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ABSTRACT

This paper is devoted to the study of intuitionistic fuzzy almost open and Intuitionistic fuzzy almost
closed mappings in intuitionistic fuzzy topological spaces. Some of its properties are studied and relationships with
other existing intuitionistic fuzzy closed mappings were discussed.
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1. INTRODUCTION:

After the introduction of fuzzy sets by Zadeh [8], 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, 3] introduced the notion of intuitionistic fuzzy topological spaces. In this paper, we
introduce the concept of intuitionistic fuzzy almost open mapping. We have also studied some of the properties of
intuitionistic fuzzy almost open mapping and their relationship between other existing intuitionistic fuzzy open
mappings.

2. PRELIMINARIES:

Before entering to our work, we recall the following notations, definitions and intuitionistic fuzzy sets as given by
Atanassov [1], Coker [3]. Throughout this paper,(X,t),(Y,c)and(Z,n) always means an intuitionistic fuzzy
topological spaces in which no separation axioms are assumed unless otherwise mentioned.

Definition 2.1: [1] Let X be a non-empty fixed set. An intuitionistic fuzzy set (IFS, for short), Ais an object having the
form

A= {<x,uaX)va(x) > x e X}

where the mapping p, : X — land y, : X — I denotes respectively the degree of membership (namely HA(X)) and
the non-membership (namely y,(x)) of each element x € Xtoaset A, and 0<p, (x)+7ya(x)<1for each x e X.
Obviously, every set A on a non-empty set X is an IFS having the form

A={<x,ua(X)va(x)> x e X}

*Corresponding author: A. MANIMARAN*,*E-mail: manimaranthangaraj@gmail.com
International Journal of Mathematical Archive- 3 (2), Feb. — 2012 373


http://www.ijma.info/�
mailto:manimaranthangaraj@gmail.com�
mailto:ctptr@yahoo.co.in�
mailto:manimaranthangaraj@gmail.com�

A. MANIMARAN'& K. ARUN PRAKASH/ INTUITIONISTIC FUZZY ALMIOST OPEN MAPPINGS .../ IIMA- 3(2), Feb.-2012,
Page: 373-379

Definition 2.2: [1] Let X be a non-empty set and let the IFS’s A and B in the form
A= (< Xubta ()74 (X)X € X} B={<xug(X) 7 (X)X e X

Let {Aj : j }be an arbitrary family of IFSs in (X, t). Then,

(i) A<Bifandonly if Wx e X, pa(x)<pg(x) and ya(x)=yg(x)

(i) A={<x,7a()palx)> xe X}

alx
(i) NA; =X App () VY, (X )>ix e X
(iv) UA; = i<x Vv (X )/\yA()>:XeX}

|
]
={<x,01>xeX}

(x
(V) 1= {«<x10>xeX} a
(i) A=A, 1 0and§

d
1.
Definition 2.3: [3] An intuitionistic fuzzy topology (IFT, for short) on a non-empty set X is a family tof IFSs in X
satisfying the following axioms:

(i) 1,0er
(i) AjnA, etforsome Aj,A, et

(i) UA;ecforany {A;:jelfer

In this case, the ordered pair (X, t)is called intuitionistic fuzzy topological space (IFTS, for short) and each IFS in 7 is

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

Definition 2.4: [3] Let(X, t) be an IFTS and let A = {< X, (x),ya(X)>: x € X} be an IFS in X. Then the intuitionistic
fuzzy interior and intuitionistic fuzzy closure of A are defined by

int(A)=U{G /G isan IFOSin Xand G c A}

cl(A)=N{K/K isan IFCSin X and A c K}
Remark 2.5: [3] For any IFS A in (X, 7), we have cl (K):intiAi and int (K) =cl(A).

Definition 2.6: [4] An IFS A in an IFTS (X,r) is called an intuitionistic fuzzy regular open set (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 2.7: [4] An IFS A ={<x,ua(X)va(X)>:xeX} in an IFT(X,t)is called an intuitionistic fuzzy semi-
open set (IFSOS, for short), if A < cl(int(A)). The complement of an IFSOS is called an IFSCS.

