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ABSTRACT

The purpose of this paper is to study the impact of
characterizations of Lower approximation space -
Lr(X), Upper approximation space - Ur(X) and the
Boundary region - Bgr(X) in Nano regular b-closed
sets (Nrb-closed sets). And also to discuss an
application based on the Nano regular b-closed sets
(Nrb-closed sets).
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l. INTRODUCTION

In 1970,Levine [4] introduced the concept
of generalized closed sets in topological space.
Andrijevic [1] introduced a new class of
generalized open sets namely, b-open sets in
1996.A.Narmadha and N.Nagaveni [5] introduced
regular b-closed sets in 2012. In 2013,
A.Narmadha, N.Nagaveni and T.Noiri [6]
introduced regular b-open sets. The notion of nano
topology was introduced by Lellis Thivagar[2] in
2013 and also he established certain weak forms of
nano open sets such as nano & -open sets, nano
semi-open sets and nano pre open sets. In 1991
Pawlak Z introduced new set theory called rough
set theory [7]. And also he discovered some
application in rough set theory in 2002 [8]. Later
Lellis thivagar introduced a new topology rough
topology in terms of lower, upper approximations
and boundary. And then the concepts of nano

topological basis was applied for finding the
deciding factors in data analysis [3]. In 2022
P.Srividhya and T.Indira[9] introduced Nano
regular b-open sets and Nanoregular b-closed
sets.In this paper we studied the Characterizations
of Lower approximation space - Lgr(X), Upper
approximation space - Ugr(X) and the Boundary
region - Br(X) in Nano regular b-closed sets (Nrb-
closed sets). to discuss an application based on the
Nano regular b-closed sets (Nrb-closed sets). And
also an application based on the Nano regular b-
closed sets (Nrb-closed sets) was discussed.

1. PRELIMINARIES
Definition: 2.1 [2] Let U be a non-empty finite set
of objects called the universe and R be an
equivalence relation on U named as indiscernibility
relation. Then U is divided into disjoint
equivalence classes. Elements belonging to the
same equivalence class are said to be indiscernible
with one another. The pair (U,R) is said to be the
approximation space. LetXcU. Then
e The lower approximation of X with respect to

R is the set of all objects which can be for
certainly classified as X with respect to R and
is denoted by Lg(X).

La(X) = Xlgu {R(X):R(X)SX}

e  The upper approximation of X with respect to
R is the set of all objects which can be possibly
classified as X with respect to R and is denoted
by Ur(X).
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e The boundary region of X with respect to R is
the set of all objects which can be classified
neither as X nor as not —X with respect to R
and is denoted by Br(X).

Br(X) = Ur(X) - Lr(X).

Definition: 2.2 [2] Let U be the universe, R be an
equivalence relation on U and 7 r(X) ={U, ¢

, Lr(X), Ur(X), Br(X)} where XcU. Then 7
r(X) satisfies the following axioms:

e Uand @ € Tx(X).

e The union of the elements of any sub
collection of 7 r(X) isin T r(X).

e The intersection of the elements of any finite
sub collection of 7 r(X) isin T r(X). Then
T r(X) is called the nano topology on U with
respect to X, (U, T r(X)) is called the nano
topological space.

Elements of the nano topology are known as nano
open sets. The complement of elements of the
nano open sets are called as nano closed sets.

Definition: 2.3 [2] If (U,T r(X)) is a nano
topological space with respect to X where
XcU and if ACU , then

e The nano interior of a set A is defined as the
union of all nano open sets contained in A and
it is denoted by Nint(A).

e The nano closure of a set A is defined as the
intersection of all nano closed sets containing
A and it is denoted by Ncl(A).

Definition: 2.4 [9]A subset A of a nano topological

spaces (U, T r(X)) is said to be “nano regular b-

closed” (briefly nano rb-closed) if Nrcl(A)C G

whenever AC G and G is nano b-open in U.

Definition: 2.5[9]The union of all nano regular b-

open sets contained in A is nano regular b-interior

of A and it is denoted by Nrbint(A).

The intersection of all nano regular b-closed sets

containing A is called the nano regular b-closure of

A and it is denoted by Nrbcl(A).

Remark:2.6 [2]

In general, Nano open sets = {U,¢
,Lr(X),Ur(X),Br(X)} and Nano closed sets ={U,
@ L% [ [B:(¥IF = {U. ¢
JUR(X®),Lr(X%),Lr(X) U Lr(X“)}.

Proposition: 2.7 [2]
1) Ncl(U) = Nint(U) = U.

2) Ncl(@)=Nint(@)= ¢ .

3) Nel(Lr(X)) = [Br(X)® = Lr(X)U Lr(X),
Nint(Ls(X)) = La(X).

4)  Ncl(Ur(X)) = U, Nint(Ug(X)) = Ur(X).

5) NcBl(%a(gX)) = [Lr(X)]° = Ur(X®), Nint(Bg(X))
= Bgr .

1. IMPACT OF
CHARACTERIZATIONS OF Lg(X),
Ur(X) AND Bg(X)
IN NANO REGULAR b-CLOSED SETS.

In this section we are going to see the
impact of characterizations of Lg(X), Ur(X) and
Br(X) in Nrb-closed sets.Before getting the Nrb-
closed sets, we have to find nanob-open sets and
nano regular closed sets.

From the set U the following subsets may
be thepossibilities of being nano b-open sets and
nano regular closed sets.

(i) ug.

(i) Lr(X), [Lr(X)]®, Subset of Lg(X),
Superset of Lr(X) and any non-empty subset A of
U which has the non-empty intersection with
Lr(X).

(iii)  Ur(X), [Ur(X)], Subset of Ug(X),
Superset of Ug(X) and any non-empty subset A of
U which has the non-empty intersection with
Ur(X).

(iv)  Br(X), [Br(X)]°, Subset of Bg(X),
Superset of Bgr(X) and any non-empty subset A of
U which has the non-empty intersection with
Br(X).

Theorem: 3.11f Lg(X) = Ur(X) = X then U, @,

[Br(X)]Care the only Nrb-closed sets.
Proof: Let Lg(X) = Ug(X) = X. Then T r(X) =

{U, ¢ ,Lr(X)} are the nano open sets.
Nano closed sets = {U, @ [Lr(X)]} =

{U, 9 U}

To find Nrb-closed set, we have to find the
Nano b-open sets and nano regular closed
sets.Since every nano open set is nano b-open, we

get {U, ¢ ,Lr(X)} are nano b-open sets. Along with
them,

(i) Let A = Lg(X) , then Nint(A) = Lgr(X),
Ncl(A) = U.

~Ncl(Nint(A)) UNint(Ncl(A)) = Ncl (Lr(X))
UNint(U) =Uu U =U.

=A cNcl(Nint(A)) U Nint(Ncl(A))~A =Lg(X) is
nano b-open
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(i)  Let AcLg(X) and A= @, then Nint(A) =

@ . Ncl(A) = U.

( Lr(X) = Ur(X) = Lr(X%) = Ur(X) = La(X) &
Ur(X%)).

