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ON NEW FORMS OF BI-IDEAL NANO OPEN SETS

K. KAUR', A. GUPTA'", §

ABSTRACT. The idea of nano topology was proposed by M.L. Thivagar. Since then,
various researchers have worked on generalizing this theory. Bi-ideal nano topology was
generated by approximation using two ideals. Motivated by the fact that this technique
of approximation is better than the existing ones due to higher accuracy and more
versatility, there is a need to investigate some new forms of bi-ideal nano topology. The
aim of this paper is to generate novel forms of bi-ideal nano open sets, namely bi-ideal
nano semi-open, bi-ideal nano pre-open, bi-ideal nano regular open, and bi-ideal nano «
open sets. The interrelation of all these weak forms is studied. A practical application
of nano topology is also discussed towards the end of this paper to find the main factors
responsible for covid-19 disease.

Keywords: Nano topology, Ideal topology, approximation, bi-ideal nano pre-open, bi-
ideal nano semi-open, and bi-ideal nano « open.
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1. INTRODUCTION

Nano topology and rough set theory play a significant role as an interdisciplinary fo-
rum, which emphasizes the progress in sciences and has numerous applications in the
engineering and biomedical world. The rough set [18] was originally instituted by Pawlak.
It was a generalization of normal set theory where upper and lower approximations were
introduced to split a set. A set was conceived in terms of two approximated sets, lower
and upper approximated versions, which have successfully been applied in dealing with
intelligent systems, specified by insufficient information or data. Since the past decade,
many researchers proposed different theories to generate nano topology through various
mathematical tools such as neutrosophic sets [20], which assimilates the notion of intu-
itionistic sets and fuzzy sets together, Pythagorean sets [1], ideals [11, 12, 13], soft sets
[19], graphs [7, 14], nano operations [9], neighborhoods [8, 13], etc.
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In topology, ideals are powerful elements for the analysis and representation of uncer-
tainty and indiscernibility within data sets. They help in approximating and classifying
the objects, based on the identification of relevant characteristics, and the extraction of
crucial or significant information. The novel method of approximating using two ideals
was suggested by A. Kandil [10], which is a more remarkable technique than the existing
ones as it reduces the boundary and hence increases the accuracy degree in the theory of
rough sets. Various researchers worked on ideal topology and their significant topological
properties [4, 2]. Many significant topological concepts such as a local functions and weak
separation axioms via e — I sets were discussed thoroughly in ideal topological spaces.
Also, e — I continuous functions were investigated [3]. Further, in the paper [12], the bi-
ideal approach of approximation, introduced by A. Kandil [10], where the approximation
of a set is carried out by the maximum possibility of accuracy and precision, is directed to
generate a new nano topology. The comparison of this approach with the previous ones
has proven that it is a more efficient technique [12]. This is a modified version of the
original definition of nano topology, which uses the technique of approximating spaces via
two ideals. It must be noted that this method can also be further generalized to ‘n’ ideals,
which may lead to better precision and accuracy in decision-making, etc. Furthermore,
a new multi-ideal nano topological model was given via neighborhoods for diagnosis and
cure of dengue disease [13].

Interestingly, the nano topology, when associated with the graph theory has achieved
success in the easy interpretation of various biological functions such as blood circulation
and the working of the heart [7, 16]. Nano topological graphs have been used to study a
model of the respiratory system[14] and draw some imperative medical conclusions about
the functioning of different organs. Nano topology has been applied to the physical world
as it has also served in the reduction of electric transmission lines [15]. Also, the relation
between a digraph theory and nano topology has been applied to detect urinary system
diseases [5]. In addition, the approximations of a rough set have been used to study the
physical properties of the fractals through their nano topological graphs [6]. Many topol-
ogists have studied the nearly open forms of nano topology which are also referred to as
weak forms of nano open sets [1, 17, 21].

Open sets’ generalizations and weak forms provide a strong toolset in topology, which
enables the study of convergence, separation properties, and the characterization of topo-
logical properties. In this paper, some new forms of bi-ideal nano topology, such as bi-ideal
nano pre-open, bi-ideal nano semi-open, bi-ideal nano a open, and bi-ideal nano regular
open sets are introduced. The interrelation of these forms along with some results and
theorems are discussed. Furthermore, a practical life application of nano topology is illus-
trated to find the main attributes that decide whether the region has high or low covid-19
susceptibility. Also, in this application, a comparison of the accuracy measures of the
bi-ideal approach with the previous approaches is shown in a tabular form.

2. PRELIMINARIES

In this section, we define the existing definitions and notations which are significant for
this paper.

Definition 2.1. [21] If U is the universe and R is an equivalence relation. Here, (U, R)
s an approximation space. Also, let W C U. Then

~

(1) iR(W) = Uuwer {7%(10) : R(w) C W} is the lower approzimation of W w.r.t R.
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~

(2) UR(W) = Uwer {R(w) CR(wW)NW £ @} is referred as the upper approximation

space of W w.r.t R. R
(3) Bp(W) =Ugx(W) — Li (W) is referred as the boundary of W w.r.t R.

