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ABSTRACT

In this paper we introduce a new class of sets called (1, 2)"-
ngb-closed sets and a new class of generalized functions
called (1, 2)"-ngb- continuous maps and (1, 2)"-ngb- irresolute
maps in bitopological spaces. Also we obtain basic properties
of (1, 2)"-ngb-closed sets. Further, we introduce a new space
called (1, 2)"- ngb-space.
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1. INTRODUCTION

Andrijevic [3] introduced an innovative class of
generalized open sets in a topological space, the so-called b-
open sets. Ekici and Caldas [9] already discussed this type of
sets under the name of y-open sets. The class of b-open sets is
contained in the class of semi-pre-open sets and contains all
semi-open sets and pre-open sets.It is noteworthy to decipher
that there is a unique feature in the class of b-open sets. In
subsequent to the findings of these concepts, varied research
papers (see [1, 3, 6, 9, 10, 19, 20, and 21]) unleashed new
results in various respects. Levine [13] introduced the notion
of generalized closed sets in topological space and a class of
topological spaces called T +, spaces. In recent years, research
on a large scale was carried out in generalizing closedness as
the notions of a generalized closed, generalized semi-closed,
a-generalized closed, generalized semi-pre-open closed sets
[2,7,13,16,17]. Thivagar et al [22] have introduced the
concepts of (1, 2)"-semi open sets, (1, 2)"-o-open sets and (1,
2)"- semi-generalized closed sets, and (1, 2)"- a-generalized
closed sets.

This paper attempts to highlight a new type of generalized sets
called (1, 2)"-ngb-closed sets and a new class of generalized
functions called (1, 2)"-ngb- continuous maps and (1, 2)"-ngb-
irresolute maps. These findings results in procuring several
characterizations of this class. It analyses its bitopological
properties. The application of this set leads to the introduction
of a new space called (1, 2)"- ngb-space.

2. PRELIMINARIES

Throughout the present paper (X, 13, 1), (Y, 01, 62) and (Z,
nl, n2) (or simply X, Y, Z) denote bitopological spaces.

Definition 2.1: A subset A ofa space (X, 1) is called
(1) a pre-open set [15] if AC int(cl (A)) and a pre-closed set if
cl (int (A))C A,
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(2) a semi-open set[12] if AC cl( int(A)) and a semi-closed set
if int (cl(A))CA;

(3) a o -open set[18] if ACint (cl( int (A))) and a o -closed set
if cl (int( cl (A)))C A;

(4) a semi-preopen set[1] if AC cl (intcl(A)) and a semi-pre-
closed setif int (cl (int(A))) C A;

(5) a regular open set if A=int (cl(A)) and a regular closed set
if A=cl(int (A));

(6) b-open [3] or sp-open [8], vy -open [9] if A C
cl(int(A))uint (cl(A)).

(7) ngo-closed [11] if aCI(A) CcU whenever A CU and U is n-
open in X.

(8) mgb-closed [24] if bCI(A) CU whenever A CU and U is n-
open in X.

The complement of a b-open set is said to be b-closed [3]. The
intersection of all b-closed sets of X containing A is called the
b-closure of A and is denoted by bCI(A). The union of all b-
open sets of X contained in A is called b-interior of A and is
denoted by biInt(A).

Definition 2.2: A function £ (X, 1) (Y, o) is called

1) - irresolute: [4] if (V) is m- closed in (X, 1) for every n-
closed of (Y,0).

2) b-irresolute: [9] if for each b-open set V in Y,f(V) is b-
open in X

3) b-continuous: [9] if for each open set V in Y, FY(V) is b-
open in X

Definition 2.3: [22] A subset A of X is called 7,7, .open

if S€ tyut, and the complement of 131, .open set is 11, .
closed.

Definition 2.4: [22] Let A be a subset of X

(i) The 131, -closure of A, denoted by 1, -CI(S) is
defined by N{F/SCF and F is 1;t-closed}
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(i) The 147, -interior of A, denoted by 11, -int(S)
is defined by U{F/FCS and F is t;t-0pen}

Remark 2.5: [23]
(i) 717, .int(S) is 14 p-open for each SCX and 1,7, -CI(S) is
1y o-Closed for each SCX.