~NcI(Nint(A)) U Nint(Ncl(A)) = Nel (@)

UNint(U)= g uU=U.

=A SNcl(Nint(A)) U Nint(Ncl(A))

~A cLg(X) is nano b-open= Any subset of Lg(X)
is nano b-open.

(iii) Let A = U, AdLg(X), then Nint(A)
Lr(X), Ncl(A) = U.

~Ncl(Nint(A)) u Nint(Ncl(A))
Ncl(Lr(X))UNint(U)= U uU = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ADLg(X) is nano b-open= Any superset of Lgr(X)
is nano b-open.

(iv) Let A be the subset of U which has the
non-empty intersection with Lg(X).

(i.e) LsOX)NA =@ . Then Nint(A) =@, Ncl(A) =
u.

~Ncl(Nint(A))UNint(Ncl(A)) = Ncl(¢) UNint(U)

=g uu=u.
=>AcU =A cNcl(Nint(A)) UNint(Ncl(A)). - An
Lr(X)=# ¢ is nano b-open

(v) Let A = [Lr(X)I%, then Nint(A) = @,
Ncl(A) = [Lr(X)]° = Ur(X9).
~NcI(Nint(A)) UNint(Ncl(A)) = Ncl (@)

UNInt([Le(X)]) = Pud = @

=A ZNcl(Nint(A)) U Nint(Ncl(A)).~A =[Lx(X)]°
is not a nano b-open

Here Lr(X) = Ugr(X), therefore from (i), (ii), (iii),
(iv) and (v) we get,

(vi) A =Ug(X) is nano b-open

(vii) A c Ug(X) is nano b-open = Any subset
of Ug(X) is nano b-open.

(viii)  ADUg(X) is nano b-open= Any superset
of Ur(X) is nano b-open.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(i.e) Us(X) N A =@ . »A N Ug(X) # @ is nano b-

open
(x) A =[URr(X)]¢ is not a nano b-open

(xi)  Let A = B(X) = @ then Nint(A) = @,
Ncl(A) = @ .
~Ncl(Nint(A)) UNint(Ncl(A)) = Ncl (@) UNint(

P)=9gup=9.

=>AZNcl(Nint(A)) U Nint(Ncl(A)).~A =Bg(X) is
not a nano b-open

(xii)  Let A cBg(X), Since Bx(X) = @ , there is
no subset for ¢ . So this case cannot be defined.

(xiii)  Let A % U, A>Bg(X), here Bx(X) = ¢
therefore the supersets of Br(X) are the remaining
subsets of U except ¢ . For these sets the Ncl and
Nint will be the corresponding Ncl and Nint of
thatsupersets.~.ADBg(X) is nano b-open whether its
superset is nano b-open.

= Any superset of Bg(X) is nano b-open based on
its super set.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Bg(X).

(i.e) Br(X) N A =@ . Here Bx(X) = @,

~Br(X) N A = ¢which is a contradiction to our
assumption that A be the subset of U which has the

non-empty intersection with Bgr(X).So this case
cannot be defined.

(xv) Let A = [Bx(X)]°= [@1° = U, then
Nint(A) = U, Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (U)
UNint(U) =UuU = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).~A =[Bgr(X)]°
is nano b-open

From the above cases, we get A = Lg(X),
A cLg(X), ASLg(X),A N Lg(X) =@ A = Ux(X),

A CUR(X), ASUg(X), A NUg(X) =P and A =
[Br(X)]° are the nanob-open sets.
2 {U, @, La(X),A cLg(X), A DLg(X),any set A N

La(X) =@ , Ur(X), A cUg(X),A DUg(X), any set

A NURX) =@, [Br(X)]are the only nanob-
open sets.

To find Nano regular closed sets, We
know that if A = Ncl(Nint(A)) then A is Nano
regular closed.

(M Let A = Lg(X), then Ncl(Nint(Lr(X)) =
Ncl(Lr(X)) = U#A.
~A = Lg(X) is not a nano regular closed.

(i) Let A clg(X) and A#@, then

Ncl(Nint(A)) = Ncl (@) = @ = A,

~A cLg(X) is not a nano regular closed.

= Any subset of Lg(X) is not a nano regular
closed.

(iii) Let ADLg(X) and A =*= U, then
Ncl(Nint(A)) = Ncl(Lr(X)) = U = A.

~ADLg(X) is not a nano regular closed.
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= Any superset of Lg(X) is not a nano regular
closed.

(iv) Let A be the subset of U which has the
non-empty intersection with Lgr(X).

(i.e) Ls(X) N A % @ . Then Ncl(Nint(A)) = Ncl( @
)= @ A

~ANLg(X) # ¢ is not a nano regular closed.
(v) Let A = [Lr(X)]°, then Ncl(Nint([Lr(X)])

=Ncl(@)= @ =A

~A = [UR(X)]° is not a nano regular closed.

Here Lg(X) = Ugr(X), therefore from (i), (ii), (iii),
(iv) and (v) we get,

(vi) A = Ug(X) is not a nano regular closed.
(vii) A < Ug(X) is not a nano regular closed.

= Any subset of Ur(X) is not a nano regular
closed.

(viii)  ADUR(X) is not a nano regular closed.

= Any superset of Ug(X) is not a nano regular
closed.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(ie) Ur(X) N A =@ . :A nLg(X) =@ is not a
nano regular closed.
(x) A = [Ur(X)]° is not a nano regular closed.

(xi)  Let A = Bg(X), Here Bg(X) =@, then

Ncl(Nint(Br(X)) = Ncl(@ ) = @ = A.
~ A = Bg(X) is not a nano regular closed.
(xii)  Let A cBg(X), Since Br(X) = @ , there is

no subset for ¢ .

So this case cannot be defined.

(xiii)  Let A # U, A>Bg(X), here Bg(X) = @
therefore the supersets of Br(X) are the remaining

subsets of U except ¢ .

For these sets the Ncl and Nint will be the
corresponding Ncl and Nint of that supersets.

~AD Bg(X) is nano regular closed whether its
superset is nano regular closed.

= Any superset of Br(X) is nano regular closed
based on its super set.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Br(X).

(i.e) Br(X) N A =@ . Here By(X) = @,
~BrRX)Nn A= ¢ which is a contradiction to our

assumption that A be the subset of U which has the
non-empty intersection with Bg(X). So this case
cannot be defined.

~ ANBrX) # ¢ is not a nano regular closed.

(xv)  Let A = [Br(X)]S, then
Nel(Nint([Br(X)]°) = Ncl(U) = U = A.

Since Bx(X) = @ then [Br(X)]°=[@ 1°=U

~A = [Br(X)]° is a nano regular closed.

Therefore U, ¢ , [Br(X)]° are the only nano regular

closed sets.

By the definition of Nrb-closed set, A subset A ofU
is said to be Nrb-closed if

Nrcl(A)<S G whenever AC G and G is nano b-open
inU.

For A = [Br(X)]°, Nrcl(A) = [Br(X)]° = U.

