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Absract - In this paper pgrw-closed sets, pgrw-closure of a set in a bitopological space are studied and discussed some of their
basic properties. A subset A of a bitopological space (X, 7, ») is called a (%, 7)-pgrw-closed set if 5-pcl(A) G whenever ACG
and G is a 5-rw-open set where i,j €{1,2}, i #j. The union and the intersection of two (5, 5)-pgrw-closed sets need not be (7, 5)-
pgrw-closed.
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I. Introduction
In 1963 Kelly [1] initiated a systematic study of the concept of bitopological spaces. Later various researchers like Arya and
Nour [2], Fukutake [3], Gnanambal [4] and Sheik Jhon [5] followed the concept of bitopological spaces. Fukutake extended

the notion of generalised sets in a topological space to a bitopological space.

Il. Preliminaries: A subset A of a topological space (X,1) is called

i) asemi-open set [6] if Accl(int(A)) and a semi-closed set if int(cl(A))SA.

ii) apre-open set [7] if ACint(cl(A)) and a pre-closed set if cl(int(A))SA.

iii) an a-open set [8] if ACint(cl(int(A))) and an a-closed set if cl(int(cl(A)))<SA.

iv) asemi-pre open set (B-open) [9] if Accl(int(cl(A))) and a semi-pre closed set (B-closed) if int(cl(int(A)))SA.
v) aregular-open set [10] if A=int(cl(A)) and a regular closed set if A=cl(int(A)).

vi) a &-closed set [11] if A=cls(A) where cls(A={xe X:int(cl(U))NA#d, Uet and xeU}.

vii) a regular semi-open set (rs-open) [12] if there is a regular open set U such that USAccl(U).

viii) a generalized-closed set (g-closed) [13] if cl(A)<U whenever AcU and U is open in X.

ix) astrongly generalized closed set (g*-closed) [14] if cl(A)SU whenever ACU and U is g-open in X.

x) aregular w-closed set (rw-closed) [15] if cl(A)SU whenever AcCU and U is regular semi-open in X.

xi) a#regular generalized-closed (#rg-closed) set [16] if cl(A)SU whenever ACU and U is rw-open.
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xii) a Regular weakly generalized closed [17] (rwg - closed) if cl (int(A)) € U whenever AcU and U is regular open in X.

xiii) A generalised a-closed set (ga-closed) [18] if acl(A)SU whenever ACU and U is a-open in X.

Definiion: A subset A of a bitopological space (X,t1,t2) is called a

i) (Ti,tj)-g-closed [3] if tj-cl(A) < U whenever AcU and U is open in .

i) (i,j)-gp-closed [19] if 1j-pcl(A) € U whenever A < U and U is open in .

iii)  (7,7))-rg-closed [2] if t-cl(A) SU whenever ACU and U is regular open in ;.

iv) (i,tj)-gpr-closed [21] if tj-pcl(A)SU whenever ACU and U is regular open in 1.

V) (i,tj)-ag-closed [22 ] if 1j -acl(A) € U whenever A € U and U is open in ;.
Herei,je{1,2} and i4#.

111 pgrw-closed sets in a bitopological space:

3.1 Definition: A subset A of a bitopological space (X,t1,72) is called a (i,tj)-pgrw-closed set if tj-pcl(A)SG whenever ACG
and G is a ti-rw open set where i,je{1,2}, i #].

3.2 Example: X={a,b,c}, u={X,9.{a}}, ©o={X,d.{a}.{b}.{a,b}}

t1-rw-open sets are X,¢,{a}.{b}.{c}.{a,b}.{b,c}{ac}.

To-pre-closed sets are X,¢,{b,c}{a,c}.{c}.

{c} is a (t1,t2)-pgrw closed set.

Let A={a}. t-pcl(A)={a,c}. Here {a}<={a}, a t1i-rw-open set.

To-pcl(A) ={a,c}z{a}. Hence As not a (t1,72)-pgrw-closed set.

The family of all (;,7;)-pgrw-closed sets in a bitopological space (X,t1,12) is denoted by Dpgnw(X, i, Tj).