Let 75 (W) = {U, 0, Ly(W), Ug(W), Bﬁ(W)}.

It is a mano topology w.r.t W. Then ((NJ,TR(W)) s a nano topological space. Elements of
(U, 75 (W)) are known as nano open sets and their complements are nano closed sets.

Remark 2.1. [21] If K C U, then the union of all nano open subsets of K is known
as nano-interior of K, written as nint(K) and the intersection of all nano closed sets
containing K is known as nano-closure of K, written as ncl(K).

Definition 2.2. [12] An ideal Id on a set U is a family of subsets of U which satisfies :
(z)HeId,KCH = KeId
(i) HeI;, Kely = HUK € 1.

Definition 2.3. [12] Given (U R Idl,Idg) a bi-ideal approm'mation space where U is the
universe and W C U. Let R be a binary relation on U. Also, let Idl and Idg be two ideals

W) and R w)

on U and a pair of lower and upper approzimations be R

2o Tae> <Ig1.dgo>

which are defined as :

Eddl, de>(W) = {w EW:R<w>RNWe<Igp, Ip >}.

~

R<fd17 jd2>(W) =Wu {w S ﬁ:7_:’,< w > ﬁﬂW §é < fdla fdg >}.
Also, B<Id1 Id2>(W) = R<I~d1jdi>(W) - E<id1jd2>(w) is the boundary.
Then T<Id1 Id2> ) = {Q)’ U’ 'R<[~d17 fd2>(W)’ §<I~d1,fd2>(w)’ B<I~d1jd2>(W)}'

This topology is defined as the bi-ideal nano topology w.r.t. W, abbreviated as bi-ideal
N.T. Then, (U, Teiy, Id2>(W)) s bi-ideal nano topological space, abbreviated as bi-ideal
N.T.6.

Definition 2.4. [12] All elements of bi-ideal W.T.S are defined as bi-ideal nano open
(BINO) sets and complements of bi-ideal nano open sets are defined as bi-ideal nano
closed (BINC) sets.

Remark 2.2. [12] If K C U, then the union of all bi-ideal nano open subsets of K is
defined as bi-ideal nano interior of K, written as N<I Id2>mt(K) and the intersection of
all bi-ideal nano closed sets containing K is defined as bi-ideal nano closure of K, written

as N<Id [d2>cl( )

3. NEW FORMS OF BI-IDEAL NANO OPEN SETS
In this section, we will study the new forms of bi-ideal nano open sets.
Definition 3.1. Let (U, T (W)) be a bi-ideal N.T.&. Let K C U.

T <dgr Taz>
(1) If K C N<I € cl(N int(K)), then K is defined as bi-ideal nano semi

<Ia1,1a2>
open set (BINSO).
(2) If K C N<I > ”t(N<id1jd2>Cl(K))’ then K is defined as bi-ideal nano pre open

set (BINPO)
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(3) IfK C N<I i >1nt(]\7<1~d1J~d2>c~l(N<I~th~d2>mt( ))), then K is defined as bi-ideal
nano « open set (BINaO).
(4) If K = N_;, ;,~mt(N_z, i -cl(K)), then K is defined as bi-ideal nano regular

open set (BINRO).
Let BINSO(U, W) represent the family of all bi-ideal nano semi-open sets,

BINPO(f], W) represent the family of all bi-ideal nano pre-open sets,

BINaO(U, W) or 7'<I i, >(W) denote the family of all bi-ideal nano alpha open sets and

BINRO(U, W) denote the family of all bi-ideal nano regular open sets.

Example 3.1. Let U= {N Ng,Ng,N4} and W be {R¥y, N9}, Also, let Iy = {0,{N4}} and
Ip = {0,{Ns}}. Then, < Igi, Igo >= {0, {R4}, {N3} {Ng,N3}}.

IfU/R = {4}, {No, N1}, {N3}}, then T Tefnidns W) =1{0, U, {Ro, Ry}, {R1, o, Ny}, {Rg} ]
(U, W)) is a bi-ideal M.T.GS.

) <Id1 Id2>

BINSO(U, W) ={0,U, {R1,Ra}, {Rg, R}, {Ra}, {Re, Ra, Ra}, {R, Ro, Rg}}.
BINPO(U, W) ={0,U, {1}, {Ro}, {Re, Ry}, (R}, {Na, Ro}, {Ro, Ry}, {Ry, Ro, Ry}, {Ry,
N37N4},{?‘2~27N3,N4}} )

BINaO(U, W) or 78 (W)= ={0,U, {Ra, Ry}, {Rq, Ro, Ny}, {Ng} }.