Here Nrcl(A) = U for every non-emptysubset A,
since U and ¢ are the only nano

regular closed sets.
~ Nrcl(A) ¢ G for every non-empty subset A of U
except Uand [Br(X)]°.

Hence {U, ¢ [Br(X)I°} are the only Nrb-closed
sets.

Theorem: 3.2If Lg(X) =@ , Ur(X) = U, then U, @
are the only Nrb-closed sets.

Proof: If Lr(X) =@, Ug(X) = U, then the nano
topology becomes {U, ¢ }.

~The proof is obvious.

Theorem: 3.3If Lgr(X) = Ur(X) = U, then U, ¢ are

the only Nrb-closed sets.
Proof: If Lgr(X) = Ur(X) = U, then the nano

topology 7 r(X) = {U, @ .
+The proof is obvious.

Theorem: 3.41f Lg(X) =@ , Ug(X)= @ , then U, @
are the only Nrb-closed sets.

Proof: If Lg(X) = @, Ug(X)%= @ then T (X) =
{U, ¢ , Ur(X)} = Nano open sets.

Nano closed sets = {U, @ [Ux(X)I}= {U, @,

Lr(X9)}.
Since every nano open set is nano b-open, we get

{U, ¢ ,Ur(X)}are nano b-open sets.

Along with them,
(i) Let A = Lg(X)=¢, then Nint(A) = @,
Ncl(A) = @ .

~Ncl(Nint(A)) UNint(Ncl(A)) = Ncl (@) UNint(

¢)=pud=9.
=>A € Ncl(Nint(A)) UNint(Ncl(A)).~A =Lg(X) is
not a nano b-open
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(i)  Let A cLg(X), Since Lg(X) = @, there is
no subset for ¢ . So this case cannot be defined.

(i) Let A % U, A>Lg(X), here Lg(X) = @
therefore the supersets of Lgr(X) are the remaining
subsets of U except ¢ . For these sets the Ncl and

Nint will be the corresponding Ncl and Nint of that
supersets.~ADLg(X) is nano b-open whether its
superset is nano b-open.

= Any superset of Lgr(X) is nano b-open based on
its super set.

(iv) Let A be the subset of U which has the
non-empty intersection with Lg(X).

(i.e) Le(X) N A %@ . Here Ly(X) = @, ~Lr(X) N

A= ¢ which is a contradiction to our assumption

that A be the subset of U which has the non-empty
intersection with Lg(X). So this case cannot be
defined.

(V)  Let A = [Lg(X)I¢ = [@1° = U, then
Nint(A) = U, Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (V)
UNint(U) =U uU =U.

=A cNcl(Nint(A)) U Nint(Ncl(A)).~A = [Ls(X)]°
is nano b-open

(vi) Let A = Ugr(X), then Nint(A) = Ugr(X),
Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Ur(X))
UNint(U) =U uU =U.

=A < Ncl(Nint(A)) UNint(Ncl(A)).-A =Ugr(X) is
nano b-open

(Vi)  Let AcUR(X) and A% @ , then Nint(A) =
@, Ncl(A) = U.
~Ncl(Nint(A))UNintNcl(A)) = Ncl( @ )u Nint(U) =

¢ uu=u.

=>ACNcl(Nint(A)UNint(Ncl(A)).

~A cUg(X) is nano b-open = Any subset of Ug(X)
is nano b-open.

(viii)  Let A= U, Ad Ur(X), then Nint(A) =
Ur(X), Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl(Ur(X))u
Nint(U) =Uu U =U.

=A cSNcl(Nint(A)) U Nint(Ncl(A)).

~ADUg(X) is nano b-open = Any superset of
Ur(X) is nano b-open.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X). (i.e) Ur(X) N

A =@ . Then Nint(A) = @, Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl(¢) UNint(U)
=gduu=u.

=A cSNcl(Nint(A)) U Nint(Ncl(A)).-- A N Ur(X) #
¢ is nano b-open

(x) Let A = [Ug(X)IS, then Nint(A) = @,
Ncl(A) = [Ur(X)]® = Lr(X°).
~NcI(Nint(A)) UNint(Ncl(A)) = Ncl (@)

UNINt([Ua(X)]) = pu @ = @

=A ¢Ncl(Nint(A)) U Nint(Ncl(A)).~A = [Ur(X)]®
is not a nano b-open

Here Ugr(X) = Bg(X), therefore from (vi), (vii),
(viii), (ix) and (x) we get,

(xi) A =Bg(X) is nano b-open.

(xii) A cBg(X) is nano b-open = Any subset
of Br(X) is nano b-open.

(xiii)  ADBg(X) is nano b-open = Any superset
of Bgr(X) is nano b-open.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Bg(X).

~ANBgr(X) # ¢ is nano b-open

(xv) A =[Bgr(X)]°is not a nano b-open

From the above cases, we get A = [Lr(X)]%, A =
UR(X)I A CUR(X)1 ADUR(X)1

A NU(X) #@, A = Bx(X), AC Br(X), Ad
Br(X) and A n Br(X) # ¢ are the nanob-open sets.
2 {U, @, A = [LeX)S A = Ur(X), AcUg(X),
ADUR(X), AN Up(X) = P A=

Br(X), A € Bg(X), A> Bg(X) and A N Bx(X) # @
} are the only nano b-open sets.

(i) Let A = Lg(X), then Ncl(Nint(Lr(X)) =
Nel(@)= @ = A

~A = Lg(X) is not a nano regular closed.

(i) Let A cLg(X), Since Lg(X) = @, there is

no subset for ¢ . So this case cannot be defined.

(i)  Let A % U, A>Lg(X), here Lg(X) = @
therefore the supersets of Lr(X) are the remaining
subsets of U except ¢ . For these sets the Ncl and

Nint will be the corresponding Ncl and Nint of that
supersets.

~AD Lg(X) is nano regular closed whether its
superset is nano regular closed.

= Any superset of Lg(X) is nano regular closed
based on its super set.

(iv) Let A be the subset of U which has the
non-empty intersection with Lg(X).
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(i.e) LeX) N A =@ . Here Lr(X) = @,

~ LX) N A= ¢which is a contradiction to our

assumption that A be the subset of
which has the non-empty intersection with Bg(X).
So this case cannot be defined.

~ AnLg(X) # ¢ is not a nano regular closed.

(v) Let A = [Lr(X)]°, then Ncl(Nint([Lr(X)]°)
=Ncl(U)=U=A.

Since Lr(X) =@ then [Lr(X)I° = [@ 1= U. A =
[Lr(X)] is a nano regular closed.

(vi) Let A = Ugr(X), then Ncl(Nint(A)) = Ncl
(Ur(X))=U = A.

~A =Ug(X) is not a nano regular closed.

(vii) Let AcUgr(X) and A=¢@, then

Ncl(Nint(A)) = Ncl(@) = @ = A=A cUx(X) is
not a nano regular closed= Any subset of Ur(X) is
not a nano regular closed.

