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1.Introduction

From 1996Coker [[2], [3], [4]] defined and studied intuitionistic topological spaces, intuitionistic
open sets, intuitionistic closed sets and compactness on intuitionistic topological spaces. Also, he
defined the closure and interior operators in intuitionistic topological spaces and established their
properties. Many different forms of continuousfunctions have been introduced over the years in
general topology. In particular Ekici [5] introduced and studied various forms of continuous

functions in topological spaces. Intuitionistic b-open sets and its properties are discussedby
Prabhu etal.,, [9]. Gnanambal and Singaravelan [7 and 10] introduced the concepts of
intuitionistic B-continuous and irresolute functions in 2017. In this paper, some new class of
functions in intuitionistic topological spaces, called as intuitionistic b continuous, intuitionistic
birresolute and intuitionistic b homeomorphisms are introduced and discussed their relations
with existing functions in intuitionistic topological spaces.

2.Preliminaries

The following definitions and results are essential to proceed further.
Definition 2.1: [2] Let X be a non empty fixed set. An intuitionistic set (briefly. 1S) A is an
object of the form A=(X,A,A,), where A and A, are subsets of X satisfying A NA, =&.
The set A is called the set of members of A, while A, is called the set of non-members of A.

The family of all 1S’s in X will be denoted by IS(X). Every crisp set A on a non-
empty set X is obviously an intuitionistic set.
Definition 2.2 [2] Let X be a non-empty set, A=(X,A,A) and B=(X,B,B,) be
intuitionistic sets on X, then

1. AcBifandonlyif AcB and B, c A,.

A=B ifandonlyif AcB and BC A
AcB ifandonlyif A UA, B UB,.
A= (X, A, A).
AuB=(X,AUB,A NB,).

ok~ wnN
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6. AnB=(X,AnB,A UB,).

7. A-B=ANB

8. ¢ =(X,¢,X) and X =(X, X,¢)
Corollary 2.1 [2] Let A/B,C and A be IS’sin X. Then

1. A B foreach i implies that | JA = B.

2. Bc A foreach i implies that B <[ )A.
A=A and (A =UA.

4. AcB<=BcA.

5. (A)=Agd=Xand X=4¢
Definition 2.3[4] An intuitionistic topology (briefly IT) on a non-empty set X is a family 7 of
IS’sin X satisfying the following axioms

1. ¢, X er.

2. AnBer forany A Ber.

3. UAi e ¢ for an arbitrary family in 7.
In this case the pair (X,7) is called intuitionistic topological space (briefly ITS) and the
IS’s in 7 are called the intuitionistic open set in X denoted by 1O and the complement of an
190 is called Intuitionistic closed set in X denoted by 1©°C. The family of all 11?0 (resp.
|)C) sets in X will be denoted by 120(X) (resp. 1”C(X).)
Definition 2.4[4]Let (X,z) be an ITS and AeIS(X). Then the intuitionistic interior (resp.
intuitionistic closure) of A are defined by int(A)=| fK:Kel®O(X)and K < A} (resp.
cl(A) =K :K e 1”C(X) and Ac K}.)
In this study we use 1®i(A) (resp. 1c(A)) instead of int(A) (resp. cl(A)).
Definition 2.5 Let (X,7) bean ITS andan IS A in X is said to be
1. intuitionistic regular-open [6] (briefly 1PRO) if A=19i(1"¢(A)) and
intuitionistic regular-closed (briefly 1©°RC) if 17¢(1i(A)) = A.
2. intuitionistic pre-open [6] (briefly 1PO) if Ac 1@i(1®)¢c(A)) and intuitionistic
pre-closed (briefly 1VPC) if 1P¢(1®i(A)) < A
3. intuitionistic semi-open [6] (briefly 119SO) if Ac 1@¢c(1i(A)) and intuitionistic
semi-closed (briefly 19SC) if 19i(1®¢c(A)) < A
4. intuitionistic «-open [8] (briefly 17a0) if Ac1@i(1Pc¢(1®i(A)) and
intuitionistic « -closed (briefly 1©aC) if 1P¢(1@i(17¢(A))) < A
5. intuitionistic B-open [8] (briefly 1©040) if Ac1@c(1@i(1%¢(A))) and
intuitionistic £ -closed (briefly 1©4C) if 19i(17¢(1i(A)) < A
6. intuitionistic b-open [9] (briefly 1®”bO) if Ac 1®i(1%¢(A)) U 1Pc(1Pi(A))
and intuitionistic b-closed (briefly 1”bC) if 1i(1P¢c(A)) N 1Pc(1Pi(A) < A