(i))A subset SCX is Ty ,-open iff S= 17, -int(S) and 1 »-

closed iff S= 141, -cl(S)
(iii) 717 -int(S)=int ;;(S)U int »(S) and 147, -cl(S)=cl
A(S)U cl »(S) for any SCX.
(iv) for any family {Si/i€} of subsets of X we have

©) U un -int(S) C 11, -Int(U Si)
(b) U T1T2 'CI(Si)C T1T2 'Cl(k_) S,)
© 1w -Int(ﬁ S)cC N 1o -int(S;)

d) un 'Cl(m S)cC N 1o -cl(S;)

(V) t1,-open sets need not form a topology.

Definition 2.6: The finite union of (1, 2™-regular open
sets [5] is said to be 7, , - z- open. The complement of 7, - 7-
open is said to be z; , -7- closed.

Definition 2.7: A subset A of a bitopological space (X,
11, 12) is called

(i) (1, 2)*- semi-open set[22] if AC 11, cl(ty1; -
int(A))

(i) (1, 2)*-preopen set [22] if AC ;1 -int (137, Cl
(A)

(iii) (1, 2)*-a -open set[22] if AC 115 - int (1475 -
cl(tyty - int (A)))

(iv) (1, 2)*-mgo-closed [5] if (1, 2)-aCI(A) cU
whenever A CU and U is (1, 2)*-r-open in X.

(v) (1, 2)*-regular open [22] if A = 7 ,-int(zy, -
cl(A)).

Complement of the (1, 2)"-regular open set is
called (1, 2)*-regular closed set.

(vi) (1, 2)-b-open [14] if A C 1115, cl(ty. int(A))U
1. int (147, CI(A)).
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(vii) (1, 2)*- generalized closed (briefly (1, 2)*-g-

closed)[22] if 111, - cl(A) C U whenever A C
Uand Uis 11,- openin X.

(viii) 1, 2)* o-closure [22] (resp (1, 2)*-semi-
closure) of a subset A of X,denoted by (1, 2)*-
aCl(A) (resp. (1, 2)*-sCI(A)) is
defined to be the intersection of all (1, 2)*- a-
closed (resp. (1, 2)*-semi-closed) sets
containing A.

(ix) (1, 2)*- a-interior [22] (resp (1, 2)*-semi-
interior) of a subset A of X denoted by (1, 2)*-
a-Int(A) (resp. (1, 2)*-sInt(A)) is defined to be
the union of all (1, 2)*- a-open(resp. (1, 2)*-
semi-open) sets containing A.

(x) (1, 2)*- semi-generalized closed (briefly (1,
2)"-sg-closed)[22 ] if (1, 2)*-sCI(A) C U
whenever AC Uand Uis (1,2)" semi-open
in X.

(xi) (1,2)" -generalized semi closed (briefly (1, 2)"-
gs-closed) [22] if (1, 2)*sCI(A) C U
whenever AC Uand Uis (1,2) 7 0pen in
X.

(xii) (1, 2)*- o-generalized closed (briefly (1, 2)"-
ag-closed) [22] if (1,2) - oCl(A)
C U whenever A C Uand Uis 1 ,- open in X.

(xiii) (1,2)° -generalized a-closed (briefly (1, 2)*-
ga-closed)[ 22] if (1,2)" - aCl(A) C U
whenever A C Uand U is 14 -a- open in X.

3. (1, 2)"-ngb-closed sets

Definition 3.1: A subset A of a bitopological space (X,
11, 12) is called (1, 2)"-m generalized b-closed (briefly (1, 2)"-

ngb-closed) if 111,-bcl(A)CU whenever ACU and U is 1115 -
m-open in X.

Definition 3.2: A subset A of a bitopological space (X,
tl, 12) is called (1, 2)*-b-open [14] if A C ©1. cl(tyt-
int(A))U 1.1,. int (1172 CI(A)).

Complement of (1, 2)*-b-open is called (1, 2)*-b-closed.

Definition 3.3: A subset A of a bitopological space (X,
11, 12) is called (1, 2)"-generalized b-closed (briefly (1, 2)"-

gb-closed) if t7,-bcl(A)CU whenever ACU and U is 11,-
open in X.

The complement of a (1, 2)"-ngb-closed set is called (1, 2)"-
ngb-open.

Theorem 3.4: Every (1, 2)"o-closed set is (1, 2)"-ngb-
closed set.

