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ON PRESERVING INTUITIONISTIC FUZZY gpr-CLOSED SETS

Jyoti Pandey Bajpai and Samajh Singh Thakur

Abstract. In this paper we introduce the concepts of intuitionistic fuzzy apr-closed and
intuitionistic fuzzy apr - continuous mappings in intuitionistic fuzzy topological spaces
and obtain several results concerning the preservation of intuitionistic fuzzy gpr-closed
sets. Furthermore, we characterize intuitionistic fuzzy pre-regular T, -spaces due to
Thakur and Bajpai[13] in terms of intuitionistic fuzzy apr-continuous and intuitionistic
fuzzy apr-closed mappings and obtain some of the basic properties and characterization
of these mappings.

1. Introduction

After the introduction of fuzzy sets by Zadeh [15] in 1965 and fuzzy topology
by Chang [4] in 1968, research was conducted on the generalizations of the no-
tions of fuzzy sets and fuzzy topology. The concept of intuitionistic fuzzy sets
was introduced by Atanassov [1, 2] as a generalization of fuzzy sets. In 2008
Thakur and Chaturvedi extended the concepts of fuzzy g-closed sets[9] and fuzzy
g-continuity [7] in intuitionistic fuzzy topological spaces. Recently many gener-
alizations of intuitionistic fuzzy g-closed sets[9] like intuitionistic fuzzy rg-closed
sets [8], intuitionistic fuzzy sg-closed sets [12], intuitionistic fuzzy w-closed sets[10],
intuitionistic fuzzy rw-closed sets [11], intuitionistic fuzzy gpr-closed sets[13] have
appeared in the literature. In this paper we introduce the concepts of intuitionistic
fuzzy apr-closed and intuitionistic fuzzy apr-continuous mappings using intuition-
istic fuzzy gpr-closed sets. These definitions enable us to obtain conditions under
which maps and inverse maps preserve intuitionistic fuzzy gpr-closed sets [13]. We
also characterize intuitionistic fuzzy pre-regular T'; -spaces in terms of intuitionistic
fuzzy apr-continuous and intuitionistic fuzzy apr-closed mappings. Finally some
of basic properties of intuitionistic fuzzy apr-continuous and intuitionistic fuzzy
apr-closed mappings are investigated.
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2. Preliminaries

Since we shall require the following known definitions, notations and some prop-
erties, we recall them in this section.

Definition 2.1. [1] Let X be a nonempty fixed set. An intuitionistic fuzzy set A is
an object having the form

A={<x,ualx),yalx) > x € X}

Where the functions pia : X — I and y4 : X — I denote the degree of membership
(namely p4(x)) and the degree of non-membership (namely y4(x)) of each element
x € X to the set A, respectively, and 0 < pa(x) + ya(x) < 1 for each element x € X.

Definition 2.2. [1] Let X be a nonempty set and the intuitionistic fuzzy sets A
and intuitionistic fuzzy set B be in the form A = {< x, pa(x), ya(x) >: x € X},
B = {< x,up(x),yp(x) > x € X} and let {A; : i € J} be an arbitrary family of
intuitionistic fuzzy sets in X.

Then:

(a) A C Bif ua(x) < up(x) and ya(x) > yp(x).
(b)A=BifACBandBBC A

() A® ={<x,ya(x), pa(x) >: x € X}

(d) NA; = {< x, Apa(x), Vya(x) > x € X}

(e) UA; = {< x, Va(x), Aya(x) >: x € X}
H0={<x0,1>xeXland1={<x1,0> x€ X}

Definition 2.3. [5] Anintuitionistic fuzzy topology on a nonempty set X is a family
7 of intuitionistic fuzzy sets in X, satisfying the following axioms:

(T))0and1 et
(T)Gi1NGert
(T3)G1UGren

In this case the pair (X, 7) is called an intuitionistic fuzzy topological space and
each intuitionistic fuzzy set in 7 is known as an intuitionistic fuzzy open set in X.
The complement A° of an intuitionistic fuzzy open set A is called an intuitionistic
fuzzy closed set in X.