w

The family of all 1PRO (resp. 1®RC, 10PO, 1VPC, 1950, 19SC, 1000,
19aC, 1960, 198C 1Pp0Oand 1PbC) sets in X will be denoted by I”RO(X) (resp.
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IRC(X), 1PPO(X), 1PPC(X), 1PSO(X), 1VSC(X), 1Pa0(X), 1PaC(X),
I(’)ﬂO(X)’ I")ﬂC(X)’ I YbO(X) and I "bC(X).)
Definition 2.6 [6,8,9] Let (X,7z) bean ITS and A be an IS(X), then
1. intuitionistic regular-interior (resp. intuitionistic pre- interior, intuitionistic semi-
interior, intuitionistic ¢« -interior and intuitionistic g -interior ) of A is the union of all
IPRO(X) (resp. 1PPO(X), 1SO(X),1aO(X) and 180(X) ) contained in A, and is
denoted by I ”Ri(A) (resp. 1Pi(A), 1VSi(A), 1Pai(A) and 1P 6i(A).)
i.e. IPRI(A) = U{G :GelPRO(X)and G c A},
19Pi(A) = fG:G e I”PO(X)and G c A},
199Si(A) = | fG:G e 1”SO(X)and G c A},
19ai(A) =| fG:G el1PaO(X)and G c A},

196I(A) =| fG:G e17p0(X)and G c A}.

2. intuitionistic regular-closure (resp. intuitionistic pre-closure, intuitionistic semi-
closure, intuitionistic ¢ -closure, intuitionistic g-closure) of A is the intersection of all
I PRC(X) (resp. 17PC(X), 19SC(X), 1PaC(X), 1?7 FC(X)) containing A, and is denoted
by 1PRc(A) (resp. 1Pc(A), 1PSc(A), 1Pac(A), 19 4c(A).)

ie. I"Rc(A) =(XG:GelPRC(X)andG o A},

199Pc(A) =[G :G e1”PC(X)and G o A}
19S¢(A) =(KG:G e 1”SC(X)and G o A},
1Dac(A) =[G :G e 1PaC(X)and G o A},

19 5c(A) = XG:Gel@pC(X)and G o A}

Definition 2.7 [2,4] Let A, A;(i €J) beI5’sin X, B, B;(jE K)IS'sinY and f: (X, T) = (¥, &)
be a function. Then

(@).4; € 4; = f(41) Ef(A4,)

(b).By € By = f(By) € f 7 (By)

(€).4 € F7(f(A)) and if £ is one to one, then 4 = F~1(F(4))

(d).f(f"*(B)) € B and if f is onto, then f(f~(B)) = B

(€).f (VB =V f1(B;)

(f) f_l(n B_;l':] =N f_l(gj:]

(9).f(VA;) =UF(4;)

(h).f(NA4;) Enf(A;) andif f is one to one, then f(N A4;) =N f(4;)

(i) f(¥)=x

0. F () =

(K).f(X) =Y if fis onto

). f(@)=¢ L _

(m). If £ is onto, then f{4) € f(A): and if furthermore, f is 1 — 1, we have f(4) € f(A4)

(n).f1(B) =f*(B)

(0).By € By = f1(By) = f1(By)
Definition 2.8[4] Let (X, T) and (¥. &) be two intuitionistic topological spaces and f: X — ¥ be
a function. Then f is said to be intuitionistic continuous if and only if the preimage of every
intuitionistic openset in ¥ is intuitionistic open in X.
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Definition 2.9[11] Let (X, 1) and (Y. &) be two ITS s and let f: X — Y be a function. Then f is
said to be intuitionistic semi continuous if for every intuitionistic set V of ¥, £ ~(V) is semi open
inX.