Proof: Let A be a (1, 2)"-a-closed set and U be any 1,1, --
open set containing A. Since A is (1, 2)*-a-closed set, (1, 2)*-
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acl(A) =ACU .Every (1, 2)*-a-closed set is (1, 2)"-b-closed,
(1, 2)*-bcl(A) CU.

Theorem 3.5: Every 11, -closed set is (1, 2)"-ngb-closed
set.

Proof: Let ACU whenever U is T1T, -m-open. Since A is 11T,

closed, 1,7,-Cl(A)=ACU. Every 1,1,-closed is (1, 2)"-b-closed.
Hence 1y1,-closed set is (1, 2)"-ngb-closed.

Theorem 3.6: Every (1, 2)"-g-closed set is (1, 2)"-ngb-
closed set.

Proof: Let AcX be (1, 2)" -g-closed and ACU where U is

117, .m-open.This implies 11, .cl(A)CU whenever A CU and
U is 1y1, -open in X. Every (1, 2) -g-closed is (1, 2) -b-
closed. Hence (1, 2)" -bcl(A)CU and U is 141, -m-open in X.
Hence (1, 2)"-g-closed set is (1, 2)"-ngb-closed.

Theorem 3.7: Every (1, 2)"b-closed set is (1, 2)"-ngb-
closed set.

Theorem 3.8: Every (1, 2)"-nga-closed set is (1, 2) -ngb-
closed set.

Theorem 3.9: Every (1, 2)"-pre-closed set is (1, 2)"-ngb-
closed set.

Theorem 3.10: Every (1, 2)™-gb-closed set is (1, 2)*-
ngb-closed set.

Theorem 3.11: Every (1, 2)" -ngp-closed set is (1, 2)*
ngb-closed set.

Converse of the above statements need not be true as shown
in the following examples.

Example 3.12:Consider X={a,b,c.d}, ©, ={®, {a}, {d},
{a,d}, X} and 1.={®, cd}{ac,d} ,X}Let A={c}.ti1,-
opensets={®, {a}, {d}, {ad},{c.d}. {ac,d},X};

ttp-closed sets={®, {b,c.d}, {a,b.c}, {b.cl, ab},{b},X};

(1, 2)" -bcl(A)={c}. Hence A is (1, 2)"-ngb-closed set but not
1,15-closed, (1, 2)"-g-closed, (1, 2)"-gb-closed.

Example 3.13:Consider X ={abcd}, © =
{®,{a},{b},{a,b},{a,b,c} X} and 1, = {D,{a,b,d} X}.T;T,—0peN
set= {®, {a}, {b}, {a,b}, {a,b,c}, {a,b,d}, X} 1i1,—Closed set=
{®,{a,c,d},{b,c,d},{c,d},{d} {c}, X}.Let A={a,b,c}.Here A is
(1, 2)*-ngb-closed but not (1, 2)*-b-closed

Example 3.14: Let X={ab,c,de} and 1, =
{®,{a,b},a,b,c,d}, X}, 1, ={D,{c,d},{a,b,c,d}, X}, A={a}. 111~
open sets= {®,{ a,b}, {c,d}, {a,b,c,d},X};

117,-closed sets={®,{c,d,e},{a,b,e},{e},X};
11T,-m-opensets={D,{a,b},{c,d},{a,b,c,d},X};

Ais (1, 2)"-ngb- closed but not, (1, 2)"-a- closed, (1, 2)"-nga-
closed.

Example 3.15: Let X={abcdel and 7 =
{q)s{asb}aaab’cad}’x}s T2 = {¢)>{Csd}5{a5b9c’d}’x}s A:{asb}
TITZ-OpensetS:{q)s{asb}a{Cad}a{aabacad}’x};
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117o-closed sets={®d,{c,d,e},{a,b,e},{e},X};
T1To-m-opensets={®d, {a,b},{c,d},{a,b,c,d},X};

A is (1, 2)"-ngb- closed but not, (1, 2)"-pre- closed, (1, 2)"-
ngp- closed.

Remark 3.16: Finite union of (1, 2)*-ngb- closed sets
need not be (1, 2)*-ngb -closed.

Example 3.17:Consider X={a,b,c}, t;/={ ®.{a},{a,b}.X}
and 1,={ ®,{b},{a,b},X}. 141, —0pen set = {® {a},{ b},{a,b}
,X},tt—closed set= {D,{a,c},{b,c}{c},X}. Let
A={a} B={b}.Here A and B are (1, 2)*-ngb- closed but A U
B ={a,b} is not (1, 2)*-ngb-closed since {a,b}is 1,1, —m-0pen
and bcl({a,b}) = X.

