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l. INTRODUCTION

In 1986, Atanassov [4 ] introduced the concept of
intuitionistic fuzzy sets as a generalization of fuzzy sets.
Later in 1996, Coker [ 6] introduced the concept of
intuitionistic set and intuitionistic points. This is a discrete
form of intuitionistic fuzzy sets where all the sets are crisp
sets. Furthers in 2000, Coker [8 ] introduced the concept of
intuitionistic topological space and investigated basic
properties of continuous functions and compactness. Since,
homeomorphism plays an important role in topology,
Gnanambal Illango and Selvanayaki [ 10], introduced
generalized pre regular closed sets in intuitionistic
topological spaces, strong and weak form of IGPR-
continuity, connectedness in intuitionistic topological space
and study few properties of Igpr homeomorphism and
Igpr*-homeomorphism in intuitionistic topological space.
D. Andrijevic[ 2] introduced and discussed some more
properties of semi preopen set in topological space.

In this article, we introduce the concepts of intuitionistic
contra b-continuous and intuitionistic contra b and contra
b*-open(closed) function and investigate some properties of
them. Also intuitionistic contra b-homeomorphism and
contra irresolute functions and some of their basic
properties are investigated.

1. PRELIMINARIES

The following definitions and results are essential to
proceed further.
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Definition 2.1: [6] Let X be a non empty fixed set. An
intuitionistic set (briefly. IS) A is an object of the form

A=(X,A,A), where A and A, are subsets of X
satisfying A MA, =J. 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 IS 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 [6] Let X be a non-empty set,

A=(X,A,A) and B=(X,B,,B,) be intuitionistic
setson X, then

1. AcB if and only if A cB, and

B, cA.

2. A=Bifandonlyif Ac B and BC A

3. AcB if and only if
A UA DB UB,

4. A=(X,A,A).

5. AuB=(X,AUB,A,NB,).

6. AnB=(X,AnB,A UB,).

7. A-B=ANB

8. 4 =(X,4X)and X =(X,X,¢)
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Corollary 2.1 [3] Let A,B,C and A be IS’sin X.
Then
1. A < B foreach i implies that UAi c B.

2. Bc A foreach i impliesthat B < ﬂA
: UA :ﬂR and ﬂA :UR

4, AcB<BCcA.

5. WZA,&;:)—( and )?:g;
Definition 2.3 [8] An intuitionistic topology (briefly 1T )

on a non-empty set X is a family 7 of IS’s in X
satisfying the following axioms

1. 5,)267.
2. AnBer forany A Bev.

w

3. UAi € 7 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 10
and the complement of an 10O is called Intuitionistic
closed set in X denoted by 1©C. The family of all
190 (resp. 1C) sets in X will be denoted by
190(X) (resp. 1°C(X).)
Definition 2.4 [7]Let (X,z) be an ITS and
AeIS(X). Then the intuitionistic interior (resp.
intuitionistic  closure) of A are defined by
int(A) = KK :K e l1P0(X) and K = A} (resp.
cl(A) =[XK:Kel”C(X)and AcK})

In this study we use | ?i(A) (resp. 1©¢c(A))
instead of int(A) (resp. cl(A)).

Definition 2.5 [8] Let (X,7) bean ITS andan IS A in

X is said to be
1. intuitionistic regular-open [5] (briefly

IDRO) if A=19(17c(A)) and intuitionistic
regular-closed (briefly | RC) if
1Dc(19i(A) = A,

2. intuitionistic pre-open [5] (briefly 1PO)
it Ac1@i(1¢c(A)) and intuitionistic pre-closed
(riefly 1PC ) if 1P¢(1@i(A) < A

3. intuitionistic semi-open [5] (briefly 1S0O)
if Ac1@c(1®i(A)) and intuitionistic semi-closed
(oriefly 17SCyif 10i(1¢(A)) < A

4. intuitionistic & -open [7] (briefly | ©aO)
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if Ac 1@i(1P¢(1®i(A))) and intuitionistic ¢ -closed
(riefly 1@aCyif 1Pc(1@i(1P¢(A)) < A