Definition 2.4. [5] Let (X, 7) be an intuitionistic fuzzy topological space and A =
{< x, pa(x), ya(x) >: x € X} be an intuitionistic fuzzy set in X. Then the intuitionistic
fuzzy interior and intuitionistic fuzzy closure of A are defined by:

cl(A) = N {K: K is an intuitionistic fuzzy closed set such that A C K }
int(A) = U {K: K is an intuitionistic fuzzy open set such that K C A }
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Definition 2.5. [6] An intuitionistic fuzzy set A of an intuitionistic fuzzy topolog-
ical space (X, 1) is called:

(a) intuitionistic fuzzy pre-open if A C int(cl(A)) and intuitionistic fuzzy pre-
closed if cl(int(A)) C A

(b) intuitionistic fuzzy regular open if A = int(c/(A)) and intuitionistic fuzzy
regular closed if A = cl(int(A)).

Definition 2.6. [6] If A is an intuitionistic fuzzy set in intuitionistic fuzzy topolog-
ical space (X, 7) then pcl(A) = N {K: K is an intuitionistic fuzzy pre-closed set such
that A CK }.

Definition 2.7. [13] An intuitionistic fuzzy set A of an intuitionistic fuzzy topo-
logical space (X, 7) is called:

(a) intuitionistic fuzzy gpr-closed if pcl(A) € O whenever A € O and O is
intuitionistic fuzzy regular open.

(b) intuitionistic fuzzy gpr-open if and only if A° is intuitionistic fuzzy gpr -
closed.

Definition 2.8. [13] An intuitionistic fuzzy topological space (X ,7) is said to be
intuitionistic fuzzy pre-regular T';-space if every intuitionistic fuzzy gpr-closed set
in X is intuitionistic fuzzy pre-closed in X.

Remark 2.1. [13] Every intuitionistic fuzzy regular closed set is intuitionistic fuzzy gpr-
closed but its converse may not be true.

Remark 2.2. [13] Every intuitionistic fuzzy pre-closed set is intuitionistic fuzzy gpr-closed
but its converse may not be true.

Theorem 2.1. [13] An intuitionistic fuzzy set A of an intuitionistic fuzzy topological
space is intuitionistic fuzzy gpr-open if and only if F C pint(A) whenever F is intuitionistic
fuzzy regqular closed and F C A .

Theorem 2.2. [13] Let (X, t) be an intuitionistic fuzzy topological space and IFPC (resp.
IFRO(X)) be the family of all intuitionistic fuzzy pre-closed (resp. intuitionistic fuzzy
regular open ) sets of X. Then IFPC(X) = IFRO(X) if and only if every intuitionistic fuzzy
set of X is intuitionistic fuzzy gpr-closed.

Definition 2.9. [5] Let X and Y be two nonempty setsand f : X — Y be a mapping.
Then:

(a) If B={< (v, us(y), y(y) >: y € Y} is an intuitionistic fuzzy set in Y, then the
pre-image of Bunder f denoted by f~(B), is the intuitionistic fuzzy set in X defined
by f71(B) = {< x, f(up)(x), f1(yB)(x) >: x € X).

(b) If A = {< x,Aa(x),v,(x) >: x € X}is an intuitionistic fuzzy set in X, then the
image of A under f denoted by f(a) is the intuitionistic fuzzy set in Y defined by
f@) = 1<y, fADW), fva)y) >: y € Y} where f(va) =1~ f(1 - va).
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Definition 2.10. Let (X, 7) and (Y, 0) be two intuitionistic fuzzy topological spaces
and let f : X — Y be a mapping. Then f is said to be:

(a). Intuitionistic fuzzy continuous [6] if the pre-image of each intuitionistic
fuzzy open set if Y is an intuitionistic fuzzy open set in X.

(b). Intuitionistic fuzzy gpr-continuous [13] if the pre image of every intuition-
istic fuzzy closed set in Y is an intuitionistic fuzzy gpr-closed set in X.

(c). Intuitionistic fuzzy irresolute [6] if the pre-image of every intuitionistic
fuzzy semi-closed set in Y is an intuitionistic fuzzy semi-closed set in X.

(d). Intuitionistic fuzzy gpr-irresolute [15] if the pre-image of every intuitionistic
fuzzy gpr-closed set in Y is an intuitionistic fuzzy gpr-closed set in X.

(e). Intuitionistic fuzzy pre-closed [6] if the image of each intuitionistic fuzzy
closed set in X is an intuitionistic fuzzy pre-closed setin Y.

(f). Intuitionistic fuzzy pre-regular closed [8] if the image of each intuitionistic
fuzzy regular closed set in X is an intuitionistic fuzzy regular closed setin Y.

