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. INTRODUCTION

Levine [13] introduced generalized closed sets in general
topology as a generalization of closed sets. This concept
was found to be useful and many results in general
topology were improved. Maki et.al. [15], Bhattacharya and
Lahiri [2], Arya and Nour [1] and Dontchev [4] introduced
and studied the notions of ag-closed sets, sg-closed sets, gs-
closed sets and gsp-closed sets in topological spaces. The
study of bitopological space was initiated by Kelly [10] in
the year 1963. Recently Ravi, Lellis Thivagar, Ekici and
Many others [9, 11, 12, 18 - 24] defined different weak
forms of semi-open, preopen, regular open and a-open sets
in bitopological spaces.

In this paper, we introduce the notions of (1,2)*-generalized
pre-regular closed (briefly, (1,2)*-gpr-closed) sets and
investigate their properties. By using the class of (1,2)*-
gpr-closed sets, we study the properties of (1,2)*-gpr-open
sets, (1,2)*-gpr-continuous and  (1,2)*-gpr-irresolute
functions. In most of the occasions our ideas are illustrated
and substantiated by some suitable examples.

Il. PRELIMINARIES

Throughout this paper, X, Y and Z denote bitopological
spaces (X, 11, 1), (Y, 61, 65) and (Z, ng, n2) respectively, on
which no separation axioms are assumed.
Definition 2.1
Let S be a subset of a bitopological space X. Then

S is called t;,-open [18] if S = A U B, where A € 1, and
B e 1.
The complement of 1, ,-open set is called t; ,-closed.
Definition 2.2

Let A be a subset of a bitopological space X. Then

M the t;,-closure of A [18], denoted by Tt .-

cl(A), is defined by
N{U: AcU and U is 1, ,-closed };
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(i) the Tt ,-interior of A [18], denoted by Tty ,-
int(A), is defined by
U {U: U< Aand U is 1, ,-0pen}.
Example 2.3

Let X ={a, b, c}, 1= {0, X, {b}} and 1, = {o, X,
{c}}. Then the sets in {o, X, {b}, {c}, {b, c}} are 11 ,-Open
and the sets in {o, X, {a}, {a, b}, {a, c}} are 14 ,.closed.
Remark 2.4 [18]

Notice that t;,-open subsets of X need not
necessarily form a topology.

Now we recall some definitions and results, which are used
in this paper.
Definition 2.5

A subset S of a bitopological space X is said to be
(i) (1,2)*-semi-open [19] if S S 1y o-Cl( Ty 2-iNt(S) );
(i) (1,2)*-preopen [19] if S S 14 ,-int( T3, -Cl(S) );

(i) (1,2)*-a-open [19]if S € 1y p-int( Ty o-Cl( T10-INt(S) ) );
(iv) regular (1,2)*-open [21] if S = 1y 5-int( 1 ,-CI(S) ).

The complements of the above mentioned open
sets are called their respective closed sets.

The family of all (1,2)*-semi-open (resp. (1,2)*-
preopen, (1,2)*-a-open, regular (1,2)*-open) sets of X will
be denoted by (1,2)*-SO(X) (resp. (1,2)*-PO(X), (1,2)*-
aO(X), (1,2)*-RO(X)).

The (1,2)*-a-closure (resp. (1,2)*-semi-closure,
(1,2)*-pre-closure) of a subset S of X is, denoted by (1,2)*-
acl(S) (resp. (1,2)*-scl(S), (1,2)*-pcl(S)), defined as the
intersection of all (1,2)*-a-closed (resp. (1,2)*-semi-closed,
(1,2)*-preclosed) sets containing S. The (1,2)*-pre-interior
of S is, denoted by (1,2)*-pint(S), defined as the union of
all (1,2)*-preopen sets contained in S.

Definition 2.6

A subset S of a bitopological space X is said to be
Q) a (1,2)*-ag-closed [15] if (1,2)*-acl(S) < U

whenever S ¢ U and U € (1,2)*-a0(X).
(i) a (1,2)*-sg-closed [2] if (1,2)*-scl(S)

whenever S ¢ U and U € (1,2)*-SO(X).

u

N
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a (1,2)*-gs-closed [1] if (1,2)*-scl(S)

whenever S c U and U € (1,2)*-a0(X).

(iv) a (1,2)*-gp- closed [4] if (1,2)*-pcl(S) < U
whenever S ¢ U and U € (1,2)*-a0(X).