5. intuitionistic /3 -open [7] (briefly 1 50)
it Ac 1@c(1@i(1c(A))) and intuitionistic /3 -
closed (briefly 1 4C)if 191(1c(17i(A)) < A

6. intuitionistic b -open [8] (briefly 1®b0O)
if Ac 191(1%c(A) U 1Pc¢(1Pi(A))  and
intuitionistic b -closed  (briefly  17bC)  if
1919 (A)) N 1Pc(19i(A) < A

The family of all 1RO (resp. 1©RC,

1©PO, 1PPC, 1¥s0, 19sC, 170,
1PaC, 1940, I(’)ﬂC,I(T)bO and 1bC) sets
in X will be denoted by 1®RO(X) (resp.
I RC(X), | DPO(X), | PC(X),
19SO(X), 19SC(X), 19a0(X),
1 DaC(X), I(”ﬁO(X)’ I")ﬂC(X)’I‘”bO(X)
and 1 @bC(X).)
Definition 2.6 [8, 11, 13] Let (X,7) bean ITS and A
bean IS (X), then

1. intuitionistic regular-interior (resp. intuitionistic
pre- interior, intuitionistic semi-interior, intuitionistic o -
interior and intuitionistic /3 -interior ) of A is the union of

all I PRO(X) (resp. 1 9PO(X),

19SO(X), 1 a0 (X) and 1 O(X) ) contained in
A, and is denoted by 1@Ri(A) (resp. 17Pi(A),
1DSi(A), 19ai(A) and 1 Si(A).)

i.e.

19Ri(A) =| G :G e 1”RO(X)and G c A},
1Pi(A) = G:Gel”PO(X)and G c A},

19Si(A) = fG:Gel®SO(X)and G < A},

190i(A) = JG:Gel“aO(X)and G A},
196i(A) =| fG:Gel®p0(X)and G < A}.

2. intuitionistic regular-closure (resp. intuitionistic
pre-closure, intuitionistic semi-closure, intuitionistic « -

closure, intuitionistic /3 -closure) of A is the intersection
of all 1®@RC(X) (resp. 1PC(X), 1”SC(X),
1 9aC(X), 12 8C(X)) containing A, and is denoted
by IORc(A)  (resp. 1 DPc(A), 19Sc(A),
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1 Pac(A), 198c(A).)
i.e.

IPRc(A) = XG:G e lI”RC(X)and G o A},
19Pc(A) =[KG:Gel“PC(X)and G o A}

195c(A) =[G :G e 1”SC(X)and G 2 A},
19ac(A) = ¥G:GelaC(X)and G 2 A},

196c(A) = XG:GelAC(X)and G 2 A}

Definition 2.7[8] Let X be a non empty set and pe X.
Then the 1S p defined by $ = (X, {p}. {p}°) is called
an intuitionistic point (IP for short) in X. The
intuitionistic point p is said to be contained in A =
(X, Ay, Ap) (ilepe A) if and only if peA,.

Definition 2.8 [8] Let f: (X, 7) = (Y, o) be a function.
If A=(X, Ay, Ay is an intuitionistic set in X, then
the image of A under f, denoted by f(A), is an
intuitionistic set in Y defined by f(A) = (Y, f(A),
f_(A;), where f_(A;) = (f(Ay)°)".

Definition 2.9 [8] Let f: (X, ) = (Y, o) be a function. If
A = (Y, A;, Ay is an intuitionistic set in Y, then the
preimage of A under f, denoted by ! (A), is an
intuitionistic set in X defined by f*(A) = (X, f' (A_1),
1 (A 2)).