(g). Intuitionistic fuzzy R mapping [8] if the pre-image of each intuitionistic
fuzzy regular open set of Y is an intuitionistic fuzzy regular open set in X.

Remark 2.3. [13] Every intuitionistic fuzzy continuous mapping is intuitionistic fuzzy gpr-
continuous, but the converse may not be true.

Remark 2.4. [13] Every intuitionistic fuzzy gpr-irresolute mapping is intuitionistic fuzzy
gpr -continuous, but the converse may not be true. The concepts of intuitionistic fuzzy
gpr-irresolute and intuitionistic fuzzy continuous mapping are independent.

3. Intuitionistic Fuzzy apr-Closed and Intuitionistic fuzzy apr-continuous
mappings

Definition 3.1. A mapping f : (X,7) — (Y,0) is said to be intuitionistic fuzzy
apr-closed provided that f(F) C pint(A) whenever F is intuitionistic fuzzy regular
closed set in X, A is an intuitionistic fuzzy gpr-open setin Y and f(F) C A.

Theorem 3.1. Every intuitionistic fuzzy pre-reqular closed mapping is intuitionistic
fuzzy apr-closed.

Proof. Let f : (X, 1) = (Y, 0) be an intuitionistic fuzzy pre-regular closed mapping.
Let F be intuitionistic fuzzy regular closed set in X and A is an intuitionistic fuzzy
gpr-opensetin Ysuchthat f(F) C A. Since f is intuitionistic fuzzy pre-regular closed
mapping, f(a) is intuitionistic fuzzy regular closed set in Y. Now A is intuitionistic
fuzzy gpr-open and f(F) € A = f(F) C pint(A). Hence f is intuitionistic fuzzy
apr-closed. [

Remark 3.1. The converse of Theorem 3.1 may not be true.
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Example 3.1. Let X = {4,b} and U = {< 4,0.6,0.3 >,< b,0.3,0.6 >} be an intuitionistic
fuzzy set onX. Let 7 = { 0, X, 1 } be intuitionistic fuzzy topology on X. Then the mapping
f 1 (X,7) = (X, 1) defined by f(a) =b and f(b) = a is intuitionistic fuzzy apr-closed but it is
not intuitionistic fuzzy pre-regular closed.

Definition 3.2. A mapping f : (X,7) — (Y,0) is said to be intuitionistic fuzzy
apr-continuous provided that pcl(F) € f1(O) whenever F is intuitionistic fuzzy
gpr-closed setin X, O is an intuitionistic fuzzy regular open setin Y and F C f~1(O).

Theorem 3.2. Every intuitionistic fuzzy R-mapping is intuitionistic fuzzy apr-continuous.

Proof. Let f : (X,7) — (Y,0) be an intuitionistic fuzzy R- mapping. Let O be an
intuitionistic fuzzy regular open set of Y and F is an intuitionistic fuzzy gpr-closed
set of X such that F € f71(O). Now since f is intuitionistic fuzzy R -mapping,
f71(O) is intuitionistic fuzzy regular open set in X. Since F is intuitionistic fuzzy
gpr-closed and F € f71(O) = pcl(F) € f1(O). Hence f is intuitionistic fuzzy
apr-continuous. [

Remark 3.2. The converse of Theorem 3.2 may not be true.

Example 3.2. Let X = {4,b} and U = {< 4,0.3,0.7 >,< b,04,0.6 >} be an intuitionistic
fuzzy set onX. Let 7 = { 0, X, 1} be intuitionistic fuzzy topology on X. Then the mapping
f:(X, 1) = (X 1) defined by f(a) =b and f(b) = a is intuitionistic fuzzy apr-continuous but
it is not intuitionistic fuzzy R-mapping.

Theorem 3.3. If f : (X, ) — (Y,0) is a bijection, then f is intuitionistic fuzzy apr-closed
if and only if £~ is intuitionistic fuzzy apr - continuous.

Proof. Obvious. [

4. Preserving Intuitionistic Fuzzy gpr-closed sets

In this section the concepts of intuitionistic fuzzy apr-continuous and intuitionistic
fuzzy apr-closed mappings are used to obtain some results on preservation of
intuitionistic fuzzy gpr-closed sets.