(v) a (1,2)*-gsp-closed [4] if (1,2)*-pcl(S) < U
whenever S ¢ U and U € (1,2)*-a0(X).

Result 2.7

Let A and B be subsets of a bitopological space X.

n
c

Then

(i) A c (1,2)*-pcl(A) and A < (1,2)*-acl(A).

(i) Ais (1,2)*-a-closed (resp. (1,2)*-preclosed) if and
only if A = (1,2)*-acl(A) (resp. (1,2)*-pcl(A)).

(iii) A c B = (1,2)*pcl(A) < (1,2)*-pcl(B) and
(1,2)*-pel((1,2)*-pcl(A)) = (1,2)*-pcl(A).

1. BITOPOLOGICAL PROPERTIES OF
(1,2)*-GPR-CLOSED SETS

Definition 3.1

A subset S of a bitopological space X is said to be
(1,2)*-regular-a-generalized-closed ~ (briefly, = (1,2)*-rag-
closed) if (1,2)*-acl(S) < U whenever S < U and U €
(1,2)*-RO(X).

The collection of all (1,2)*-rag-closed sets of X
will be denoted by (1,2)*-RaGC(X).
Definition 3.2

A subset S of a bitopological space X is said to be
(1,2)*-generalized pre-regular closed (briefly, (1,2)*-gpr-
closed) if (1,2)*-pcl(S) < U whenever S < U and U €
(1,2)*-RO(X).

The collection of all (1,2)*-gpr-closed sets of X
will be denoted by (1,2)*-GPRC(X).
Example 3.3

Let X = {a, b, ¢}, 1. = {0, X, {a}} and 1, = {o, X,
{b}, {a, b}}. Then the sets in {o, X, {a}, {b}, {a, b}} are
11 2-0pen. Clearly the sets in {{c}, {a, b}, {a, c}, {b, c}, o,
X} are (1,2)*-gpr-closed sets.
Theorem 3.4

Every (1,2)*-rag-closed set is (1,2)*-gpr-closed
but not conversely.
Proof

Let S c X be a (1,2)*-rag-closed set. Obviously
(1,2)*-pcl(S) < (1,2)*-acl(S) < U. Hence S is (1,2)*-gpr-
closed.
Example 3.5

Let X ={a, b, c, d, e}, . = {o, X, {a, b}, {a, b, c,
d}} and 1, = {0, X, {c, d}}. Then the sets in {op, X, {a, b},
{c, d}, {a, b, ¢, d}} are t1,-0pen. Clearly the set {c} is
(1,2)*-gpr-closed set but not (1,2)*-rag-closed.
Remark 3.6

The following examples show that the concepts of

M (1,2)*-sg-closed sets and (1,2)*-gpr-closed sets are
independent.
(i) (1,2)*-gs-closed sets and (1,2)*-gpr-closed sets are
independent.
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(iii) (1,2)*-gpr-closed sets and (1,2)*-gsp-closed sets
are independent.
Example 3.7

Let X = {a, b, c}, 11 = {0, X, {a}} and 1, = {0, X,
{b}}. Then the sets in {o, X, {a}, {b}, {a, b}} are 11 ,-0pen.
Clearly the set {a, b} is (1,2)*-gpr-closed set but not (1,2)*-
sg-closed and the set {b} is (1,2)*-sg-closed set but not
(1,2)*-gpr-closed.
Example 3.8

In Example 3.7, Clearly the set {a, b} is (1,2)*-
gpr-closed set but not (1,2)*-gs-closed and the set {a} is
(1,2)*-gs-closed set but not (1,2)*-gpr-closed.
Example 3.9

Let X ={a, b, ¢}, 11 = {0, X, {a}} and 1, = {¢, X,
{b}}. Then the sets in {o, X, {a}, {b}, {a, b}} are 11 ,-0pen.
Clearly the set {a, b} is (1,2)*-gpr-closed set but not (1,2)*-
gsp-closed.
Example 3.10

In Example 3.5, Clearly the set {a, b} is (1,2)*-
gsp-closed set but not (1,2)*-gpr-closed.
Theorem 3.11

Every (1,2)*-gp-closed set is (1,2)*-gpr-closed but
not conversely.
Proof

It follows from the fact that (1,2)*-RO(X) c
(1,2)*-a0(X).
Example 3.12

Let X = {a, b, ¢, d}, 11 = {o, X, {c}, {d}, {c, d},
{a d}, {a c, d}} and = {@, X, {a}, {c}, {a, c}, {b. c}, {a,
b, c}}. Then the sets in {o, X, {a}, {c}, {d}, {a, c}, {a, d},
{b, c}, {c, d}, {a, b, c}, {a, c, d}, { b, c, d}} are 11 ,-0pen.
Clearly the set {a, ¢, d} is (1,2)*-gpr-closed set but not
(1,2)*-gp-closed.
Proposition 3.13

(i) Every (1,2)*-a-closed set is (1,2)*-ag-closed.

