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ABSTRACT. In this paper the concept of intuitionistic fuzzy pre-a-
irresolute open and closed mappings are introduced and studied. Besides
giving characterizations of these functions, several interesting properties of
these mappings are also given. We also study relationship between this
function with other existing functions.
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1. INTRODUCTION

Ever since the introduction of fuzzy sets by L.A.Zadeh[10], the fuzzy concept has
invaded almost all branches of mathematics. The concept of fuzzy topological spaces
was introduced and developed by C.L.Chang[2]. Atanassov|l] introduced the notion
of intuitionistic fuzzy sets, Coker[3] introduced the intuitionistic fuzzy topological
spaces. Intuitionistic fuzzy open, a-open, and preopen mappings were discussed in
[3,5]. In this paper, we introduce the concept of intuitionistic fuzzy pre-a-irresolute
open and intuitionistic fuzzy pre-a-irresolute closed mappings as an extension of our
work done in the paper [9]. Also we study some of their properties and establish
their relationships with other existing mappings.

2. PRELIMINARIES

Definition 2.1 ([I]). Let X be a nonempty fixed set and I the closed interval [0,1].
An intuitionistic fuzzy set(IFS) A is an object of the following form

A = {<x, pa(x), va(x)>| xeX}
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where the mappings pa : X—I and v4 : X—I denote the degree of member-
ship(namely) pa(x) and the degree of nonmembership(namely) v4(x) for each ele-
ment x€X to the set A respectively, and 0 < pa(x) + va(x) < 1 for each x€X.

Definition 2.2 ([1]). Let A and B are IF'Ss of the form A = {<x, pa(x), va(x)>|
x€X} and B = {<x, pp(x), vp(x)>| x€X}. Then
(i) A C Bif and only if pa(x) < pup(x) and v4(x) > vp(x);
(i) A = {<x, va(x), pa(x)>| xeX};
(i) AN B ={<x, pa(x) A pp(x), va(x) V vp(x) >| xeX};
(iv) AUB = {<x, pa(x) V up(x), va(x) A vp(x) >| xeX}.

We will use the notation A = {<x, pa, va> | x€X} instead of A= {<x, pa(x),
va(x)> | x€X}. The IFSs 0_ and 1_ are defined by 0_ = {<x, 0,1 > | x€X} and
1. ={<x,1,0> | xeX}.

Let X and Y are two non-empty sets and f: (X,7)—(Y,0) be a function.

If B={<y, us(y), ve(y)>| y€Y} is an IFS in Y,then the pre-image of B under f
is denoted and defined by f~Y(B) = {<x, f~Y(up(x)), f~1(rp(x))>| x€X} Since
up, vp are fuzzy sets, we explain that f~1(up(x))=pp(f(x)).

Definition 2.3 ([3]). An intuitionistic fuzzy topology(IFT) in Coker’s sense on a
nonempty set X is a family 7 of intuitionistic fuzzy sets in X satisfying the following
axioms:

(i) 0_,1_ €7

(i) G1NGgy € 7, for any Gy, G2 € T3

(i) UG, € 7 for any arbitrary family {G; | ieJ} C 7.
In this paper by (X,7) or simply by X we will denote the intuitionistic fuzzy topolog-
ical space (IFTS). Each IFS which belongs to 7 is called an intuitionistic fuzzy open
set(IFOS) in X. The complement A of an IFOS A in X is called an intuitionistic
fuzzy closed set(IFCS) in X.

Definition 2.4 ([3]). Let (X,7) be an IFTS and A = {<x, pa(x), va(x)> | x€X}
be an IFS in X. Then the intuitionistic fuzzy closure and intuitionistic fuzzy interior
of A are defined by
(i) cl(A) =N {C:Cisan IFCS in X and C D A};
(ii) int(A) = J {D:Dis an IFOS in X and D C A};
It can be also shown that cl(A) is an IFCS, int(A) is an IFOS in X and A is an IFCS
in X if and only if cl(A) = A ; A is an IFOS in X if and only if int(A) = A.
Proposition 2.5. Let (X,7) be an IFTS and A,B be IFSs in X. Then the following
properties hold:
(i) clA = (int(A)) , int(A) = (d(A));
(i) int(A)CACcl(A).|3
Definition 2.6 ([4]). An IFS A in an IFTS X is called
(i) an intuitionistic fuzzy pre open set(IFPOS) if A C int(clA).
(ii) an intuitionistic fuzzy a-open set (IFOS) if and only if A C int(cl(intA)).
(ili) an intuitionistic fuzzy semi open set(IFSOS) if and only if A C cl(int(A)).
616
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The complement of an IFPOS(IFaOS and IFSOS) A in X is called IFPCS(IFaCS
and IFSCS) in X.