Definition 2.10[6, 8] Let A, A;(i €]) be IS’s in X,
B,Bi(jEK) IS’s in Y and f:(X,7) > (Y,0) be a
function. Then

1 A; €A, = f(A) S f(A2)

2. B, € B, = f~'(By) € f'(B,)

3. AC fI(f(4)) and if f is one to one,
then A = f~1(f(4))

4, f(f~Y(B)) € B and if f is onto, then
fF(B) =8B

5. fHUB) =Uf(B)

6. fH(nB) =nf(B)

7. fUA) =Uf(A)

8. f(nA4) €n f(A4;) and if f is one to one,
then f(N 4;) =N f(4;)

9. ) =X

0.  fH(H=4¢

11. f(X)="Yif fisonto

12. f@ =4

13. If f is onto, then f(A) € f(A): and if

furthermore, f is 1 — 1, we have f(4) € f(4)

‘. B =f71(B)
15. B, € B, = f'(By)  f'(By)
Definition 2.11[8] Let (X, 7) and (Y, §) be two
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intuitionistic topological spaces and f: (X, 7) = (Y, §) bea
function. Then f is said to be intuitionistic continuous if
and only if the preimage of every intuitionistic openset in Y
is intuitionistic open in X.

Definition 2.12[6] A map f:(X, t) = (X, o) is called
intuitionistic open(closed) if the image f(A) is intuitionistic
open(closed) in Y for every intuitionistic open(closed) set in
X.

1. CONTRA Ib-CONTINUOUS FUNCTIONS

Definition 3.1 Let (X, t) and (Y, §) be two ITS and
f: (X, 1) = (Y, §) be a function. Then f is said to be
intuitionistic b-continuous (In short. Ib-continuous) if and
only if the preimage of every intuitionistic open set in Y is
intuitionistic b-open in X.

Definition 3.2 Let (X, ) and (Y, §) be two ITS and
f: (X, ) = (Y, 6) be a function. Then f is said to be
intuitionistic contra b-continuous (In short.contra Ib-
continuous) if only if the preimage of every intuitionistic
open set in Y is intuitionistic b-closed in X.
Example3.1LetX = {a, b, c} =Y,

