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ABSTRACT: In this Paper we introduce a new class of sets called (1,2) - generalized b*closed set (briefly (1,2)*-
ngb*-closed) in bitopological spaces and a new class of generalized functions called (1,2)* -rgb™* -continuous maps and
(1,2)*- ngb™ - irresolute maps in bitopological spaces. Also we obtain basic properties of (1,2)*ngb-closed sets. Further

we introduced a new space (1,2)*- ngb* - T,,, space.
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. INTRODUCTON

The study of bitopological spaces (X,t137,) was first introduced by J.C.Kelly[11] in the year 1963. The
bitopological spaces are equipped with two arbitrary topological 1, & T,. Levine [13] and Andrjevic[4,5] introduced the
concept of generalized open sets and b-open sets respectively in topological spaces. The class of b-open sets is
contained in the class of semi pre open sets and contains the class of semi open and the class of preopen sets. Since
several researches were done and the notion of generalized semi closed, generalized preclosed and generalized semi-pre
open sets were investigated. In 1968 Zaitsev[19] defined n-closed sets. Later Dontchev and Noiri[9] introduced the
notion of wg-closed sets. The idea of mgb-closed sets was introduced by D. Sreeja and C. Janaki [17]. Dhanya. R, A.
Parvathi, Introduced “ On ngb™closed sets in Topological spaces”,[8]. This paper is an attempt to highlight a new type
of generalized closed sets called (1,2)%r generalized b*-closed, called (1,2)*- ngb*-continuous maps and (1,2)*- ngb™ -
irresolute maps in bitopological spaces. These findings results in procuring several characterizations of this class. It
analzses its bitopological properties. The application of this set leads to the introduction of a new space called (1,2)*-
ngb” - space.

1. PRELIMINARIES

Throughout this paper (X,1,12) and (Y,01,62) represents bitopological spaces on which no separation axioms
are assumed unless otherwise mentioned.

Definition 2.1 [8]. A subset S of a bitopological space (X,1,1,) is said to be 11, open if S= AlJB where Ae T, and

B e 1,. A subset S of X is 1y 5-closed if the complement of S is t; ,-0pen.
Definiton 2.2 [18]. Let S be a subset of X. Then

(M The 7, T, -interior of S, denoted by T, 1, -int(S)
(i) The 1,7, -closure of S, denoted by 1,1, -Cl(S)
Defintion 2.3 A subset A of a bitopological space (X,t,12) is called
(1) (1,2)*- semi-open[4] if AC 1,1, -cl(t112-int(A)).
(ii) (1,2)*- pre open[4] if A C 1,1, -int(t172-Cl(A)).
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(iii) (1,2)*- o open[4] if A C 1,1, -int(t17o-cl(1172-INt(A))).

(iv) (1,2)*-generalized closed (briefly (1,2)*-g-closed)[13] if 117,-Cl(A) = U whenever A < U and U is
T1T,- Open in X,

(V) (1,2)*- regular open[4] if A= 11To-int(1175-Cl(A)).

(vi) (1,2)*- semi-generalized-closed (briefly (1,2)*-sg-closed )[6] if (1,2)*-scl(A) U and U is (1,2)*-
semi-open in X.

(vii)  (1,2)*- generalized semi-closed (briefly (1,2)*-gs-closed)[9] if (1,2)*-scl(A) < U, whenever A U
and U is 7 ,- open in X.

(viii)  (1,2)*- a-generalized-closed (briefly (1,2)*-og-closed)[10] if (1,2)*- acl(A) < U, whenever A c U
and U is 7 ,- open in X.

(ix) (1,2)*- generalized-a-closed (briefly (1,2)*-go-closed)[10] if (1,2)*- acl(A) < U,whenever AcC U
and U is (1,2)*- o. - open in X.

() (1,2)* -n generalized-closed (briefly (1,2)* -ng-closed)[13] if (1,2)*- cI(A) = U, whenever A U

and U is 1y ,-m-0pen.

(xi) (1,2)*-m generalized a-closed (briefly (1,2)*-nga-closed)[5] if (1,2)*- acl(A) = U, whenever A —U

and U is 1y ,- m-0Open.
(xii)  (1,2)™-m generalized semi-closed (briefly (1,2)*- ngs-closed)[7] if (1,2)*- scl(A) < U, whenever
A cUand U is 15,- T-0pen.

(xiii)  (1,2) *- 7 generalized b-closed (briefly (1,2)* - ngb-closed)[1] if (1,2) * - bcl(A) < U, whenever
AU and U is 13 ,- m-Open.

(xiv)  (1,2)*- m generalized pre-closed (briefly (1,2)* - ngp-closed)[16] if (1,2) * -pcl(A) = U, whenever
A cUand U is 1y ,-m-0pen.