BINRO(U,W) ={0,U, {Ng,m} {N4}}.
Remark 3.1. Note that BINSO(U,W), BINPO(U,W) and BINRO(U,W) doesn’t

form a topology but BINaO(U, W) or 7'<I i >(W) always forms a topology.
Theorem 3.1. If A is BINO, then it is BINaO in (U’T<Id1,ld2>(W))’
Proof. Since A is BINO in U, N<Id1 Id2>mt(A) = A.
So, A C N<Id1 i >cl(A) - N<1 Id2>cl( <P, Id2>mt(A) ]
= N<Id1 T mt(A) C N<I i 2>mt(N<Id1,Id2>d( <Id171d2>int(A))).
= Ais BINaO or N<I [}, open.
= Ac T<Id1 Id2>(W)' O
Theorem 3.2. T<Id1,fd2><w) C BINSO(U,W) in bi-ideal N.T.S (U,7’<]d1 s (V).
Proof. If A € T<I Id2>(W)'A o )
— AC N<Id1 i 2>mt(]\7<ld1 Id2>cl(N<I~d1jd2>int(A))).

For any set K, we know that N<I i, >mt(K) CK.

N<Id1 Id2>Znt(N<Id1 Id2>Cl( <Id1 Id2>2nt(A)))
S N<Id1,fd2> Z(N<Li1,fd2>lnt(A))
= AEBINSO(U,W). )
So, T <Id1 1d2>(W) C BINSO(U,W). O
Theorem 3.3. T<Id1,fd2>(w) C BINPO(U,W) in bi-ideal N.T.S (U,7'<Id1 s (W)
Proof. Let A € T<Id1 Id2>(lfV). o )
T[A‘hen AC N<I T int(N_j, ” Id2>CZ(N<fd1 fd2>int(i4))). ~
N<Id1,ld2>d( <, Id2>zm§(A) - N<1d1 Id2>cl(A) (o N_f, [n>int(A) CA).
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= N<Id1 Lﬂ>mt(]\7<l~d1 Tin> cd(N_z, Id2>znt(A))

C Ny g, >znt(N<[ Tao>€ cl(A)). )
= AC N<I 7, >mt(N<Id1J~d2>cl(A)).
Thus, A € BINPO(T, W), O
Remark 3.2. U and 0 are BINaO since N <in Id2>znt(N<fd1 id2>c~l(N<id1 fd2>i7~zt(U)))
=U and N<]d Id2>mt(]\f<ld1 1d2>d( <in. Id2>mt((2)))) =0.
Theorem 3.4. 7%; . (W) = BINPO(U,W) n BINSO(U,W) in (U,7_; ; _(WV)).

Proof. Let A € T<I Id2>(W).

Then, A € BINPO(U W) and also, A € BINSO(U,W). (By Theorem 3.2 and 3.3).
Thus, A € BINPO(U, W) N BINSO(U, W).

Therefore, 7¢ (W) € BINPO(U,W) N BINSO(U,W).
<I I 2>

Conversely, if A € BINPO(U, w)n BINSO(U W), then
Ae BINSO(U,W) = ACN cl(N int(A)). oo [i]

<Ia, Id2> <Ia, 1d2>) N
Also, if A€ BINPO(U,W) = AC N<Id i >mt(N<Ith~d2> 1(A)). oo, [ii]
From [i], N A(A)C N A(N_,, 1, >Cl(N int(A))).

<Ig1, 140> <Dy, Id2> d
— ACN sz(N<I~d1 Id2>d( int(A).

<Iu, Id2>
Thus, BINSO(U, W) C
From [ii] , A C (N
= AC N<I dg2>
Thus, BINPO(U,W) C 7%, . _(W).
Equations [iii] and [iv] implies that BINPO(U, W) N BINSO(U, W) C <Id1 Id2>(W).

Hence, 7¢ (W) = BINPO(U,W) N BINSO(U,W). O
<I Id2>

<Ig1.dg2>
<Ig1dgo>

i, Id2>(W) e [iii]
int(N cl(A)).

<I~d1 J:dz > B
cl(N. int(A)).
............................. [iv]

<Id1,142>

int(N

<I~d1jd2> <fd17jd2>

Theorem 3.5. If in a bi-ideal N1.X.& (U,7'<Id1 s V)), §<1d1 s (W) =
W) =W, then U’Q’R<I~d17id2>(w) =R W) =W and any set
W) C A is the single BINaO set in U.

E<fd1 fd2>( :<I~d111~d2>(

A satisfying R<I - Id2>(

Proof. Since R W) = §<I~d17[~d2>(W) = W, then the induced bi-ideal MN.T is

{U,0, R_; i ,~(W)}. By theorem 3.1, the members of bi-ideal M.T are all BINaO

sets. If AC R_ > (W), then A is not BINaO set.

If §<I~d1jd2>(W) C A, then R (W) is the largest BINaO subset of A.
N

<I~d}jd2>int(A) R_:
So, N <112 >Znt(N<Id1Jd2>
=N int(N cl(R

<Id dao> <Iq1, 142>

= int(U) = U.