(viii)  Let A # U, A o Ug(X), thenNcl(Nint(A))
= Ncl(Ur(X))= U= A.~A D Ug(X) is not a nano
regular closed. = Any superset of Ugr(X) is not a
nano regular closed.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(i.e) Ur(X) N A % @ . ThenNcl(Nint(A)) = Ncl( @)
=@ =A

~AnUgX) # ¢ is not a nano regular closed.
(x) Let A = [Ur(X)]%, then Ncl(Nint(A)) =

Nel (@)= @ =A.

~A = [Ug(X)]¢ is not a nano regular closed.

Here Ugr(X) = Bgr(X), therefore from (vi), (vii),
(viii), (ix) and (x) we get,

(xi) A = Bg(X) is not a nano regular closed.
(xii) A cBg(X) is not a nano regular closed.

= Any subset of Bgr(X) is not a nano regular
closed.

(xiii)  A>2Bg(X) is not a nano regular closed.

= Any superset of Bg(X) is not a nano regular
closed.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Br(X).

(ie) Ba(X) N A =@ . ~A NBx(X) =P is not a
nano regular closed.

(xv) A = [Br(X)]® is not a nano regular closed.
Therefore U, ¢ , [LR(X)]C are the only nano regular

closed sets.
Here Nrcl(A) = U for every non-empty subset A

except [Lr(X)], since U and ¢ are the only nano
regular closed sets.

For A = [Lg(X)]%, Nrcl(A) = [Lr(X)]°.But
we know that [Lr(X)]¢ = U.
~ Nrcl(A) ¢ G for every non-empty subset A of U
except U and [Lr(X)]°.

Hence {U, ¢ } are the only Nrb-closed sets.

Theorem: 3.5
If Le(X)% @ , Us(X) = U and Bg(X)= @,

then U, @, [Lr(X)]° and Lg(X) are the only Nrb-

closed sets.
Proof:

If Le(X) =@, Ur(X) = U, then T r(X) ={U, @,
Lr(X), Br(X)} = Nano open sets, Nano closed sets

= {U. @, [LrOOI°, [BONI%} = {U, Up(X®), L(X)
U Le(X)}.
Since every nano open set is nano b-open, so we
have {U,¢, Lr(X), Br(X)} as nano b-open sets.
Along with them,
(i) Let A = Lg(X), then Nint(A) = Lgr(X),
Ncl(A) = [Br(X)]“.
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Lr(X))
UNint([Br(X)]%)

= [Br(X)]°U
[Br(X)]° = [Br(X)]"
=A SNcl(Nint(A)) U Nint(Ncl(A)).
~A =Lg(X) is nano b-open

(i)  Let AcLg(X) and A= @, then Nint(A) =

@, Nel(A) = [Ba(X)]°.
~NcI(Nint(A)) U Nint(Ncl(A)) = Ncl(@)u

Nint([Br(X)]% = @ UL&(X) = La(X).

=A cNcl(Nint(A)) U Nint(Ncl(A)).

~ AcLg(X) is nano b-open

= Any subset of Lg(X) is nano b-open.

(iii) Let A#U, A D Lg(X), then Nint(A) =
Lr(X), Ncl(A) = U.
~Ncl(Nint(A))UNint(Ncl(A)) =
Nint(U) = [Br(X)]°U U = U.

=A cNcl(Nint(A)) U Nint(Ncl(A)).
~ ADLg(X) is nano b-open

= Any superset of Lg(X) is nano b-open.

(iv) Let A be the subset of U which has the
non-empty intersection with Lr(X). (i.e) Lr(X) N A

#@ . Then Nint(A) = @ , Ncl(A) = U.
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl( @ ) UNint(U)
=gduu=u.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A N Lg(X) # ¢ is nano b-open

Nel(Lr(X)U
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(v) Let A = [Lr(X)]® = Br(X) = Ug(X®), then
Nint(A) = Br(X), Ncl(A) = Ug(X°).

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Br(X))
UNint(Ur(X®))

= Ur(X“)U UR(X°) = Ug(X").

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A = [Lg(X)]¢ is nano b-open

(vi) Let A = Ur(X) = U, then Nint(A) = U,
Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (V)
UNint(U) =U uU =U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A = Ug(X) is nano b-open

(vii) Let A cUg(X). Here Ug(X) =U, therefore
the subsets of Ur(X) are the possible subsets of U.
For these sets the Ncl and Nint will be the
corresponding Ncl and Nint of that subsets.
~AcUg(X) is nano b-open whether its superset is
nano b-open.

= Any subset of Ur(X) is hano b-open based on its
super set.

(viii)  Let A =@, A>Ux(X), Since Ur(X) =U,
there is no superset for U. Sothis case cannot be
defined.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(i.e) Ur(X) n A ¢¢. Here Lr(X) = U, therefore
all the possible subsets of U have the

non-empty intersection with Ug(X).

For these sets the Ncl and Nint will be the
corresponding Ncl and Nint of that subsets.

“Ur(X) N A= ¢ is nano b-open whether its subset
is nano b-open.

(x)  Let A = [Up(X)I° = [UI° =@, then

Nint(A) = @ , Ncl(A) =@ .
~Ncl(Nint(A)) UNint(Ncl(A)) = Ncl (@) UNint(

P)=pud=9.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A = [UR(X)]® is nano b-open

(xi) Let A = Bg(X) = Ug(X®), then Nint(A) =
Br(X), Ncl(A) = Ug(X%).

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Br(X))
UNint(Ur(X%))

= UR(X®)UUR(X®) = UR(X©).

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A =Bg(X) is nano b-open

(xii)  Let ACBg(X) and A# @ , then Nint(A) =

@ . Ncl(A) = Ur(X®) = [Le(X)1%.

~NcI(Nint(A)) U Nint(Ncl(A)) = Ncl(@)u

Nint([Lr(X)]°) = @ UBR(X) = Br(X).

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ AcBg(X) is nano b-open

= Any subset of Bg(X) is nano b-open.

(xiii)  Let A#U, A DBg(X), then Nint(A) =
Br(X), Ncl(A) = U.
~Ncl(Nint(A))UNint(Ncl(A)) =
Nint(U) = [Lr(X)]°U U = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).
~ ADBRg(X) is nano b-open

= Any superset of Bgr(X) is nano b-open.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Bg(X). (i.e) Br(X) N A

#@ . Then Nint(A) = @ , Ncl(A) = U.
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl( @ ) UNint(U)
=gduu=u.

=A CNcl(Nint(A)) U Nint(Ncl(A)) .

~ ANnBgrX) # ¢ is nano b-open

Ncl(Br(X)U

(xv)  Let A = [Bgr(X)]° = Lg(X),then Nint(A) =
La(X), Ncl(A) = [Br(X)]".

~Ncl(Nint(A)) U Nint(Ncl(A)) = Nel (Lg(X))
UNiInt([Br(X)])

= [Br(X)]° U[Br(X)]° = [Br(X)]°.

=A cSNcl(Nint(A)) U Nint(Ncl(A)).