c={d X, ¢ (X ¢.{b c})} and

T={d Y, ¢ (¥, ¢ (@), (¥,{b} {c}), (V. (b}, $),
(¥, ¢, {ch, (¥, ¢, {a, c}}
and f:(X,7) = (Y, o) be a function such that f(a) =
¢, f(b) =a, f(c) = b. Then the function f is contra Ib-
continuous
Theorem 3.1 Let f:(X, 7) = (Y, o) be intuitionistic
contra continuous, then f is contra Ib-continuous.
Proof. Let A = (X,A;,4,) be an I©©0S of Y. Since f is
intuitionistic  contra  continuous, then f~1(4) s
intuitionistic closed in X, we know that every intuitionistic
closed set is Ib-closed set, then f=1(A) is I®b-closed in X.
Thus f is contra Ib-continuous.
Theorem 3.2 Let f: (X, t) = (Y, o) be a mapping, where
X and Y are ITS, then the following are equivalent.
i.  The function f is contra Ib-continuous.
ii. The inverse image of intuitionistic closed
set of Y is I®b-open set in X.
iii.  fU®bint(A)) € Icl(f(A)) for
intuitionistic set A of X.
iv.  I®bint(f~Y(B)) € f~*(cl(B)) for
each intuitionistic set of Y.
Proof. (i) = (ii): Let A be intuitionistic closed subset of Y,
then Y — A is intuitionistic open in Y. Since f is Ib-
continuous, f~1(Y — A) = X — f~1(A4), is I™b-open in X,
which implies that £~ (A) is I®b-closed in X.
(ii) = (iii): Let A be an intuitionistic open set of X. The
1cl(f(A)) is intuitionistic closed in Y. By (ii)
FrIDcl(f(A))) is I®b-openin X and
fHAPl(f(A)) = 1Pbint (F I Dcl(f(A))))
since AC FY(f(A)
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we have I®bint(A) € IPbint(f~1(f(4)))
S I1®bint(f 11 Dcl(f(A))))
= fUDcl(f(A)))
FUPbint(A)) € IOcl(f(A)).
(iii) = (iv): Let B be an intuitionistic open set of Y. Then
by (iii) we have
fFUPbint(F71(B))) € [cl(f(fF(BY).
Hence  I®bpint(f~*(B)) € f*UDcl(f(f~*(B)))) S
1A @cl(B))
I®pint(f~1(B)) € f1U@cl(B)).
(iv) = (i): Let B be an intuitionistic open set of Y. Then
B¢ = C is intuitionistic closed subset in Y so that
1@cl(C) = €. Now by(iv)
I®pint(f~1(C)) € F1UDcl(C))
= f~1(C) ie., C is intuitionistic closed
we have f=1(C) 2 I®bint(f~1(C))
= (I®bint(f~1(C)))".
Hence (f~%(€))° is I®b-open in X. That is f=1(C) is
I®b-closed. Therefore f is contra Ib-continuous.
Theorem 3.3 Let f: (X, t) — (Y, o) be a mapping, where
X and Y are intuitionistic topological spaces, then the
followings are equivalent.
i The function f is contra Ib-continuous.
ii. For each subset A of Y, f~t(I@int(A)) c
I1®bcl(f~1(A)).
Proof. (i) = (ii): Let A = (X, 4,,4,) be any intuitionistic
set of Y, I©@int(A) is open setin Y and £~ (I(?int(4)) is
a I®p-closed set in X. Since f is contra Ib-continuous. As
fHa@int(4)) € fH(A)
and F LU @int(4)) € I®bcl(f~1(4)).
(ii) = (i): Let A be any intuitionistic open set of Y, so that
1@int(A) = A. By condition  f~1(I@int(4))
I®bcl(f71(4))
= f7HA) = fHIPint(A))
c IDbcl(f1(A))
= f7YA4) € IDbcl(f~1(A)).
Hence f~1(4) is I™b-closed, where A is intuitionistic
open in Y. Therefore f is contra /b-continuous.
Theorem 3.4 Let f:(X, 1) = (Y, o) be a single valued
function, where X and Y are intuitionistic topological
spaces, and then the followings are equivalent.
i.  The function f is contra Ib-continuous.
ii. For each element pe X and each
intuitionistic open set V in Y with
f(P) €V, there is a Ib-closed set U in X,
suchthatp € U, f(U) c V.
Proof. (i)==(ii): Assume f:(X, 7) — (Y, o) is a single
valued contra Ib-continuous function. Let f(p) € V and
V €Y an intuitionistic open set, then p € f~1(V) € I®p-
closed set X. Since f is contra Ib-continuous, let U =
f~X(V),thenp e Uand f(U) S V.
(ii)(i): Let V be an intuitionistic open set in Y and p €
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f7H(V), then f(P) €V, there exists a U; € I b-closed set
of X, such that p € Us and f(Uz) € V. Then p € Uy <
f7'(V) and f~'(V) = UU;. Since every intuitionistic
contra continuous function is contra Ib-continuous
function. Therefore, f=1(V) is I®b-closed set in X.
Therefore f is contra Ib-continuous function.

V. CONTRA Ib-HOMEOMORPHISMS AND CONTRA
Ib-1IRRESOLUTE FUNCTIONS

Definition 4.1 A bijection f:(X,t) = (Y,0) is called
contra Ib-homeomorphism if both f and , £~ are contra
Ib-continuous.

Exampled.1LetX = {a, b, c} =Y,
o={d X, ¢ (X, $,{b ch},

T={0,Y, ¢ (¥, ¢ (@), (¥,{b} {c}), (V. (b}, $),
(Y, ¢, {ch, (¥, ¢, {a, c})}

and f:(X,7) = (Y, o) be a function such that f(a) =
¢, f(b) =a, f(c) = b. Then the function f is contra Ib-
homeomorphism.
Theorem 4.2 For a bijective contra Ib-continuous map
f: (X, 7) = (Y, o), the following are equivalent,