The complement of a (1,2) *-semi-closed (resp. (1,2)* -a-closed, (1,2)*g-closed, (1,2)*sg-closed, (1,2)*gs-
closed, (1,2)*-ag-closed, (1,2)*ga-closed, (1,2)*%mg-closed, (1,2)*-nga -closed, (1,2)*- ngs-closed, (1,2)*-ngb-closed,
(1,2)*- ngp-closed) set is called (1,2)*-semi open (resp. (1,2)*-o-open, (1,2)*-g-open, (1,2)*-sg-open, (1,2)*-gs-open,
(1,2)*-ag-open, (1,2)*ga-open, (1,2)*ng-open, (1,2)*-ngs-open, (1,2)*ngs-open, (1,2)*-ngb-open, (1,2)*- ngp- open).
Definition 2.4 The finite union of (1,2)*-regular open sets is said to be 1 2~ m-open. The complement of 1 ,- T-Open is
said to be 11 ,- m-closed.

Definition 2.5 A function f. (X,11)—(Y,01,0,) is called continuous (resp.(1,2)*-a-continuous,(1,2)*-pre-
continuous,(1,2)*-semi-continuous, (1,2)*-b*-continuou,(1,2)*-g-continuous,(1,2)*-ga-continuous, (1,2)*-gp-
continuous, (1,2)*-gs-continuous, (1,2)*-gb-continuous) If f*(V ) is closed (resp.(1,2)*-a-closed, (1,2)*-pre-closed,
(1,2)*-semi-closed,(1,2)*-b-closed, (1,2)*-g-closed,(1,2)*-gp-closed, (1,2)*-gs-closed, (1,2)*-gb-closed) in  (X,7112)
for every closed set Vin (Y,01,62)

Definition 2.6 A function f : (X, 11, 1) —(Y, 01, oy is called (1,2)*-n-continuous (resp. (1,2)*-ra-continuous, (1,2)*-
ng-continuous, (1,2)*-ngp-continuous, (1,2)*-mgs -continuous, (1,2)*-mgb-continuous) if (V) is (1,2)*-n-closed
(resp.(1,2)*-maclosed,(1,2)*-rng-closed,(1,2)*-ngp-closed, (1,2)*-ngs-closed, (1,2)*-rngb-closed ) in (X,ty1,) for every
closed set V of (Y,01,62) ).

1. (1,2)*- ngb*- CLOSED SET

We introduce the following definition.
Definition 3.1. A subset A of (X,1117) is called (1,2)*- m generalized b*-closed set (briefly (1,2)*- ngb*-closed.) if 111,-
int(bcl(A)) < U whenever A < U and U is ty1,- T-0pen in X.
Theorem 3.2
(i) Every (1,2)*-closed set is (1,2)*- ngb*-closed.
(ii) Every (1,2)*- semi closed set is (1,2)*- ngb*-closed.
(iii) Every (1,2)*- pre closed set is (1,2)*- ngb*-closed
(iv) Every (1,2)*-a closed set is (1,2)*- ngb*- closed.
(v) Every (1,2)*-b closed set is (1,2)*- ngb*-closed.
(vi) Every (1,2)*- g-closed set is (1,2)*- ngb*-closed.
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(vii)  Every (1,2)*-gp-closed set is (1,2)*- mgb*-closed.

(viii)  Every (1,2)*-gs-closed set is (1,2)*- mgb™-closed.

(ix) Every (1,2)*-ga-closed set is (1,2)*- ngb™-closed.

(x) Every (1,2)*-gb-closed set is (1,2)*- ngb™-closed.

(xi) Every (1,2)*-b*closed set is (1,2)*- ngb*-closed.

(xii)  Every (1,2)*-ngp- closed set is (1,2)*- ngb™-closed.