<Id1 Id2>
— N znt(N<Idl I

<Ia, 1d2> <1d1 Id2>znt(A)) =U.
Thus, AC N zmt(]\fdd1 >

A cl(N s E(A)).
— Ais BINaO in U. O

<Ig1. 12>

<Ig1, 040>
nimsV
cl(N<Id > int(A))
W)))

<Id17]d2>(

cl(N
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Theorem 3.6. U, 0, §<I~d1 fd2>(W) and any set containing R
only BINaO sets of a bi-ideal MN.T.6 if R = 0.

(W) are the

<Ig1da2>
<Id Id2>( )

PT‘OOf Since R<I Id2>( ) = @, B<fd17]~d2>(W): R<I~d1u1~d2>(w)'

Thus, bi-ideal M. is {U, 0, §<I~d17[~d2>(W)} and by theorem 3.1,

the members of bi-ideal 91.% are all BINaO sets.

Let AC R_; 7,.(W), then Ais not BINaO set.

If R (W) C A, then R<1 1 Lp> (W) is the largest BINO subset of A.
So, <Id1,1d2>int(N<id17jd2> Z(N<Id1 Id2>mt(A))) =U.

Thus, A is BINaO in U. Hence, proved. ]

<II>

Theorem 3.7. If R<Id1 [d2>
(U77-<I~d1’1~d2>(W))7 then U7 (D’ B
BINaO sets in U.

W) =U and R ;. [d2>(W)

W)

# 0 in a bi-ideal N.T.S
(W) are the only

<Ig1Ia2> ) §<[~d1,fd2>

P?”OOf. AS §<fd1,id2>(w) U and E<I Id2>( ) = @,

the BINO sets in U are U, 0, B jpinsW) B_; 1 (V).
Hence, these are BINaO. If A = (), then it is BIN«O.
Now, let A # () and let A C R_; Id2>(W)‘ — N

<Iaq1,Ta2>
As 0 is the largest BINO set in A, so A € N<Id1 Id2>mt(N<Id1 Fip>
= A is not BINaO set.

Suppose R<I Id2>(W) C A, then N

i, >mt(A) =
Hence, N<Id Idg>mt(N<Idl,Id2>d<N<ld1 Id2>mt(A))
=N

<Iy, Id2>Znt(N<I~d17fd2?Cl(§<I~d1,}d2?(W)) =
= A g <Iy, Id2>lnt(N<I~d1:fd2>CZ(N<I~d1jd2>

Thus, A can not be BINaO set.

In a parallel manner, it can easily be verified that A can not be BINaO because
B_i j,-(W)CAand ACB
If A has one element in B

int(A) = (.

il int(A)).

(N<I~d1:id2>
§<id1jd2>(w).

C A.

§<I~d1jd2> (W) -

int(A)).

<I~d1jd2>(W)'
chpdmsW)or B ;5 (W), then Ais not BINaO set.

Hence, proved. ]
Corollary 3.1. T<Id1,ld2>(w) =T f > (V) if§<l~d17[~d2>(W) =U.

Theorem 3.8. Let E<Id1 Id2>(W) #R
R

£U in (U, T

<Ig1,lge>

<in. fd2>(W) where R
(W)). Then, U, 0,

(W) # 0 and

<I Id2>

<Id17[d2>( ) *<Id1,1d2>(w)’ R<id17[~d2>(w)’

W) and any set
R W) are the only BINaO sets in U.

B<I~dljd2>(

A containing E<I~d1 T (

Proof. The bi-ideal M.% on U is written as T iy ips> V) = {U, 0, R_ <in Id2>(W)
(W)aﬁ ( )} and hence U? ®7 E<Id1 Id2>( ) 7<Id17[d2>(W)7

(W) are the only BINaO sets in U.

int(A) =R W).

B<Id1,fd2>
B<fd1jd2>(W)
Let Abea BINO in U where R

Thus, ACN_; ; _int(N_j ;

<Iq1,lao>

} and any set A containing R_ ot Fn>

(W) C A, then N

<Ig1,0q2> <Ig1,g2>
znt(A)))

<I Id2>

cl(N

<Ig1.dg2>
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— Ais BINaO in U if R_; ; _(W)C A,
- d1,ld2>
If AC E<I ” Id2>(W)’ N<I~d171:d2>A’Lnt(A) = ?)
— N<Id1jd >znt(N<Id17fd2>Cl(N<fd17fd2>int(A))) =0.
Thus, A is not BINaO set.
When A C §<jd1 I,p> (W) but it is neither a subset of B _ <l Id2>(W) norof B_; ;. (W),
then N<Id1 Id2>/l/nt( )=0 = N<Id1 1d2>lnt(N<fd1Jd2>Cl( <Ia, Id2>2nt(A))) =0.
Thus, A is not BINaO set. B
Hence, proved that U, 0, R<Id Id2>(W), R_;, i,>W), B_;, ;,-(W) and any set A
containing R<I~d1 i (V) are the only BINaO sets in U. O

Remark 3. 3 U and 0 are always bi-ideal nano semi open (BINSO) since
N (N int(U)) =U and N cl(N int(0)) = 0.