Remark 3.18: Finite intersection of (1, 2)"-rgb -closed
sets need not be (1, 2)"-ngb- closed.

Example 3.19:Consider X ={abcd}, 1w =
{®,{a},{b},{a,b},{a,b,c}X} and 1, = {D,{a,b,d} X}.T1T—0peN
set= {®, {a}, {b}, {a,b}, {a,b,c}, {a,b,d} , X} 111,—CloSed set=
{®,{a,c,d},{b,c,d},{c,d},{d},{c}, X} Let
A={a,b,c},B={a,b.d}.Here A and B are (1, 2)*-ngh-closed but
A n B ={a,b} is not (1, 2)*- ngb- closed, since {a,b}is 111, -n-
open and (1, 2)*-bcl({a,b})=X.

Theorem 3.20: Ifaset Ais (1, 2)"-ngb-closed in (X, 1y,
1), then (1, 2)" .bcl(A) —A does not contain any non empty
117,-m-closed set.

Proof: Let A be (1, 2)"-ngb-closed and F be a non empty
117, -n-closed set such that FC (1, 2)" bel(A)-A. Since A is (1,
2)"-ngb-closed, A C X-F where X-F is 1,7, -n-open implies (1,

2)" -bel (A) C X-F. Hence FC X-(1, 2)" .bcl(A).Now FC(1,
2)"- bel (A)N(X-(1, 2)"-bcl (A)) =@ which is a contradiction.
Therefore (1, 2)"-bcl( A) does not contain any non empty 1,1,
-n- closed set.

Corollary 3.21: Let A be (1, 2)" ngh ~closed in (X, 1,
1,) Then Aiis (1, 2)"-b-closed iff (1, 2)" - bcl(A)-A is 7,7, -7 -
closed.

Proof: Let Abe (1, 2)"- b-closed. Then (1, 2)"- bcl(A) = A.
This implies (1, 2)" -bcl(A)-A= @ which is 141, -n- closed.
Assume (1, 2)"-bcl(A)-A is i1, -n- closed. Then (1, 2)*-
bcl(A)-A= ®. Hence, (1, 2)"-bcl (A) = A.

Theorem 3.22: If A is 11, -n-open and (1, 2)*-ngb-
closed subset of (X, 11 1), then A is (1, 2) -b-closed of (X,
T, ).

Proof: since ACA and A is 1,1, -n-open, (1, 2)*-ngb-closed

then (1, 2)*-bcl(A)CA.Hence A=(1, 2)*-bcl(A).Therefore A
is (1, 2)*-b-closed.

Theorem 3.23: Let Ais (1, 2)"-ngb-closed subset of (X,

75, T2) and B is any set such that A CBC (1, 2)"-bel (A), then
B is (1, 2)*-ngb-closed subset of (X, 11, 1,).

Proof: Let B c U and U be (1, 2)"n-open of (X, 1y, o).
Given A C B. Then A C U.Since A is (1, 2)"-ngb- closed,
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AC U implies (1, 2)"-bcl(A) C U. Also since BC (1, 2)*-bcl
(A) it follows that (1, 2)*-bcl(B) C (1, 2)*-b cl ((1, 2)*-bcl

(A)) =(1, 2)*-bcl (B) C U. Hence B is a (1, 2)"-ngb-closed
subset of (X, 14, 12).

Theorem 3.24: Let B = A = X where A is (1, 2)"-ngb-
closed and 7,1, -n- open set. Then B is (1, 2)"- ngb- closed
relative to A iff B is (1, 2)*-ngb-closed in X.

Proof: Let BcA=X where A is (1, 2)"-ngb- closed and 1,1,
-m-open set. Let B be (1, 2)"-ngb-closed in A. Let BCU
where U is ty1o-n-open in X.Since BCA, B = BNACUNA,

this implies (1, 2)*-bcl(B) = (1, 2)*- bcla(B)CUNACU
.Hence is (1, 2)*-ngb-closed in X.

Let B be (1, 2)"-ngb-closed in X. Let BC O where O is 141, -
n-open in A. Then O=UNA where U is 141, -n-0pen in X. This

implies BCO=UNACU. Since B is (1, 2)*-ngb-closed in X,
1, 2)*bcl(B)cU, (1, 2)*bcly(B)CAN (1, 2)*-

bcl(B)CUNA=0 that is bcla(B)CO.Hence,B is (1, 2)*-ngb-
closed relative to A.