(xiii)  Every (1,2)*-ngs- closed set is (1,2)*- ngb™*-closed.
Proof: Straight forward.
Converse of the above need not be true as seen in the following examples.
Example3.3 Let X={a,b,c,d} 711={X,D,{b}} ={X,D,{a}}. Here
A={{a}.{b}.{c}.{d}.{b,c} {a,d}{b,d} {a,c}.{ab,c} {ab,d}} arein (1,2)*- ngb™-closed but it is not (1,2)*-closed.
E)I(amg)lclaj 3.4 Let X=( {a)‘tic d} 1:1=I {Xa(D, {b},{c},{a,b},{b,c}} 1,={X,®,{a}}. Here A={{a,b}.{b,c}} are in (1,2)*- ngb*
-closed, but it is not (1,2)™ semi-closed.
Example 3.5 Let X= {a,b,c,d} 1:= {X,®D,{a},{b},{a,b},{a,c}} ©.={X,D,{c}}. Here A={{a},{b},{a,b}, {a,b,c},{a,b,d}}
are in (1,2)*- ngb*-closed, but it is not in (1,2)*-pre-closed.
Example 3.6 Let X={a,b,c,d} 1,={X,®,{a},{a,c}} .={X,D,{b}}. Here A={{a},{b},{a,b},{b,c},{d,a},{a,b,c}{a,b,d}}
are in (1,2)*- ngb*-closed, but it is not (1,2)a-closed.
E)Eam)p;le 3.*7 Let X= {ab,c,d} 1= ile;@,l{a}a{b},{a,b},{a,b,c},{a,b,d}} ,={X,®,{c}}. Here A={{a,b},{a,b,c}}are
in(1,2)~ngb™ closed, but it is not (1,2)"-b-closed.
Example 3.8 Let X= {a,b,c,d} 1.= {X,®,{c},{ac},{a,b,c}} 1.={XD,{a}}. Here A={{c},{a,b}.{b,c}.{ac}.{a,b.c}}
are in (1,2)*- ngb*-closed, but it is not (1,2)*g-closed.
Example 3.9 Let X= {a,b,c,d} = {X,®,{a,b},{b}} ={X,D,{a,c}}. Here
A={{a}.{b}.{c}{a,b},{b,c}.{d,a},{b,c,d}.{a,c} {a,b,d}} are in (1,2)*-ngb*-closed, but it is not (1,2)*-gp-closed.
Examp()le ?;10 LetI X=d{a,b,c,d} = {X,®,{b},{c},{a,b},{b,c}}, m={X, D, {a}}. Here A={a} is (1,2)*- ngb™ closed, but
not in (1,2)"- gs-closed.
Example 3.11 Let X= {a,b,c,d} 1= {X,®,{a},{a,c}}, ,={X,D,{b}}. Here A={a,c} is (1,2)*-ngb™-closed, but it is not
in (1,2)*-ga-closed.
E)I(amg)lclaj 3.12 Let X= ({a,b),;:,di) 171I= {)d(,d), {a},{b},{a,b},{a,b,c}{a,b,d}}, 1,={X,®,{c}}. Here A={a,b} is (1,2)*- ngb*
-closed, but it is not in (1,2)"-gb-closed.
Example 3#.:13*Let X= {a,b,c,d} 1= {X,®,{a},{a,b} {a,c}}, ,={X,®,{c}}. Here A={b,d} is (1,2)*- ngb™-closed, but
notin (1,2)™ b™-closed.
Example 3(.14)I*4et X= I{a,bac,d} = {X,®,{a},{b},{a,b}.{ac}}, T={X, D, {c}}. Here A={a,b} is (1,2)“ngb™closed, but
itisnotin (1,2)"-ngp-closed.
Example 3(.15)I;et X=I{a,t:j,c,d} 7= {X,®,{b},{c},{a,b},{bc}, ,={X,D,{c}}. Here A={a,b} is (1,2)“ngb™closed, but
itis notin (1,2)"-ngs-closed.
From the above results, we have the following implications diagram.

(1,2)*-closed set (1,2)*-semi-closed set (1,2)*- pre-closed set

v
1,2)*-a closed set *_p.
1,2) — (1,2)*_ ngb*-closed set <—| (1.2Y*-h-closed set

(1,2)*-gs-closed set //v' \ (1,2)*-go-closed set

(1,2)*-b*-closed set (1,2)*-ngp- closed set (1,2)*-ngs- closed set
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IV. CHARACTERISTICS OF (1,2)*-ngh*CLOSED SETS

Remark 4.1 Finite union of (1,2)*- ngb™*-closed sets need not be (1,2)* - ngb™*-closed which can be seen from the
following example.
Example 4.1 Let X = {a,b,c.d} 1= {X,®,{a},{b},{a,b}},={X,®,{a,b,d}}. Let A = {a} and B = {b} then both A and
B are (1,2)*- ngb*-closed. But, AU B = {b,c} is not (1,2)*- ngb*-closed.
Remark 4.2 Finite intersection of (1,2)*- ngb™-closed sets need not be (1,2)*- ngb*-closed which can be seen from the
following example.
Example 4.2 Let X = {ab,c,d} t= (X.®,{al,{d},{a,d}}, ={XD,{cd},{acdll. Let A = {ab,c} and B = {ac,d}.
Then both A and B are (1,2)*- ngb*-closed. But A[ ) B ={a,c} is not (1,2)*- ngb*-closed.
Theorem 4.1 Let (X,t,1,) be a bitopological space if Ac X is (1,2)*-ngb*closed set then Ty, - Int(bcl(A)) — A does
not contain any non empty (1,2)*-r-closed set.
Proof Let A be a (1,2)*-ngb*-closed set in (X,1:12) and F  11,- int(bcl(A)) < A such that F is 7 — closed in X. Then
(X — F) is m-open in X and Ac (X — F). Since A is (1,2)*-ngb™closed, 11 ,- int(bcl(A)) < (X-F) = F < (X -112-
int(bcl(A)).Therefore F < 1y - (int(bcl(A)) — A) [ (X — 112~ (int(bcl(A)) — A) = F = ®. Therefore 1, - (int(bcl(A)) —
A) does not contain any non empty 7 — closed set.
Theorem 4.2 If Ais a (1,2)*- ngb™*-closed and B is any set such that AC BC 1~ int(bcl(A)), then B is a (1,2)*- ngb*
-closed.
Proof Let B U and U be - open. Since ACBc U and A is (1,2) - mgb™-closed, 1, - int(bcl(A)) < U. Now Ty -
int(bcl(B)) < 115~ int(bcl(A)) < U. Therefore Bisa (1,2)*ngb™closed.
Definition 4.1 A set Ac X is called (1,2)*- ngb*-open if its complement is (1,2) “ngb*-closed in X.
Theorem 4.1(a) If 11 ,-cl(bint(A)) c BC A and A is (1,2)*-ngb™open, then B is (1,2)*-ngb*-open.
Proof Let F be a (1,2)*-n-closed set such that F < B. Since BC A we get FC A. Given A is (1,2)*- ngb™*- open thus F
C T~ cl(bint(A)) < 11- cl(bint(B)). Therefore B is (1,2)*- mgb™-open.
Definition 4.2 A space (X,1.12) is called a (1,2)* mgb*- Ty, space if every (1,2)*-ngb*closed set is b-*closed.
Theorem 4.2(a) For a bitopological space (X,t1;72) the following are equivalent