3.3 Remark: By setting t1=t>=t in definition 3.1 a (v ;)-pgrw-closed set reduces to a pgrw-closed set in (X,1).

3.4 Remark : The family Dpgw(X,1,72) is generally not equal to the family Dpgrw(X,t2,71) s seen from the following example.
3.5 Example: X={a,b,c,d}, ©n.={X,¢,{a},{b}.{a,b}.{a,b,c}}, ©={X,p.{a}{c,d}.,{a,c,d}}

t1-rw-open sets : X,¢,{a,b,c},{c,d},{a,b}{a}.{b}.{c}{d}

To-pre-closed sets : X,¢,{b}.,{c},{d}.{a,b}.{b,c}{b.d}.{a,b,c} {b,c,d},{ab,d}

Dpgrw(X,71,72)={X,$,{b}.{c}.{d}.,{a,b}{b,c} {a,d}{b,d}.{ac}.{ab,c}{b,c,d}, {ac,d}, {ab,d}}
To-rw-open sets : X,¢,{a},{b},{c}.{d}{c,d}{a,d} {b,c} {b,d},{a,c} {ac,d};

t1-pre-closed sets : X,$,{b,c,d}{a,c,d}{c,d}{d}.{c};

Dpgrw(X,t2,72) = {X,$,{c},{d}.{c,d}.{a,b,c}{b,c,d}.{a,c,d}.{a,b,d}}

. Dpgrw(X,71,72) # Dpgrw(X,T2,T1).

3.6 Remark: The union and the intersection of two (i,t;j)-pgrw-closed sets need not be (i,t;)-pgrw-closed.
3.7 Example: Consider the space in 3.5.

1) The sets {c} and {d} are (t1,72)-pgrw-closed sets.

But {c}u{d}={c,d} is not (t1,t2)-pgrw-closed.
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2) The sets {a,b} and {a,c} are (t1,72)-pgrw-closed sets.

But {a,b}{a,c}={a} is not (t1,t2)-pgrw-closed.

3.8 Theorem: In a bitopological space (X,t1,72) if 11S712 and RWO(X,t1) € RWO(X,12), then Dpgrw(X,72,71) EDpgrw(X,71,72).
Proof: (X,t1,72) is a bitopological space in which t1S1t, and RWO(X,t1)S RWO(X,12). AeDpgw(X,t2,11). Let GeRWO(X,11)
and AcG. Then GeRWO(X,1;) and AcSG. As A is a (tz,11)-pgrw-closed set, 11-pcl(A)SG. Since 11S12, To-pcl(A)STs-
pcl(A)<SG. Thus 1-pcl(A)=G whenever ACG and G is ti-rw-open. Hence A is (t1,72)-pgrw-closed. That is
AeDpgw(X,71,12). = Dpgrw(X,72,711) EDpgrw(X,71,T2).

3.9 Theorem: In a bitopological space (X,t1,12) if A is a (ti,tj)-pgrw-closed set, then tj-pcl(A)—A contains no non-empty tj-rw-
closed set.

Proof: In a bitopological space (X,t1,72) A is a (ti,tj)-pgrw-closed set, F is a ti-rw-closed set and FStj-pcl(A)-A.

= Alisa(ti,T1)-pgrw-closed set, F¢ is ti-rw-open, AS F¢ and F<tj-pcl(A).

=  1-pcl(A)SFeand FSt-pcl(A)

=  F<(t-pcl(A))° and FStj-pcl(A).

= FS(t-pcl(A))NTi-pcl(A)=¢

= F=9.

Hence 7j-pcl(A)—-A does not contain any non-empty t;-rw-closed set.

The converse is not true.

3.10 Example: w.r.t. the example 3.5 if A={b,d}, t1-pcl(A)-A = 11-pcl({b,d})—{b,d} = {b,c,d}{b,d}={c} contains no non-
empty to-rw-closed set, but {b,d} is not (t2,t1)-pgrw-closed.

