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Abstract— In this paper, we introduce intuitionistic fuzzy
contra open mappings. We study some of their properties and
obtain their characterizations. Relationship between this new
class and other classes of functions are established in
intuitionistic fuzzy topological spaces.
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I. INTRODUCTION

After the introduction of fuzzy sets by Zadeh [6], there
have been a number of generalizations of this fundamental
concept. The notion of intuitionistic fuzzy sets introduced by
Atanassov [1] is one among them. Using the notion of
intuitionistic fuzzy sets, Coker [2] introduced the notion of
intuitionistic fuzzy topological spaces. In this paper, we
introduce the concept of intuitionistic fuzzy contra open
mapping. We have also studied some of the properties of
intuitionistic fuzzy contra open mapping and obtain their
characterizations.

Il. PRELIMINARIES

Before entering to our work, we recall the following
notations, definitions and results of intuitionistic fuzzy sets.
Throughout this paper, (X.7), (¥.a) and (Z.#) are always
means intuitionistic fuzzy topological spaces in which no
separation axioms are assumed unless otherwise mentioned.

Definition 2.1: [1] Let X be a nonempty set. An intuitionistic
fuzzy set (IFS) A in X is an object having the form
A= {ix w, (), vy () x e X}

where the mappings pa: X — [0,1]and vy : X — [0,1] denote
the degree of the membership (namely ua(x)) and the degree
of non-membership (namely va(X)) of each element x eX to
the set A respectively, 0 < pa (X) + v (x) <1 foreach x € X.

Obviously, every fuzzy set A onanon-empty set X isan
IFS having the form

A= {lop,.1-p,6)): xeX],
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Definition 2.2:[1] Let X be a non-empty set and let the
IFS’s A and B in the form
A= {{x.pﬂlix:],vﬂ{x]}: }:E}{} ,
B={lup () vg®): xeX} . Let {A;:jeJ} be an
arbitrary family of /FS’s in (X, ’C). Then,

i) if and only if [

u,and 1;

i) A= {{wvy GG s o _

i) N4 ={(x Ay G, vy () xeX ;

iv) U4 = {{x, v”ﬂj{x], A'uﬂj{x]}l xs}{:;

v) 1={<x10>xeX}and 0={<x,01>xeX}

>

=A and

vi)

1 Ol

-1

L

-0

Definition 2.3: [2] Let X and Y are two non-empty sets
and f :(X,r)—) (Y,G) be a function. If
B={(xpy (). vg®): xeX} is an IFS in Y, then the

pre-image of B under
f is denoted and defined by

FrE) = {ft (1), F (v : xeX)
Since g, vg are fuzzy sets, we explain

that f (”’B) (x)= HB(f (X))

Definition 2.4: An intuitionistic fuzzy topology [2] (IFT, for
short) on a non-empty set X is a family T of IFS’s in X
satisfying the following axioms:

1) Q , } eT.
i) A, NA, et forsomeA A, et
i) UA, et forany{A;:jel}e

In this case, the ordered pair (X, r) is called an intuitionistic

fuzzy topological space (IFTS, for short) and each IFSin T is
known as an intuitionistic fuzzy open set (IFOS, for short)

in X . The complement of an intuitionistic fuzzy open set is
called an intuitionistic fuzzy closed set (IFCS, for short).

Definition 2.5: [2] Let (X,T) be an IFTS and let

A= {{x,pﬂﬁc],vﬂ{x]}: xeX} be an IFS in X . Then the
intuitionistic fuzzy interior and intuitionistic fuzzy closure of
A is defined by

int(A) =U { G/Gisan IFOS inXand GcA }

cl(A)=N { K/Kisan IFCS inXand AcK }.
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Remark 2.6:[2] For any IFS A in (X,‘E) ,we
have cl(A) = int(A), int(A) = cl(A).