Definition 2.7 ([4]). Let f be a mapping from an IFTS X into an IFTS Y. The
mapping f is called intuitionistic fuzzy continuous(IFa-continuous, IF pre continu-
ous) if and only if f~1(B) is an IFOS (IFaOS, IFPOS) in X, for each IFOS B in
Y.

Definition 2.8 ([8,6]). Let (X,7) be an IFTS and A = {<x, pa(x), va(x)> | xeX}
be an IFS in X.
The intuitionistic fuzzy a-closure and intuitionistic fuzzy a-interior of A are defined
by

(i) acl(A) =N {C:Cis an IFaCS in X and C D A};

(ii) aint(A) =J {D:D is an IFaOS in X and D C A}.

The intuitionistic fuzzy preclosure and intuitionistic fuzzy preinterior of A are

defined by

(i) pel(A) = {C:Cis an IFPCS in X and C 2 A};

(ii) pint(A) = J {D:D is an IFPOS in X and D C A}.

Definition 2.9 ([9]). A function f:(X,7)—(Y,o) from a intuitionistic fuzzy topolog-
ical space (X,7) to another intuitionistic fuzzy topological space (Y,o) is said to be
intuitionistic fuzzy pre-a-irresolute if f~1(B) is an IFPOS in (X,7) for each IFeOS
B in (Y,0).

Definition 2.10 ([3, 5]). Let f be a mapping from an IFTS (X, 7) to an IFTS
(Y,0). Then, f is called an intuitionistic fuzzy open mapping(IFa-open mapping,
IF preopen mapping) if f(A) is an IFOS (IFaOS, IFPOS) in Y for every IFOS A in
X.

Definition 2.11 ([7]). A mapping f : (X,7) — (Y,0) from an intuitionistic fuzzy
topological space (X, 7) to another intuitionistic fuzzy topological space (Y, o) is said
to be intuitionistic fuzzy a-irresolute open(IFa-irresolute open) mapping if f(A) is
an IFaOS in Y for every IFaOS A in X.

3. INTUITIONISTIC FUZZY PRE-Q-IRRESOLUTE OPEN AND CLOSED MAPPINGS

Definition 3.1. A mapping f : (X,7) — (Y,0) from an intuitionistic fuzzy topo-
logical space (X, 7) to another intuitionistic fuzzy topological space (Y, o) is said
to be intuitionistic fuzzy pre-a-irresolute open mapping(intuitionstic fuzzy pre-a-
irresolute closed) if f(A) is an IFaOS(IFaCS) in Y for every IFPOS(IFPCS) A in
X.

Theorem 3.2. Let (X, 7) and (Y, 0) be two IFTSs and let f : (X,7) — (Y,0) be a
mapping. Then the following conditions are equivglent:

(i) f is an IFpre-a-irresolute open mapping.

(ii) (pmtA) C aintf(A) for each IFS A in X.

(iii) pint(f~Y(B)) C f~*(aint(B)) for each IFS B in Y.

(iv) For any IFS A in X, IFS B in Y and let A be IFPCS such that f~*(B) C A
Then there exists an IFaCS C in Y and B C C such that f~1(C) C A.
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Proof. (i)=(ii) pintA C A = f(pintA) C f(A). But pintA is an IFPOS in X,
f(pintA) is an IFaOS in Y. Hence f(pintA) = aintf(pintA) C aintf(A).
(ii))=-(iii) Let A = f~%(B). By(ii) f(pint(f~(B)) C aintf(f~'(B)) C wint(B).
= pint(f~1(B)) € fN(f(pint(f(B)) C /' (aint(B)). Thus pint(f~(B) C
fYaint(B)).