3.11 Corollary: If A'is a (ti,T;)-pgrw-closed set in (X,t1,72) and tj-pcl(A)-A is a ti-rw-closed set, then A is tj-pre-closed.

Proof: A is a (ti,tj)-pgrw-closed set and tj-pcl(A)-A is ti-rw-closed in (X,11,72).

= Alisa (1,715)-pgrw-closed set and a ti-rw-closed set tj-pcl(A)-Acr-pcl(A)-A

= 1-pcl(A)-A=¢

= T1-pcl(A)=A

= As 1j-pre-closed.

3.12 Theorem: In any bitopological space (X,t1,12) V xeX {X}° is either t;-rw-open or (ti,t;)-pgrw-closed .

Proof: (X,t1,12) is a bitopological space.

V xeX, {x}°and X are the only two sets containing {x}°.

So if {x}* is not ti-rw-open, then X is the only t;-rw-open set containing {x}¢ and so whenever {x}°cX, a ti-open set
t-pcl({x}°)SX. That is every ti-rw-open set containing {x}° contains tj-pcl({x}*). Hence {x}° is (vi,7j)-pgrw-closed.

3.13 Theorem: In a bitopological space (X,t1,t2) if RWO(X,ti)={X,$}, then every subset of X is (7, t;)-pgrw-closed.

Proof: Let RWO(X,t))={X,$} in (X,11,72) and A be any subset of X.

If A=¢, then Ais a (t;,7;)-pgrw-closed set.

If A#¢, then X is the only ti-rw-open set containing A and tj-pcl(A)SX.

Hence A is a (i,tj)-pgrw-closed set.

3.14 Theorem: Every tj-pre-closed subset of a bitopological space (X,t1,72) is a (vi,tj)-pgrw-closed set.
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Proof: If A is a 1j-pre-closed subset of a bitopological space (X,t1,12), then A=t;-pcl(A). Therefore if ACG and G is t-rw-
open, then tj-pcl(A)<G.

So A is (1i,1;)-pgrw-closed.

The converse is not true.

3.15 Example: X={a,b,c}, t1={X,¢,{a}.{b}.{a,b}}, ©.={X,¢.{a}}.

t1-rw-open sets are X,$,{a},{b}.,{a,b}. to-pre-closed sets are X,p,{b,c}{c},{b}. The set {a,c} is a (t1,12)-pgrw-closed set, but
not t.-pre-closed.

3.16 Theorem: Every (ti,tj)-pgrw-closed and ti-rw-open set in a bitopological space (X,t1,t2) is tj-pre-closed.

Proof: In (X,t1,12), A is a (ti,tj)-pgrw closed and t;-rw-open set.

= Ais (ti,1j)-pgrw-closed and ACA, a ti-rw-open set.

= 1-pcl(A)SA

= T1-pcl(A)=A.

= As tj-pre-closed.

3.17 Corollary: Every (ti,tj)-pgrw-closed and ti-regular-open set in a bitopological space (X,t1,12) is tj-pre-closed.

Proof: A is a (i, tj)-pgrw-closed and ti-regular-open set in (X,t1,12).

= Alisa (ti,tj)-pgrw-closed and ti-rw-open set.

= As tj-pre-closed.

3.18 Theorem: In a bitopological space (X,t1,t2) every ti-rw-open set is tj-pre-closed if and only if every subset of (X,t1,12) is a
(i, Tj)-pgrw-closed set.

Proof: (X,t1,12) is a bitopological space and every ti-rw-open set is tj-pre-closed.

Ais a subset of X.

Now ACG and G is ti-rw-open.

= T1-pcl(A)STj-pcl(G) and G is 1j-pre-closed.

= T1-pcl(A)<ST;-pcl(G) and 1j-pcl(G)=G.

= 1-pcl(A)SG

Thus tj-pcl(A)SG whenever ACG and G is ti-rw-open.

. AiS (ti,tj)-pgrw-closed.

Conversely

Suppose that every subset of (X,t1,12) is a (i, t;)-pgrw-closed set. Let G be a ti-rw-open set in X. By the hypotheses G is (i,rj)-
pgrw-closed.