Theorem 4.1. If a mapping f : (X, 1) — (Y, 0) is intuitionistic fuzzy gpr-continuous
and intuitionistic fuzzy apr-closed then f~(A) is intuitionistic fuzzy gpr-closed set in X
whenever A is intuitionistic fuzzy gpr-closed set in'Y.

Proof. Suppose that f : (X,7) — (Y,0) is intuitionistic fuzzy gpr-continuous and
intuitionistic fuzzy apr-closed. Let A be an intuitionistic fuzzy gpr-closed set in Y
such that f71(A) € O, where O be an intuitionistic fuzzy regular open set in X. Then
O° C f71(A°) which implies that f(O°) C int(A°) = (cl(A))*. Hence f~!(cl(A)) C O.
Since f is intuitionistic fuzzy gpr-continuous and f~!(cI(A)) is intuitionistic fuzzy
gpr-closed in X. Therefore pcl(f~cl(A))) € O which implies that pcl(f~}(A)) C O.
Hence f~1(A) is intuitionistic fuzzy gpr-closed set in X. [
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Corollary 4.1. If a mapping f : (X, t) — (Y,0) is intuitionistic fuzzy continuous and
intuitionistic fuzzy apr-closed then f~'(A) is intuitionistic fuzzy gpr-closed set in X
whenever A is intuitionistic fuzzy gpr-closed set in'Y.

Theorem 4.2. If a mapping f : (X, 1) — (Y, 0) is intuitionistic fuzzy gpr-continuous
and intuitionistic fuzzy apr-closed then f~'(A) is intuitionistic fuzzy gpr-open set in X
whenever A is intuitionistic fuzzy gpr-open set in'Y.

Proof. Suppose that f : (X,7) — (Y,0) is intuitionistic fuzzy gpr-continuous and
intuitionistic fuzzy apr-closed mapping. Let A is intuitionistic fuzzy gpr-openin Y.
Then by definition 2.7 A is intuitionistic fuzzy gpr-closed in Y. Hence by theorem
4.1 f~1(A°) is intuitionistic fuzzy gpr-closed in X. Since f~1(A) = (f"1(A))‘ for every
intuitionistic fuzzy set A of Y. Hence (f!(A))‘ is intuitionistic fuzzy gpr -closed set
in X. Therefore f~1(A) is intuitionistic fuzzy gpr-open setin X. [

Corollary 4.2. Ifamapping f : (X, t) — (Y, 0) is intuitionistic fuzzy continuous and in-
tuitionistic fuzzy apr-closed then f~(A) is intuitionistic fuzzy gpr-open set in X whenever
A is intuitionistic fuzzy gpr-open set in Y.

Theorem 4.3. If f : (X, 1) = (Y, 0) is intuitionistic fuzzy apr-continuous and intuition-
istic fuzzy pre-closed mapping then the image of every intuitionistic fuzzy gpr-closed set of
X is intuitionistic fuzzy gpr-closed in Y.

Proof. Let B be an intuitionistic fuzzy gpr-closed set of X, and f(B) € O. where
O is intuitionistic fuzzy regular open set in Y. Then B € f~1(O) and since f is
intuitionistic fuzzy apr-continuous, pcl(B) C f~1(O) which implies that f(pcl(B)) C
O. Since f is intuitionistic fuzzy pre-closed mapping and pcl(B) is intuitionistic
fuzzy pre-closed in X, f(pcl(B)) is intuitionistic fuzzy pre closed in Y. Hence we
have pcl(f(B)) € pcl(f(pcl(B)) = f(pcl(B)) € O . Hence f(B) is intuitionistic fuzzy gpr
-closedinY. O

5. A Characterization of Intuitionistic Fuzzy pre regular T, - spaces

In the following theorems we give a characterization of a class of intuitionistic
fuzz?f pr(_e-.reg_ul_ar T';-spaces by using the Conc?pts of intuitionistic fuzzy apr-closed
and intuitionistic fuzzy apr-continuous mapping.

Theorem 5.1. An intuitionistic fuzzy topological space (X, t) is intuitionistic fuzzy pre-
regular T -space if and only if every mapping f : (X, 1) — (Y, 0) is intuitionistic fuzzy
apr-continuous.

Proof. Necessity: Let f : (X,7) — (Y, 0) is intuitionistic fuzzy mapping. Let A is
intuitionistic fuzzy gpr-closed set of X and A € f~}(O) where O is intuitionistic
fuzzy regular open set of Y. Since X is intuitionistic fuzzy pre-regular T;-space, A
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is intuitionistic fuzzy pre-closed set in X. Therefore pcl(A) = A C f~}(O). Hence A
is intuitionistic fuzzy apr-continuous.