~A = [Bg(X)]® nano b-open

From the above cases, we get A = Lg(X), Ac
La(X), A> Lr(X), A NLg(X) =@, A=
[LR(X)]C: A = Ug(X), A = [UR(X)]C’ A = Bgr(X),
Ac Br(X), A> Bg(X), AnBg(X) =@ and A
=[Br(X)]¢ are the nano b-open sets.

2 {U, @, A =LgX), Ac Lg(X), A Lg(X), A N
L(X) =@, A= [La(X)]°, A= Up(X), A = Bg(X),

Ac Bg(X), A> Br(X), A NBg(X) =@, A
=[Br(X)]“} are the only nano b-open sets.

(i) Let A = Lg(X), then Ncl(Nint(Lg(X)) =
Nel(Lr(X)) = [Br(X)]“ = La(X) = A

(<[Br(X)]® = La(X) U La(X").

~ A = Lg(X) is nano regular closed.

(i) Let A clg(X) and A#@, then
Ncl(Nint(A)) = Ncl(@ ) =@ = A.
~A cLg(X) is not a nano regular closed.

= Any subset of Lg(X) is not a nano regular
closed.
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(iii) Let ADLg(X) and A =# U, then
Ncl(Nint(A)) = Ncl(Lr(X)) = [Br(X)]° = Lr(X) U
Lr(X%)# A.

~ADLR(X) is not a nano regular closed.

= Any superset of Lg(X) is not a nano regular
closed.

(iv) Let A be the subset of U which has the
non-empty intersection with Lg(X).

(i.e) Lr(X) N A = @ . Then Ncl(Nint(A)) = Ncl( @
)= ¢ * A.

~ AnLg(X) # ¢ is not a nano regular closed.

(v) Let A = [Lg(X)]%, then Ncl(Nint([Lr(X)]%)
= Nel(Br(X)) = Ur(X®) = A.

Since [Lr(X)]¢ = Ur(X®).

~A = [Lr(X)]C is nano regular closed.

(vi) Let A = Ur(X) = U, then Ncl(Nint(A)) =
Ncl (U) = U.

~A = Ug(X) is nano regular closed.

(vii) Let A cUg(X). Here Ug(X) = U, therefore
the subsets of Ur(X) are the possible subsets of U.
For these sets the Ncl and Nint will be the
corresponding Ncl and Nint of that subsets.

~Ac Ug(X) is nano regular closed whether its
superset is nano regular closed.

= Any subset of Ugr(X) is nano regular closed
based on its super set.

(viii)  Let A =@, A>Ux(X), Since Ug(X) = U,
there is no superset for U. So this case cannot be
defined.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(i.e) Ur(X) N A ¢¢. Here Lgr(X) = U, therefore
all the possible subsets of U have the non-empty
intersection with Ug(X).

For these sets the Ncl and Nint will be the
corresponding Ncl and Nint of that subsets.

~Ug(X) N A= ¢ is nano regular closed whether
its subset is nano regular closed.
6 Lt A = [UxXI° = [U° = @,

thenNcl(Nint(A)) = Ncl (@ )= @ = A.

~A = [UR(X)]® is nano regular closed.

(xi) Let A = Bgr(X), then Ncl(Nint(Br(X)) =
Nel(Br(X)) = [Lr(X)]= A.

Since [Lr(X)]° = Br(X).

~ A = Bg(X) is nano regular closed.

(xii) Let AcBg(X), then Ncl(Nint(A)) = Ncl(

P)=¢=nA

~A cBg(X) is not a nano regular closed.
= Any subset of Bgr(X) is not a nano regular
closed.

(xiii)  Let A o Bg(X), then Ncl(Nint(A)) =
Ncl(Br(X) = [Lr(X)]°# A.

~ADBR(X) is not a nano regular closed.

= Any superset of Bg(X) is not a nano regular
closed.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Bg(X).

(i.e) BR(X) N A =@ . Then Ncl(Nint(A)) = Ncl( @
)= ¢ + A.

~ ANnBgr(X) # ¢ is not a nano regular closed.
(xv) Let A = [Bg(X)I, Ncl(Nint(A)) =
Nel(La(X)) = [Br(X)]¢ = A.
Since [Br(X)]® = Lr(X).
=~ A = [Br(X)] is nano regular closed.
Therefore {U,@, Lx(X), Ur(X),Br(X).[Lr(X)]°,
[URCX)]C, [Br(X)]} are the only nano regular
closed sets.
(i) Let A = Lg(X), Nrcl(A) = Lg(X)c G
whenever A € G and G is nano b-open in U.
= A = Lg(X) is Nrb-closed.
(i) Let A = Ur(X), Nrcl(A) = Ur(X) € G
whenever A € G and G is nano b-open in U.
~ A = Ugr(X) is Nrb-closed.
(iii) Let A = Bgr(X), Nrcl(A) = Br(X) € G
whenever A € G and G is nano b-open in U.
~ A = Bg(X) is Nrb-closed.
(iv) Let A = [Lg(X)]®, Nrcl(A) = [Lr(X)]°S G
whenever A € G and G is nano b-open.
(v) Let A = [UR(X)]® , Nrcl(A) = [Ur(X)]°S
G whenever A € G and G is nano b-open.
(vi) Let A = [Br(X)]°, Nrcl(A) = [Br(X)]°S
G whenever A € G and G is nano b-open.
~A = [Lg(X)]° is Nrb-closed.

Here Nrcl(A) ¢ G for every non-empty
subset A of U except the above cases.

+{U, @, La(X), [La(X)I, Ur(X), [UR(X)IS, Br(X),
[Br(X)]“} are the only Nrb-closed sets.

But we know that Ur(X) = U, [UR(X)I°=@ , La(X)
= [Br(X)1°and [Lr(X)]1° = Br(X).

2 {U, @, La(X), [Lr(X)I°} are the only Nrb-closed
sets.

Theorem: 3.6
If Le()%= @, Us(X)%= @ and Ba(X)= @

then U, @ [L.(X)1C, [UR(X)IC, [Br(X)IC are the
only Nrb-closed sets.
Proof:

If Le(X)% @ , Up(X)% @ and Br(X) = @ ,
then 7 o(X) ={U, @, La(X), Br(X),Ur(X)} =
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Nano open sets, Nano closed sets ={U, ¢

[LrOOI% [BRONI® } ={U, @, Ur(X), La(XO),

La(X) U Lr(X)}.
Since every nano open set is nano b-open, we get
{U, ¢ Lr(X), Br(X), Ur(X)} are nano b-open
sets. Along with them,
Q) Let A = Lr(X) = [Br(X)]%, then Nint(A) =
Lr(X), Ncl(A) = [Br(X)].
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Lg(X))
UNint([Br(X)]°)

= [Br(X)]°V
[Br(X)]° = [Br(X)]“.
=A SNcl(Nint(A)) U Nint(Ncl(A)).
~A =Lg(X) is nano b-open

(i)  Let A cLg(X) and A= @, then Nint(A) =
@ . Nel(A) = [Br(X)]°
~NcI(Nint(A)) U Nint(Ncl(A)) = Ncl(@)

UNInt([Br(X)]%)= @ UL(X) = Lx(X)

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A cLg(X) is nano b-open

= Any subset of Lg(X) is nano b-open.