By 3.16 G is tj-pre-closed.

3.19 Theorem: In a bitopological space (X,11,72)

i) every tj-closed set is (ti,T;)-pgrw-closed.
ii) every tj-3-closed set is (i, tj)-pgrw-closed.
iii) every tj-regular closed set is (ti,t;)-pgrw-closed.

iv) every tj-a-closed set is (ti,tj)-pgrw-closed.
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V) every tj-#rg-closed set is (ti,1;)-pgrw-closed.
Proof: i) Aisa Tj-closed set in (X,t1,12).
= Als tj-pre-closed .
= Ais (1i,1j)-pgrw-closed (3.14).
Other statements may be proved similarly.
The converse statements are not true.
3.20 Example: In 3.5 the set {c} is (t2,t1)-pgrw-closed, but not t,-closed.
3.21 Example: In 3.5 the set { c} is (t2,71)-pgrw-closed, but not t2-8-closed.
3.22 Example: X={ab,c}, t1={X,d,{a}}, ={X,$.,{a},{b}.{a,b}}. Here the set {c} is (t1,72)-pgrw-closed, but not t,-regular-
closed.
3.23 Example: Consider 3.5, {c} is (t2,t1)-pgrw-closed, but not t,-#rg-closed.
3.24 Theorem: Every (1i,1j)-pgrw-closed set in a bitopological space (X,t1,72) is (7i,t;)-gp-closed.
Proof: In a bitopological space (X,t1,t2), A is a (ti,tj)-pgrw-closed set and G is a ti-open set containing A.
= Aisa (t,1j)-pgrw-closed set and G is a ti-rw-open set containing A.
= T1-pcl(A)SG
Thus every ti-open set containing A contains tj-pcl(A).
Hence A s (ti,tj)-gp-closed.
The converse is not true.
3.25 Example: Refer 3.5. (t2,11)-gp-closed sets are X,$,{b}{c}.{d}.{a,b}.{b,c}{a,d},{b,d},{a,c}.{c,d}{ab,c}{b,c,d},
{a,c,d},{a,b,d}. The set {b} is (t2,t1)-gp-closed, but not (t2,t1)-pgrw-closed.
3.26 Theorem: Every ti-open and (v, tj)-gp-closed set in a bitopological space (X,t1,t2) is (ti,tj)-pgrw-closed.
Proof: A is a ti-open and (ti,tj)-gp-closed set in (X,t1,72). Let G be a ti-rw-open set containing A.
Now ACA, ti-open and A is (ti,tj)-gp-closed.
~ 1-pcl(A)SACSG. Thus 1-pcl(A)SG whenever A is subset of G and G is ti-rw-open.
~ Ais (ti,1;)-pgrw-closed.
3.27 Theorem: Every (ti,tj)-pgrw-closed set in a bitopological space (X,t1,t2) is (7, tj)-gpr-closed.
Proof: In a bitopological space (X,t1,72) A is a (ti,7j)-pgrw-closed set and G is a ti-regular open set containing A.
= Aiisa (t,15)-pgrw-closed set and G is a ti-rw-open set containg A.
= 1-pcl(A)cG.
Thus every ti-regular open set containing A contains tj-pcl(A).
A is (ti,tj)-gpr-closed.
The converse is not true.
3.28 Example: X={a,b,c}, 11= {X,p.{a}.{b}.{a.b}}, ©o={X,p.{a}}
t1-regular open sets are X,$,{a},{b} and t2-pre closed sets: X,$,{b,c},{c}{b}.
T1-rw-open sets are X,¢,{a},{b}.{c}.{a,b}. The set {a,b} is (t1,72)-gpr-closed, but not (t1,72)-pgrw-closed.

3.29 Theorem: Every ti-regular open and (i, 1;)-gpr-closed set in a bitopological space (X,t1,t2) is (i, t;)-pgrw-closed.
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Proof: A is a ti-regular open and (t;,7;)-gpr-closed set in a bitopological space (X,t1,12).