Sufficiency: Let A be a nonempty intuitionistic fuzzy gpr-closed set in X and let
Y is intuitionistic fuzzy topological space with the intuitionistic fuzzy topology ¢
={0,A,1}. Finally let f : (X, 7) — (Y, 0) be identity mapping. By assumption f is
intuitionistic fuzzy apr-continuous. Since A is intuitionistic fuzzy gpr-closed in X
and intuitionistic fuzzy openin Y and A C f~}(A), it follows that pcl(A) € f1(A) =
A, because f is identity mapping. Hence Ais intuitionistic fuzzy pre-closed in X
and therefore X is intuitionistic fuzzy pre-regular T -space. [

An analogous argument proves the following result for intuitionistic fuzzy apr-
closed mapping.

Theorem 5.2. An intuitionistic fuzzy topological space (X, t) is intuitionistic fuzzy pre-
regular Ty-space if and only if every mapping f - (X,7) — (Y,0) is intuitionistic fuzzy
apr-closed.

6. Properties of Intuitionistic Fuzzy apr - closed and Intuitionistic Fuzzy apr -
continuous mappings

In this section we investigate some of the properties of intuitionistic fuzzy apr-
closed and intuitionistic fuzzy apr-continuous mappings.

Theorem 6.1. Every intuitionistic fuzzy gpr-continuous and intuitionistic fuzzy apr
-closed mapping is intuitionistic fuzzy gpr-irresolute.

Proof. Suppose that f : (X,7) — (Y, 0) is intuitionistic fuzzy gpr-continuous and
intuitionistic fuzzy apr-closed mapping and A is intuitionistic fuzzy gpr - closed set
in Y. Let f~1(A) € O where O be an intuitionistic fuzzy regular open set in X. Then
O° C f71(A°) which implies that f(O°) C int(A°) = (cl(A))*. Hence f~!(cl(A)) C O.
Since f is intuitionistic fuzzy gpr-continuous f~1(cl(A)) is intuitionistic fuzzy gpr-
closed in X. Therefore pcl(f~(cl(A))) € O which implies that pcl(f~1(A)) € O.
Hence f~1(A) is intuitionistic fuzzy gpr-closed set in X. Therefore f is intuitionistic
fuzzy gpr-irresolute. [

Theorem 6.2. Every intuitionistic fuzzy continuous and intuitionistic fuzzy apr-closed
mapping is intuitionistic fuzzy gpr-irresolute.

Proof. It follows from Remark 2.3 and Theorem 6.1. [
Theorem 6.3. If f : (X,7) — (Y, 0) is intuitionistic fuzzy mapping for which f(F) is

intuitionistic fuzzy pre-open set in Y for every intuitionistic fuzzy regular closed set F of
X then f is intuitionistic fuzzy apr-closed mapping.
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Proof. Let f : (X,7) — (Y, 0) be intuitionistic fuzzy mapping, F intuitionistic fuzzy
regular closed in X, A intuitionistic fuzzy gpr-openin Y and f(F) € A. By hypothesis
f(F) is intuitionistic fuzzy pre-open in X. Therefore f(F) = pintf(F) C pint(A).
Hence f is intuitionistic fuzzy apr-closed. 0O

Theorem 6.4. If f : (X,7) — (Y,0) is intuitionistic fuzzy mapping for which f~*(V) is
intuitionistic fuzzy pre-closed in X for every intuitionistic fuzzy reqular open set V of Y,
then f is intuitionistic fuzzy apr-continuous mapping.

Proof. Let f : (X, ) — (Y, 0) be intuitionistic fuzzy mapping. Let F be intuitionistic
fuzzy gpr-closed set in X and V intuitionistic fuzzy regular open set of Y such
that F C f~}(V). By hypothesis f~(V) is intuitionistic fuzzy pre-closed in X.
Hence pcl(f~1(V)) = f~(V). Therefore pcl(F) C pcl(f~}(V)) = f~(V). Hence f is
intuitionistic fuzzy apr-continuous. [

Remark 6.1. Since the identity mapping on any intuitionistic fuzzy topological space is
both intuitionistic fuzzy apr-continuous and intuitionistic fuzzy apr-closed, it is clear that
the converse of Theorem 6.3 and Theorem 6.4 do not hold.