(i) Every (1,2)*-ag-closed set is (1,2)*-gpr-
closed.
Proof

0] Let A be a (1,2)*-a-closed set. Then A =
(1,2)*-acl(A). Let AcUand U € (1,2)*-
aO(X). We have (1,2)*-acl(A) < U
whenever A c U and U € (1,2)*-a0(X).
Hence A is (1,2)*- ag-closed.

(i) Let Ac Uand U € (1,2)*-RO(X). Since
(1,2)*-RO(X) < (1,2)*-a0(X) and A is
(1,2)*-ag-closed, (1,2)*-acl(A) < U
whenever A c U and U € (1,2)*-a0(X).
Hence A is (1,2)*- gpr-closed.

Theorem 3.14
Let S be a regular (1,2)*-open subset of a
bitopological space X. Then

) If S is (1,2)*-gpr-closed then S is (1,2)*-
preclosed.
(i) If Sis (1,2)*-rag-closed then S is (1,2)*-a-closed.
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Q) Let S be regular (1,2)*-open and (1,2)*-gpr-
closed. Then (1,2)*-pcl(S) = S which implies that
S is (1,2)*-preclosed.

(i) Since S is regular (1,2)*-open and (1,2)*-rog-
closed, (1,2)*-0cl(S) < S. Thus S is (1,2)*-a-
closed.

Remark 3.15

The intersection of two (1,2)*-gpr-closed sets need
not be a (1,2)*-gpr-closed as shown in the following
example.
Example 3.16

Let X = {a, b, c}, 11 = {o, X, {b}, {c}, {b, c}} and
1 = {0, X, {b}}. Then the sets in {o, X, {b}, {c}, {b, c}}
are t;,-open. Clearly the sets {a, b} and {b, c} are (1,2)*-
gpr-closed but the set {b} is not (1,2)*-gpr-closed.
Remark 3.17

The union of (1,2)*-gpr-closed sets also need not
be a (1,2)*-gpr-closed as shown in the following example.
Example 3.18

In Example 3.5, Clearly the sets {a} and {b} are
(1,2)*-gpr-closed but the set {a, b} is not (1,2)*-gpr-closed.
Theorem 3.19

If Sis a (1,2)*-gpr-closed set in X, then (1,2)*-
pcl(S) \ S does not contain any nonempty regular (1,2)*-
closed set.
Proof

Let F be a regular (1,2)*-closed set such that F c
(1,2)*-pcl(S) \' S. Then F < (1,2)*-pcl(S) but F is not a
subset of S. On the other hand, S ¢ X \ F and X \ F is
regular (1,2)*-open. Since S is (1,2)*-gpr-closed, (1,2)*-
pcl(S) € X \ F and then F ¢ X\ (1,2)*-pcl(S). Now, we
have F c (1,2)*-pcl(S) N [X \ (1,2)*-pcl(S)]. This is a
contradiction. Thus F = ¢.
Remark 3.20

The converse of Theorem 3.19 need not be true as
shown in the following example.
Example 3.21

In Example 3.5, we have the sets in {{a, b, e}, {c,
d, e}, ¢, X} are regular (1,2)*-closed. Clearly the set {a, b}
is not (1,2)*-gpr-closed while (1,2)*-pcl({a, b}) \ {a, b} =
{e}, which does not contain any nonempty regular (1,2)*-
closed set.
Theorem 3.22

Let S be a (1,2)*-gpr-closed set in X. Then S is
(1,2)*-preclosed if and only if (1,2)*-pcl(S) \ S is regular
(1,2)*-closed.
Proof