1) Xis (1,2)*- ngb™-Ty, space

2) V subset AC X, Ais (1,2)*- ngb™-open if A is b™ open.
Proof (1) = (2) Let Ac X be (1,2)*- ngb™-open. Then (X-A) is (1,2)*-ngb™closed and by (1) (X-A) is (1,2)*-b*
closed = A'is (1,2)*-b™open. Conversely assume A is b*- open. Then (X-A) is (1,2)*-b*closed. As every (1,2)*-b*
closed set is (1,2)*-ngb*closed. (X-A) is (1,2)*-ngb*closed = (1,2)*-ngb*open.
(2) = (1) Let A be a (1,2)*-ngb*-closed set in X. Then (X-A) is (1,2)*ngb*-open. Hence by (2) (X-A) is (1,2)*-b *
open => A is (1,2)*-b*-closed. Hence X is (1,2)*-ngb™-Ty,.

V. (1,2)*-ngb*-CONTINUITY

Definition 5.1 A function f: (X, 1y, 12) —(Y, o1, 6) is called (1,2)*-ngb*-continuous if f*(V) is (1,2)*-ngb*-closed
in (X, 1, 7o) for every closed set V of (Y, o1, 6y).

Definition 5.2 A function f : (X, 1 1,) —(Y, o1, 63) is called (1,2)*-gb*-irresolute if f'(V) is (1,2)*-ngh*-closed
in (X,ty7,) for every (1,2)*-ngb*-closed set V in (Y,04,67)

Theorem 5.3 Every continuous function is (1,2)*-ngb*-continuous.

Proof Let f: (X, 7, ;) —=(Y, o1, 6,) be a continuous function. Let V be a closed set in Y. Since f is continuous (V) is
closed in X. As every closed set is (1,2)*-ngb*-closed, f*(V) is (1,2)*-ngb*-closed. Hence f is (1,2)-*ngb*-
continuous.

Remark 5.4 The converse of the above theorem need not be true as seen from the following example.
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Example 5.5 Consider X ={a, b, ¢ }yu ={ X ,{a,{c},{a, ¢}, b },u={ X, {c},d }and Y = { a, b, ¢ } with the
topology o1 ={ o, Y, {b, a}, {a}, {b} },0.={ 0o, Y, {b}} Let f: (X1 1) — (Y,01,0,) be defined by f(a) = b, f(b)
= ¢, f(c) = a. Then is (1,2)*-ngb*-continuous but it is not continuous .

Theorem 5.6 Every (1,2)*- pre-continuous function is (1,2)*-ngh*-continuous.

Proof Let f: (X, 1y, 12) —(Y, 61, 65) be a pre-continuous function. Let V be a closed subset of Y. Since f is (1,2)*-
pre-continuous f* (V) is (1,2)*- pre closed in X. As every (1,2)*- pre-closed set is (1,2)* ngb*-closed, f*(V) is (1,2)*-
ngb*-closed. Hence f is (1,2)*-ngb*-continuous.

Remark 5.7 The converse of above theorem need not be true which can be shown by the following example.

Example 5.8 Let X = {a,b,c} with topology t; = {¢ ,{a}{c}.{a.c}, X} , 1. = {}p,{a},X} and Y = {a,b,c} with the
topology o1={o, Y, {a}.{b}.{a, b}} o, = {},Y.{a}}. (1,2)*- pre-continuous = {X, ¢, {a, c}}. Let f: (X,;1110) —
(Y,01,07) as f(a) = a, f(b) = c, f(c)= b. Then fis (1,2)*-ngb*-continuous but it is not (1,2)*- pre- continuous.

Theorem 5.9 Every (1,2)*- semi-continuous function is (1,2)*-ngb*-continuous.