Let G be a ti-rw-open set such that ACG.

Now ACA, ti-regular open and A is (ti,tj)-gpr-closed.

. 1i-pcl(A)SA

. T-pcl(A)SG

. Ais (ti,Tj)-pgrw-closed.

3.30 Theorem: Every ti-regular open and (ti,tj)-rg-closed set in a bitopological space (X,t1,12) is (ti,tj)-pgrw-closed.
Proof: A is a ti-regular open and (7, 1;)-rg-closed set in (X,t1,72).

Let G be a ti-rw-open set such that ACG. As ACA, ti-rw-open and A is

(Ti,tj)-rg-closed, tj-cl(A)SA. And so tj-pcl(A)SACSG. Thus 1j-pcl(A)SG whenever A is subset of G and G is ti-rw-open.
~ A (ti,tj)-pgrw-closed .

3.31 Theorem: Every ti-open and (i,tj)-g-closed set in a bitopological space (X,t1,72) is (ti,Tj)-pgrw-closed.
Proof: A is ti-open and (i, tj)-g-closed set in a bitopological space (X,t1,12).

Let G be a 1i-rw-open set containing A in (X,t1,12).

Now AcA, a ti-open set and A is (i, T1;)-g-closed.

- 1j-CI(A)SA. And so 1j-pcl(A)SG.

~ Ais (ti,7j)-pgrw-closed.

3.32 Theorem: Every ti-open and (v, j)-aug-closed set in a bitopological space (X,t1,7t2) is (ti,tj)-pgrw-closed.
Proof: A is a ti-open and (7, 7j)-ag-closed set in a bitopological space (X,t1,12).

Let G be a ti-rw-open set such that ASG in (X,t1,72).

Now ACA, ti-open and A is (ti,tj)-ag-closed.

. tj-acl(A)SA.

. 1j-pcl(A)SACG.

. Ais (ti,Tj)-pgrw-closed.

The following examples show that (v, t;)-pgrw-closed sets and tj-rw closed sets, tj-g-closed sets, tj-semi-closed sets, Tj-

ga-closed sets, Tj-g*-closed sets, tj-rwg-closed sets sets are independent.
3.33 Example:(t1,12)-pgrw-closed sets and t,-rw-closed sets are independent.

i) X={ab,c}, u={X.p.{a}{b}{ab}}, =={X.p.{a}}

Here {a,b} is t2-rw closed set, but not (1, t2)-pgrw-closed.

i) X={ab,c,d}, u={X,9,{a}.{c,d}.{a,c,d}}, ©o={X,d,{a}.{b},{a,b}.{ab,c}}
The set {c} is (t1,72)-pgrw-closed, but not t,-rw closed.
Similarly we may show that (t2,71)-pgrw-closed sets and t:-rw closed sets are independent.
3.34 Example: (t1,t2)-pgrw-closed sets and t2-g-closed sets are independent.

i) X={abc}, u={X.p.{a}{b}.{ab}}, .= {X.p{a}}

The set {a,b} is a t2-g-closed set, but not (t1,t2)-pgrw-closed.

ii) X ={ab,c,d}, .i={X,$,{a}.{c,d}.{a,c,d}}, .={X,p,{a}.{b}.{a,b},{a,b,c}}

ISSN: 2231-5373 http://www.ijmttjournal.org Page 360



SSRG
Text Box
International Journal of Mathematics Trends and Technology (IJMTT)  - Volume 54 Number 5 - February 2018


SSRG
Text Box
ISSN: 2231-5373                             http://www.ijmttjournal.org                               Page 360



International Journal of Mathematics Trends and Technology (IJMTT) - Volume 54 Number 5 - February 2018