Definition 2.8: [5] Let A be a fuzzy setin an IFTS (X, r) .Then, semiclosure (briefly scl ) and semi-interior (briefly sint )
are given as

scl(A)=({B/A c B,Bis fuzzy semiclosed
sint(A)=| J{ B/B c A,Bis fuzzy semiopen }.

Definition 2.9: [4] An IFS A ={< X, (x),ya(X)> x € X}inan IFTS (X, <) is called an intuitionistic fuzzy a-open set
(IFa0S) if A cint(cl(int(A))).

Definition 2.10: [6] An IFS A = {< x,pA (X),va(X)> x € X}inan IFTS (X, 1) is called an intuitionistic fuzzy semi-pre
open set (IFSPOS) if there exists BelFPO(X), such thatB = A < cl(B).
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Definition 2.11: [4] Let (X,t) be an IFTS and A = {< x, 1 (x),ya(X)> x € X} be an IFS in X. The intuitionistic fuzzy

a-interior and intuitionistic fuzzy a-closure of A are defined by

aint(A)=U{G /G isan IFaOSin Xand G c A}
acl(A)=N{K/K isan IFaCSin X and A c K}

Definition 2.12: [7] An intuitionistic fuzzy point (IFP for short), written P(a,p) is defined to be an IFS of X given

B (U,,B) if x=p
by p.p)(X)= { (0,1)  otherwise

Definition 2.13: [7] Let p(, ) be an IFP of an IFTSX. An IFS A of X is called an intuitionistic fuzzy neighborhood
(IFN) of p(,g), if there exists an IFRO set B in X such thatp(, 5 e B<A.

Definition 2.14: [3] Let X and Y be two non-empty sets and f:(X,t)—(Y,c) be a mapping. If
B={<vy,ug(y)vs(y)>ye Y} isan IFSin Y, then the pre image of B under f is denoted and defined by

f1(B)= {< X, F g J(X). FHyg NX) > x e X}, since, pg,yg are fuzzy sets, we explain that

fﬁl(HB)(X): MB(f(X))

Definition 2.15: [7] A mapping f : (X, t)— (Y, 8)is said to be intuitionistic fuzzy closed mapping if f(B) is an IFCS of
Y for each IFCS B of X.

Definition 2.16: [4] A mappingf : (X, t)— (Y, 5)is said to be intuitionistic fuzzy almost continuous mapping if f(B)
is an IFOS of X for each IFROS B of Y.

3. INTUITIONISTIC FUZZY ALMOST OPEN MAPPINGS:

Definition 3.1: [5] A mapping f:(X,7)—(Y,o) is said to be an intuitionistic fuzzy almost open (IFAQ, for short)
mapping, if for each IFROS U of X, f(U) isan IFOSin Y.

Definition 3.2: [5] A mapping f:(X,t)—(Y,o) is said to be an intuitionistic fuzzy almost closed ( IFAC, for short)
mapping, if for each IFRCS set A of X, f(A) isan IFCSin Y.

Example 3.3: LetX ={a,b,c}=Y ,1={0,1,A}and ={0,1,B} where A={<x, i-ili : i,£,L > XxeX
e ~= 0.1 0.2 04)\03 05 0.6

and B= <y 2 D Cfa b ) ooyl cl(A)=A° and int(cl(A))= A. Therefore, A is an IFROS in X.
02 0104)05 03 06

Define an intuitionistic fuzzy mapping f:(X,7)—(Y,c) byf(a)=b,f(b)=a, f(c)=c, the image of an IFS A is
a b ¢ a b ¢ . . .
f(A)= —_——— | = —,— Y +. Clearly, f(A) is an IFOS and hence f is an IFAO mapping.
(A) {<y’(o.z’0.1’0.4)‘(0.5’0.3’0.6)>’y€ } y, f(A) pping