Definition 2.7:[4] Let A be an IFS in an IFTS (X, t). Then the
intuitionistic fuzzy semi - interior and intuitionistic
fuzzy semi - closure of A are defined by
sintf(A)= U{G|Gisan IFSOSin Xand G < A},
scl(A) = n{K|KisanIFSCSin X and A c K}
respectively.
Obviously scl(A) is the smallest IFSCS which contains A and
sint(A) is the largest IFSOS which is contained in A.

Definition 2.8: Let A be an IFS in an IFTS (X, t). Then A is
called an intuitionistic fuzzy semiopen set (IFSOS) [3] of X if
A c clint(a)).

The complement of intuitionistic fuzzy semiopen set is
called the intuitionistic fuzzy semiclosed set.

Definition 2.9: An IFS A in an IFTS (X,’E) is called an

intuitionistic fuzzy regular open set
[3] (IFROS) if int (cl(A)) = A. The complement of
intuitionistic fuzzy regular open set is called intuitionistic
fuzzy regular closed (IFRCS, for short). The family of all

IFROS (IFRCS) of (X,t) is denoted by IFROS (X)
(IFRCS (X)).

Definition 2.11: [5] An intuitionistic fuzzy point (IFP for
short), written Pap) is defined to be an IFS of X given by

p(a,B)(X)Z{(a’ﬁ) if x=p

(0,1)  otherwise

Definition 2.12:[5] An IFP pgp in X is said to be
quasi-coincident with an IFS
A={xy, . va), denoted by pep q A, if and only if

a=va(p)or fp= w,(pl

Definition 2.13: [3] Let A be an IFS in an IFTS (X, t). Then
A is called an intuitionistic fuzzy preclosed set (IFPCS)
if int(cl(A)) © A

I11. INTUITIONISTIC FUZZY CONTRA OPEN MAPPING

Definition 3.1: A mapping f:(X. 7} — (¥. o) is said to be an
intuitionistic fuzzy contra open mapping if f(4) isan IFCS in
¥ for every IFOS 4 in X.

Example 3.2 Let X ={a.b} , ¥="{wv} |

7={0..4.1.} and o=1{0..C.1.} . Let
o e a B

A= {{L (E’n__gjl’ (EJE)}JI £ X} and
o e a e

E= {{}-‘; (E’E)’ (E;a)};}-‘ S 1"} Then,

r={0..4.1. and ¢ ={0..C. 1.  are IFTs on X and ¥
respectively. Define a mapping f:(¥.7) = (¥.a) by
fla) =uand f(B) =wv. Clearly, F{4} = E, which is an
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IFCS in ¥. Therefore, f is an intuitionistic fuzzy contra open
mapping.

Theorem 3.3: Let f:(¥.7)—=(¥.o) be a surjective
mapping. Then the following statements are equivalent:
i)f is an intuitionistic fuzzy contra open
mapping;
ii) fCA) isan IFOS in ¥ for every IFCS A in
X

Proof: (i) = (ii) Let A be an IFCS in X. Then A% is an IFOS
in X . By hypothesis f(A} is an IFCS in V¥ .
Since F(4°) = ((4))°, f(4) isan IFOS in ¥.
(ii) = (i) Let A be an IFOS in X. Then A® is an IFCS in X.
By Hypothesis £(49) = (f(4)) is an IFOS in ¥. Hence
FlA) isan IFCS in ¥. Thus f is an intuitionistic fuzzy contra
open mapping.
Theorem 3.4: For a bijective mapping f: (X.7} — (¥, o) the
following statements are equivalent:
i) f isan intuitionistic fuzzy contra open mapping;
ii) forevery IFCS A4 inX, f{d)isanIFOSinY;
iii) for every IFCS 4 in X and for any IFP
Pras €Y, if f(pias ) g A then
Pleg 9 mt{f{f{]};
iv) For any IFCS 4 in X and for any pi, s €V, if
F*(pras ) g A, then there exists and IFOS
B suchthat pr .z g Band f~*(B) € A,

Proof: The proof of (i) = (ii) and (ii) = (i) follows from
Theorem 3.3.