a. fiscontraIb-open

b. f iscontra Ib-homeomorphism

c. fiscontra Ib-closed.
Proof. (a) = (b): Since f is intuitionistic bijective, contra
Ib-continuous and contra Ib-open map, by definition, f is
contra Ib-homeomorphism.
(b) = (c): Let f be contra Ib-homeomorphism. Then f is
contra Ib-open. By ? f is contra Ib-closed.
(c) = (a): Let (X, ) and (Y, o) be any two intuitionistic
topological spaces and f: (X, 7) = (Y, o) be a function.
Then f is said to be Ib-irresolute if the pre-image of every
1@ p-closed set of Y is I®b-closed in X.
Definition 4.2 Let (X, ) and (Y, o) be any two
intuitionistic topological spaces and f: (X, t) = (Y, o) be
a function. Then f is said to be contra Ib-irresolute if the
pre-image of every 1(®b-closed set of Y is I b-open in
X.
Theorem 4.2 Let f:(X, 7) = (Y, o) be an intuitionistic
contra b-continuous and intuitionistic contra b-open . Then
f is contra Ib-irresolute functions.
Proof. Let A = (X,A;,4,) be any I(®b-open set. Then
A S I@int(IDcl(A) U IDcl(I@int(A)), since f is
intuitionistic contra b-continuous and intuitionistic contra
b-open it follows that

1A € FHUPint(IPcl(A)) N IPcl(IPint(A)))
c

[@int(IPcl(f~1(A))) N IPcl(IPint(f~1(A)))
=

f@A)c
[@int(IDcl(F1(A))) N IDcAIDint(f~L(A))).
Therefore (4 is
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[®int(IDclf~1(A)) N IDcl(IPint(f ~1(A4)))b-closed.
This shows that f is contra Ib-irresolute functions.
Theorem 4.2 Let f:(X, 1) = (Y, o) be a contra Ib-
irresolute  +=* for all intuitionistic set A of Y,
I®bint(f~1(A)) € f1UDbcl(A)).
Proof. Let f is contra [Ib-irresolute function, now
I@bcl(A) is an I@b-closed set. Since f~!(4) c
F1I@bcl(A)), it follows from the definition
I®bint(f~1(A)) € f~1(I@bcl(A)). Conversely suppose
that A = (X,A,,4,) is I@b-closed set in Y, then
1@bcl(A) = A. Now by hypothesis

I®bint(f~1(4)) € f (I Pbcl(A)) = f~1(A)
= [@pint(f~1(A)) = f(A).
Thus f~1(A4) is I®™b-open set and so f is an contra Ib-
irresolute functions.
Theorem 4.3 Let f:(X, t) = (Y, o) be a contra Ib-
irresolute  =* for all intuitionistic set A of Y,
FUDbint(A)) € Ibcl(f (A)).
Proof. Let f is contra Ib-irresolute function, now
fU®bint(A)) is an I@b-closed set. By hypothesis
fU@bcl(A)) is an contra I®b-closed AC
FrI@bcl(f(A))). That is FU@bcl(A))
[@bcl(f(A)).
Conversely suppose that
closed setin Y. Now
by hypothesis
FUDbel(f(A))) € 1Obel(f(f(A))) = A.
This implies that I bcl(f~1(A)) € f~1(A)
and so, F1(A) = IDbcl(f1(A)).
That is f~1(A) is an contra I®b-closed set and so f is an
contra Ib-irresolute functions.
Theorem 4.4 Let f:(X, t) = (Y, 0) be a contra Ib-
irresolute  <* for all intuitionistic set A of Y,
FUDbint(A)) € Ibcl(f (A)).
Proof. Let f is contra Ib-irresolute function, now
fU®bint(A)) is an I@b-closed set. By hypothesis
FXU@bcl(A)) is an contra I®p-closed AC
FXUDbcl(f(A))). That is fI@bcl(A)) €
[1@bcl(f(A)).
Conversely suppose that
closed setin Y. Now
by hypothesis
fFUDPbel(f(A))) € 1@bel(f(fH(A)) = A.
This implies that I®bcl(f~1(A)) € f~1(4)
and so, F1(A) = IDbcl(f~1(A)).
That is f~1(A) is an contra I®b-closed set and so f is an
contra Ib-irresolute functions.
Proposition 4.1 Suppose f: (X, t) = (Y, 0) and
g:(Y, 0) » (Z, w) are both contra Ib-irresolute, then
gof: (X, t) = (Z, w) is contra Ib-irresolute function.
Proof. Let E = (X,E;,E,) be an I®h-open in (Z,w),
since g is contra Ib-irresolute, g~*(E) is an 1©®b-closed in