Proof Let f: (X, 1, 72) —(Y, 01, 62) be a semi-continuous function. Let V be a closed subset of Y, since f is semi
continuous (V) is (1,2)* semi-closed in X. As every (1,2)*-semi-closed set is (1,2)*-ngb*-closed, f'(V) is (1,2)*-
ngb*-closed. Hence f is (1,2)*-ngb*-continuous.

Remark 5.10 The converse of the above theorem need not be true as seen from the following example.

Example 5.11Let X = {a,b,c,d} with topology t;. = {o,{a},{b}.{a,b}, {b,c}, {ab,c}, X}, 1. = {d,{a},{b}, X} and
Y={a,b,c,d } with topology c:={0, {b},{d},{b,d},{b,c},{a,b,c}}, oo = {0, Y, {b}, {d}}. (1,2)*- semi-continuous = {X,
b, {a, b, c}}. Define f: (X,1172) — (Y,01,0,) be the identity function. Then f is (1,2)*-rgb*-continuous but not it is
(1,2)* -semi-continuous.

Theorem 5.12 Every (1,2)*- b-continuous function is (1,2)*-ngb*-continuous.

Proof Let f: (X, 1, ) —(Y, 01, 65) be a (1,2)*- b-continuous function. Let V be a closed subset of Y. Since f is
(1,2)*- b-continuous f* (V) is (1,2)*-b-closed in X. As every (1,2)*- b-closed set is (1,2)*-ngb*-closed, f*(V) is (1,2)*-
ngb*-closed. Hence f is (1,2)*-ngb*-continuous.

Remark 5.13 The converse of the above theorem need not be true which can be seen from the following example.
Example 5.14 Let X = { a, b, ¢, d } with topology t; = {¢,{c}.{d}{c.d}, X }and .= { ¢, {d}, X}and Y ={a, b, c,d }
with topology o1 ={ ¢, Y, {a},{b }, {a, b }}, o2 = { ¢, Y, {b}}. (1,2)*-ngb*-continuous = {X, ¢, {b, ¢, d} . Let f:
(X,1172) — (Y,01 ,0,) be defined as a identity function. (1,2)*- b-continuous = {X, ¢, {b, ¢, d}, {c, d}}.Then f is
(1,2)*-mgb*-continuous but it is not (1,2)* -b-continuous.

Theorem 5.15 Every (1,2)* -g-continuous function is (1,2)*-ngb*-continuous.

Proof Let f: (X, 11, 12) —(Y, 01, 62) be a (1,2)*- g-continuous function. Let V be a closed subset of Y. Since f is
(1,2)*- g-continuous f* (V) is (1,2)*- g-closed in X. As every(1,2)* -g-closed set is (1,2)*-ngb*-closed, f*(V) is
(1,2)*-ngb*-closed. Hence f is (1,2)*-ngb*-continuous.

Remark5.16 The converse of the above theorem need not be true which can be seen from the following example.

Example 5.17 Let X ={a,b,c,d} with topology 1; = { 9,{c},{d}.{c.d}, X }, o = {},{d},X} and Y = {a,b,c,d} with
topology o1 ={ o, Y, {a}.{b}.{ab}}, o> = { ¢, Y, {b}} (1,2)*- g-continuous = {X, ¢, {c, d}}. Let f :
(X,1172)—(Y,01 ,07) be defined as the identity function. (1,2)* -g-continuous = {¢,{c,d},X}. Then f is (1,2)*-ngb*-
continuous but not (1,2)* -g-continuous.

Theorem 5.18 Every (1,2)*- gp-continuous function is (1,2)*-ngb*- continuous .

Proof Let f: (X, 1y, 1) —(Y, 01, 62) be a (1,2)*- gp-continuous function. Let V be a closed subset of Y. Since f is
(1,2)*- gp-continuous f* (V) is (1,2)*- gp closed in X. As every(1,2)*- gp- closed set is (1,2)*-ngb*-closed, f*(V) is
(1,2)*-ngb*-closed. Hence f is (1,2)*- mgb*-continuous.

Remark 5.19 The converse of the above theorem need not be true as seen from the following example.

Example 5.20 Let X = { a, b, ¢ } with topology ©1= { ¢, {a},{c}.{a, ¢}, X }, 2= {d, X, {c}} andlet Y= {a, b, c}
with topology o; = { ¢, Y, {a}, {b}, {b, a}}, 6,={d, Y,{b}} . Let f: (X,1y1) — (Y,01,0,) be defined as f(a) = b,
f(b) = c, f(c) = a. (1,2)* -gp-continuous ={ o, {c}, {a,c}, X}. Then f is (1,2)*-ngb*-continuous but it is not (1,2)*- gp-
continuous.

Theorem 5.21 Every (1,2)*- gs-continuous function is (1,2)*-ngb*-continuous.
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Proof Let f: (X, 1y, 12) —(Y, o1, 65) be a (1,2)*-gs-continuous function. Let V be a closed subset of Y. Since f is gs-
continuous f* (V) is (1,2)*- gs-closed in X. As every (1,2)*-gs-closed set is (1,2)*-ngb*-closed, f*(V) is (1,2)*-ngb*-
closed. Hence fis (1,2)*-ngb*-continuous.

