = (cl(A)) [3].
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Definition 2.6:[3] An IFS A = (X, p,, va) in
an IFTS (X, 1) is said to be an

(1) intuitionistic fuzzy semi closed set
(IFSCS in short) if int(cl(A)) € A

(i) intuitionistic fuzzy pre closed set (IFPCS
in short) if cl(int(A)) € A

(1ii) intuitionistic fuzzy « closed set (IFQCS
in short) if cl(int(cl(A)) € A

(iv) intuitionistic  fuzzy beta closed set

(IFBCS for short) int(cl(int(A))) € A

The respective complements of the above
IFCSs are called their respective IFOSs.

Definition 2.7:[6] An IFS A in an IFTS (X,
1) is said to be an intuitionistic fuzzy
generalized beta closed set (IFGBCS for short) if
Bcl(A) € U whenever A € U and U is an
IFOS in (X, 1).

Every IFCS, IFGCS, IFSCS, IFPCS, IFaCS,
IFBCS and IFSPCS is an IFGBCS but the
separate converses may not be true in
general [6].

The family of all IFGBCSs of an IFTS (X, 1)
is denoted by IFGBC(X).

Definition 2.8:[3]
Let A be an IFS in an
IFTS (X, 1). Then
pint(A)=U {G/G s
an IFSPOS in X and
GCE A}

Bel(A)=n {K/Kis
an IFSPCS in X and
A CK}.

Note that for any IFS A in (X, 1), we have
Bel(A”) = (Bint(A)) and Bint(A°) =
(Bel(A)) [3].
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Definition 2.9:[6] The complement A° of an

IFGBCS A in an IFTS (X, 1) is called an
intuitionistic fuzzy generalized beta open set

(IFGBOS for short) in X.

Definition 2.10:[4] Let f be a mapping from
an IFTS (X, 7) into an IFTS (Y, ©). Then fis
said to be an intuitionistic fuzzy continuous (IF
continuous for short) mapping if f 'I(B) €
[FO(X) for every B € .

Definition 2.11: [5] Let f be a mapping
from an IFTS (X, 7) into an IFTS (Y, o).
Then f s said to be an

(1)  intuitionistic fuzzy semi continuous
(IFS continuous) mapping if f
1(B) e [FSO(X) for every B
€0

(1) dntuitionistic fuzzy o- continuous
(IFa- continuous) mapping if f
'1(B) € IFaO(X) for every B
€0

(111) intuitionistic fuzzy pre continuous (IFP
continuous) mapping if f ~(B)
elFPO(X) for every B €c

Definition 2.12: [7] Let f: (X, 1) = (Y, o) be
a mapping. Then f is said to be an intuitionistic
fuzzy generalized continuous (IFG continuous)
mapping if f (B) € IFGC(X) for every
IFCSBinY.

Definition 2.13:[7] Let c(a, B) be an IFP of
an IFTS (X, 7). An IFS A of X is called an
intuitionistic fuzzy neighborhood (IFN for
short) of c(a, p) if there exists an IFOS B in
X such that c(a, ) € B € A.

Definition 2.14:[6] If every IFGBCS in (X,
1) is an [FPCS in (X, 1), then the space can

be called as an intuitionistic fuzzy beta Ty,
space (IFPTy/, space for short).
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Theorem 2.15:[6] For any IFS A in an IFTS
(X, 1) whee X is an IFpTy, space, A €
IFGBO(X) if and only if for every IFP c(a, B
) € A, there exists an [IFGBOS B in X such
thatc(a,p) € B € A.

3. Intuitionistic fuzzy generalized beta
continuous mappings

In this section we introduce
intuitionistic ~ fuzzy  generalized beta
continuous mapping and investigate some of
its properties.

Definition 3.1: A mapping f: (X, 1) = (Y,
o) is called an intuitionistic fuzzy

generalized beta  continuous  (IFGP

continuous) mapping if £'(A) is an IFGBCS
in'Y for every IFCS A in X.

Example 3.2: Let X = {a, b}, Y = {u, v} and
Gy = (x, (0.65, 0.7p), (045, 0.3p)), G2 = (y,
0.5y, 0.7y), (0.5y, 0.3y)). Then t = {0, Gy,
1.} and 0 = {0, Gy, 1.} are IFTs on X and
Y respectively. Define a mapping f: (X, 1) -
(Y, 0 )by f(a) =u and f(b) = v. Then f is an
IFGP continuous mapping.

Note that Every IF continuous mapping, [Ff
continuous mapping, IFSP continuous
mapping, IFS continuous mapping, IFP
continuous mapping, IFG continuous
mapping and IFo- continuous mapping is
an IFGP continuous mapping but not
conversely. This can be easily seen from the
following examples.