(iii) Let A # U, A>Lg(X), then Nint(A)
Lr(X), Ncl(A) = U.

~Ncl(Nint(A)) u Nint(Ncl(A))
Ncl(Lr(X))UNint(U) > U uU = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ADLRg(X) is nano b-open

= Any superset of Lg(X) is nano b-open.

(iv) Let A be the subset of U which has the
non-empty intersection with Lr(X). (i.e) Lr(X) N A

#@ . Then Nint(A) = @, Ncl(A) = U.
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl( @ ) UNint(U)

=Qduu=u.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~AnLg(X) # ¢ is nano b-open

(v) Let A = [Lr(X)]® = Br(X) = Ug(X"), then
Nint(A) = Bg(X), Ncl(A) = Ug(X°).

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Br(X))
UNint(Ug(X%))

= Ur(X“)U UR(X°) = Ug(X").

=A SNcl(Nint(A)) u Nint(Ncl(A)).

~A = [Lr(X)]¢ is nano b-open

(vi) Let A = Ug(X), then Nint(A) =Ug(X),
Ncl(A) = U.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl (Ur(X))
UNint(U)= UuU = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A =Ug(X) is nano b-open

(vii)  Let A cUg(X) and A= @ , then Nint(A) =
@ . Ncl(A) = U.
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl( @ ) UNint(U)

= ¢ uu=U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~A cUg(X) is nano b-open

= Any subset of Ug(X) is nano b-open.

(viii) Let A = U, A>Ug(X), then Nint(A)
Ur(X), Ncl(A) = U.

~Ncl(Nint(A)) u Nint(Ncl(A))
Ncl(Ur(X))UNint(U) > U uU = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ADUR(X) is nano b-open

= Any superset of Ug(X) is hano b-open.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(i.e) Ug(X) N A =@ . Then Nint(A) = @, Ncl(A)
= [La(X)]“

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl(¢) U
Nint([Lr(X)]°)

= ) UBR(X) = Br(X).

=A ¢Ncl(Nint(A)) U Nint(Ncl(A)).

~ANnLg(X) # ¢ is not a nano b-open.

(x) Let A = [Ur(X)]S, Nint(A) = @, Ncl(A) =
[Ur(X)]°.

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl(@) U Nint(

$)=9ud=9.

=A ZNcl(Nint(A)) U Nint(Ncl(A)).

=~ A = [Ur(X)] s not a nano b-open.

(xi)  Let A = Bg(X) = [La(X)]S, then Nint(A) =
Br(X), Ncl(A) = [Lr(X)]°.

~NcI(Nint(A)) U Nint(Ncl(A)) = Nel (Br(X)
UNint([L(X)]°)

= [Lr(X)]°U Bgr(X) = [Lr(X)]".

=A CNcl(Nint(A)) U Nint(Ncl(A)).

~A =Bg(X) is nano b-open

(xii)  Let AcBg(X) and A= @ , then Nint(A) =

@, Nel(A) = [La(X)]I°.
~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl(@)u

Nint([La(X)]%) = @ UBA(X) = Bx(X).

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ AcBg(X) is nano b-open.

= Any subset of Bg(X) is nano b-open

(xiii)  Let A #U, A>Bg(X), then Nint(A) =
Br(X), Ncl(A) = Lg(X°).
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~Ncl(Nint(A)) u Nint(Ncl(A)) =
Ncl(Lr(X))UNint(U) = U uU = U.

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ADBR(X) is nano b-open

= Any superset of Bg(X) is nano b-open.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Bg(X). (i.e) Br(X) n A

#@ . Then Nint(A) = @ , Ncl(A) = [Lr(X)]°.

~NcI(Nint(A)) U Nint(Ncl(A)) = Ncl(@) u
Nint([Lr(X)]°)

= ) UBR(X) = Bg(X).

=A ZNcl(Nint(A)) u Nint(Ncl(A)).

~ANnLg(X) # ¢ is not a nano b-open

(xv) Let A = [Br(X)]°, Nint(A) = Lg(X),
Ncl(A) = [Br(X)]“

~Ncl(Nint(A)) U Nint(Ncl(A)) = Ncl(Lg(X)) U
Nint([Br(X)]")

= [Br(X)]°ULR(X) = [Br(X)]".

=A SNcl(Nint(A)) U Nint(Ncl(A)).

~ A =[Br(X)]¢ is nano b-open.

From the above cases, we get A = Lg(X), Ac
La(X), A> Lr(X), A NLg(X) =@, A=
[LR(X)]C’ A = UR(X)’ AC UR(X)I AD UR(X)lA =
[UR(X)]C A = Br(X), A € Br(X), AD Bg(X), and A
=[Br(X)]° are the nano b-open sets.

2 {U, @, A =Lg(X), Ac Ly(X), A Lr(X), A N

Le(X) % @, A= [La(X)]% A = Ur(X), A € Ug(X),
A> Ur(X),A = [Ur(X)]® A = Bg(X), A c Bg(X),
AD Bg(X), A =[Br(X)]°} are the only nano b-open
sets.

(i) Let A = Lg(X) ,then Ncl(Nint(A)) = Ncl
(Lr(X))= [Br(X)]# A.

~A =Lg(X) is not a nano regular closed.

(i) Let A clg(X) and A#@, then

Ncl(Nint(A)) = Ncl(@ ) = @ = A.

~A cLg(X) is not a nano regular closed.

= Any subset of Lg(X) is not a nano regular
closed.

(iii) Let A = U, ADLg(X), then Ncl(Nint(A))
= Ncl(Lr(X)) = U= A.

~ADLR(X) is not a nano regular closed.

= Any superset of Lg(X) is not a nano regular
closed.

(iv) Let A be the subset of U which has the
non-empty intersection with Lg(X).

(i.e) LX) N A =@ .
Then Ncl(Nint(A)) = Ncl(@ ) = @ = A.

~ AN Lg(X) # ¢ is not a nano regular closed.

(V) Let A = [La(X)]° = Br(X) = Ur(X°),

Then Ncl(Nint(A)) = Nel (Br(X)) = Ur(X®) = A.
~A = [Lr(X)] is nano regular closed.

(vi) Let A = Ugr(X), then Ncl(Nint(A)) = Ncl
(Ur(X)) = U= A..

~A = Ug(X) is not a nano regular closed.

(vii) Let A cUg(X) and A#@, then

Ncl(Nint(A)) = Ncl(@ ) = @ = A

~A cUg(X) is not a nano regular closed.

= Any subset of Ugr(X) is not a nano regular
closed.

(viii)  Let A #U, A>Ug(X), then Ncl(Nint(A))
= Ncl(Ur(X)) = U= A

~A>UR(X) is not a nano regular closed.