Let S be (1,2)*-preclosed. Then (1,2)*-pcl(S) = S.
Hence (1,2)*-pcl(S) \ S = ¢ is a regular (1,2)*-closed set.
Conversely, suppose (1,2)*-pcl(S) \ S is regular (1,2)*-
closed. As S is (1,2)*-gpr-closed, by Theorem 3.19, (1,2)*-
pcl(S) \' S = ¢, and therefore (1,2)*-pcl(S) = S. Hence S is
(1,2)*-preclosed.
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Definition 3.23
Let X be a bitopological space and S c X and x €
X. Then
0] X is said to be a (1,2)*-pre-limit point of S if every
(1,2)*-preopen set containing x contains a point of
S different from x.
(i) x is said to be a (1,2)*-a-limit point of S if every
(1,2)*-0-open set  containing x contains a point
of S different from x.
Definition 3.24
Let X be a bitopological space and S c X and x €
X. Then
0] The set of all (1,2)*-pre-limit points of S is said to
be (1,2)*-pre-derived set and is denoted by (1,2)*-
Dy(A).
(i) The set of all (1,2)*-a-limit points of S is said to
be (1,2)*-a-derived set and is denoted by (1,2)*-
D(A).
Theorem 3.25
Let A and B be (1,2)*-gpr-closed sets in a
bitopological space X. If
(i) (1.2)*-D(A) < (1,2)*-Dy(A) and
(i) (1.2)*-D(B) < (1.2)*-Dy(B),
then A U B is (1,2)*-gpr-closed.
Proof
For any set A c X, (1,2)*-Dy(A) < (1,2)*-D(A).
By using assumption, we obtain (1,2)*-D(A) = (1,2)*-
Dy(A) and similarly, (1,2)*-D(B) = (1,2)*-Dy(B). Let AU B
< U and U be regular (1,2)*-open. Since A and B are
(1,2)*-gpr-closed, then (1,2)*-pcl(A) < U and (1,2)*-pcl(B)
< U. Now (1,2)*-pcl(A) U (1,2)*-pcl(B) < U and hence
(1,2)*-pcl(A U B) < U. Hence A U B is (1,2)*-gpr-closed.
Theorem 3.26
If A is (1,2)*-gpr-closed and A < B < (1,2)*-
pcl(A), then B is (1,2)*-gpr-closed.
Proof
Let B < U and U be regular (1,2)*-open. Then A
< U and hence (1,2)*-pcl(A) < U (Since A is (1,2)*-gpr-
closed set). By assumption, B < (1,2)*-pcl(A). Then (1,2)*-
pcl(B) < (1,2)*-pcl(A) < U. Hence B is (1,2)*-gpr-closed.
Definition 3.27
A subset S of a bitopological space X. Then
(1,2)*-gpr-closure of S, denoted by (1,2)*-gprcl(S), is the
intersection of all (1,2)*-gpr-closed sets of X containing S.
Proposition 3.28
Let A and B be subsets of X. The followings hold.
0] (1,2)*-gprcl(p) = @ and (1,2)*-gprcl(X) = X.
(i) If A < B then (1,2)*-gprcl(A) < (1,2)*-
gprel(B).
(iii) A c (1,2)*-gprcl(A).
(iv) (1,2)*-gprcl(A U B) o (1,2)*-gprcl(A) U
(1,2)*-gprcl(B).
(v) (1,2)*-gprcl (A N B) < (1,2)*-gprcl(A) N
(1,2)*-gprcl(B).
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Remark 3.29

If S < X is (1,2)*-gpr closed, then (1,2)*-gprcl(S)
=S
The converse of this remark need not be true as shown in
the following example.
Example 3.30

Let X ={a, b, ¢}, = {o, X, {a}, {b}, {a, b}} and
1, = {@, X}. Then the sets in {o, X, {a}, {b}, {a, b}} are
T12-0pen. Then (1,2)*-gprcl({b}) = {b} but the set {b} is
not a (1,2)*-gpr-closed.
Proposition 3.31

Let S be a subset of X. Then x € (1,2)*-gprcl(S) if
and only if V N S # ¢ for every (1,2)*-gpr-open set V
containing X.
Proof

Suppose that there exists a (1,2)*-gpr-open set V
containing x such that V. N S=¢. Then S € X\ V and X\
V is (1,2)*-gpr-closed. So (1,2)*-gprcl(S) < X \ V implies
X & (1,2)*-gprcl(S). This is a contradiction. Conversely,
suppose X & (1,2)*-gprcl(S). Then there exists a (1,2)*-gpr-
closed subset F containing S such that x € F. Then x € X \
Fand X\ Fis (1,2)*-gpr-open and (X\F) N S=¢. Thisis a
contradiction.