(i) = (iii) Let AS X be an IFCS and let pr, g €V,
Assume that f~(pcaz)gA . Then pr.sm g f(A) . By
hypothesis £ (4} is an IFOS in ¥. then £(4) = int(F(4)).
Hence iy g g int(F(4)).

(iii) = (ii) Let A be an IFCS in X and p. 5 € ¥, Assume
that f~*(pras ) g 4. Then prag q f(A). By hypothesis,
Blam g nt(F(4)) . Hence fF(4) = int(f{4)) which
implies f(A) isan IFOSin ¥.

(iii) = (iv) Let A be an IFCS in X and p(, 5 € ¥, Assume
that f~*(pigm ) g A Then prgg g F(4). By hypothesis,
Plam g mt(f(4)) . Thus f(4) is an IFOS in ¥V .
Put flA) =8B : then Plam q B and
FHB) = FH(flA)) c A,

(iv) = (iii) Let A be an IFCS and p;, s € ¥ such that
F*(prss ) g A, By hypothesis there exists an IFOS B in ¥
such that pr. 2 g Band f~*(B) € A. Let B = f(4). Then
pragm g F(4) and since B is an IFOS, f(A) is an IFOS which

implies prz g g int(F(4)).
Theorem 3.5: Let f:(X.7) — (¥. ) be a bijective mapping

and IFPC(¥) = IFC(Y). Suppose that one of the following
properties hold:

(i) f(cl®))  int (cf{ foreach IFS in

(ii) P (int (£(8))) € flir for each IFS in
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iy ot (alme D)) cme(F for each
IFS in ;

(iv) FHcl(4)) € int(F for each IFOS
in ;

then, £ is an intuitionistic fuzzy contra open mapping.

Proof: (i) = (ii) can be proved by taking the complement in
(i)

(i) = (iii) Let 4 be an IFS in¥. Put B —f'lf:AJ in X, this
implies A c f(B) in

Now c{{mt{ﬂ]} =) (mt{f{ﬂ]}) = f{mt{B]} by (II)

Therefore,

-t (c{{fﬂt (4) }) cf
int(f~1(4))

-1 (f{:‘nt{B]}] =it(B) =

(iii) = (iv) Let A be an IFOSin ¥, then A = int (A}, By the
hypothesis, f~* (cf{:‘nt (4) }) Cint(f1(4)) . Therefore,
F(et(4)) € me(F204)).

Suppose that (iv) holds. Let A be an IFOS in X. then
imt(F(4)) is an IFOS in ¥ . Hence by hypothesis,

i (c{ {:‘ﬂt{f{ﬂ]})] c mt( (mt{f{ﬂj}):l
nt (f~(F(4)) c int(4) € A
cl (fﬂt{f{ﬂj}) c f(A). Now, f(A4) is an IFPCS in¥. By

hypothesis f{A} is an IFCS in ¥. Hence, f is an intuitionistic
fuzzy contra open mapping.

Therefore,

Theorem 3.6: Let f: (X, 7} = (¥, ) be a surjective mapping.
Suppose that one of the following properties hold:
(i) FH(cl(4)) € int(F for each IFS
in ;

(ii) | (a(r@)) <

(iii) ' flc(B) ) c i foreach IFS in ;

7l for each IFS in

Then f is an intuitionistic fuzzy contra open mapping.

Proof: (i) = (ii) Let us consider E be an IFS in X. Then

f(B) is an IFS in ¥ . By hypothesis
-1 (c{{f{B]}] C int ( 1{}”{5]}) int (B) Now,
c{{f{Bj } = f{fﬂf{Bj}.

(if) = (iii) can be proved by taking the complement in (ii).

Suppose that (iii) holds. Let A be an IFCS in X. then
clfd) =4 and f(4) is an IFS in ¥ . Now,
F(4) = flet(a)) < int(£(4) ) = (4D, by hypothesis. This
implies f(A) is an IFOS in ¥. By Theorem 3.3, f is an
intuitionistic fuzzy contra open mapping.