<Ig1dgo> <Ig1. 042>
Remark 3.4. U and ) are always bi-ideal nano pre open (BINPO) since

N<Idlsz>mt(N<]d1 Id2>cl(U)) U and N<Id IdQ>mt(N<1-d1 Id2>cl(®)) = (.
Theorem 3.9. Let (U, (W)) be a bi-ideal N.T.S with R

v < lgy T go>
R<I~d1jd2>(w)’ then () and the sets A where R
subsets of U.

<Id1 Id2> <Id1 Id2>

<I Id2>(W)
(W) C A are the only BINSO

<I Id2>

Proof. Since R<] Id2>(W) _R<I~d1 fd2>(W), T<fd1,fd2>( ) = { , 0, E<fdh]~d2>(W)}.
N_j. fua>t(0) = 0 and N_j iys@(N_p o int(0)) =0. = 0 is BINSO.

Let ACU and A C R<I " 2>(VV), then

N ins@ (N g b int(A))=N_; p  c(B) =0

If AC R_; 1 >(W), then A is not BINSO.

Consider R_; ]d2>(W) C A, thus N<Id € ~Z(N<Id1 T >mt(A)

=Nt B g s V) =U B g V) =By, OV)

Thus, A C N<1 > l(N<Id1 i,>int(A)) and A is BINSO.

Therefore, () and the sets A such that R (W) C A are the only BINSO subsets. [

<I I 42>
Theorem 3.10. If R_; Id2>( ) =0 and R<I~d1’1~d2>(W) # U , then only those sets

containing R W) are the BINSO sets in U.

<I~d1jd2>(

Proof. Let 7_; ;. (W)= (U, 0, R }and ACU.

<id1:id2>(W)
IfFACR ; 7 2>(VV) then N<Id > int(A) = 0.
cl(N int(A)) = (), then A is not BINSO.
W) C A, then N<I N 2>mt(A) = §<fd1,fd2>(
int(A)) =U. = Ais BINSO set.

(W) are the BINSO sets in

N<id171d2>

Consider R

N<1d1 Id2>Cl(N<Id1 Tpo>

<Id1 fdg>

W).

<I ]d2>(

Thus, the only type is set A, a superset of R

e <I~d1jd2>
U whenever R_; Id2>( )=0and R_; 7 ~OWV)#U. O
Theorem 3.11. Suppose §<fd1j¢12>(w) = U in bi-ideal N.T.S, then U, 0, B<fd1,fd2>(w)’

(W) are the only BINSO sets in U.

§<I~d1jd2>
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(W), B }and A # ) in U,

Proof. Let 7_5 7 (W) = {U, 0, R L ;o P> <Tsiar> (W)
<Id1,Id2>(W).

Clearly, A is not BINSO set when A C R

If A= E<I " Id2>(W) then N<1 Id2>cl( <Id171d2>mt(A)) = §<[~d171~d2>(W).

Hence, A C N cl(N<Id ]d2>mt(A)) which further implies that A is BINSO set
cl(N int(A)) = R (W) but A ¢

<Ig1,dg2>

when R<Id1 Id2>(W) C A since N<fd1,fd2> pins R ;.
§<Id111d2>(W) Similarly, if A C B W) and E<I Id2>(W) C A, then
N G\ P AN int(A)) = B
respectively. Hence, A isn’t a BINSO set.

If A has atleast one element in R

<Ig,Ig >(

’LTNLt( )) = 0 and N<Id >

<Ia1,la2> <fd1,fd2>(w)

<]~d1,fd2>(w)’
W) are those only

(W) and atleast one element in B
<Id1 Igo>
then A is not a BINSO. Thus, U, 0, R

— =<Ia, fd2>(W)’ B<I~d1jd2>(
BINSO sets in U where R W)=U and R (W) #0. O

<I~d171~d2>( *<I ]d2>

Corollary 3.2. If R = () in theorem 3.11, then O and U are the only BINSO
sets in U.
Theorem 3.12. If A and B are BINSO in U, then AU B is also BINSO in U.

Proof. As A and B are BINSO in U,

R ; ;.-W)

AC N<Id1,ld2>0l(N<Id Id2>mt(A)) and B C N<Id1jd2>d(N<i,ﬂjd2>mt(B))'

If we take A U B under cons1derat10n R o .

then, AUB C N<I [d2>cl( <in. Id2>mt(A)) LfN<Id1 FsCUN 5 f,sint(B)).

< N<Id1 Id2>Cl(N<Id1 1d2>lnt(A)) U N<Id1 Tt ( ))

- N<Id1 o> l(N<Ile~ 2>znt(A U B)), )

since, N<I Id2>mt(A) U N<Id1 Id2>mt(B) N_i,. Id2>mt(A U B).

Hence, proved ]

Remark 3.5. The intersection of two BINSO sets in U need not be BINSO in U.

(Counterezample): U = {z,y,z,r}. Let W be {r,y}. Also, let Iy = {0,{r}} and
Lip = {0,{z}} . Then, <Im,Ils >={0,{r}, {2}, {r, 2}}.