1V. (1,2)*-GENERALIZED PRE-REGULAR
OPEN SETS

Definition 4.1

A subset S of a bitopological space X is called
(1,2)*-gpr-open if its complement is (1,2)*-gpr-closed.
Remark 4.2

For a subset S of a space X, (1,2)*-pcl(X \ A) = X
\ (1,2)*-pint(A).
Theorem 4.3

Let S be a subset of a bitopological space X. Then
S is a (1,2)*-gpr-open if and only if F < (1,2)*-pint(S),
where F is a regular (1,2)*-closed set and F c S.
Proof

Let S be a (1,2)*-gpr-open set. Let F be a regular
(1,2)*-closed and F < S. Then X\ S < X\ F, X \ F is
regular (1,2)*-open and X \ S is (1,2)*-gpr-closed. Since
(1,2)*-pcl(X \ S) < X\ F, Then X\ (1,2)*-pint(S) c X \ F
and so F < (1,2)*-pint(S).
Conversely, suppose F is a regular (1,2)*-closed set and F
< S with F < (1,2)*-pint(S). Let X \' S < U where U is
regular (1,2)*-open. Then X \ U < S and hence by
assumption, X \ U < (1,2)*-pint(S). We have X \ (1,2)*-
pint(S) < U. Since (1,2)*-pcl(X \ S) c U, X\ S'is (1,2)*-
gpr-closed and hence S is (1,2)*-gpr-open.
Theorem 4.4

If (1,2)*-pint(A) < B < A and A is (1,2)*-gpr-
open, then B is (1,2)*-gpr-open.
Proof

Since (1,2)*-pint(A) c B c A, then X\Ac X\ B
< X\ (1,2)*-pint(A), that is X \ A < X\ B < (1,2)*-pcl(X \
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A). Then by Theorem 3.26, X \ B is (1,2)*-gpr-closed.
Hence B is (1,2)*-gpr-open.
Theorem 4.5

If S < X is (1,2)*-gpr-closed, then (1,2)*-pcl(S) \
Sis (1,2)*-gpr-open.
Proof

Let S be a (1,2)*-gpr-closed. Let F be a regular
(1,2)*-closed set such that F < (1,2)*-pcl(S) \' S. Then by
Theorem 3.19, F = ¢. Hence F < (1,2)*-pint((1,2)*-pcl(S)) \
S. By Theorem 4.3, this shows that (1,2)*-pcl(S) \ S is
(1,2)*-gpr-open.
Remark 4.6

The converse of Theorem 4.5 need not be true as
shown in the following example.
Example 4.7

Let X ={a, b, c}, 11 = {o, X, {a}, {a, b}} and 1, =
{o, X, {b}}. Then the sets in {o, X, {a}, {b}, {a, b}} are
T 0-0pen. Let S = {b}. Then (1,2)*-pcl(S) \ S = {c} which is
(1,2)*-gpr-open but S is not (1,2)*-gpr-closed.
Lemma 4.8

Let X be a bitopological space and x € X. Then X
\ {x} is either regular (1,2)*-open or (1,2)*-gpr-closed.
Proof

If X\ {x} is not regular (1,2)*-open, then the only
regular (1,2)*-open set containing X \ {x} is X. We have
(1,2)*-pcl(X \ {x}) < X and hence X \ {x} is (1,2)*-gpr-
closed.
Theorem 4.9

If (1,2)*-PO(X) = (1,2)*-PC(X), then (1,2)*-
GPRC(X) = g (X) where (1,2)*-PC(X) is the collection of
(1,2)*-preclosed sets of X and g (X) is the power set of X.
Proof

Suppose that A < X, A < F and F is regular
(1,2)*-open in X. Since F € (1,2)*-RO(X) < (1,2)*-PO(X),
then by assumption F is also (1,2)*-preclosed. Hence
(1,2)*-pcl(A) < F and so A is (1,2)*-gpr-closed. Hence
(1,2)*-GPRC(X) = @ (X).
Lemma 4.10 [19]

For a subset A of a bitopological space X, (1,2)*-
pcl(A) = A U 11 o-Cl(ty 2-int(A)).
Theorem 4.11

If Ais (1,2)*-a-closed and (1,2)*-gpr-closed, then
it is (1,2)*-rag-closed.