Theorem 3.7: Let f: (X, 7) — (¥. o) be a bijective mapping.
Then f is an intuitionistic fuzzy contra open mapping if
cl(f~(4)) € F(int(4) ) forevery IFS 4 in Y.

Proof: Let A be an IFCS in X. Then ¢l(A) = A and f(4) is
an IFS in ¥ : By hypothesis

el (f‘ll.if'iﬂj }] cft (:‘nt{f{fl]}). Since f is one to one
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FHfl) =4 : Therefore,
A=) = (F(r)) € rt(ime (D)) .
£ £ £ (£ (nt(r(0)) ) = me(£CaY) € FC0). Hence,

flA)isan IFOS in¥. By Theorem 3.5, f is an intuitionistic
fuzzy contra open mapping.

Theorem 3.8: Let f:(¥.7)—=(¥.g) be a surjective
intuitionistic fuzzy contra open mapping, then the following
conditions hold:

i) cl(f@)er(me(c@ for
every IFOS in ;

iy f(ct(imt(®)) < mt(f & for
every IFCS in ;

Proof: (i) Let B be an IFOS in X. Clearly, int(B) = B. By
hypothesis f(B) is an IFCS in ¥ . This implies that

cl(r8)) = 8 € f(int(8)) € f (e (c1(8)).

(i) can be proved by taking the complement in (i).

Theorem 3.9; Let f:(¥.7) = (¥,5) be a one-to-one
mapping, then the following statements are equivalent:
i)f is an intuitionistic fuzzy contra open
mapping;
i) for each IFP p(, s € ¥ and for each IFCS
E containing f~*(p(, g ) there exists an
IFOS 4 contained in ¥ and pr, s € A such
that 4 € f(B);
iii) for each IFP p(. s € ¥ and for each IFCS
B containing f~*(p(, g ) there exists an
IFOS A contained in ¥ and p;, s € A such
that f~*(4) = B,

Proof: (i) = (ii) Let B be an IFCS in X and p(; 5 € ¥ such
that Fpaas)eB Then,
piagm € f (B). By the hypothesis, f (B} isan IFOSin ¥. Let
A= fB) =mt(f(B)) c F(B).

(ii) = (i) Let & be an IFCS inX and p;, 5 € ¥ such that
F*(pras) € B. Then pr,a € F(B). By the hypothesis,
f(B) is an IFOS in ¥. Let A< f(B}. This implies
FHA) € F1(F(4)) cB.

(iii) = (i) Let B be an IFCS in X and pr 5 € ¥. Let
F*(pras ) € B. Then by the hypothesis, there exists an
IFOS A in ¥ such that pr, 5 € 4 and f~*(4) € B. This

implies  pmed Sf(Fi4))cE That s
peg € FB) . Since 4 is an IFOS,
A= int(4) € int(F(B)) . Therefore,
Pleg €A Cint(F(B)) But
fB) =Uy ez Plap S ﬂt{f{B]}Cf{B] Hence

fF(B) isan IFOSin ¥. hence f is an intuitionistic fuzzy contra
open mapping.

Theorem 3.10: A mapping f:(¥.7} = (¥.o) is an
intuitionistic ~ fuzzy  contra  open  mapping  if
Flscl(B)) < int (F(B)) for every IFS B in X,
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Proof: Let B be an IFCS in X. Then cl{(B) = B. Since every
IFCS is an IFSCS, scIl(B)J=E . By
hypothesis f(B) = f(scl(B)) < int (f(B)). This implies
that £(B) is an IFOS in ¥. Hence f is an intuitionistic fuzzy
contra open mapping.

Theorem 3.11: If IFSO(Y) = IFO(Y), then a mapping
f:x.7) = (¥.g) is an intuitionistic fuzzy contra open
mapping if and only if f(scl(B)) < sint (f{c{{B]}) for
every IFS B in X.