IfU/R={{r} Ay, 2} {z}} and 7, 7, OV) = {0,U {y, a} {z,y, 7}, {r}}.

Then, (U,T<Id1 Id2>(W)) be a bi-ideal N.T.S.

BINSO( U, W) {@ U, {z,y}, {z,y,7},{z, 7}, {r}, {=, y,z}}

Here, {r} and {z,r} are both bi-ideal nano semi open but their intersection {z} is not
bi-ideal nano semi open.

Theorem 3.13. If A as well as B are BINPO in U, then AU B is also BINPO in U.

Proof. As A and B are BINPO in U, A C int(N cl(A)) and B C

<Ig1, 042>
mt(N<Id

N i >
T >cl (B). If we consider AU B, then

mt(N<[~ghI~d2>cl(A) U N<Id 1012>mt(1\7<[d1 FpsC ( ))-
int(N

CZ(A)) U N<Id1AId2>CZ( Z) = N<Id17[d2> <Id11id2>
<Id171d2>Cl(A) Y N<Id1 Id2>Cl( )= N<Id1,1d2>Cl(A UB).)

So, the union of two BIN PO sets is a BINPO set in U. O
Remark 3.6. The intersection of two BIN PO sets in U need not be BINPO in U.

N<Id Id2>
AUBCN

<I I 2>
C N<Id Id2>mt(N

<l da> cl(AUB)).
(- N
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(Counterexample): U= N1, Ro, N3, Wy} Let W be {Ry,No}. Let Iy = {0,{R4}} and
I = {0, {R3}} . Then, < Ig, L >= {0, {X4}, {Ng} {R4,Ns}}.

[fU/R {{N4} {NQ,Nl} {Ng}} then7<ld1’]d2> {@ U {NQ,Nl} {Nl,Ng,N4} {N4}}
Here, (U, (W)) is a bi-ideal N.T.6.

’ <Id1 Ta> B
If BINPO(U7 W {®7 U7 {Nl}a {N2}7 {N4}7 {N47 NQ}? {Nh N4}a {N27 Nl}a {N47 N?a N3}7
{va N?? N4}7 {Nla N37 N4}}
Here, {X4,R9, N3} and {X4} both are bi-ideal nano pre open but their intersection {Ng, N3}
s not bi-ideal nano pre open.

Theorem 3.14. Any bi-ideal nano regular open (BINRO) set is bi-ideal nano open
(BINO) set.

Proof. If A is bi-ideal nano regular open in U, then A = N_;., i >mt(]\7<l~d1 I~d2>c~l(A)).
Then, N<Id Id2>znt(A)~: N<I~d1J~d2>znt(N<I~d1jd2>mt(N<Id1Jd2>cl(A))) = A.
Hence, A is BINO in U. O

Remark 3.7. The converse of the above statement is not true in general.

(Counterewample) Let U = {Nl,Ng,Ng,N4} and W be {¥4,N9}.  Also, let Iy =
{@ {N4}} and Idg = {@ {Ng}} Then, < Idl,Idg > {@ {N4} {Ng} {N4,N3}}

If U/R {{N4} {N27N1} {N?’}} and T<Id1 Id2> {(Z) U {N27N1} {N17N27N4} {N4}}
Then, (U,7'<Id1 Id2>(W)) be a bi-ideal N.T.S.

BINRO(U, W) ={0,U, {Ra, X1}, {¥y4}}.
Here, {Nl, No, N4} is bi-ideal nano open but not bi-ideal nano reqular open.

Theorem 3.15. In (U, T i, Id2>(W)), if§<fd1,fd2>(w) = §<I~d171~d2>(W), then the only

bi-ideal nano regular open sets are U and 0.

Proof. The bi-ideal nano open sets in U, 0, W).

B *<Id1,fd2>(w) are U @ *<Id1,fd2>(
Also, N int(N c(R

<1, 142> <Ig1,dg2> <id1jd2>(W)) U7é:<fd1jd2>(w)'

Hence, R_; i Id2>(W) is not bi-ideal nano regular open (BINRO).

Thus, the only bi-ideal nano regular open sets are U and 0. ([l

Corollary 3.3. If A and B are bi-ideal nano regular open sets in bi-ideal N.X.6, then
AN B is also bi-ideal nano reqular open.

Remark 3.8. In view of the above theorems 3.1, 8.4, and 3.1/, the following implications
hold:

¢ BINRO = BINO =— BINaO = BINSO.
¢ BINRO = BINO =— BINaO = BINPO.