Proof

Suppose A < F where F is a regular (1,2)*-open.
Since A is (1,2)*-gpr-closed, (1,2)*-pcl(A) < F. Since
every (1,2)*-o-closed set is (1,2)*-preclosed, Ty ,-Cl(t12-
int(A)) < A implies, by Lemma 4.10, (1,2)*-pcl(A) = A.
Since A is (1,2)*-a-closed. we have (1,2)*-acl(A) = (1,2)*-
pcl(A) = A c F. Thus, A is (1,2)*-rag-closed
Theorem 4.12

Let X be a bitopological space and A, B c X. If B
is (1,2)*-gpr-open and A o (1,2)*-pint(B), then A N B is
(1,2)*-gpr-open.
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Proof

Since B is (1,2)*-gpr-open and A o (1,2)*-pint(B),
we have (1,2)*-pint(B) < A N B < B. Hence, by Theorem
4.4, AN B is (1,2)*-gpr-open.
Theorem 4.13

Let (1,2)*-PO(X) be closed under finite
intersection. If A and B are (1,2)*-gpr-open sets, then A N
B is (1,2)*-gpr-open.
Proof

Let X\ (ANB)=(X\A)U (X\B) c Fwhere F
is regular (1,2)*-open. This implies X\Ac Fand X\B ¢
F. Since A and B are (1,2)*-gpr-open, (1,2)*-pcl(X\ A) c F
and (1,2)*-pcl(X \ B) c F. So (1,2)*-pcl(X \ (A N B)) c F.
Therefore A N B is (1,2)*-gpr-open.
Definition 4.14

For any subset A c X, (1,2)*-gpr-int(A) is defined
as the union of all (1,2)*-gpr open sets contained in A.
Proposition 4.15

For a subset A of a bitopological space X, X \
(1,2)*-gpr-int(A) = (1,2)*-gpr-cl(X \ A).
Proof

Let x € X\ (1,2)*-gpr-int(A). Then x & (1,2)*-gpr-
int(A), i.e. every (1,2)*-gpr-open set B containing x is not a
subset of A. Then B intersects X \ A and so x € (1,2)*-gpr-
cl(X \ A). Hence X\ (1,2)*-gpr-int(A) < (1,2)*-gpr-cl(X \
A).
Conversely, let x € (1,2)*-gpr-cl(X \ A). Then every (1,2)*-
gpr-open set B containing x intersects X \ A which implies
that the (1,2)*-gpr-open set B containing x is not a subset of
A, e x & (1,2)*-gpr-int(A) implies x € X \ (1,2)*-gpr-
int(A) and so (1,2)*-gpr-cl(X \' A) < X\ (1,2)*-gpr-int(A).

V. (1,2)*-GPR-CONTINUOUS AND (1,2)*-
GPR-IRRESOLUTE FUNCTIONS

Definition 5.1
(i) A function f : X = Y is said to be (1,2)*-
ag-continuous if the inverse image of
o1,-closed set in Y is (1,2)*-ag-closed in
X.
(i) A function f : X — Y is said to be (1,2)*-
M-preclosed if f(A) is (1,2)*-preclosed in
Y for every (1,2)*-preclosed set A in X.
(iii) A function f: X — Y is said to be (1,2)*-
continuous if the inverse image of oy ,-
closed setin Y is 1y o-closed in X.
Definition 5.2
A function f : X — Y is said to be (1,2)*-gpr-
continuous (resp. (1,2)*-rag-continuous) if (V) is (1,2)*-
gpr-closed (resp. (1,2)*-rag-closed) in X for every oj,-
closed setinY.
Definition 5.3
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A function f : X — Y is said to be (1,2)*-gpr-
irresolute if (V) is (1,2)*-gpr-closed in X for every
(1,2)*-gpr-closed setin Y.

Remark 5.4

Every (1,2)*-gpr-irresolute function is (1,2)*-gpr-
continuous.
The converse of this remark need not be true as shown in
the following example.
Example 5.5

Let X = {a, b, c}, 1 = {o, X, {a}} and 1, = {0, X,
{b}}. Y={a b c} o1={¢ Y, {a}} and 52 = {0, Y, {a,
b}}. Then the function f : X — Y defined as f(a) = b,
f(b) = a and f(c) = c is (1,2)*-gpr-continuous but not (1,2)*-
gpr-irresolute.