Proof:

Necessity: Let B be an IFOS in X. Then cI(B] is an IFCS in
X. By hypothesis, F(I(B)) is an IFOS in ¥. Since every
IFOS is an IFSOS, F(cl(B) ) is an IFSOS in ¥. Therefore,

f(set(®) € f(et(®)) = sint (£(c1(8))).

Sufficiency: Let B be an IFCS in X. Then ci(B) = EB. By
hypothesis f{scE{B]} C sint (f{c{{B]}) = sint {f{B:]} .
Then f(B) € f(sci(B)) € sint (F(B)) < F(B). Therefore,

F(B) isan IFSOS in ¥. By hypothesis, f(E} isan IFOS in ¥.
Hence, f is an intuitionistic fuzzy contra open mapping.

Theorem 3.12: A mapping f:(¥.7} =(¥.g) is an
intuitionistic fuzzy contra open mapping if and only if

Flscl(B)) € int (f{cE{B]})for every IFS B in X.

Proof:
Necessity: Let B be an IFS in X. Then cI(B)} isan IFCS in X.
By hypothesis, f(ci(E)) is an IFOS in ¥ . Then,

F(sc1(®) < f(c1(8)) = it (f(c1(8))).

Sufficiency: Let B be an IFCS in X. Then cl(E)} = B. By
hypothesis, f(scl(B)) € int {f{c{ {B]}) = int f(B). Now,
FB) < fscl(B)) c it (F(B)) € F(B) . Thus, f is an

intuitionistic fuzzy contra open mapping.

Theorem 3.13: A mapping f:(¥.7) = (¥.¢) is an
intuitionistic ~ fuzzy contra open  mapping, then

Flel(B)) € sint (f{cE(B]}) forevery IFSEB in X.

Proof: Let B be an IFOS in X. Then cI{E) is an IFCS in X.
By hypothesis, fl(cl(B)) is an IFOS in ¥
Then, f{cI{B]} = int (f{c{{B:]}:I C sint (f{cf{ﬁ':]})

Theorem 3.14: An intuitionistic fuzzy open mapping is an
intuitionistic fuzzy contra open mapping if IFOS (¥) =
IFCS(Y).

Proof: Let A be an IFOS in X. By hypothesis f (4} isan IFOS
and hence f{A) is an IFCS in ¥. Hence f is an intuitionistic
fuzzy contra open mapping.

Definition 3.15: A mapping f:(X.7) = (V. ) is said to be
an intuitionistic fuzzy almost contra open mapping, if the
image of each IFROS in X isan IFCS in ¥

Theorem 3.16: Every intuitionistic fuzzy contra open
mapping is an intuitionistic fuzzy almost contra open

mapping.
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Proof: Let f: (X.7) — (¥, &) be an intuitionistic fuzzy contra
open mapping and 4 be an IFROS in X. Since every IFROS is
an IFOS, A isan IFOS in X. By hypothesis f (A} isan IFCS in
¥. Hence f is an intuitionistic fuzzy almost contra open
mapping.

The converse of the above theorem is not true in
general as seen from the following example.

Example 3.17: Let X ={a. b} |, V={wv} . Let
A= {{x’ (E a:l (n 5’ 5)} rE X} )
{{x, (:—B Dﬂ—_) E: ;—ujl} T E X} and

| o

c={n(S ) (S yey) Then
r=1{0..AB1.}ande ={0..C.1.Jare IFTson X and ¥

respectively. Define a mapping f:(X.7) = (V.a) by
fla) =uand f(b) = v. Clearly 4 is an IFROS in X and
FUA)is an IFCS in ¥. Therefore, f is an intuitionistic fuzzy
almost contra open mapping. Since & is an IFOS in X, but
FCB) is not an IFCS in ¥, f is not an intuitionistic fuzzy
contra open mapping.