Remark 5.22 The converse of the above theorem need not be true it can be seen from the following example.

Example 5.23 Let X = {a,b,c,d} with topology t:={¢,{a},{c}.{a,c}, X},7» ={d,{c},X} and Y={a,b,c,d} with topology
o1= {0, Y {b}, {a}.{a.b}}, o:={d,Y,{a,b}}. Let f: (X,1172) — (Y,01 ,02) be defined as identity function. (1,2)*-gs-
continuous= { ¢,{a,c,d},X}. Then fis (1,2)*-ngb*-continuous. But is not (1,2)*-gs-continuous.

Theorem 5.24 Every (1,2)*-gb-continuous function is (1,2)*-ngb*-continuous.

Proof Let f: (X, 11, 1) —(Y, o1, 05) be a (1,2)*-gb-continuous function. Let V be a closed subset of Y. Since f is
(1,2)*-gb-continuous (V) is (1,2)*-gb- closed in X. As every (1,2)*-gb-closed set is (1,2)*-ngb*-closed, f'(V) is
(1,2)*-ngb*-closed. Hence f is (1,2)*-ngb*-continuous.

Remark 5.25 The converse of above theorem need not be true as seen from the following example.

Example 5.26 Let X = {a,b,c,d} with topology t; = {o,{a}.{c}{ac}, X },12 ={d,{a},X} and Y={a,b,c,d} with
topology o1={0,Y, {b}{a}.{a.b}}, oo = {d, Y, {a, b}}. Letf : (X,;7172) — (Y,01,0,) be defined as f(a) =d, f(b) = c,
f(c) = a, f(d) = b . (1,2)*- gb-continuous = { ¢, {c, d}, { a, ¢, d}, X} . Then f is (1,2)*- ngb*- continuous but is not
(1,2)*- gh-continuous.

Theorem 5.27 Every (1,2)*-ng-continuous function is (1,2)*-ngb*-continuous.

Proof Let f: (X, 1y, 1)) —(Y, 01, 65) be a (1,2)*-rng-continuous function. Let V be a closed subset of Y. Since f is
(1,2)*-ng-continuous (V) is (1,2)*-ng- closed in X. As every (1,2)*-ng-closed set is (1,2)*- ngb*-closed, f*(V) is
(1,2)*-mgb*-closed. Hence f is (1,2)*- mgb*- continuous.

Remark 5.28 The converse of the above theorem need not be true it can be seen from the following example.

Example 5.29 Let X ={a, b, ¢, d } with topology 1; = { o, {a}, {b}, {a, b}, X }, 1, ={d, {a}, X} and Y={a, b,c,d}
with topology o1 = { ¢, Y, {b}, {d}, {c}, {b, d}, {b, ¢}, {c, d},{b, ¢, d}}, o= {], Y, {c, b}}. Let f:(X,;1170) —
(Y,01 ,02) as follows f(a) = d, f(b) = b, f(¢) =c, f(d) = a. (1,2)*-ng-continuous = { ¢, {a,d }, X }. Then f is (1,2)*-
ngb*-continuous but it is not (1,2)*-ng-continuous.

Theorem5.3 Every (1,2)*-ngp-continuous function is (1,2)*-ngb*-continuous.
Proof Let f: (X, 1, ©2) —(Y, o1, 62) be a (1,2)*-ngp-continuous function. Let V be a closed subset of Y. since f is
(1,2)*-ngp-continuous f* (V) is (1,2)*-ngp closed in X. As every (1,2)*-ngp-closed set is (1,2)*-ngb*-closed, f*(V) is
(1,2)*-mgb*-closed. Hence f is (1,2)*-ngb*-continuous.
Remark5.31 The converse of the above theorem need not be true it can be seen from the following example.
Example5.32 Let X ={a, b, ¢ } with topology t©={ ¢, {a}, {c}, {a,c}, X}, 2= {], X, {c}} and let Y ={a,
b, ¢ } with topology 61 = { ¢, Y, {a}, {b}, { b, a}},{d, Y,{b}} . Let f: (X,7172) — (Y,01,02) be defined as f(a) = b, f(b)
=c, f(c) =a. (1,2)*-mgp-continuous = { ¢, {a},{cHa, c}, X }. Then f is (1,2)*-ngb*-continuous but it is not (1,2)*-
mgp-continuous.