In other words,
e BINRO(U,W)C T

<Ig1,dgo>

W) (W) € BINSO(U, W).
e BINRO(UW) C7_j i (W) T iV C BINPO(U,W).
However, the reverse implications may not hold in general as illustrated by the example
below:
(Cf)unter example): Let U= {Ny, Rg, N3, N4}~ancg W be {Na, Ny}
If I~d1 = {@, {N4}} and Ijo = {@, {Ng}}, then < Ig, I >=~{(Z), {N4}, {Ng}, {N4, Ng}}.
If U/R = {{N4}a {N27 Nl}v {N3} then T<I~d1,[~d2>(w) = {0’ Uv {N2a Nl}v {Nla NZa N4}a {N4}}

C 7%, .
- <] 1,0g2>
C «
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So, (U, _j.. j,sW)) is a bi-ideal N.T.6 w.r.t. W.
Here, {81, Ny, Ny} is bi-ideal nano open but not bi-ideal nano regular open.
{Ny, N9, N3} is bi-ideal nano pre open but not bi-ideal nano o open.

{N3, N4} is bi-ideal nano semi open but not bi-ideal nano a open.

4. AN APPLICATION

In this section, we give a real-life example of Covid, where nano topology is applied to
determine the key factors responsible for its high susceptibility in some cities. Consider
Table 1:

Tablel demonstrates the various cities {Il,q, oo, o3, oy, Io5, o, o7, Iog b with re-

Cities | P.CI1 | P.D | PM.T | V.H S.C Decision

II,; | Good | High | Public | low | good high
I, | Bad | High | Private | high | good high
II,5 | Good | high | public | high | poor high
II,, | Bad | Low | Private | high | good low
II,5 | Good | High | Public | low | good low
I, | Good | high | public | low | average low
II,7 | Good | high | public | high | poor high
II,s | Good | low | public | low | poor low

TABLE 1. Illustration of cities w.r.t various conditional attributes and de-
cision attributes.

spect to different conditional attributes (factors) such as per capita income (P.C.I), pop-
ulation density (P.D), primary mode of transportation (P.M.T), vaccination hesitancy
(V.H), Sanitary condition (S.C). Let H be the set of condition attributes.

The decision (covid susceptibility) is the decision attribute. The domains of attributes are
given as follows:

Per capita income={Good, Bad}, Population density={high, low}, Primary mode of trans-
portation ={public, private}, Vaccination hesitancy = {low, high)}, sanitary condition =
{good, average, poor} and decision(covid susceptibility) = {high, low}.

So, the universe U is {1, My, o3, Mg, 5, g6, 7, Mg} Let R be an indiscerni-
bility relation on U if all attributes are taken together.

So, U/~R = {{H017 Ho5}’ {H037 H07}7 {Ho2}v {Ho4}7 {H06}v {HOS}}-
Also, Ig1 = {0, {3}, {Iog, o3}, {Tlog } } refers to the report of any external expert 1 and
Iy = {0, {9}, {pg, po}, {II,g}} refers to the report of any external report 2.

< Idl, Id2 >= {(Z), {Hog}, {HOQ}, {H08}}a {H087 Ho3}, {Hog, HOQ}, {HOQ, Hog, Hog}} refers to
the combined report of both external experts.

CASE IL: Let W = {1, Mpg, I3, 1,7 }, the cities with the high corona susceptibility.
NOW, U/R = {{HO~17 H05}, {HO37 HO7}7 {H02}7 {HO4}7 {H06}7 {HOS}}- By the deﬁnition,
T<fd1’fd2>(w) = {U) (Z)) {H027 HO?)) HO7}7 {HOZa H037 HO?) H017 H05}) {H017 HO5}}'

Now, if the per capita income is neglected from the H, then U/R' = U/R — (P.C.I) =
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{{H017 H05}? {H037 HO7}7 {HO2}7 {HO4}> {H06}7 {HOS}}' Hence> tOpOIOgy T/<I~d1jd2>(w) -
{U7 wa {H027 HO37 HO7}7 {H027 H037 HO77 1—-[017 HO5}7 {H017 HO5}} = T<I~d1jd2>(W)'

Secondly, if population density is removed from the H, then U /R = 0/ R— (P.D)
:N{{HOh H05}7 {H037 HO?}? {H027 HO4}7 {H06}7 {HOS}}' Hence, T/<I~d1jd2>(w) =
{U,0,{To3, o7}, {To1, Moo, Wog, Wos, Mo}, {Tor, Tog, Mos}} # 77 7o (V).

’];hil‘dly, if the primary mode of transportation is excluded from the H, then U/ R =
U/R—(P.M.T)=U/R and hence,”’ _; 1 V) =7_1 7 (W)

Fourthly, if vaccination hesitancy is neglected from the H, then U/R =U/R— (V.H) =
U/R and hence, 7/ w) W).

<Ig1,lge> = T<id1jd2>

Finally, if the sanitary condition is neglected from the factors, then U /R’ = U /R—(5.C) =
{{Hola H05}7 {H02}; {H03, IIOGa H07}, {H04}7 {HOS}}'

Hence, T/<fd1,fdz>(w) ={U,0,{I,0}, {Iy1, My, o3, Mpg, o7}, {To1, o3, Mg, o7 b,

F Teiipn>WV):

So, from Case I, we get Core (R) = { population density, sanitary condition}.