= Any superset of Ug(X) is not a nano regular
closed.

(ix) Let A be the subset of U which has the
non-empty intersection with Ug(X).

(i.e) Ur(X) N A % @ . Then Ncl(Nint(A))= Ncl(@ )
=@ =A

~AnLg(X) # ¢ is not a nano regular closed.
(x) Let A = [Ur(X)]®, thenNcl(Nint(A)) =

Nel(@)= @ = A.

=~ A = [Ur(X)]® is not a nano regular closed.

(xi) Let A = Bgr(X), then Ncl(Nint(A)) = Ncl
(Br(X)) = [La(X)]°# A.

~A = Bg(X) is not a nano regular closed.

(xii) Let  AcBg(X) and  A=Q,

thenNcl(Nint(A)) = Ncl(@ ) =@ = A.

~ AcBg(X) is not a nano regular closed.

= Any subset of Bgr(X) is not a nano regular
closed.

(xiii)  Let A = U, A>BRg(X), then Ncl(Nint(A))
= Ncl(Lr(X)) = U= A

~A>BRg(X) is not a nano regular closed.

= Any superset of Br(X) is not a nano regular
closed.

(xiv)  Let A be the subset of U which has the
non-empty intersection with Bg(X).

(i.e) Bx(X) N A =@ . Then Ncl(Nint(A)) = Ncl( @
)= P £A

~ AN Lg(X) # ¢ is not a nano regular closed.

(xv) Let A = [Br(X)], thenNcl(Nint(A)) =
Nel(Lr(X)) = [Br(X)]° = A.

~ A =[Bg(X)]® is nano regular closed.

From the above cases, we get A = [Lg(X)]", A =

[Br(X)]® are the nano regular closed
sets.
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2 {U, @, [Le(X)1C, [Br(X)I} are the only nano
regular closed sets.

(i) Let A = [Lg(X)]°, Nrcl(A) = [Lr(X)]°c G
whenever A € G and G is nano b-open.

~A = [Lr(X)]¢ is Nrb-closed.

(ii) Let A = [Br(X)]°, Nrcl(A) = [Br(X)]°c G
whenever A € G and G is nano b-open.

~A = [Br(X)] is Nrb-closed.

(iii)  Let A =[Ur(X)]% Nrcl(A) = [Br(X)]°S G
whenever A € G and G is nano b-open.

~A = [UR(X)]¢ is Nrb-closed.

For the remaining cases Nrcl(A) & G, since {U, ¢ ,

[Le(X)]¢, [Br(X)I°} are the only nano regular
closed sets.

2 {U, @, [La(X)IS, [UROIC, [Ba(X)} are the
only Nrb-closed sets.

V. APPLICATIONS OF NANO
REGULAR B-CLOSED SETS
Definition: 4.1 [3] Let (U, A) be an information
system, where A is divided into a set C of condition
attributes and a set D of decision attribute. A subset
R of C is said to be a core, if Nrb-closed sets of R=
Nrb-closed sets of C and Nrb-closed sets of
C+Nrb-closed sets of C —{r}orallr eRrR.
That is, a core is a minimal subset of attributes
which is such that none of its elements can be
removed without affecting the classification power
of attributes.

TO FIND THE KEY FACTORS FOR A
HEALTHY LIFE:

In this section we discussed an application based on
Nano regular b-closed sets. We found the essential
key factors for an expression is odd or even.

The general algorithm for identify the key factors is

Step 1: Let U be the finite universe, A be the finite
set of attributes which is divided into two classes
such that condition attributes and decision
attributes where condition attributes are denoted by
C and decision attributes are denoted by D. Then R
is the equivalence relation on U corresponding to
the condition attributes C and a subset X of U. The
given tabular column was represented by the datas,
in which coloumns are the attributes and rows are
the objects. The entries of the table are known as
the attribute values.

Step 2: Find the lower approximation Lc(X), upper
approximation Uc(X) and the boundary region
Bc(X) of X with respect to R.

Step 3: Find the nano topology t¢(X) on U and the
nano regular b-closed sets corresponding to the
conditional attribute set C.

Step 4: Remove an attribute x from C and find the
lower and upper approximations and the boundary
region of X with respect to the equivalence relation
onC - {x}.

Step 5: Find the nano topology tc.gx; (X) on U and
the nano regular b-closed sets for C - {x}.

Step 6: Repeat steps 4 and 5 for all attributes in C.
Step 7: Those attributes in C for which Nano
regular b-closed sets of C+#Nano regular b-closed
sets of C — {x} form the CORE.

EXAMPLE 4.2:
Consider an expression a + 2b — 4c + 6d.

In this case the
_{ 0Odd, When ais odd
“|Even, When ais even

expression

~ a is the decision variable for the expression is to
be odd or even.

Now, for this same expression, we put some values
either odd or even for a, b, ¢, d and e respectively.

given below.
ALGORITHM: Then we get the answer.
’ By using our general algorithm we find the key
variable for the expression is odd or even.
VARIOUS a b c d e a+2b-4c +6d-=
SETS ODD/EVEN
A odd odd even odd odd ODD
B even odd even odd odd EVEN
C odd odd even odd odd ODD
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D odd odd odd even | odd ODD
E even odd even odd odd EVEN
F odd odd even odd odd OoDD
G even even odd even | odd EVEN

Here A, B, C, D, E, F, G are the set of
variables and A = {ab,c,d,e} are the set of
attributes. “Odd” or “Even” are the entries in the
tables which is known as attribute values.

The attributes in A are the condition
attributes and a + 2b — 4c + 6d = ODD / EVEN be
the decision attribute. Condition attribute is
denoted by C such as C = {a, b, c, d, e} and
decision attribute is denoted by D ={O / E}. The
family of classes, U/C corresponding to C is given

by U/R(C) = {{A, C, F}{B, E},{D}{G}}.

Case 1 : (If the expressionis odd)

Let X = {A, C, D, F}, the set of variables where the
expression is odd. Then Lc(X)= Uc(X)={A, C, D,
F} and Bc(X) = Uc(X) — Le(X)=0.Thente(X))
={U,0,{A, C, D, F}}. Then the Nano regular b-
closed sets ={U,®}.

Step 1:

(i) Remove the attribute “ a ” from C, U/R (C —a)
= {{A, B, C, E, F},{D},{G}}then the lower
and upper approximations of X corresponding
to C-{a} are given by Lc3(X) = {D},Uc.
wX) = {A, B, C, D, E, F}and the boundary
region is given by Bc.3(X) ={A, B, C, E, F}.
Then the nano topology tc.3(X)) = {U,9,
{D}, {A B, C, D, E F}{A B, C, E, F}}and
the Nrb-closed sets of C — {a} = {U,@, {D},
{A, B, C, D, E, F},{A, B, C, E, F}}# Nrb-
closed sets of C.