(iii)=>(iv) Let A be IFPCS in X and B be an IFS in Y such that f~1(B) C
Hence f~1(B) 2 A. = A C f~1(B) = f~(B). But A is an IFPOS. Thus, A =
pint(A) C pint(f~*(B)) C f~*(«int(B)) Hence A D f~1(aint(B) = f’l(acl( ).
Let acl(B) = C then f~}(C) C A.

(iv)=(i) Let D be an IFPOS in X, B = ﬁ E Then A is an IFPCS.
Hence f~Y(B) = f~Y(f(D)) = f~1(f(D)) € D = A en there exists an IFaCS
C and B C C such that f~1(C) C A = 5 Thus, C f~YC). = f(D) C
f(f~%(C)) € C. On the otherhand by B C C, f(D) = B 2 C. Hence f(D) = C.
Since C' is an IFaOS, we have f(D) is an IFaOS in Y. O

A.

D
B

Theorem 3.3. Every I[Fpre-a-irresolute open mapping is IFa-irresolute open map-
ping.

Proof. Let f: (X,7) — (Y,0) from an intuitionistic fuzzy topological space (X, 7)
to another intuitionistic fuzzy topological space (Y, o) is IFpre-a-irresolute open
mapping. Let A be IFaOS in X. Since every IFaOS is an IFPOS, A is an IFPOS
in X. As f is an IFpre-a-irresolute open f(A) is an IFaOS in Y. Hence f is
IFa-irresolute open mapping. U

Remark 3.4. However the converse need not be true as shown by the following
example.

Example 3.5. Let X = {a,bc} =Y, 7

X and Y respectively where A = {< z, (¢, 5%5.09) (505 05
b _c

{< y7(74 10.4° ﬁ) (Qagv()bga 06> >y € Y} ¢ = {< € (&a%777)(

T € X} be an IFS in X. Define an intuitionistic fuzzy mapping f X, T

( o) by f(a) = b, f(b) = ¢, f(c) = a. Ais an IFOS in X and hence IFaOS in
) = { (

Thus f(A) C i

X. f(A i i5)(5% .55, o=) >y € Y} And int(cl(intf(A4))) = 1_.

). Hence f(A) is an IFaOS in Y, which implies f is
IFa-open mapping. And C C int(clC) = 1_. Hence C is IFPOS in X. f(C) =
{<y (& ok0%): (a5 os0) >y € Y} And int(cl(int f(C)))= 0_. Thus f(C) ¢
int(cl(int f(C))). Hence f(C) is not IFaOS in Y. So, f is not IFpre-a-irresolute
open mapping.

Aw

—

Theorem 3.6. Fvery IFpre-a-irresolute open mapping is IFa-open mapping.

Proof. Let f: (X,7) — (Y,0) from an intuitionistic fuzzy topological space (X, )
to another intuitionistic fuzzy topological space (Y, o) is IFpre-a-irresolute open
mapping. Let A be IFOS in X. Since every IFOS is an IFPOS, A is an IFPOS in
X. As f is an IFpre-a-irresolute open f(A) is an IFaOS in Y. Hence f is IFa-open
mapping. O

Remark 3.7. However the converse need not be true as shown by the following
example.
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Example 3.8. Let X = {a,b,c} =Y, 7={0_,A,1_}, a:{O
IFTs on X and Y respectively where A = {< z, (g% <
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B = {< y>(0570b37066) (0a570b77b04) >3y EbY 204 ‘ L

=) >y eYh D={<x(5%59055) (()‘1—4,@, 5) > € X} be an IFS in X.
Define an intuitionistic fuzzy mapping f : (X,7) — (Y,0) by f(a) = a, f(b) =

b.f(c) = . Aisan IFOS in X. f(A) = {< y. (.o (il o) >i0 €

Y} And int(cl(int f(A) = B U C. Thus f(A) C imt(ci(int f(A))). Hence f(A) is
an IFaOS in Y, which implies f is IFa-open mapping. D is an IFS in X. And
D C int(clD) = 1_. Hence D is IFPOS in X. f(D) = {< y,(o%“s),o—z,&),((ﬁ,
0—%,&%) >;y € Y} And int(cl(intf(D)))= BUC. Thus f(D) ¢ int(cl(intf(D))).
Hence f(D) is not IFaOS in Y. So, f is not IFpre-a-irresolute open mapping.