Theorem 6.5. IfIFRO(Y) = IFPC(Y) where IFRO(Y) (resp. IFPC(Y')) denotes the family
of all intuitionistic fuzzy reqular open (resp. intuitionistic fuzzy pre-closed) sets of Y, then
the mapping f : (X, t) — (Y,0) is intuitionistic fuzzy apr-closed if and only if f(F) is
intuitionistic fuzzy pre-open set in Y, for every intuitionistic fuzzy regular closed set F of
X.

Proof. Necessity: Letf : (X,7) — (Y,0) is intuitionistic fuzzy apr-closed mapping.
By Theorem 2.2 [13] every intuitionistic fuzzy set of Y is intuitionistic fuzzy gpr-
closed and hence all are intuitionistic fuzzy gpr-open. Thus for any intuitionistic
fuzzy regular closed set F of X, f(F) is intuitionistic fuzzy gpr-openin Y. Since f is
intuitionistic fuzzy apr-closed, f(F) C pint(f(F)) and then f(F) = pint(f(F)). Hence
f(F) is intuitionistic fuzzy pre-open.

Sufficiency: Let F be an intuitionistic fuzzy regular closed set of X and A be an
intuitionistic gpr-open set of Y and f(F) € A. By hypothesis f(F) is intuitionistic
fuzzy pre-openin Y and f(F) = pint(f(F)) C pint(A). Hence f is intuitionistic fuzzy
apr-closed. O

Theorem 6.6. If IFRO(Y) = IFPC(Y) where IFRO(Y) (resp. IFPC(Y)) denotes the
family of all intuitionistic fuzzy regular open (resp. intuitionistic fuzzy pre closed) sets of
Y then the mapping f : (X, ©) — (Y, 0) is intuitionistic fuzzy apr-closed if and only if f is
intuitionistic fuzzy pre-regular closed.

Proof. Necessity: Let O be an intuitionistic fuzzy regular closed set of X. Then by
theorem 6.5 f(O) is intuitionistic fuzzy pre-open in Y. Since every intuitionistic
fuzzy pre-open set is intuitionistic fuzzy regular open, therefore f(O) is intuition-
istic fuzzy regular open in Y and hence by hypothesis f(O) is intuitionistic fuzzy
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pre-closed in Y and therefore f(O) is intuitionistic fuzzy regular closed in Y. Hence
f is intuitionistic fuzzy pre-regular closed.

Sufficiency: Let F be an intuitionistic fuzzy regular closed set of X and A be
an intuitionistic gpr-open set of Y and f(F) C A. Since f is intuitionistic fuzzy pre
regular closed, f(F) is intuitionistic fuzzy regular closed in Y and therefore (f(F))°
is intuitionistic fuzzy regular openin Y. By hypothesis(f(F)) is intuitionistic fuzzy
pre-closed in Y and hence f(F) is intuitionistic fuzzy pre-open in Y which implies
that f(F) = pint(f(F)) C pint(A). Hence f is intuitionistic fuzzy apr-closed. [

Theorem 6.7. If IFRO(X) = IFPC(X) where IFRO(X) (resp. IFPC(X)) denotes the
family of all intuitionistic fuzzy regular open (resp. intuitionistic fuzzy pre-closed) sets of
X, then the mapping f : (X, t) — (Y, 0) is intuitionistic fuzzy apr-continuous if and only
if f71(O) is intuitionistic fuzzy pre-closed in X for every intuitionistic fuzzy reqular open
set O of Y.

Proof. Necessity: Let f : (X, 1) — (Y, 0) be intuitionistic fuzzy apr-continuous map-
ping. By Theorem 2.2 [13] every intuitionistic fuzzy set of X is intuitionistic fuzzy
gpr-closed and hence all are intuitionistic fuzzy gpr-open. Thus for any intu-
itionistic fuzzy regular open set O of Y, f~}(O) is intuitionistic fuzzy gpr-closed
in X. Since f7(O) € f}O) and f is intuitionistic fuzzy apr-continuous then
pcl(f71(O)) € f71(O). Hence f71(O) is intuitionistic fuzzy pre-closed set in X.