4. APPLICATIONS

Definition 4.1: A subset A of (X, 1, 1) is called (1, 2)*-
ngb- open if and only if its compliment is (1, 2)*-ngb- closed
in (X, Ty, Tz).

Remark 4.2: (1, 2)"bel (X-A) = X- (1, 2)"-bint (A)
Theorem 4.3: Every t;t,—open set is (1, 2) - ngb-open.

Converse of the above theorem need not be true as shown in
the following example.

Example 4.4: Let X= {a,b,c}. 1,={®,{a,b}.X}; 1,= {®
{a,.c} . X}.1yt—open set= {®,{a,c},{a,b},X} ; {a} is (1, 2)*-
ngb-open but not 1,1, —open.

Theorem 4.5: A subset A of (X, 1, 1) is (1, 2)"-ngb-
open iff F C (1, 2)"-bint (A) whenever F is 1,1, -n-closed and
FCA

Proof: Necessity: Let A be (1, 2)"-ngh-open in (X, 1,
1,). Let F be 11, -n-closed and F C A. Then X-A C X-F
where X-F is 1,1, -m-open. By assumption (1, 2)"- bel (X-A) C
X-F (by theorem 3.18).By remark 4.2, X- (1, 2)"-bint (A) C
X-F. Hence F C (1, 2)"- bint (A).

Sufficiency: Suppose F is 1,1, -n- closed and F C A such
that FC (1, 2)"-bint(A).Let X-A C U where U is 1,7, -n-open.
Then X-UCA where X-U is 11, - -closed. By hypothesis X-
Uc (1, 2)"-bint (A)=X- (1, 2)"-bint (A) € U=(1, 2)"-bel (X-

A) C U. Thus X-Ais (1, 2)"-ngb-closed and A is (1, 2)"-ngh-
open.
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Theorem 4.6: 1f (1, 2)* bint (A) c B c Aand A'iis (1,
2)*-ngb-open then B is (1, 2)*-ngb-open.

Proof: Let (1, 2)"bint (A) cBCA.Thus X-AC X-B C X-
(1, 2)"-bint A.(ie) X-ACX-B C (1, 2)*- bcl (X-A) by remark
4.2. Since A is (1, 2)"-ngb- open, X-A is (1, 2)"-ngb- closed.
Since X-A is (1, 2)"-ngb- closed, by theorem 3.23, (X-A) C

(X-B) C (1, 2)"- bel (X-A)=>(X-B) is (1, 2)"-ngb- closed.
Hence B is (1, 2)"-ngh-open.

Definition 4.7: A space (X, 1, 1) is called a (1, 2)"-ngb-
Ty, space if every (1, 2)"-ngb- closed set is b-closed.

Theorem 4.8: For a bitopological space (X, 11, T,) the
following are equivalent

() (X, 11, 15) is (1, 2) - mgb-Ty, space.
(ii)Every singleton set is t112 -n-closed or (1, 2)"-b-open.

Proof: To prove (i) implies (ii).Let X be a (1, 2)"-ngb-Ty,
space .Let x € X and assuming that {x} is not 1,1, -n- closed
of (X, 1y, 7). Then clearly X-{x} is not 1,1, -n- open. So X is
the only 111, -n- open set containing X-{x}. Hence X-{x} is
trivially a (1, 2)"-ngb-closed set. Since (X, 1y, 1) is (1, 2)'-
ngh- Ty, space, X-{x} is (1, 2)"- b-closed set of (X, 1, 1,) Or
equivalently, {x} is (1, 2)"-b-open set of (X, 7, 1,).

(if) implies (i) Assume every singleton of (X, 1y, to) is either
(1, 2)*-n-closed or (1, 2)*-b-open.Let A be a (1, 2)*-ngb-
closed set of (X, 11, T,). Obviously AC (1, 2)"-bcl(A). Let {x}
be (1, 2)"-bcl (A) .To prove (1, 2) -bcl(A) C A.

Case (i): Let {x} be 1y1; - n- closed. Suppose {x} does not
belong to A. Then {x} € bcl(A)-A by theorem 3.18,which is
a contradiction. Therefore {x} €A. Hence (1, 2)"-bcl(A) C A.