Theorem 3.9. Let (X,7),(Y,0) be IFTSs. Let f : (X,7) — (Y,0) and g : (Y,0) —
(Z,68) be any two maps. If go f:(X,7) — (Z,0) is an IFpre-a-irresolute open and f
is surjective, IFpre-a-irresolute function then g is IF-a-irresolute open mapping.

Proof. Let B be any IFaOS in Y. Since f is an [Fpre-a-irresolute function, f~*(B)
is IFPOS in X. Since go f is IFpre-a-irresolute open, (go f)(f~1(B)) = g(B) is an
IFaOS in (Z,6). Hence g is an IFa irresolute open mapping. O

Theorem 3.10. Let (X,7),(Y,0),(Z,0) be IFTSs. Let f : (X,7) — (Y,0) and
g: (Y,0) = (Z,8) be any two mappings. Then the following statements hold:

(i) If f is an IFpre-a-irresolute open and g is an IFa-irresolute open mappings, then
go fA(X,7) — (Z,0) is an IFpre-a-irresolute open mapping.

(ii) If f is an IF preopen mapping and g is an IFpre-a-irresolute open mapping then
go f is an IFa-open mapping.

Proof. (i) Let A be an IFPOS in X. Since f is IFpre-a-irresolute open, f(A) is an
IFaOS in Y. Now (go f)(A) = g(f(A)). Since g is IFa-irresolute open, g(f(A4)) is
IFaOS in Z. Hence g o f is IFpre-a-irresolute open mapping.

(ii) Let A be an IFOS in X. Since f is IFpreopen, f(A) is an IFPOS in Y. Now
(go f)(A) = g(f(A)). Since g is IFpre-a-irresolute open, g(f(A)) is IFaOS in Z.
Hence g o f is IFa-open mapping. O

Theorem 3.11. Let (X,7),(Y,0) be IFTSs. A function f : (X,7) — (Y,0) is
IFpre-a-irresolute closed mapping if and only if aclf(A) C f(pclA) for each IFS A
i IFTS X.

Proof. f(A) C f(pclA). And f(pclA) is IFaCS in Y, since f is IFpre-a-irresolute
closed mapping. Therefore f(pcld) = aclf(pclA) . Thus aclf(A) C aclf(pclA) =
f(pclA). Hence aclf(A) C f(pclA).

Conversely, let A be IFPCS in X. Then aclf(A) C f(pclA) = f(A). Thus
aclf(A) C f(A). But f(A) C aclf(A). Hence aclf(A) = f(A). = f(A4) is IFaCS
in Y. Hence f is IFpre-a-irresolute closed mapping. O
Theorem 3.12. Let (X,7),(Y,0) be IFTSs. If A function f : (X,7) — (Y,0)
is IFpre-a-irresolute closed mapping if and only if for each IFS B in'Y and each
IFPOS A in X with A D f~1(B), there exists an IFaOS C in'Y with C 2 B such
that f~1(C) C A.
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Proof. Let A be any arbitrary IFPOS A in X with A D f~1(B) where B is an IFS
in Y. Then A is IFPCSin X. Since f is [Fpre-a-irresolute closed mapping f(A)

is IFaCS in Y. Then f(A) = C(say) is IFeOS in Y. Since f~1(B) C A, B C C.
Moreover we have f~1(C) = f~1(f(A) = f~1(f(A) C A. Thus f~1(C) C A.
Conversely Let A be IFPCS in X. Then f(A) = B (say) is an IFS in Y and A is

IFPOS in X such that f~1(B) C A. By hypothesis, there is an IFaOS C of Y such

that B C C and f~1C C A. Therefore A C f~1(C). Hene C C f(A) C f(f~1(C)).
= f(A) = C. Since C is IFaCS of Y, f(A) is an IFaCS in Y. Hence f is an
IFpre-a-irresolute closed mapping. O
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