Theorem 3.18: Let f:¥ =¥ and 5:¥ = Z be any two
mappings, then g = f: X — Z and the following conditions
hold:
i)If f is an intuitionistic fuzzy open mapping
and g is an intuitionistic fuzzy contra open
mapping, then gef: X —= 2 is an
intuitionistic fuzzy contra open mapping.
ii) If £ is an intuitionistic fuzzy almost contra
open mapping and g is an intuitionistic
fuzzy contra open mapping, then g = f is
an intuitionistic fuzzy almost open
mapping.
iii) If f and g are intuitionistic fuzzy contra
open mappings, then g=f is an
intuitionistic fuzzy open mapping.

Proof: (i) Let A be an IFOS in X. By the hypothesis f (4] is
an IFOS in ¥. Since g is an intuitionistic fuzzy contra open
mapping gl f(4) ) = (g« F)(4) is an IFCS in Z. Hence,
g = f isan intuitionistic fuzzy contra open mapping.

(ii) Let E be an IFROS in X. By the hypothesis f(E} is an
IFCS in ¥. Since g is an intuitionistic fuzzy contra open
mapping g(f(B)) = (g = £} (B) isan IFOS in Z. Hence, f is
an intuitionistic fuzzy almost open mapping.

(iii) Let B be an IFOS in X. By the hypothesis f(E} is an
IFCS in ¥. Since g is an intuitionistic fuzzy contra open
mapping, then by Theorem 3.3, g(f(B)) = (g = f}(B) isan
IFOS in Z. Hence, f is an intuitionistic fuzzy open mapping.

Definition 3.19: A mapping f:X —= ¥ is said to be an
intuitionistic fuzzy contra irresolute open mapping, if £{4) is
an IFSCS in ¥ for every IFSOS A in X,

Let ¥ ={a. b} , ¥=Tuv} . Let

A={0e(5532)- o)) and

B = {{x, i,i) (E : :I}} Then, = =10..4.1.} and

070G

oz 0.2
g ={0..B.1.}are IFTs on X and Y respectively. Define a
mapping f:(X.7) = (¥.a) by fla) = uand flb) = v
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IFSOS(X) = {0.,1.,G ™ 2m) 1 o £ 10.3,0.6], 1,m, € [0.4.0.6] [, +m; =< 1,

ab
i=12
IFSCS(Y) = {0.,1..H 1"1*_‘;-"13-"“1"*“ s a,,by €[0.2,0.7], a, b, €[0.3,06] g+ b =1,
i=12}

Clearly, every IFSOS in X is an IFSCS in ¥. Therefore, f is
an intuitionistic fuzzy contra irresolute open mapping.

Theorem 3.21: Let f:X — ¥ be a surjective mapping, then
the following statements are equivalent:

i) f isanintuitionistic fuzzy contra irresolute open

mapping
i) fl4) isan IFSOS in ¥ for every IFSCS A in X.

Proof: (i) = (ii) Let 4 be an IFSCS in X. Then, A® is an
IFSOS and by the hypothesis f(4°) = (£(4))" is an IFSCS
in ¥. Hence, f{4) isan IFSOSin ¥.

(if) = (i) Let A4 be an IFSOS in X. By the hypothesis
(F(4))" = FCA%) is an IFSOS in ¥. Then, £(4) is an IFSCS
in ¥. Hence, f is an intuitionistic fuzzy contra irresolute open
mapping.

Theorem 3.22: Every intuitionistic fuzzy contra irresolute
open mapping is an intuitionistic fuzzy contra open mapping,
if IFSC(¥) = IFC(F)

Proof: Let f:X =¥ be an intuitionistic fuzzy contra
irresolute open mapping and A be an IFOS in X. Since every
IFOS isan IFSOS, A4 isan IFSOS in X. By hypothesis f (4]} is
an IFSCS in ¥. Since IFSCS(¥) = IFCS(Y¥), £(4) is an IFCS
in ¥. Hence f is an intuitionistic fuzzy contra open mapping.
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