Example 3.3: In Example 3.2, f is an [FG
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continuous mapping but not an IF
continuous mapping, not an IFG continuous
mapping, and not an IFS continuous

mapping.

Example 3.4: Let X = {a, b}, Y = {u, v}
and G1 = (x, (0.6, 0.7p), (0.24, 0.3p)), G2 =
(X, (0.2, 0.1p), (0.7, 0.8p)), G3 = (x, (0.5,,
0.6p), (0.54, 0.4p)), and let G4 = (y, (0.5,
0.3y), (0.5y, 0.7y)). Then 1t = {0, G, Gy,
G3, 1.} and 0 = {0, G4, 1.} are [FTs on X
and Y respectively. Define a mapping f: (X,
1) » (Y, 0) by f(a) = u and f(b) = v. Then f
is an IFGSP continuous mapping but not an
IFP continuous mapping, not an IFa
continuous mapping, and not an IFB

continuous mapping.

Example 3.5: Let X = {a, b}, Y = {u, v}
and G1 = (x, (0.5, 0.4p), (0.5, 0.6p)), G2 =
(X, (0.24, 0.3p), (0.83, 0.7p)), G3 = (x, (0.5,,
0.5p), (044, 0.5y)), G4 = (x, (0.65, 0.8p),
(0.4,, 0.2)), and let G5 = (y, (0.5y, 0.8y),
0.4y, 0.2y)) . Then t = {0, G1, G2, G3, Gy,
1.} and 0 = {0, G5, 1.} are IFTs on X and
Y respectively. Define a mapping f : (X, 1)
- (Y, 0) by f(a) = u and f(b) = v. Then f'is
an IFGSP continuous mapping but not an
IFSP continuous mapping, since Gs° is an
IFCS in Y but £'(Gs) is not an IFSPCS in X
because we cannot find any IFPCS A such
thatint(A)c  f'(Gs) C A.

Theorem 3.6: A mapping f: (X, 1) - (Y, 0)
is an IFGSP continuous mapping if and only
if the inverse image of each IFOS in Y is an
IFGBOS in X.
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Proof: The proof is obvious since f _I(AC) =

(7 (8)"
Theorem 3.7: Let f: (X, 1) > (Y, 0) be a
mapping from an [FTS X into an IFTS Y.
Then the following conditions are equivalent
if X and Y are IFPTq, spaces.
n f islan IFGP continuous mapping
@) f (B)is an IFGBOS in X for
each[FOSBinY
(i)  for every IFP c(a, B) in X and
for every IFOS B in Y such that
f(c(a, B)) € B, there exists an
IFGBOS A in X such that c(a,
B) € Aand f(A) € B.
Proof: (i) = (i1) is obvious from the
Theorem 3.6.
(i1) = (ii1) Let B be any IFOS in Y and let
c(a, B) € X. Given f(c(a, B)) € B. By
hypothesis f 'I(B) is an [IFGSPOS in X.
Take A= £ '(B). Now o(a, ) € f el
B))). ¥herefore f (f(c(a B)))
€ f (B)=A. This implies c(a, B) € A and
f(A) = f(f (B)) € B.
(ii1) = (i) Let A be an IFCS in Y. Then its
complement, say B is an IFOS in Y. Let c(a,
B) € X and f(c(a, B)) € B. Then there exists

an IFGSPOS, say C = f 1(B) in X such that
c(a,B) € C and f(C) S B. Therefore f
'(B) is an IFGBOS in X, by Theorem 2.15.
That is £ (A% is an IFGBOS in X and

hence £ (A) is an IFGBCS in X. Thus f is
an IFGp continuous mapping.

Theorem 3.8: Let f: (X, 1) = (Y,0) bea
mapping from an IFTS X into an IFTS Y.
Then the following conditions are
equivalent if X and Y are IFPTy, spaces.
(1) f is an IFGP continuous
mapping
(i)  for each IFP c(a, p) in X and
every IFN A of f(c(a, B)), there
exists an IFGBOS B m X such
that c(a,p) e BE (A)
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(i)  for each IFP c(ao, ) in X and
for every IFN A of f(c(a, B)),
there exists an IFGBOS B in X
such that c(a, g) € B and f(B)
c A
Proof: (i) = (ii) Let c(a, p) € X and let A be
an IFN of f(c(a, P)). Then there exists an
IFOS C in Y such that f(c(a, B)) € C € A.
S1nce f is an IFGB continuous mapping, f -
(C) B (?ay) is an IFGBOS in X and c(q, B)
eBEf (A).
(1) = (ii1) Let c(0, Bp) € X and let A be an
IFN of f(c(a, B)). Then there exists an
IFGBOS B in X such that c(a, p)) € BEf
(A) by hypothesis. Therefore c(a, B)) € B
and f(B) € f(f (A)) € A.
(i) = (1) LetlB be an IFOS in Y and let
c(a, p) € £ (B). Then f(c(a, p)) € B.
Therefore B is an IFN of f(c(a, p)). Since B
is IFOS, by hypothesis there exists an
IFGB_(?S AinX SH?P that c(cx,_[%) €A
€S f (f(A)) € f (B).Therefore f (B) is
an [FGPOS in X, by Theorem 2.15. Hence f
is an IFGp continuous mapping.