CASE II: Let W = {Il,4, 1,5, 156, I8}, the cities with the low corona susceptibility.
U/R = {{Hgl,Ho5}, {I,3,y7}, {H027H04]:7 {6}, {Iog}}- By the definition , the nano
topology on U wrt Wist_; 7 (W) = {U,0, {Ilog, og}, {Ilo1, Loz, Moy, Ios, Ilog, os},
{H017 HoZa H057 1_-[06}}'

Now, if the per capita income is neglected from the H, then ﬁ/R/ = U/R —(PCI) =
{{Nﬂola HO5}7 {HO37 HO?}? {H02}7 {HO4}7 {H06}7 {HOS}}’ Hencea tOpOIOgy T,<]~d17fd2>(w) =
{Ua (ba {HO47 H067 HOS}a {H047 HOGa HOBa Hola HO5}’ {H017 H05}} = T<I~d1jd2>(w)'

Secondly, if population density is removed from the H, then U/R' = U/R — (P.D) =
{11, o5}, {Tog, Moy}, {Tog, o7 b, {Hog ), {Ilog } }. Hence, 7J<fd1jd2>(w) =

{Ua ®7 {H067 H08}7

{H017 o2, oy, Hos, Hog, H08}7 {Hoh o2, oy, HOS}} 7& T<fd1,fd2>(w)'

Thirdly, if the primary mode of transportation is excluded from the H, then U /R =
U/R— (P.M.T) =U/R and hence, 7/ (W) W).

<Ig1,Ige> = T<fd1,fd2>

Fourthly, if vaccination hesitancy is neglected from the H, then U/R =U/R— (V.H) =
U/R and hence, 7'_; 7 OV)=171_; 7 _(W).

Finally, if the sanitary condition is neglected from the factors, then U /R’ = U/ R—(5.0) =
{{H017 Ho5}> {Hoz}, {H037 Hog, HO?}v {H04}7 {H08}}' Hence, 7'/<fd1jd2>(W) = {U7 ®>

{Io2, og }, {1lo1, og, oy, Ios, og, o7, Mo}, {1lo1, log, Loy, los, Ilog, 1oz } }

F T dan> W)

So, from Case II, we get Core (R)={ population density, sanitary condition}.

9

Observation: It can be concluded that “population density ” and “sanitary condition”
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are the most crucial attributes to judge whether the region has high susceptibility to
Covid-19 disease or not.

Comparison with the existing approaches: The bi-ideal approach is more efficient
than the single ideal approach [11] and basic approach [21] as accuracy in the case of
bi-ideal nano topology is higher than the previous approaches as illustrated by the tables
2 and 3. Clearly, the accuracy degree Ag(Z) < A; (Z) < A_j ;.. (Z) for i=12.
Here, A stands for accuracy degree which is mathematically defined as the ratio of the
cardinality of the lower approximation to the cardinality of upper approximation.

Relation R ‘ Ar (Z) ‘ )\idl(Z) ‘ )\fdQ(Z) ‘ )\<I~d1jd2>(Z) ‘
R =R
R =R-P.CL 3 3 2 2
R' = R- P.D. 3 2 2 3
R =R PMT.| ¢ 3 2 2
R = R-V.H. 2 2 2 2
R' =R-S.C. : z z z

5
TABLE 2. A comparison of the accuracy degrees of W w.r.t R of the bi-
ideal M.T with the previous notions in the above problem (CASE-I).

Relation 7 ‘ /\R/(Z) ‘ /\fdl(Z) ‘ /\fdz(Z) ‘ )\<fd1 ~d2>(Z) ‘
A T T
R =R-P.CIL s g 2 :
R’ = R-P.D. 3 3 ! 1
R' = R- PM.T. % % % %
R' = R- V.H. 3 i I I
R'=R-S.C. 2 2 2 3

7 7 7 7
TABLE 3. A comparison of the accuracy degrees of W w.r.t R of the bi-
ideal M.F with the previous notions in the above problem (CASE-II).

5. FUTURE SCOPE AND CONCLUSION

First introduced by M.L. Thivagar in 2013, nano topology holds a huge potential to
serve in various domains such as medicine, information sciences, research, and technolo-
gies. In the last ten years, various researchers have stated and thoroughly investigated
numerous ideologies wherein nano topology was induced via approximation using different
mathematical tools. The notion of generation of nano topology by approximations via
two ideals has been proved better than others, which implies that generated bi-ideal nano
topology is far better than Thivagar’s approach. This paper further investigates its new
nearly open forms along with their properties and characterizations. Further, this theory
holds scope in the future as the bi-ideal notion can also be generalized to multiple ideals,
which can serve in forming an algorithm to study the inter-dependency of conditional and
decision attributes through a collective ideology of multi perspectives. This theory has
the potential to be merged with other artificial intelligence techniques to enhance their
capabilities. Hybrid approaches integrate the rough set theory with machine learning al-
gorithms, fuzzy logic, and genetic algorithms to handle complex problems that involve
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uncertainty, imprecision, and insufficient data. This amalgamation can lead to more ro-
bust and accurate intelligent systems. Further work on its applications is presently in
progress.
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