Definition 2.10[11] Let (X,7) and (Y, a) be two ITS’s and let f: X — Y is called intuitionistic
regular continuous if for every intuitionistic open set V of ¥, f~*(V) is regular open in X.
Definition 2.11[11] Let (X,t) and (Y, ) be two ITS’s and let f: X — Y is called intuitionistic
pre continuous if for every intuitionistic open set V of ¥, £ *(V) is pre open in X.

Definition 2.12[11] Let (X, 1) and (¥, o) be two ITS’s and let f: X — Y is called intuitionistic a
-continuous if for every intuitionistic open set V of ¥, f 7*(V) is @-open in X.

Definition 2.13[11] A mapping f: (X, T) = (¥, g) is said to be intuitionistic £-continuous
(briefly I5-continuous), if the inverse image of each intuitionistic open set in ¥ is If5-open in X.
Definition 2.14[10] A map f: (X, ) — (X, o) is called intuitionistic open(closed) if the image
f(4) is intuitionistic open(closed) in ¥ for every intuitionistic open(closed) set in X.

Definition 2.16[10] A bijection f :(X,7) — (Y,o)is called intuitionistic homeomorphism if f
is both intuitionistic continuous and intuitionistic open map.

Definition 2.17[10] A function f :(X,7) — (Y,o)is called intuitionistic open (resp. closed) if
the image f(A)in Y s intuitionistic open (resp. closed) for every intuitionistic open (resp.
closed) setin X.

Definition 2.18[12] A function f :(X,7) — (Y, o)is called intuitionisticb open (resp. b closed)
if the image f(A)in Y s intuitionistic bopen (resp. Ibclosed) for every intuitionistic open
(resp. closed) setin X.

3. On intuitionistic b continuous functions

Here intuitionistic b continuous functions are defined and its relations with other existing
intuitionistic functions are studied. Also some basic properties are investigated.

Definition 3.1A mapping f : (X,7) — (Y,o) is said to be intuitionistic b continuous (briefly 1b

continuous), if the inverse image of every intuitionistic open set in Y is 1b open setin X .
Theorem 3.1Every intuitionistic continuous function f :(X,7) — (Y,o)is ib continuous.

Proof:Let A be a intuitionistic open set of (Y,o). Since f:(X,7)—(Y,o) is intuitionistic
continuous, then f *(A) is intuitionistic open in (X,z), we know that every intuitionistic open
set is 1b -open set, then f*(A) is Ib-openin (X,z). Thus f:(X,z) = (Y,o) is Ib-continuous.
The converse of the above theorem need not be true from the following example.

Example 3.1Let X ={a,b,c}=Y, with the intuitionistic topologies o:{?ﬁ,\?,(Y,{a,b},qﬁ)}and
o=, X,(X, g, {a.b}), (., b)), (X, 4, b.c}). (X, {c}, fa.b}) (X, fe), o)) (X, fa.c) ).~ Define
f:(X,r)—>(Y,o) by f(@)=h,f(b)=c, f(c)=a. Let A=(Y,{ab}¢) is intuitionistic open set
but f*(A)=(X,{a,c},4) is not an intuitionistic open in (X,z). Therefore f :(X,z)—(Y,0) is
not intuitionistic continuous. But f*(A)=(X,{a,cl,¢)is an | b-open in (X,r). Thus
f:(X,r) > (Y,o) is Ib-continuous.

Theorem 3.2Every intuitionistic regular (resp. pre andea) continuous function
f:(X,7) = (Y,o)is intuitionistic b continuous map.

Proof:Let A be a intuitionistic open set of (Y,o). Since f :(X,7)—>(Y,o) is intuitionistic
regular (resp. pre and «) continuous, then f *(A) is intuitionistic regular (resp. pre and «)
open in (X,7), we know that every intuitionistic regular (resp. pre and «) open set is 1b -open
set, then f*(A) isIb-openin (X,z). Thus f:(X,z) = (Y,o) is Ib-continuous.