Theorem5.33 Every (1,2)*-ngs-continuous function is (1,2)*-ngb*-continuous.
Proof Let f: (X, 1y, 12) =(Y, 01, 62) be a (1,2)*-ngs-continuous function. Let V be a closed subset of Y. since f is
(1,2)*-mgs-continuous f* (V) is (1,2)*-ngs- closed in X. As every (1,2)*-ngs-closed set is (1,2)*-ngb*-closed, f*(V) is
(1,2)*-mgb*-closed. Hence f is (1,2)*-ngb*-continuous.
Remark 5.34 The converse of the above theorem need not be true as seen from the following example.
Example 5.35 Let X ={ a, b, ¢ ,d } with topology t; = { ¢, {a}, {c}, {a, c}, X },t.={d, {c}, X} and Y= {a,b,c,d}
with topology 6; = { ¢, Y, {b}, {a}, {b, a,}}, oo ={d, Y, {b}}.Let f: (X,1112) — (Y,01,0,) be defined as identity
function. (1,2)*-ngs-continuous = { ¢,{a,c,d},X}. Then f is (1,2)*-ngb*-continuous but it is not (1,2)*-rgs-continuous.

V1. (1,2)*-ngb*-CONTINUITY AND ITS CHARACTERISTICS

Theorem 6.1 Let f: (X, 1, 1) —(Y, o1, 62) be a function. Then the following statements are equivalent:

(1) fis (1,2)*-ngb*-continuous;

(2) The inverse image of every open set in Y is (1,2)*-ngb*-open in X.
Proof (1)= (2) Let U be open subset of X. Then (Y-U) is closed in Y. Since f is (1,2)*-ngb*-continuous, f*(Y-U) =
X—F1(U) is (1,2)*-ngb*-closed in X. Hence f(U) is (1,2)*-ngb*-open in X.
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(2)= (1) Let V be a closed subset of Y. Then (Y — V) is open in Y hence by hypothesis (2) f*(Y-V) = X - f1(V) is
(1,2)*-mgb*-open in X. Hence f(V) is (1,2)*-ngb*-closed in X. Therefore, f is (1,2)*-ngb*-continuous.
Theorem 6.2 Every (1,2)*-ngb*- irresolute function is (1,2)*-ngb*-continuous.
Proof Let f: (X, 1y, 1) =(Y, 01, 62) be (1,2)*-ngb*-irresolute function. Let V be closed set in Y, then V is (1,2)*-
ngb*-closed in Y. Since f is (1,2)*-ngb*-irresolute f*(V) is (1,2)*-ngb*-closed in X. Hence f is (1,2)*-ngb*-continuous.
Theorem 6.3 Let f: (X, 11, 72) —(Y, 01, 65) be a function. Then the following statements are equivalent: (1) For each x
e X and each open set V containing f(x) there exists a (1,2)*-ngb*- open set U containing x such that f(U)c V. (2)
f((1,2)*-ngb*-cl(A)) c cl(f(A)) for every subset A of X.
Proof (1)= (2) Let y € f((1,2)*- ngb*-cl(A)) then, there exists an x € (1,2)*-ngb*-cl(A) such that y = f(x). We claim
that y e cl(f(A)) and let V be any open neighbourhood of y. Since x € (1,2)*-ngb*-cl(A) there exists an (1,2)*-ngb*-
open set U such that x e U and U N A #, f(U) cV. Since U N A # ¢, f(A) N V £ ¢. Therefore, y = f(x) ecl f(A).
Hence f((1,2)*-ngb*cl (A) < cl f(A).
(2)= (1) Let xe X and V be any open set containing f(x). Let A = f*(Y-V), Since f((1,2)*-ngb*-cl(A))ccl(f(A))c=(Y -
V)= (1,2)*-ngb*clA c f1(Y-V) = A. Hence (1,2)*-ngb*-cl(A) = A. Since f(x) eV =x e f* (V) =x ¢ A =x & (1,2)*-
ngb*-cl(A). Thus there exists an open set U containing x such that U N A = ¢ =f(U) N f(A) = ¢. Therefore f(U) c V.
Definition 6.4 A bitopological space(X, 1, 1,) is a (1,2)*-ngb*-space if every (1,2)*-ngb*-closed set is closed.
Theorem 6.4(a) Every (1,2)*-ngb*-space is (1,2)*-ngb*-T,/, space.
Proof Let (X, 11, 72) be a (1,2)*-ngb*-space and let AcX be (1,2)*-ngb*-closed set in X. Then Ais closed = A is
(1,2)*-b*-closed = (X,1) is a (1,2)*-ngb*- Ty, Space.
Theorem 6.5 Let f: (X, 1, 1) —(Y, o1, 62) be a function then,
(1) Iffis (1,2)*-ngb*-irresolute and X is (1,2)*-ngb*-T,, space, then fis (1,2)* -b*-irresolute.
(2) Ifis (1,2)*-ngb*-continuous and X is (1,2)*-ngb*- T, space, then fis (1,2)*-b*-continuous.
Proof
(1) Let V be b*-closed in (Y,01,05) , then V is (1,2)*-ngb*-closed in Y. Since f is (1,2)*-ngb*irresolute,
(V) is (1,2)*-ngb*-closed in X. Since X is (1,2)*-ngh*-Ty, space,f*(V) is b*-closed in X. Hence f is
(1,2)*-b*- irresolute.
(2) Let V be closed in Y. Since f is (1,2)*-ngb*-continuous,f*(V) is (1,2)*-ngb*-closed in X. Since X is
(1,2)*-ngb*-Ty, space, (V) is (1,2)*-b*-closed. Therefore f is (1,2)*-b*-continuous.
Definition 6.6 A function f : (X, 1y, ) —=(Y, o1, 6,) is said to be almost (1,2)*-ngb*-continuous if (V) is (1,2)*-
ngb*-closed in (X, 14, 7o) for every regular Closed set V of (Y, 01, 6,)
Theorem 6.7 For a function f : (X, 1, 1)) —(Y, 61, 62), the following statements are equivalent:
(1) fisalmost (1,2)*-ngb*-continuous.
(2) (V) is (1,2)*-ngb*-open in X for every regular open set V of Y.
(3) f(int(cl(V))) is (1,2)*-ngb*-open in X for every open set V of Y.
(4) ficl(int(V))) is (1,2)*-ngb*-closed in X for every closed set V of Y.
Proof (1) =(2) Suppose f is almost (1,2)*-ngb*-continuous. Let V be a regular open subset of Y. Since (Y — V) is
regular closed and f is almost (1,2)*-ngb*-continuous, (Y - V) = X - f}(V) is (1,2)*- ngb*-closed in X. Hence f*(V)
is (1,2)*-ngb*-open in X.
(2) =(1) Let V be a regular closed subset of Y. Then (Y — V) is regular open. By the hypothesis, f*(Y-V)=X-f'(V) is
(1,2)*-ngb*-ope n in X. Hence f1(V) is (1,2)*-ngb*-closed.
Thus f is (1,2)*-ngb*-continuous. Therefore, f*(int(cl(V))) is (1,2)*-ngb*-open in X.
(2) =(3) Let V be an open subset of Y. Then int(cl(V)) is regular open in Y. By the hypothesis, f'(int(cl(V))) is (1,2)*-
ngb*-open in X.
(3) = (2) Let V be a regular open subset of Y. Since V = int(cl(V)) and every regular open set is open then (V) is
(1,2)*-mgb*-open in X.
(3)= (4) Let V be a clossed subset of Y. Then (Y — V) is open in Y. By the hypothesis, f-1(int(cl(Y-V))) = f*(Y-
cl(int(V))) = X — f1(cl(int(V))) is (1,2)*-ngb*-open in X.Therefore f(cl(int(V))) is (1,2)*-ngb*-closed in X.
(4)= (3) Let V be a open subset of Y.Then (Y - V) is closed.By the hypothesis f(cl(int(Y-V))) = X—f*(int(cl(V))) is
(1,2)*-ngb*-closed in X.
Theorem 6.8 Every (1,2)*-ngb*-continuous function is almost (1,2)*-ngb*-continuous.
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Proof Let f: (X, 11, ) =(Y, 01, 62) be (1,2)*-ngb*-continuous function. Let V be regular closed set in Y, then V is
closed in Y. Since f is (1,2)*-ngb*-continuous function f* (V) is (1,2)*-ngb*-closed in X. Therefore f is almost
(1,2)*-mgb*-continuous.