Case(ii):Let {x} be (1, 2)*-b-open .Since {x}& (1, 2)*-
bcl(A),we have {x}N A#D,This implies {x} € A. Therefore
(1, 2)"-bcl (A) CA. Hence Therefore (1, 2)™-bcl (A) =A or
equivalently A is (1, 2)"-b-closed. Hence (X, Ty, Tp) IS (1, 2)*-
ngb-Ty,, Space.

Definition 4.9: A topological space X is a (1,2)"-ngb-
space if every (1, 2)"-ngb- closed set is 1,1, -closed.

Theorem 4.10: Every (1, 2)*-ngb-space is (1, 2)*-ngb-
Ty, Space

Proof: Suppose A is (1, 2)*-ngb-closed in (X, 1, ). By
assumption A is 11, -closed. Every t;1; -closed set is t;1; -b-
closed. Therefore A is (1, 2)*-ngb- T/, Space.

Converse of the above theorem need not be true as shown in
the following example.

Example 4.11:Let X={abc}; 1={®,{a},X};
{®,{b},X}; 1112 —0pen sets= {D,{a},{b} X}.(X, 11, 1) is (1,
2)*-ngh-Ty,, space but not (1, 2)*-ngh-space since {b} is (1,
2)*-ngh-closed but not 147,-closed.
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5. (1, 2)*-rngb- continuous and (1, 2)*-rgb-
irresolute functions

Definition 5.1: A function f: (X, 7, T2) —(Y, 01, Gp) iS
called (1, 2)*-ngb- continuous if every (V) is (1, 2)* (1, 2)"-
-ngb- closed in (X, 13, 1,) for every 60, -closed set V of (Y,
G1, G2).

Definition 5.2: A function f: (X, 11 o) —(Y, o1, 65) is
called (1, 2)*-ngh- irresolute if £1(V) is (1, 2)*-ngb- closed in
(X, 14, 7o) Tor every (1, 2)*-ngb-closed set V in (Y, o1, ;).

Remark 5.3: A map f: (X, 1, 1) —=(Y, 61, 67) is (1, 2)*-
ngb- irresolute iff the inverse image of every (1, 2)*-rngb-open
in Y is (1, 2)*-ngh-open in X.

Remark 5.4: Every (1, 2)*-ngb- irresolute function is (1,
2)*-ngb- continuous.

Proof: Let f be (1, 2)*-ngb-irresolute. Let V be a 11, -
closed set in (Y, o4, 65).Since every 1,1, -closed set is(1, 2)*-
ngb-closed ,V is (1, 2)*-ngb-closed in (Y, o4, 6,).Since fis (1,
2)*-ngb- irresolute, ¥1(V) is (1, 2)*-ngb-closed in(X, 7 1)
Therefore f is (1, 2)*-ngb- continuous.

Converse need not be true as seen in the following example.

Example 5.5:Consider X=Y={a,b,c}, 1, = {®, {a}, {c},
{a,c}, X}, 1={®,{a},X}.So the sets in{®d,{a},{c}{a,c},X}
are 1,1, —open sets in{®, {b,c} {a,b},{b} X} are 1;7, —Closed.Let
o1 ={®,{a},Y} and 6, ={®,Y}. So the sets in {D, {a},Y} are
616, —open and the sets in {®,{b,c},Y} are o; o, —closed.
Define f: (X, 11, 2) —(Y, o1, 6,) by f(a)=a ,f(b)= b,f(c) = c.
Then fis (1, 2)*- =gb- continuous map but not (1, 2)*- ngb-
irresolute since the inverse image of (1, 2)*-ngh- closed sets
{a,c} in Y isnot (1, 2)*-ngb-closed set in X.

Theorem 5.6: Every (1, 2)*-continuous map is (1, 2)*-
ngb- continuous map.

Converse of the above theorem need not be true as shown in
the following example.

Let X=Y={a,b,c}, 1;={D,{a},X} and 1,={D,X} So the sets
in{®d,{a},X} are 117, —open and sets in{D,{b,c}, X} are 117, —
closed. Let 0, = {®,{a},{a,b},Y} and o, ={®D,{a,b},Y}. So
the sets in {®,{a},{a,b},Y} are 016, —open and the sets in
{®,{b,c},{c},Y} are 610, —closed. Let f: X—Y be an identity
mapping.Then f is (1, 2)*- ngb- continuous map but not (1,
2)*-continuous since f(a,b)={a,b}which is not t;t, —open.