Example 3.4: Let X ={a,b,c}=Y, 1={0,1,A}andc ={0,1, B}, where
A=:<X, i,L,L , i,l,i > XxeXrandB={<y, i,l,— , —li >yeY;.
0.2 03 04)\03 04 05 0.7 010210106 04

Then (X,t)and(Y,s)are IFTS on X and Y respectively. cl(A)=ACand int(cl(A))=A. Therefore, A is an IFROS in X.
Define an intuitionistic fuzzy mapping f :(X,t)—(Y,s) by f(a)=c, f(b)=a, f(c)=h, then

a b ¢ a b
fA = I e [ N N N [l Y .
) {<y(o.3 0.4 o.2j [0.4 05 o.e,J>y€ }
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Thus, f (A) isnot an IFOS in Y. Therefore f is not an IFAO mapping.

Example 3.5: Let X ={a,b,c}=Y ,1={0,1,A} ando ={0,1,C}, where
A-lex[ 2 D cfa b ¢l oxlandgolex[ 2 P (2 b e L oxl,
0.1 02 03)\04 05 06 04 05 06)\01 02 0.3

C= <y,[l Ll LJ [iiij >,yeY+.Then(X,t)and(Y,c)are IFTS on X and Y respectively. int(B)=A
0.1 0.6 04 05
andcl(int(B))= B .Therefore, B is an IFRCS in X.

Define an |ntU|t|on|st|cfuzzymapplngf (X,7)—>(Y,0) byf(a)=h, f(b)=c, f(c)=a then
a b ¢ c

f B = 1 P R R I R R Y

(®) {<y(o.6 0.4 0.5)[ 0102 j>ye }

Clearly, f is an IFAC mapping.

Example 3.6: Let X ={a,b,c}=Y ,1= {O 1 A} ando ={0,1,C}, where

A <X[11Lj [Lii},xex andB - <X,[1,L,L}[i,1,i},xex ,
03'04'0.1).06'05'0.2 0.6 05 0.2)103 04 0.1

Coley[ 2 C)f2 D € vyl int(B)=Aandcl(int(B)=B.
0.4 104 02

Therefore, B is an IFRCS in X. Define an intuitionistic fuzzy mapping f : (X,7) - (Y,c) by
f(a)=b, f(b)=c, f(c)=a then

a b ¢ a b ¢
f(B)=d<y,| A= S [ 2 s yevl
(®) {<y(o.2 0.6 0.5M0.1 03 o.4j>y€ }

Clearly, f is not an IFAC mapping.
Theorem 3.7: Every intuitionistic fuzzy closed mapping is an IFAC mapping.

Proof: Let f:(X,t)—(Y,o) be an intuitionistic fuzzy closed mapping and let B be an IFRCS in X. Since every

IFRCS is an IFCS, B is an IFCS in X. By the hypothesis, f (B) is an IFCS in Y. Hence f is an IFAC mapping. The
converse of the above theorem is not true in general as shown in the following example.

Example 3.8: LetX={a,b}=Y, 1= {0 1 ,A}and o= {0 1 B}, where A_{<x(i lj (i L)>,XGX} and

0.7'05/)102'0.4

a b a b . .
B=:<y,|—,— >, Y: then t={0,1,A}and c={0,1,B}are IFTs on X and Y respectively. Define a
{ W& os Haaan )Y } {0,1,A}and 0 ={0,1.8) pectively

mapping f : (X,7)— (Y,o)by f(a) = u, f(b) = v. Clearly, then, 0,1 are the only IFRCS in X. Now, f(OJ=0and

f(lJ =1lare IFCSin Y. Hence f is an IFAC mapping. But f(K) isnot an IFCS in Y, where Ais an IFCS in X.

Therefore, fis not an intuitionistic fuzzy closed mapping.

Theorem 3.9: Letf :(X,t)— (Y, )be a mapping, then the following are equivalent:

(i) fisan IFAC mapping;
(ii) fisan IFAO mapping
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Proof:
(i) = (ii): Let B be an IFROS in X. then Bbe an IFRCS in X. By the hypothesis f(E):ﬂE)is an IFCS in Y. Therefore
f(B) isan IFOS in Y. Hence f is an IFAO mapping.