The converse of the above theorem need not be true from the following example.
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Example 3.2 Let X ={a,b,c}=Y, with the intuitionistic topologies o:{?ﬁ,\?,(Y,{a,b},qﬁ)}and

o= {8, X,(x,6. b} 0,6, b)) (X, 6, .c}) (X, fe fa b)) (. e} b)) (X {a.c) b))}~ Define
f:(X,7)—>(Y,o) by f(a)=b, f(b)=c, f(c)=a Let A=(Y,{c}{b}) is intuitionistic open set
then f*(A)=(X,{b},{a})is an I b-open in (X,z). Thus f:(X,7) —(Y,o) is Ib-continuous,
but f(A)=(X,{b}{a}) is neither an intuitionistic regular open nor an intuitionistic pre open
nor an intuitionistic « open in(X,7). Therefore f:(X,7)—(Y,o) is neither an intuitionistic
regular continuous nor an intuitionistic pre continuous nor an intuitionistic « continuous map.
Theorem 3.3Every intuitionistic semi continuous function f : (X,7) — (Y,o)is ib continuous.
Proof: Let A be a intuitionistic open set of (Y,o). Since f:(X,7) > (Y,o) is intuitionistic
semi continuous, then f *(A) s intuitionistic semi open in (X,z), we know that every
intuitionistic semi open set is Ib-open set, then f~(A) is lb-open in (X,r). Thus
f:(X,7) > (Y,o) is Ib-continuous.
The converse of the above theorem need not be true from the following example
Example 3.3 Let X —{a b}—Y with the intuitionistic topologiesz = { }¢)} and
=14.Y.(¥,{o}.{a})|. Define f:(X,7)—>(Y,0) by f(a)=b,f(b)=a Let A ( {b},{a is
intuitionistic open set but f*(A)=(X,{a},{b}) is not an intuitionistic semi open in (X,7).
Therefore f:(X,7) —(Y,o) is not intuitionistic semi continuous. But f *(A)=(X, {a},{b})is
an | b-openin (X,7). Thus f:(X,z)—(Y,o) is Ib-continuous.

The following diagram shows the relationship between then existing intuitionistic continuous
function.

IP —continuous

T \\>

IR —continuous— | —continuous— l«a — continuous— Ib — continuous 14 — continuous

IS —continuous

Note: A— B represents A implies B but not conversely.
Theorem 3.4Let f: (X, ) = (¥, o) be a mapping, where X and ¥ are IT5, then the following
are equivalent.
(i)  The function f is Ib-continuous.
(i)  The inverse image of intuitionistic closed set of ¥ is I ™ b-closed set in X.
(i)  FI*bcl(A)) S 1" cl(f(A)) for intuitionistic set 4 of X
(iv) I®bel(f1(B)) € f (1) cl(BY) for each intuitionistic set of ¥.
Proof. (i) = (ii): Let A be intuitionistic closed subset of ¥, then ¥ — A is intuitionistic open in Y.
Since f is Ib-continuous, f (Y — A) = X — f(4), is I™b-open in X, which implies that
F7Y(A) is "™ b-closed in X.
(i) = (iii): Let 4 be an intuitionistic set of X. The I’ cl(f(A4)) is intuitionistic closed in ¥. By
(i) F1(I cl(F(A))) is 1™ b-closed in X and
FHI(F(A)) = 1Dbel(f (19 cl(f (4))))
since ACSFHF(A)
we have I @ bel(4) € 1Dbcl(FL(f(A)))
S 1D bel(F (I cl(£(4))))
= FUDel(f(4)))

JETIRR006015 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| 101


http://www.jetir.org/

© 2019 JETIR January 2019, Volume 6, Issue 1 www.jetir.org (ISSN-2349-5162)

I®bel(4) € £~ (D el(f(A)))
FUP bel(4)) € I¥9¢l(F(A)).
(iii) = (iv): Let B be an intuitionistic set of ¥'. Then by (iii) we have
FUPbel(f71(B))) S 1l(f (f*(B))).
Hence I @ bel(f71(B)) < f* (I el(F(F 1 (B))))
S fH(I9cl(BY)
IDbel(fY(BY)) € F71(1'9 cl(B)).