A= (X A, 4,) is contra Ib-

A= (XA, A,) is contra Ib-
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(Y, o). Since f is also contra Ib-irresolute f~1(g~1(E)) =
(gof)™Y(E) is an I®p-open in (X, 7). Thus (gof) is
contra Ib-irresolute functions.
Theorem 4.6 Suppose f:(X,7)—- (Y,0) be an
intuitionistic contra Ib-continuous and intuitionistic contra
Ib-open, then =1 (IPbint(A)) € IPbcl(f~1(A)).
If f:(X,17)—> (Y, o) is an Ib-continuous function and
f1U@int(B)) € (f~*(B))~* for each B belongs to
1(9b0(Y), then £ is contra Ib-irresolute function.
Proof. Let B belongs to (b0 (Y),
f7YB) € FAU@cl(I@int(B)) N IDint(Icl(B)))
S (Dcl(f1I@int(B)) N IDint(f 1@ cl(B)))
c IO Dint(f~1(B)) N IDint(Icl(f~*(B)))))
= fY(B)c
1Dcl(IDint(f~1(B)) N IDint(Icl(f~*(B))))
Hence the result.
Proposition 4.2 Let f:(X, t) = (Y, o) and g: (Y, 0) =
(Z, 1) be two functions such that gof is contra Ib*-open.
Then the following two statements hold.
i. If f is contra Ib-irresolute surjection, then
g is contra Ib*-open function.
ii. If g is contra Ib-irresolute injection, then
f is contra Ib*-open function.
Proof. (i) Let A be any I®®p-open set in Y, since f is
contra Ib-irresolute function, f=*(A) is an I®b-closed set
in X. As gof is contra Ib*-open function and f is
surjective, (gof)~*(f~*(A)) = g(A), which is an I®p-
closed set in Z. This implies g is contra Ib*-open function.
(ii). Obvious.
Proposition 4.3 Let f: (X, ) - (Y, 0) and g:(Y, o) -
(Z, ) be two functions such that gof is contra Ib*-closed
function. Then the following two statements are hold.
i If g is contra Ib-irresolute injection, then
f is contra Ib*-closed function.
ii. If f is contra Ib-irresolute surjection, then
g is contra Ib*-closed function.
Theorem 4.7 For a bijective map f: (X, t) = (Y, o), the
following statements are equivalent,
a. fh(X,7)->(,0) is contra Ib-
irresolute
b. fiscontra Ib*-open
c. fiscontralb*-closed.
Proof. (a) = (b): Let A = (X,A,,4,) be I™b-open in
X, 7). By (@), (f " H7YA) = f(A) is Ib-closed in
(Y, 0). So, f is contra Ib*-open map.
(b) = (c): Let A be I®b-open in (X, 7). Then X — A
(X,A,,A;) is I®b-closed in X and by (b),
fX = A) = f((X,42,41))
= fUADfA) o o
=, f(4),Y = f(X - Ay))

closedinY.
So (Y,Y — f(X — Ay, f(Ay)) is @ b-openinY.
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Since Y-f(X—-4,) =4,

XY = f(X = A1), f(A2)

= (Y, f(AD), f(A))

f(A) is Ib-closed in (Y, o) and so, f is an contra Ib*-
closed map.
(c) = (a): Let A be contra I®b-closed in (X, 7). By (c),
f(A) is contra I@b-closed in (Y, o). But f(A) =
(f~H71(A). Therefore, f~1 is contra Ib-irresolute.
LetX = {a,b,c} =Y,1 = {¢, $, X, (X, (b}, {c]), (X, (b}, ),
X, (), X p{ach}. o={p X (¥, {bch}
Define f: (X, 7) - (Y,a) by f(a) = b, f(b) =c, f(c) =
a then f and f~1 are contra Ib-irresolute. So f is contra Ib-
homeomorphism.
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