Theorem 6.9 Every almost (1,2)*-b*-continuous function is almost (1,2)*-ngb*-continuous.

Proof Let f: (X, 11, 72) —(Y, 01, 62) be almost (1,2)*-b*-continuous function and let V be regular closed set is Y. Then
1 (V) (1,2)*-b*-closed in X, hence f'(V) is (1,2)*-ngb*-closed in X. Therefore f is almost (1,2)*-ngb*-continuous.
Theorem 6.10 Let X be a (1,2)*-ngb*-Ty/, space. Then f: (X, 11, ©2) —(Y, 01, 62) is almost (1,2)*-ngb*-continuous
if and only if f is almost (1,2)*-b*-continuous.

Proof Suppose f: f: (X, 1, 12) —(Y, 01, 62) is almost (1,2)*-ngb*-continuous. Let A be a regular closed subset of Y.
Then f*(A) is (1,2)*-ngb*-closed in X. Since X is (1,2)*-ngb*-Ty, space, f*(A) is (1,2)*-b*-closed in X. Hence f is
almost (1,2)*-b*-continuous. Conversely, suppose that f: f: (X, 11, 72) —=(Y, 61, 62) isalmost (1,2)*-b* continuous and
A be a regular closed subset of Y. Then f'(A) is (1,2)*-b*-closed in X. Since every (1,2)*-b*-closed set is (1,2)*-
ngb*-closed, f*(A) is (1,2)*-ngb*-closed. Therefore, f is almost (1,2)*-ngb*-continuous.

VII. CONCLUSION
Through the above findings, this paper has attempted to compare (1,2)*- ngb*-closed with other closed sets in

bitopological spaces. An attempt of this paper is to state that the definitions and results that shown in this paper, will
result in obtaining several characterizations and enable to study various properties as well.
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