Theorem 3.9: Let f: (X, 1) > (Y, o) bea
mapping from an IFTS X into an IFTS Y.
Then the following conditions are equivalent
if X is an IFBTy/, space:

(1) fis an IFGP continuous mappin

(i) If B is an IFOS in Y then f (B) is an
IFGBOS in X

(ii1) f (mt(B))

19 cl(int(cl(f

(B)))) for every

IFSBinY.

Proof: (i) = (i1)

is obviously true

by Theorem 3.6.

(i) = (iii) Let B be any IFS in Y. Then int(B)
is an IFOS in Y. Then £~ (int(B)) is an IFGBOS
1n X. Since X is an IFBTy, space, f
(1nt(B)) is an IFBOS in X. Therefore f
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Lint(B)) <

< cl(int(cl(f ' (B)))).
(111) = (i) Let B be an IFCS in Y. Then its
complement, say A is an IFOS in Y then
1nt(A) = A. Now by hypothesis (1nt A))
C cl(int(cl(f 1(A)))). This implies f (A)
C cl(int(cl(f "'(A))). Hence f ~(A) is an
IFBOS in X. Sin e ev ey IFPOS is an
IFGPOS, f'l(A) is an [FGPOS in X. Thus f
(B) is an IFGBCS in X, since £ " (A) = f
(BC). Hence f is an IFGP continuous
mapping.

cl(int(cl( £ " (int(B)))))

Theorem 3.10: A mapping f: (X, 1) = (Y,
o) Is an _{FGB continuous mapping if
cl(int(cl( f "(A)))) & f (cl(A)) for every
IFSAinY.

Proof: Let A be an IFOS in Y then A° is an
IFCS in Y. By hypolthesm cl(mt(cl(f
Ay € £ (A% = £ (A)
smce A is an IFCS Now (int(cl(int(f
(A))))) = Cl(lnt(cl(f Ay € B £
(A ) =(f (A)) This implies f (A) €
int(cl(int(f 1(A)))). Hence f 1(A) is an
[FaOS and hence it is an [IFGPOS. Therefore
f is an IFGP continuous mapping, by
Theorem 3.6.

Theorem 3.11: Let f: (X, 1) = (Y, 6) be a
mapping from an IFTS X into an IFTS Y.
Then the following conditions are equivalent

if X is an IFBTy, space:
(1) fis an IFGP continuous mapping

(iif "(B)isan
IFGBCS in X for
every IFCS B in
Y
giii) int(cl(int(f
(B)) & f
(cl(A)) for every
IFSAinY.
Proof : (i) = (i1)
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is obvious from

the Definition

3.1

(i1) = (i1i) Let A be an IFS in Y. Then cl(A)
is an IFCS in Y. By hypothesis, f " (cl(A)) is
an IFGBCS in X. Sine X is an IFTyp
space, (cl(A)) is an IFBCS. Therefore
int(cl(int(f 1(cl(A)))))Cf (cl(A)) Now
1nt(cl(1nt(f (A))E int(cl(int(f (cl(A)))))
cf (cl(A))

(i) = (i) Let A be_lan IFCS iqlY. By
hypothesis int(cl(int(f "(A)))) € f (cl(A))
=f (A). This implies f ~ (A) is an IFBCS
in X and hence it is an IFGBCS. Thus f is an
IFGP continuous mapping.

4. Intuitionistic fuzzy generalized beta
irresolute mappings

In this section we introduce
intuitionistic ~ fuzzy  generalized beta
irresolute mappings and study some of their
properties.

Definition 4.1: A mapping f: (X, 1) — (Y,
0) 1s called intuitionistic fuzzy generalized beta
irresolute (IFG irresolute) mapping if f 'I(V)
is an IFGPBCS in (X, 7) for every IFGPCS V
of (Y, 0).