The set {c} is (t1,72)-pgrw-closed, but not t.-g-closed.
3.35 Example: (t1,12)-pgrw-closed sets and t2-semi-closed sets are independent.
) X={abc} u={X¢{a}{b}{ab}} w={Xd{a}}
The set {a,c} is (t1,t2)-pgrw-closed, but not t2-semi-closed.
ii) X={ab,c,d}, u={X,d.{a}.{c,d}{a,c,d}}, =.={X,d.{a}.{b}.{a,b}.{a,b,c}} The set {b,c} is to-semi-closed, but not (t1,72)-
pgrw-closed.
3.36 Example: (11, t2)-pgrw-closed sets and t2-go-closed sets are independent.
i) X={abc}, u={X.p{a}{b}.{ab}}, .={X.p.{a}}
{a,b} is a 12-ga closed set, but not (t1,72)-pgrw-closed.
ii) X={ab,cd}, nu={X¢,{a}.{c,d}.{ac,d}}, o={X ¢.,{a}.{b}.{a,b}.{a,b,c}} The set {a,b,d} is (t1,72)-pgrw-closed,
but not t2-ga closed.
3.37 Example: (t1,12)-pgrw-closed sets and t.-g*-closed sets are independent.
i) X={abc} u={X¢d{a}.{b}{ab}} w={X¢{a}}
The set {a,c} is (t1,12)-pgrw-closed, but not t2-g*-closed.
i) X={ab,cd} u={X.¢.{a}{cd}{acd}}, ={X.$.{a}{b}.{ab}{ab.c}}
The set {a,d} is a t2-g*-closed set, but not (t1,72)-pgrw-closed.
3.38 Example: (t1,t2)-pgrw-closed sets and t2-rwg-closed sets are independent.
i) X={abc}, u={X¢{a}{b}{ab}} w={X.p{a}}
{a,b} is t-rwg-closed, but not (t1,72)-pgrw-closed.
i) X={ab,cd}, wu={X¢{a}.{c.d}{ac,d}} .= {X,p.{a}.{b}.{a,b}.{ab,c}}
The set {c,d} is (t1,72)-pgrw-closed, but not t.-rwg-closed.

3.39 The following diagram shows the relation between (ti,t;)-pgrw-closed set and other sets.

t-rwg-closed set

1;-pre-closed set
T,-g*-closed set

T-gu-closed set

T-closed se =
4 = .
e T;-semi-closed set
= ]

T.- &- close ‘cj-g-c]nsed set
; s E

t-r-closed set ; tJ-rw-closcd set
il 27

7 432
7
‘rl—a—closed ,_,_,;1_' 19(4)\\;\
set ,_,_7_7_7_7_7_7;\ (T, 'rj)-pgrw—closed set
=

9(5) —
‘;i—#rg—closcd 74\{__‘}_.1,_,&

set {tl,ti)-gp-closed set

N7

o) /
N /
NN
A Y I
P o o (T, T,)-gpr-closed set
/ ~ & [=) o
- | \
T-open & (ro)geclosed’ 7 = @y
set / / <~

t-open & (1, 7))-gp-closed set /

T;- open & ('EI,”CJ-)-ULg-Closeti set
/ t-regular open & (1;,1;)-rg-closed set

t-regular open & (1, 7;)-gpr-closed set
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IV pgrw-closure of a set in a bitopological space:

4.1 Definition: In a bitopological space (X,t1,t2) (i,7j)-pgrw-closure of a subset A of X is the intersection of all (vi,zj)-pgrw-
closed sets containing A and is denoted by (ti,t;)-pgrwcl(A). i.e. (ti,tj)-pgrwcl(A)=NFry where F={F:F is a (t;,1;)-pgrw-closed
set containing A}.

4.2 Example: X={ab,c,d}, 1={X,p.{a}.{c,d}.{ac,d}}, ©={X,¢.{a}.{b}.{a,b}.{a,b,c}};

(t1,72)-pgrw-closed sets are X,¢,{c},{d},{c,d}{a,b,c}{b,c,d}{ac,d},{ab,d}.

Let A={a,c}. (t1,72)-pgrwcl(A)={a,c}

4.3 Example: (ti,tj)-pgrwel(X)=X, (ti,tj)-pgrwel(dp)=¢

4.4 Remark: (ti,tj)-pgrwcl(A) need not be (titj)-pgrw-closed. For example, in 4.2 let A={a,d}, then (t1,12)-
pgrwcl(A)={a,d}=A which is not (t1,72)-pgrw-closed.