(iv) = (i): Let B be an intuitionistic set of ¥. Then I'“’cIB = C is intuitionistic closed subset in ¥
s0 that 1“2 ¢l(C) = €. Now by(iv)

IDbel(f71(C)) € FHIDel(C))

= f~1(C) (since C is intuitionistic closed)
we have f 7€) 2 I™bel(f (C))
= (IPbint(fH(C)))".

Hence f (€Y is I ™ b-open in X. That is £7*(C) is 1 b-closed. Therefore f is Ib-continuous.
Theorem 3.5 Let f: (X, ) — (¥, o) be a mapping, where X and ¥ are intuitionistic topological
spaces, then the followings are equivalent.

(i)  The function f is Ib-continuous.

(i)  For each subset 4 of ¥, f71(I'int(4)) € 1 bint(f1(A)).
Proof. (i) = (ii): Let A = (X,A,, 4,) be any intuitionistic set of ¥. I'@int(4) is open set in ¥
and fr(I'Yint(4)) is a I™b-open set in X, since f is Ib-continuous. As

FHIint(A)) € f~1(4)and £ int(A)) € 1P bint(f71(A4)).
(ii) = (i): Let 4 be any intuitionistic open set of ¥, so that I “’int(4) = A.
I ine(4)) = f7(4) 1)

By (ii) f (1" int(4)) € IV bint(f ~1(A))
using equation (1)f ~*(4) € I'™bint(f ~*(4)).
Hence £ ~*(4) is ™™ b-open, where 4 is intuitionistic open in ¥. Therefore f is Ib-continuous.
Theorem 3.6Let f:(X, t) — (¥, ) be a single valued function then the followings are
equivalent.

(i)  The function f is Ib-continuous.

(i)  For each element » € X and each intuitionistic open set V' in ¥ with f(2) € V, there is a

Ib-openset Uin X, suchthatp € U, f(U) € V.

Proof. (i)=(ii): Assume f:(X, ) = (¥, ¢) is a single valued Ib-continuous function. Let
f(P) € Vand V €Y an intuitionistic open set, then € f (V) € I'iﬂ'b-open set in X. Choose
U=f"YV), thend € Uand f(U) S V.
(ii)=(i): Let V be any intuitionistic open set in ¥ and @ € f~*(V), then f(§) € V, there exists a
Uy is an 1™ b-open set in X, such that # € Uz and f(Us)S V. Then € U; € f~*(V) and
F'(V) = UUj;. Therefore, f~*(V) is 1™ b-open set in X. Therefore f is Ib-continuous
function.

4. Intuitionistic b-homeomorphisms and intuitionisticb_irresolute functions
Definition 4.1A mapping f : (X,7) — (Y,o) is said to be intuitionistic b irresolute, (briefly 1b
irresolute), if the inverse image of every intuitionisticb open set in Y is 1b open setin X .

Example 41X = {a,b,c} =Y, t={¢, X, (X {a).{b)).(X.{a}. &)} and
o={¢,¥,(Y,{b},®). (Y.{b}.{c]). (Y.{b}.{a}), (Y.{a, b}, ), (Y.{b.c}, ). (Y,
{a.b}, {c}).(Y.{b,c}.{a}).(Y.{b}.{a. c})}. Define, f:(X, 1) = (¥, 0) by