Theorem 5.6
(M If f: X —> Y is (1,2)*-ag-continuous, then f is
(1,2)*-gpr-continuous.
(i) If f: X - Y is (1,2)*-rag-continuous, then f is
(1,2)*-gpr-continuous.
Proof
Q) It follows from Proposition 3.13 (ii).
(i) It follows from Theorem 3.4.
Remark 5.7

The converse of Theorem 5.6 need not be true as
shown in the following example.
Example 5.8
Let X ={a, b, ¢, d}, 1 = {0, X, {a}, {a, c}, {a, c,
d}} and 1, = {o, X, {a, d}, {b, d}, {a, b, d}}. Then the sets
in{o, X, {a}, {a, c}, {a, d}, {b, d}, {a, b, d}, {a, ¢, d}} are
T10-0pen. LetY ={a, b, c,d}, o1 = {0, VY, {a}, {d}, {a d}}
and o, = {o, Y, {a, b, c}, {a, ¢, d}}. Then the sets in {o, X,
{a}, {d}, {a, d}, {a, b, c}, {a, c, d}} are o1 ,-open. Then the
identity function f : X — Y is (1,2)*-gpr-continuous.
(a) Here f is not (1,2)*-rag-continuous, since f'({b}) = {b}
is not (1,2)*-rag-closed.
(b) Here f is not (1,2)*-ag-continuous, since f'({b}) = {b}
is not (1,2)*-ag-closed.
Theorem 5.9
Let f: X > Yand g:Y — Z be any two
functions.
0] g o f is (1,2)*-gpr-continuous if g is (1,2)*-
gpr-continuous and f is (1,2)*-gpr-irresolute.
(i) g o fis (1,2)*-gpr-irresolute if g is (1,2)*-gpr-
irresolute and f is (1,2)*-gpr-irresolute.
(iii) g o fis (1,2)*-gpr-continuous if g is (1,2)*-
continuous and f is (1,2)*-gpr-continuous.
Proof
0) Let A be ng,-closed set in Z. Since g is (1,2)*-
gpr-continuous,  g™*(A) is (1,2)*-gpr-closed
set in Y. Since f is (1,2)*-gpr-irresolute, (g
Y(A)) is (1,2)*-gpr-closed set in X. Since (g o
f*A) = fg'(A), g o fis (1,2)*-gpr-
continuous.
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Let A be (1,2)*-gpr-closed set in Z. Since g is
(1,2)*-gpr-irresolute, g*(A) is (1,2)*-gpr-
closed set in Y. Since f is (1,2)*-gpr-
irresolute, f*(g(A)) is (1,2)*-gpr-closed set
in X. Since  (gof*A) = fi(g'(A), gof
is (1,2)*-gpr-irresolute.
(iii) Let A be nyp-closed set in Z. Since g is (1,2)*-
continuous, g™*(A) is oy,-closed set in Y.
Since f is (1,2)*-gpr-continuous, f(g™*(A)) is
(1,2)*-gpr-closed set in X. Since (g 0 )™ (A) =
f(g*(A)), g o fis (1,2)*-gpr-continuous.
Theorem 5.10
If f: X — Y is (1,2)*-gpr-continuous, then
f((1,2)*-gpr-cl(A)) < (1,2)*-acl(f(A)) for every subset A of
X.
Proof
Let A be a subset of X. Since (1,2)*-acl(f(A)) is
(1,2)*-a-closed in Y, then f((1,2)*- acl(f(A))) is (1,2)*-
gpr-closed. Since A c fY(f(A)) ¢ FY((1,2)*-acl(f(A))),
then (1,2)*-gpr-cl(A) < *((1,2)*-acl(f(A))) and hence
f((1,2)*-gpr-cl(A)) = (1,2)*-acl(f(A)).

Conclusion:

We have the following diagram:

(1,2)*-a-closed —» (1,2)*-ag-closed
2

(1,2)*-rag-closed — (1,2)*-gpr-closed
T

(1,2)*-gp-closed

REFERENCES

[1] S. Arya and T. Nour, Characterizations of s-normal
spaces, Indian J. Pure Appl. Math., 21(1990), 717-719.

[2] P. Bhattacharya and B. K. Lahiri, Semi-generalized
closed sets in topology, Indian J. Math., 29 (3) (1987), 375-
382.

[3] N. Bourbaki, General Topology, Part I, Addison-Wesley
(Reading Mass, 1966).