4.5 Theorem: If A is a subset of a bitopological space (X,t1,72), then

i) AC(ti,1)-pgrwcl(A)

i) (i, 7)-pgrwel (i 7j)-pgrwel (A))=(ti, 7j)-pgrwel (A)

iii) Vv (ti,7)-pgrw-closed set A (ti,tj)-pgrwcl(A)=A.

Proof:

i) By definition it follows that A< (i, tj)-pgrwcl(A).

i) ASX. (7;,7))-pgrwcl(A)=NFry where F={F:F is a (ti,tj)-pgrw-closed set containing A}.

If FeF, then (t,7)-pgrwcl(A)SF. Since F is a (w,7)-pgrw-closed set containing  pgrwcl(A), (ti,t)-pgrwel((ti,T)-
pgrwcl(A))SF VvV FeF. Hence (wi,tj)-pgrwel((ti,tj)-pgrwel(A))SNFeg e, (ti,T)-pgrwel((ti,t)-pgrwel (A)) S(t,T)-
pgrwcl(A)........ (@)

And by (1) AS(ti,tj)-pgrwel(A) and so (i, tj)-pgrwel (A) (i, 1) -parwel ((ti,tj)-pgrwel (A)).......... (b)

(@) and (b) = (i, 7y)-pgrwel((Ti,t;)-pgrwel(A)) = (ti,tj)-pgrwel(A)

iii) By (1) Ac(i,ty)-pgrwcl(A). If Ais a (ti,tj)-pgrw-closed subset of (X,t1,12), then (i,1;)-pgrwcl (A)cA.

~ (i, Ty)-pgrwel (A)=A.

Converse of (iii) is not true.

4.6 Example: Refer 4.4.

4.7 Theorem: A and B are subsets of a bitopological space (X,t1,72).

i) If B is any (7i,15)-pgrw-closed set containing A, then (v, t;)-pgrwcl(A)cB.

i) If AcB, then (7,7j)-pgrwcl(A)S(ti,1;)-pgrwel (B).

iii) (ti,Tj)-pgrwel (A)U(ti,tj)-pgrwel (B) (i, tj)-pgrwel (AUB)

Proof:

i) Follows from definition.

ii) In a bitopological space (X,t1,72) A and B are subsets of X.

ISSN: 2231-5373 http://www.ijmttjournal.org Page 362


SSRG
Text Box
International Journal of Mathematics Trends and Technology (IJMTT)  - Volume 54 Number 5 - February 2018


SSRG
Text Box
ISSN: 2231-5373                             http://www.ijmttjournal.org                               Page 362



International Journal of Mathematics Trends and Technology (IJMTT) - Volume 54 Number 5 - February 2018