(ii) = (i): Obvious.
Theorem 3.10: Let f : (X, t)— (Y, c)be a mapping, then f is an IFAC mapping if for each IFP p, ;) <Y and for each

IFOS B in X such that f_l(p(ayﬁ))e B, cl(B) is an intuitionistic fuzzy neighborhood of p(,, €Y.

Proof: Letp,, YandAbean IFROS in X. Then Ais an IFOS in X. By hypothesisf’l(p(ayﬁ))e Aand p(, ef(A)

in Y. Since cI(A)is an intuitionistic fuzzy neighborhood of P(op): then there exists an IFOS B in Y such that

Now B = {p(a’ﬁ)/p(mﬁ) € B}: f(A). Therefore f (A) is an IFOS in Y. Hence f is an IFAO mapping. By the above theorem
fis an IFAC mapping.

Theorem 3.11: Letf :(X,t) - (Y, c)be a mapping, if f is an IFAC mapping, then cl(A) c f(cI(A)) for every IFSPOS A
iny.

Proof: Let A be an IFSPOS in X. Then cl(A)is an IFRCS in X. By the hypothesis f(cl(A))is an IFCS in Y. this
implies cl(f(c1(A))) = f(cI(A)). Then cI(f(A)) < cl(f(cl(A)) = f(cI(A)). Hence cI(f(A)) < f(cI(A)).

Theorem 3.12: Letf:(X,t)—(Y,c)be a mapping, if cl(f(B))c f(cl(B))for every IFS B in X, then f is an IFAC
mapping.

Proof: Let B be an IFRCS in X. By the hypothesis cl(f(B)) < f(cI(B)). Since every IFRCS is an IFCS, B is an IFCS in X.
Therefore cl(B)=B. Hence cl(f(B))< f(B). Thisimplies that f(B)is an IFCS in Y. thus f is an IFAC mapping.

Theorem 3.13: Iff : (X, 1) — (Y, 5)is a mapping, then the following statements are equivalent:

(i) fisan IFAC mapping;

(ii) cl(f(A))< f(acl(A))for every IFSPOS A in X;

(iii)) cl(f(A))<f(acl(A)) for every IFSOS A in X.

Proof: (i) = (ii): Let A be an IFSPOS in X. then cl(A) is an IFRCS in X. By the hypothesis f(cl(A)) is an IFCS in X.
Therefore cl(f (cl(A)))=f(cl(A)) . Now cl(f(A)) < cl(f (cl(A))) = f(cI(A)). Since cl(A)is an IFRCS in X,
cl(int(cl(A)))=cl(A). Thereforecl(f(A))< f(cl(A)) = f(cl((int(cl(A))) = f(AUcl((int(cl(A)) = f(acl(A)).

(i1) = (iii): Since every IFSOS is an IFSPOS, the proof follows immediately.

(iii) = (i): Let A be an IFRCS in X. By the hypothesis cl(f(A)) < f (acl(A)) = f(cl(A)) = f(A) c cl(f(A)).

Hence cl(f(A))=f(A), which implies f(A)isan IFCS in Y. Thus f is an IFAC mapping.

Theorem 3.14: Letf :(X,t) - (Y, o)be an IFAC mapping, then int(cl(f(B))) = f(cl(B)) for every IFRCS B in X,

Proof: Let B be an IFRCS in X. By the hypothesis f(B) is an IFCS in Y. Then cl(f(B))=f(B). Now

int(cI(f(B))) < int(f(B)) < f(B) = f(cI(B)) . Hence int(cl(f(B))) < f(cl(B)).
Theorem 3.15: Letf :(X,t) - (Y,o)be an IFAC mapping, then f(int(B))c cl(int(f(B))) for every IFROS B in X.
Proof: Proof is similar to the above theorem.
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Theorem 3.16: Let f:(X,7)— (Y,5) be a bijective mapping, then the following statements are equivalent:

(i) fisan IFAO mapping;
(i) fisan IFAC mapping;
(iii) f! isan intuitionistic fuzzy almost continuous mapping.