Theorem 4.2: Let f: (X, 1) = (Y, 0) be an
IFGP irresolute mapping, then f is an IFGp
continuous mapping but not conversely.

Proof: Let f be an IFGP irresolute mapping.
Let V be any IFCS in Y. Then V is an

IFGBCS and by hypothesis f (V) is an
IFGBCS in X. Hen & f is an IFGP
continuous mapping.

Example 4.3: Let X = {a, b}, Y = {u, v} and
G1 = (x, (0.64, 0.7), (0.2, 0.1y)), G = (x,
(0.35, 0.2p), (0.25, 0.2p)), G3 = (y, (0.5,
0.6y), (0.5y, 0.4y)) . Then © = {0-, Gy, Gy,
1.} and 0 = {0, G3, 1.} are IFTs on X and
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Y respectively. Define a mapping f: (X, 1)
— (Y, 0) by f(a)=uand f (b) =v. Then fis
an IFGP continuous mapping but not an
IFG irresolute mapping, since the IFS

= (y, (0.5y, 0.3y), (0.2y, 0.1y)) is an
IFGBCS in Y butf "(A) = (x, (0.5, 0.3p),
(0.24, 0.1p)) € Gy is nat an IFGBCS in X,
since Bel(f ' (A) = 1. & G|

Theorem 4.4: A mapping f: (X, 1) — (Y, 0)
is an IFGP irresolute mapping if and only if
the inverse image of each IFGBOS in Y is an
IFGBOS in X.

Proof: The proof is obvious from the

Definition 4.1, since £ (A%) = (f " (A)) ©.

Theorem 4.5: Let f: (X, 1) — (Y, O) be an
IFGp irresolute mapping, then f is an IFf

irresolute mapping if X is an [FT;, space.

Proof: Let V be an IFBCS in Y. Then V is
an IFGBCS in Y. Therefore f (V) is an
IFGBCS in X, by | ypothesis Since X is an

IFBTy/, space, f (V) is an IFBCS in X.
Hence f'is an IFp irresolute mapping.

Theorem 4.6: Let f: (X, 1) — (Y, 0) and g:
(Y, o) > ( Z, y) be IFGP irresolute

mappings, then go f: (X, 1) — (Z, y) is an

IFGp irresolute mapping.

Proof Let V be an IFGBCS in Z. Then g
(V) is an IFGBCS in Y. Since fis an IFGf

irresolute, f (g (V)) is an IFGBCS in X,
by hypothesis. Hence g o f is an IFGP
irresolute mapping.

Theorem 4.7: Let f: (X, 1) — (Y, O) be an
IFGP irresolute mapping and g: (Y, 0) —
(Z, v) is an IFGP continuous mapping, then
gof: (X, 1) — (Z,v) is an IFGP continuous
mapping.

Proof: Let V be an IFCS in Z. Then g 'I(V)
is an IFGBCS in Y. Sine f is an IFGP

irresolute mapping, f 'l(g (V)) is an
IFGBCS in X. Hence g o f is an IFGP
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continuous mapping.

Theorem 4.8: Let f: (X, 1) = (Y, o) be a
mapping from an IFTS X into an IFTS.
Then the following conditions are equivalent
if X and Y are IFBT/» spaces:

(1) fi Is an IFGp irresolute mapping

(i1) £ (B) is an IFGBOS in X for
each [FGBOS in Y

Gii) £ (Bint(B))  Bint(f '(B)) for
eachIFSB of Y

(iv)  Pel(f "'(B) €
eachIFSB of Y

£ ! (Bel(B)) for

Proof: (i) = (ii) is obvious from the
Theorem 4.4.

(i) = (iii)) Let B be any IFS in Y and
Bint(B) & B. Also f (Bint(B)) S f (B)
Since Pint(B) is an IFBOS in Y, it is an
IFGBOS in Y. Therefore f  (Bint(B)) is an
IFGBOS in X, by hypothesis. Since X is an
IFBTy/, space, f (Bint(B)) is an IFBOS in
X. Hencelf ~(Bint(B)) = Bint(f  (Bint(B)))
< Bint(f (B)).

(iii)) = (iv) is obvious by taking
complement in (iii).

(iv)= (i) Let B be an IFGBCS in Y. Since
Y is an IFBTy/, space, B is an IFBCS in Y
and Bcl(B) = B. Hence f = (B) =
(Bcl(B)) 2 Bcl(f ~ (B). Thertlefore
Bel(f (B)) =f (B) This implies f (B)
is an IFBCS and hence it is an IFGBCS in
X. Thus f'is an IFGJ irresolute mapping.
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