(i, Tj)-pgrwel(A)=NFrg where F={F:F is a (ti,tj)-pgrw-closed set containing A} (ti,1;)-pgrwcl(B)=NFrer where F={ F:F is a
(Ti,Tj)-pgrw-closed set containing B}
ACB = FCF = NFrgSNFrer = (13,75)-pgrwel (A) S (ti, i) -pgrwel (B)
iii) ACAUB and BcAUB
= (13,75)-pgrwel (A) (i, 1j)-pgrwel (AUB), (ti,tj)-pgrwel (B) S(i, tj)-pgrwel (AUB)
= (ti,7j)-pgrwel (A)U(ti,tj)-pgrwel (B) (i, tj)-pgrwel (AUB).
4.8 Theorem: If A and B are subsets of a bitopological space (X,t1,72), then (ti,tj)-pgrwcl(ANB)<S (i, tj)-pgrwel (A)N(Ti,tj)-
pgrwcl(B).
Proof: A and B are subsets of (X,t1,72). ANBZA and ANBSB
&~ (ti,Tj)-pgrwcl(ANB) S (1, 1)) -pgrwel (A), (ti,t)-pgrwel(ANB) S (1i,17)-pgrwel (B).
~ (ti,Tj)-pgrwel(ANB) (1, 15)-pgrwel (A) N (i, tj)-pgrwel (B)
4.9 Theorem: A is a nonempty subset of a bitopological space (X,t1,72). Xe(ti,tj)-pgrwcl(A) if and only if ANV #¢ V (i,7)-
pgrw-open set V containing Xx.
Proof: A is a nonempty subset of a bitopological space (X,t1,72) and xe(ti,tj)-pgrwcl(A)....hypothesis.
Suppose 3 a (ti,tj)-pgrw-open set V containing x such that ANV=¢. Then ASX-V and X-V is a (ti,tj)-pgrw-closed set and so
(i, 7y)-pgrwel(A)SX-V.
X &V which is a contradiction. Hence ANV # ¢ V (ti,tj)-pgrw-open set V containing x.
Conversely
A is a nonempty subset of (X,t1,72) and xeX is such that ANV#¢ V (i,1j)-pgrw-open set V containing X......hypothesis.
X & (ti,1j)-pgrwel(A)
= There exists a (1;,1;)-pgrw-closed set F such that ACF and x&F.
= There exists a (7, 1j)-pgrw-open set X—F containing x and AN(X-F)=¢ which is a contradiction. -~ X €(t,tj)-pgrwcl(A)
4.10 Theorem: In a bitopological space (X,t1,72) if T1S12 and RWO(X,t1))SRWO(X,12), then
Vv ACSX, (t1,72)-pgrwel(A)S(t2,t1)-pgrwel (A).
Proof: Ais a subset of a bitopological space (X,t1,12).
(t1,72)-pgrwel(A)=NFrg where F={F:F is a (11,12)-pgrw-closed set and AcF}.
(t2,71)-pgrwel(A)=NFrr where F={F:F is a (12,11)-pgrw-closed set and ACF}.
11E712 and RWO(X,11))ERWO(X,12)
= Dpgw (X,72,71) SDpg(X, 71,72) (3.8).
= FCcF
= NFrg ENFrer
= (t1,72)-pgrwel(A)S(t2,t)-pgrwcl(A).
4.11 Theorem: For every subset A of a bitopological space (X,t1,72),
i) (ti,7)-pgrwcl(A)Srj-cl(A)
ii) (ti,7j)-pgrwcl(A)Srj-pel(A)
iii) (ti,7j)-pgrwcl(A)Srj-rel(A)
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iv) (ti,7j)-pgrwcl(A)Srj-3cl(A)

V) (ti,Tj)-pgrwel(A)Srj-acl(A)

Vi) (ti,T)-pgrwcl(A)Sr-#rgel (A).

Proof:

i) A isasubset of a bitopological space (X,11,72).
Tj-Cl(A)=NFrr where F={F:AcF and F is tj-closed.}.

(ti,)-

pgrwcl(A)=NFrg where F ={F:F2A and F is (i,1;)-pgrw-closed.}

Every tj-closed set is (ti,Tj)-pgrw-closed(3.19(i)).
= FSF = NFep S NFeer

= (13,75)-pgrwcl(A) S Tj-cl(A).

Similarly other results may be proved.

4.12 Theorem: For every subset A of a bitopological space (X,t1,12)
i) (ti,T)-gpcl(A) € (ni,t)-pgrwel(A)
i) (ti,)-gprel(A) € (ti,1y)-pgrwel(A)

Proof:

i) Alisa subset of a bitopological space (X,t1,72).

(ti,7y)-gpcl(A)=NFrr where F={F: F is a (7;,7;)-gp closed set containing A}.

(ti,7j)-pgrwel(A)=NFrg where F={F:F is a (7i,1;)-pgrw closed set containing A}. Every (ti,71j)-pgrw closed set is (ti,7;)-gp

closed

(3.24).

= FCcF

=  NFeer CNFrg

= (‘L’i

,1i)-gpCl(A) < (i, 7y)-pgrwel (A)

Similarly (ii) may be proved.
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