(if) Remove the attribute “ b ” from C, U/R (C —b)
= {{A, C, F},{B, E},{D}.{G}}then the lower
and upper approximations of X corresponding
to C-{b} are given by Lc.3(X) = Ucqny(X) =
{A, C, D, F}and the boundary region is given
by Bc.gpy(X) =@.Then the nano topology tc.
wX)) ={U,0{A, C, D, F}} and the Nrb-
closed sets of C — {b} = {U,0}=Nrb-closed
sets of C.

(iif) Remove the attribute “ ¢ ” from C, U/R (C —)
= {{A, C, F}{B, E},{D},{G}}then the lower

and upper approximations of X corresponding
to C-{c} are given by Lc(3(X) = Uc(X) =
{A, C, D, F}and the boundary region is given
by Bc.3(X) =@. Then the nano topology tc.
X)) ={U0{A C, D, F}} and the Nrb-
closed sets of C — {c} = {U,0}= Nrb-closed
sets of C.

(iv) Remove the attribute “ d ” from C, U/R (C —d)
= {{A, C, F}{B, E},{D},{G}}then the lower
and upper approximations of X corresponding
to C'{d} are given by Lc_{d}(X) = UC—{d}(X) =
{A, C, D, F}and the boundary region is given
by Bc.gq3(X) =@ Then the nano topology tc.
{d}(X)) = {U,@,{A, C, D, F}} and the Nrb-
closed sets of C — {d} = {U,@}= Nrb-closed
sets of C.

(v) Remove the attribute “ e ” from C, U/R (C —€)
= {{A, C, F}{B, E},{D},{G}}then the lower
and upper approximations of X corresponding
to C-{e} are given by Lc.((X) = Uc.e3(X) =
{A, C, D, F}and the boundary region is given
by Be.ge3(X) =@. Then the nano topology tc.
«X)) = {U,86{A, C, D, F}} and the Nrb-
closed sets of C — {e} = {U,0}= Nrb-closed
sets of C.

Step 2:

If R =C — {b, ¢, d, e} = {a}then Lr(X)=
Ur(X)={A, C, D, F} and Bg(X) = @.Then

(X)) ={U,0,{A, C, D, F}}. Then the Nano
regular b-closed sets of R = {U,@} = Nano regular
b-closed sets of C . From step 1, we get ,

0] UR (C-a)={{A B, C, E, F}{D}{G}},
LX) = {D}, Uca(X) = {A, B, C, D, E, F} and
BC-{a}(X) :{A, B, C, E, F} Then TC-{a}(X)) =
{U,0,{D},{A,B,C,D, E, F}{A B, C, E, F}}and
the Nrb-closed sets of C — {a} = {U,9, {D}, {A, B,
C, D, E, F}{A B, C, E, F}}# Nrb-closed sets of
C.
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From this we get, Br(X) = Bc(X) and Bc - #
Br(X) forevery rinR.
~ CORE ={a}

Case 2 : (If the expression is even)

Let X = {B, E, G}, the set of variables where the
expression is even. Then Lc(X)= Uc(X)={B,E, G}
and  Bc(X) = Uc(X) — Le(X)=0.Thentc(X))
={U,0,{B, E, G}}. Then the Nano regular b-closed
sets ={U,0}.

Step 1:

(i) Remove the attribute “ a ” from C, U/R (C — a)
= {{A B, C, E, F},{D},{G}} then the lower
and upper approximations of X corresponding
to C -{a} are given by Lc.3(X) = {G}, Uc.
wX) ={A B, C, E, F, G} and the boundary
region is given by Bc.i3(X) ={A, B, C, E, F}.
Then the nano topology tc.3(X)) = {U,0,
{G}, {A.B,C,E, F, G},{A, B, C, E, F}} and
the Nrb-closed sets of C — {a} = {U,0, {G},
{A, B, C, E, F, G},{A, B, C, E, F}}# Nrb-
closed sets of C.

(if) Remove the attribute “ b ” from C, U/R (C — b)
= {{A, C, F},{B, E},{D},{G}} then the lower
and upper approximations of X corresponding
to C -{b} are given by Le-pp(X) = Uc.
w(X) = {B, E, G} and the boundary region is
given by Bcyp(X) = @ .Then the nano
topology tc.p(X)) = {U,0.{B, E, G}} and
the Nrb-closed sets of C — {b} = {U,®} = Nrb-
closed sets of C.

(iif) Remove the attribute “ ¢ ” from C, U/R (C —¢)
= {{A C, F}{B, E},{D}{G}} then the lower
and upper approximations of X corresponding
to C -{c} are given by Lc;;3(X) = Uc.((X) = {
B, E, G } and the boundary region is given by
Bc.(X) = @ .Then the nano topology Tc.
X)) ={Ue{ B, E G }} and the Nrb-
closed sets of C — {c} = {U,8} = Nrb-closed
sets of C.

(iv) Remove the attribute “ d ” from C, U/R (C —d)
= {{A C, F}{B, E},{D},{G}} then the lower
and upper approximations of X corresponding
to C -{d} are given by Le-qap(X) = Uc.
@(X) ={B, E, G } and the boundary region is
given by Bcg(X) = ©.Then the nano
topology Te.(X)) = {U,8.{ B, E, G }} and
the Nrb-closed sets of C — {d} = {U,0} = Nrb-
closed sets of C.

(v) Remove the attribute “ e ” from C, U/R (C —¢e)
= {{A, C, F}{B, E},{D},{G}} then the lower
and upper approximations of X corresponding
to C -{e} are given by Lc.ge3(X) = Uc.gep(X) = {
B, E, G } and the boundary region is given by
Bcep(X) = @ .Then the nano topology Ttc.
@) ={Uuo{B, E G }} and the Nrb-
closed sets of C — {e} = {U,0} = Nrb-closed
sets of C.

Step 2:

If R =C - {b, ¢, d e} = {a}then Lg(X)=
Ur(X)={B, E, G} and Bg(X) = @Then

(X)) ={U,0,{B, E, G}}. Then the Nano regular
b-closed sets of R = {U,@} = Nano regular b-closed
sets of C . From step 1, we get ,

(i) U/R (C-a) ={{A B, C, E, F},{D}{G}},
LC-{a}(X) = {G}, UC-{a}(X) = {A, B, C, E, F, G} and
BC—{a}(X) :{A, B, C, E, F} Then Tc_{a}(X)) =
{U,9,{G}, {A B,C,E, F, G}{A B, C E, F}}and
the Nrb-closed sets of C — {a} = {U,0, {G}, {A, B,
C, E, F, G}{A, B, C, E, F}}# Nrb-closed sets of
C.

From this we get, Br(X) = Bc(X) and Bc - p#
Br(X) for every rin R.
~ CORE ={a}

From the core of the above two cases we conclude
that the essential key factors for anexpression a +
2b—4c+6d=0ODD/EVENIis“a”.

V. CONCLUSION

In this paper we studied the Impact of
characterizations of Lower approximation space -
Lr(X), Upper approximation space - Ug(X) and the
Boundary region - Bg(X) in Nano regular b-closed
sets (Nrb-closed sets) in nano topological
spaces.And an application based on Nano regular
b-closed sets was discussed.
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