Composition of two (1, 2)*-rgb-continuous functions need
not be (1, 2)*-ngb-continuous.

Example 5.7: Let X =Y = Z, {abcd} 1= {®,{b},
{c}, {b,c},X},1,={D,X}, So the sets in {®,{b},{c},{b,c},X }
are 11T —open and the sets in {®,{a,c},{a,b},{a},X } are 141, —
closed. Let 6= {®, {a,b,d},Y} and o ,={®D,Y}. So the sets in
{®,{a,b,d},Y} are 6,6 , —open and the sets in{D,{c},Y} are
o16,—closed.Let n;={ ®,{a,d},X} and ny={ ®,Z}.So mm, —
open={ ®,{a,d},X} and nyn, —closed={ ®,{b,c},X}.Let f: (X,
71, 12)—(Y, 01, 62) by f(a)= a,f(b) = c,f(c) = b.f(d)=d. Define g:
(Y, 01, 62)—=(Z, mnz) by g(a)= d, g(b) = c, g(c) = b, g(d)=a.
Then f and g are (1, 2)*-rngb-continuous but gof is not (1, 2)*-
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ngb-continuous since {b,c} is nn; -closed in (Z, 1) but (gof)
Y{b,c})=f g ({b,c})={b,c} which is not (1, 2)*- ngb-closed

in (X, 15, 12).Hence gof is not (1, 2)*-ngb-continuous.

Definition 5.8: A function f: (X, 1, 1) —(Y, oy, 6,) is
11T, -n-open map if f (F) is 1,1, -m-open map in Y for every
14T, -m-0pen in X.

Definition 5.9: A function f: (X, 11, 1) —(Y, oy, 65) is
(1, 2)"- b-irresolute if for each b-open set V in Y,f(V) is b-
open in X.

Theorem 5.10: If the bijective f : (X, ;. 1) —(Y, 61, 62)
is (1, 2)*-b-irresolute and t;1, - m-open map ,then fis (1, 2)*-
ngb- irresolute.

Proof: Let Vv be (1, 2)*ngb-closed in Y.Let f(V)cU
where U is ty1-n-open in X. Then VCf(U) where f(U) is

o10,-m-open implies (1, 2)*-bcl(V)Cf(U) 1@, 2)*
(bel(V)))cU. Since f is (1, 2)*-b-irresolute, fX((1, 2)*-
(bel(V))) is (1, 2)"-b-closed in (X, 1, 1,). Hence (1, 2)*-bcl(f

v)c @, 2)=bel(f! (@, 2)* (bcl(V)) = f T (@, 2)*

(bel(V)))C U. Hence F1(V) is (1, 2)*-ngb-closed in (X, Ty, Tp)-
Therefore, f is (1, 2)*-ngb- irresolute.

Theorem 5.11: For any irresolute (1, 2)*-irresolute map
f: X—>Y and any (1, 2)*-ngb-continuous map g:Y—Z, the

composition go f:X—Z is (1, 2)*-ngb-continuous map.

Proof: Let V be nn,-closed set in Z. Since g:Y—Z is (1,
2)*-mgb-continuous map,g (V) is (1, 2)*-ngb-closed in
Y.Since f:X—Y is (1,2)*-ngb-irresolute map,f*(g™(V))=(gof)

Y(Vv) is (1,2)*-ngb-closed in X.Hence gof: X—Z is (1, 2)*
ngb-continuous map.

From this paper we conclude the following results.

(1, 2)*- g-closed set

(1, 2)*-closed set (1, 2)*- preclosed

(1, 2)*-ngb-
closed set

(1, 2)* b-w \ vﬁ' o -closed
(1, 2)*- gb-closed (1, 2)

- nga-closed

(1) &= (2)4_4'(3)

Where (1)= (1, 2)*-continuity, (2)= (1, 2)*- mgb-continuity and
(3)= (1, 2)*- mgb-irresolute.
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CONCLUSION

This paper has attempted to compare (1, 2)*-ngb-closed sets
with the other closed sets in bitopological spaces.It also aims
to state that the several definitions and results in this paper
will result in obtaining several characterizations and also
enable to study various properties. It brings to limelight that
the weaker form of continuity in bitopological settings is the
future scope of study.
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