f(a)=b, f(b)=c, f(c) =a. Then f is Ib-irresolute.
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Definition 4.2A bijection f: (X, T) = (X, @) is called Ib-homeomorphism if f is both Ib-
continuous and Ib-open.
Example 4.2Let X ={a,b,c}=VY, t={¢, X, (X.{a), (b))}, o= {g.V,(V.{bl,¢)}. Define
f:(X, 1) = (Y, o) by f(a) = b, f(b) = c, f(c) = a then the map f is bijective, Ib-continuous
and I'b-open. So f is Ib-homeomorphism.
Theorem 4.1Let f: (X, T) — (¥, &) be an intuitionistic function. Then the following statements
are equivalent.
(i)  fisalb-irresolute.
(i)  For each I'”Pp of X and each 1™ b-neighborhood N of f(5), there exists an I b-
neighborhood V of © such that (V) S N.
(iii)  For each § belongs to X and each N belongs to ™ bO(5), there exists V belongs to
I'"bO(f (B)) such that f(V) S N.
Proof. (i) = (ii): Assume $ belongs to X and N is an I’ b-open set in ¥ containing f(#). Since
f is a Ib-irresolute, there exists A = fX(N) be a I b-open set in X containing B so
f(A S FUFHN))EN.
(i) = (iii): Assume that N S ¥ is a I'® b-open set containing f(#), then by hypothesis there
exists a I™b-open set G such that & belongs to G  f7*(N). Therefore, & belongs to
F7HN) S 17l (F71(N)). This shows that I ™ cl(f ~1(N)) is a Ib-neighborhood of 5.
(iii) = (i): Let N be a I'“’b-open set in ¥, then I cl(f "1(N)) is I ™ b-neighborhood of each &
belongs to £ ~*(N). Thus for each B is a I ™ b-interior point of I cl(f ~1(N)) which implies
that
fHN) S 1D int(1Dcl(f 7L (N)))
S I int(IPel(FHN))U TP el (I int (f 71 (N))).
Therefore f (N} isa 1™ b-open set inX. Hence f is a Ib-irresolute function.
Theorem 4.2Let f: (X, ) = (¥, &) be an intuitionistic &-continuous and intuitionistic &-open.
Then f is Ib-irresolute functions.
Proof. Let A= (X A,4)) be any I'*? b-open set. Then
ACIDint(19cl(A)) v I'9el(1'int(A)), since f is intuitionistic b-continuous and
intuitionistic &-open it follows that
FHA) € FHUPine (I el(A)) U 1Pl (1 int(A4)))
S Iint(I el (F7HA))) VTP el(I int(F1(A)))
=SFHA) € 1Pt (1P cl(fHA))) U I (T int (F71(A))).
Therefore £~ (4) is I ™ b-open. This shows that f is Ib-irresolute functions.
Theorem 4.3Let f: (X, T) = (¥, o) be an Ib-irresolute < for all intuitionistic set 4 of ¥,
IPbel(£f71(A)) € £ bel(A4)).
Proof. Let f is Ib-irresolute function, now I'“bcl(4) is an I“’b-closed set. Since
F7YA) © F7H1 bel(A)), it follows from the definition of Zb-closure that
IPbel(F7HA)) € FHI P bel(A)).
Conversely, suppose that A is I’ b-closed set in ¥, then I @ bcl(4) = A. Now by hypothesis,
IDbel(f1(4)) € F (19 bel(4)) = F1(A)
= 1Pbel(f7(4)) = f*(A).
Thus f~1(A) is an I ™ b-closed set and so fis an Ib-irresolute functions.
Proposition 4.1Suppose f: (X, T) = (¥, o) and g: (¥, a) = (Z, w) are both Ib-irresolute, then
gof:(X, 1) = (Z, w) is Ib-irresolute function.
Proof. Let E = (X, Ey, E,) be an I “’b-open in (Z, w). Since g is an Ib-irresolute, g~*(E) is an
1'“?b-open in (Y, o). Since f is also an Ib-irresolute f~*(g™*(E)) = (gof) *(E) is an I b-
open in (X, ). Thus (gef) is an Ib-irresolute function.
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Theorem 441f  f:(X,1)—= (¥, 0) IS an Ib-continuous function and
FHIel(BY) € (F71(B))™* for each B belongs to 1@ bO(Y), then f is an Ib-irresolute
function.
Proof. Let B belongs to I’ bO(¥),
FUB)YE FI" (I int(B)) U I' int(1'7 cl(B)))

C (I9el(f (1 int(B)) U1 Dint(f (19 cl(B)))

S 1@ eIt (fH(BY) VI int(I'cl(F 1B
= fFYB) S 191D int(F1(B)) U Iint (19 cl(f ~1(B)))). Thus f1(B) is IbO(X).
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