[4] J. Dontchev, On generalizing semi-preopen sets, Mem. Fac.
Sci. Kochi Univ. Ser. A., Math., 16(1995), 35-48.

[5] J. Dontchev and T. Noiri, Quasi normal spaces and ng-closed
sets, Acta Math. Hungar., 89(2000), 211-219.

[6] Y. Erguang and Y. Pengfei, On decomposition of A-
continuity, Acta Math. Hungar., 110(4) (2006),309-313.

[7] M. Ganster, Preopen sets and resolvable spaces, Kyungpook
Math. J., 27(1987), 135-143.

[8] Y. Gnanambal, On generalized pre-regular closed sets in
topological  spaces, Indian J. Pure. Appl. Math., 28(3)
(1997), 351-360.

506 | IIREAMV041033989

DOI : 10.18231/2454-9150.2018.0370

International Journal for Research in Engineering Application & Management (IJREAM)

ISSN : 2454-9150 Mol-04, Issue-03, June 2018

[9] S. Jafari, M. Lellis Thivagar and Nirmala Mariappan,
On (1,2)*-ag-closed sets, J. Adv. Math. Studies, 2(2)(2009),
25-34.

[10] J. C. Kelly, Bitopological spaces, Proc. London Math. Soc.,
13 (1963), 71-89

[11] M. Lellis Thivagar, M. Margaret Nirmala, R. Raja
Rajeshwari and E. Ekici, A Note on (1,2)-GPR-closed-sets,
Math. Maced., VVol.4 (2006), 33-42.

[12] M. Lellis Thivagar and Nirmala Mariappan, (1,2)*-strongly
semi-pre-T% spaces, Bol. Soc. Paran. de. Mat., 27(2)(2009),
15-22.

[13] N. Levine, Generalized closed sets in topology, Rend.
Circ. Math. Palermo, 19(1970), 89-96.

[14] N. Levine, Semi-open sets and semi-continuity in
topological spaces, Amer. Math. Monthly, 70(1963), 36-41.

[15] H. Maki, R. Devi and K. Balachandran, Associated
topologies of generalized a-closed sets and a-generalized
closed sets, Mem. Fac. Sci. Kochi. Univ. Ser. A. Math.,
15(1994), 51-63.

[16] A. S. Mashhour, M. E. Abd EI-Monsef and S. N. El-Deeb,
On pre-continuous and weak precontinuous mappings, Proc.
Math. Phys. Soc. Egypt, 53(1982), 47-53.

[17] O. Njastad, On some classes of nearly open sets, Pacific J.
Math., 15(1965), 961- 970.

[18] O. Ravi, M. Lellis Thivagar and E. Ekici, On (1,2)*-sets and
decompositions of bitopological (1,2)*-continuous mappings.
Kochi J. Math., 3 (2008), 181-189.

[19] O. Ravi, M. Lellis Thivagar and E. Hatir, Decomposition of
(1,2)*-continuity ~ and (1,2)*-a-continuity, Miskolc
Mathematical notes, 10(2) (2009), 163-171.

[20] O. Ravi and M. Lellis Thivagar, A bitopological (1,2)*-semi-
generalized continuous maps, Bull. Malays. Math. Sci. Soc.,
(2) 29(1) (2006), 79-88.

[21] O. Ravi and M. Lellis Thivagar, Remarks on A-irresolute
functions via (1,2)*-sets, Advances in Applied Mathematical
Analysis, 5(1) (2010), 1-15.

[22] O. Ravi, K. Mahaboob Hassain Sherieff and M. Krishna
Moorthy, On decomposition of bitopological (1,2)*-A-
continuity(To appear in International Journal of Computer
Science and emerging Technologies).

[23] O. Ravi, S. Pious Missier and T. Salai Parkunan, On
bitopological (1,2)*-generalized Homeomorphisms, Internat.
J. Contemp. Math. Sci., 5(11) (2010), 543-557.

[24] O. Ravi, G. Ram Kumar and M. Krishna Moorthy,
Decompositions of (1,2)*-a-continuity and (1,2)*-ogs-
continuity. (To appear in International Journal of
computational and applied mathematics)

[25] M. Stone, Application of the theory of Boolean rings to
general topology, Trans. Amer. Math. Soc., 41(1937), 374-
381.

© 2018, IIREAM All Rights Reserved.