Proof: (i) = (ii): Obvious.

(ii) = (iii): Let A be an IFRCS in X. By assumption f(A) is an IFCS in Y. Then (1] "(A)=f(A)is an IFCS in Y.
Hence f is an intuitionistic fuzzy almost continuous mapping.

(iii) = (i): Let A be an IFROS in X. By hypothesis (ffl)_l(A): f(A) isan IFOS in Y. Hence f is an IFAO mapping.

Theorem 3.17: If f:(X,1)— (Y,o) is an intuitionistic fuzzy almost open mapping, then scl(f(A)) < f(cl(A))for every
IFSPOS Ain X.

Proof: Let A be an IFSPOS in X. Then cl(A) is an IFRCS in X. By the hypothesis f(cl(A)) is an IFCS in Y. Then
f(cl(A)) is an IFSCS in Y and thus scl(f(cl(A))=f(cl(A)). Now scl(f(A))c scl(f(cl(A))=f(cl(A)). Therefore

scl(f(A)) = f(cl(A)).
Theorem 3.18: A mapping f : (X,t) - (Y,s)is an IFAO if and only if for each IFSCS F of X , f(int(F)) < int(f(F)).

Proof: Suppose that f is an IFAO mapping and let Fbe an IFSCS of X, Then int(cl(f(F))c Fand
f(int(cI(f(F))))is an IFOS in Y. Therefore, we have.  f(int(F)) c int(f(F)). Conversely, let U be an IFROS of X. Then U
is an IFSCS. By the hypothesis, we have f(U)=f(int(U))cint(f(U)).Thus, f(U) is an IFOS inY and hence f is
an IFAO mapping.

Theorem 3.19: A mapping f:(X,t)— (Y,o)is an IFAO if and only if for any intuitionistic fuzzy subset S of Y and
any IFRCS F of X containing f ~*(S), there exists a closed set G of Y containing S such thatf *(G)c F.

Proof: Suppose that f is an IFAO. LetSc Y and F be an IFRCS of X containing f™(S) Put G=Y —f(X-F)
Since f*(S).c F, we haveSc G. Since f is an IFAO mapping and F is IFRCS in X, G is an IFCS in Y. It
follows from a straight forward calculation thatf *(G)c F.

Conversely, Let U be an IFROS in X andS=Y =f(U), then x-uis an IFRCS containing f *(S) . By hypothesis, there

exists an IFCS G of Y containing S such that f ™(G)c X — U. Thus, we havef(U)c Y — G . On the other hand we have
f(U)=Y -S> Y-Gandhencef(U)=Y -G . Consequently, f(U)is an IFROS in Y and f is an IFAO mapping.

Theorem 3.20: A mapping f:(X,t)—(Y,o)is an IFAO and A is an IFROS of X, then the restriction
fa 1 (A, 74)— (Y,0)is an IFAO mapping.

Proof: Let U be an IFROS in the subspace A. Since A is an IFROS in X, so is U and hence f(U) is an IFROS in
Y. Therefore, f/A is an IFAO mapping.

Theorem 3.21: A mapping f:(X,t)—(Y,o) is an IFAO mapping. If A is an IFROS in X such that A =f-!(B)for
some intuitionistic fuzzy subset B of Y, then a mapping f, : A — Bis defined by f,(x)=f(x)for all intuitionistic
fuzzy pointsx € Aiis an IFAO mapping.

Proof: Let U be an IFROS in the subspace A. Since A is an IFROS in X, we ave U —int (cl, (U))= A ninty (cly (V)
Since, fis an IFAO mapping f(int, (cly(U))) is an IFO in Y. Therefore, f,(U)=Bf(inty(cly(V))) isan IFO in the

subspace B and hence f, is an IFAO mapping.
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