Sufficiency: Let O be an intuitionistic fuzzy regular open set of Y and A be
an intuitionistic fuzzy gpr-closed set of X such that A € f71(O) then pcl(A) C
pcl(f71(O)) = f71(O) because by hypothesis f~1(O) is intuitionistic fuzzy pre-closed
in X. Hence f is intuitionistic fuzzy apr-continuous. [

Theorem 6.8. IfIFRO(X) = IFPC(X) where IFRO(X) (resp. IFPC(X) denotes the family
of all intuitionistic fuzzy reqular open (resp. intuitionistic fuzzy pre-closed) sets of X, then
the mapping f : (X, t) — (Y, 0) is intuitionistic fuzzy apr-continuous if and only if it is
intuitionistic fuzzy R-mapping.

Proof. Necessity: Let f : (X, 7) — (Y, 0) be intuitionistic fuzzy apr-continuous map-
ping. Let O is an intuitionistic fuzzy regular open set of Y, then by Theorem 6.7
f71(O) is intuitionistic fuzzy pre-closed in X and so by hypothesis f(O) is intu-
itionistic fuzzy regular open in X. Hence f is an intuitionistic fuzzy R-mapping.
Sufficiency: Let O be an intuitionistic fuzzy regular open set of Y and A be
an intuitionistic fuzzy gpr-closed set of X such that A € f — 1(O). Since f is
intuitionistic fuzzy R-mapping, f~!(O) is intuitionistic fuzzy regular open in X and
thus by hypothesis f~1(O) is intuitionistic fuzzy pre-closed in X which implies that
pcl(A) C pel(f71(0)) = £71(0). Hence f is intuitionistic fuzzy apr-continuous. [

Theorem 6.9. If f : (X,7) — (Y,0) is intuitionistic fuzzy pre-reqular closed and g :
(Y, 0) = (Z, ¢) is intuitionistic fuzzy apr-closed mapping, then gof : (X, 1) — (Z,¢) is
intuitionistic fuzzy apr-closed.



386 J.P. Bajpai and S.S.Thakur

Proof. Let F be an intuitionistic fuzzy regular closed set of X and A is intuitionistic
fuzzy gpr-open set of Z for which gof(F) € A since f : (X, 7) — (Y, 0) is intuitionistic
fuzzy pre-regular closed mapping, f(F) is intuitionistic fuzzy regular closed set of
Y. Now g : (Y,0) — (Z, ¢) is intuitionistic fuzzy apr-closed mapping, then g(f(F)) C
pint(A). Hence gof : (X, 1) — (Z, ¢) is intuitionistic fuzzy apr-closed mapping. O

Theorem 6.10. If f : (X, 1) — (Y, 0) is intuitionistic fuzzy apr-closed and g : (Y,0) —
(Z, @) is intuitionistic fuzzy open and intuitionistic fuzzy gpr-irresolute then gof :
(X, 1) = (Z, ¢) is intuitionistic fuzzy apr-closed.

Proof. Let F be an intuitionistic fuzzy regular closed set of X and A is intuitionistic
fuzzy gpr-open set of Z for which gof(F) € A. Then f(F) € g '(A). Since g is
gpr-irresolute, g~!(A) is intuitionistic fuzzy gpr-openin X and f : (X,7) — (Y,0) is
intuitionistic fuzzy apr-closed mapping. It follows that f(F) C pint(g~*(A)). Thus
(9of)(F) = g(f(F)) C g(pint(g~"(A)) S pint(g(g~"'(A))) C pint(A). Hence gof : (X, 1) —
(Z, ¢) is intuitionistic fuzzy apr-closed. 0O

Theorem 6.11. If f : (X,t) — (Y, 0) is intuitionistic fuzzy apr-continuous and g :
(Y, 0) = (Z, 9) is intuitionistic fuzzy R-mapping then gof : (X, t) — (Z, ) is intuition-
istic fuzzy apr-continuous.

Proof. Let A be an intuitionistic fuzzy gpr-closed set of X and V is intuitionistic
fuzzy regular open set of Z for which A C (go £)~1(V). Now since g : (Y,0) — (Z, (o)
is intuitionistic fuzzy R-mapping ,g~'(V) is intuitionistic fuzzy regular open set
of Y. Since f : (X,7) — (Y,0) is intuitionistic fuzzy apr-continuous, pcl(A) C
F U g7 (V) = (gof)"X(V). Hence gof : (X,7) — (Z, ¢) is intuitionistic fuzzy apr-
continuous mapping. O
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