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This study introduces the nano simply alpha open set and proposes a new ap-
proximation space extending Pawlak's approximation. This new space includes the
nano simply alpha lower and nano simply alpha upper approximations, denoted by
specific notations, offering a refined framework for analyzing data. The ("o-lower
and ("o-upper approximations for any set Also, we study nano {"o-rough approx-
imation. Those investigations look at the connections between various approxi-
mation types and their characteristics, proposing methods applicable to medical
diagnosis and other decision-making fields. These methods provide deeper data
insights, enhancing precision and reliability in complex problem-solving. We in-
troduce a “general neighborhood” concept, expanding on Pawlak space with a
general upper and lower approximation. A case study for chronic kidney disease
demonstrates the effectiveness of these methods in identifying critical symptoms.
Additionally, an algorithm a, supports application for any number of patients or
decision-making issues.

Key words: rough sets, nanotopology, general neighborhood,
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Introduction

Pawlak’s [1] methodology for handling rough sets was introduced to address prob-
lems involving inexact. However, its application is limited by the reliance on equivalence re-
lations, as it requires a complete information system. Thivagar and Richard [2] we introduce
the concept of nanotopology, which encompasses notions such as nanosets that are closed,
nanosets that have a nanointerior, and nanosets that have a nanoclosure. To tackle complex
applied problems, various generalizations have been proposed, including similarity relations
[3], pre-order relations [4], reflexive relations [5], and topological approaches [6-10], most
of which satisfy Pawlak’s rough set properties. Several concepts have been introduced in the
literature to address uncertainty, vagueness, and ambiguity, with Pawlak’s rough set theory [1]
playing a significant role, especially in areas artificial intelligence encompasses methods like
inductive reasoning, automated categorization, pattern identification, and learning algorithms.
The conventional rough set theory begins with an equivalence relation, and there are practical
applications for this theory, as demonstrated in [11]. Many researchers have presented real-life
applications using nanotopological concepts such as [12, 13]. In this research, we introduce a
novel type of collections in nanotopological spaces, known as nano simply a-open sets. Addi-
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tionally, we propose new approximations based on these nano simply a-open sets, This study
contributes to the generalization of approximation spaces by establishing an extended frame-
work for Pawlak’s rough set approximations, introducing the nano simply a-lower and nano
simply a-upper approximations, along with the nano simply a-boundary region of a subset.
This approach provides a broader basis for analyzing data with enhanced precision, facilitating
decision-making in complex scenarios such as medical diagnoses.This study defines the nano
simply alpha open set within a universe shaped by an equivalence relation and examines its
properties, exploring connections with existing sets.

Preliminaries

Definition 1.[14] A subset B of a space (X, ¥) it is called nowhere dense if int(cl(B) = ¢.

Definition 2. [12] A subset B of a space (X, ¥) it is called simply a-open set if
B =06 UN, in which & is a-open set and N is nowhere dense.

We denoted to the class of simply a-open sets of a universe set 2 by {"aO(ULL) and the
class of simply a- closed sets by {"aC(Ll), in such a way that ("aC(Ll) = {"aO(2L).

Definition 3. [14] Let 2 be considered a universal set, and K be binary relation. Then
the lower and upper approximations are defined:

LA= U{Qﬁ,(’ﬁ c 4,6 is open set}, LA= ﬁ{%,% > A,F is closed set}.

Definition 4. [1] If (4, R) is an information system then we can define K-lower and
N-upper approximation of X:

f(X)=u{reqAlrc x|, R(X)=u{r U nX =g}
Definition 5. [15] For the pair (2, K) where 4l is a universe set and K be a binary rela-
tion, let xR be an after set defined by : xR = {y € U: xRy}.
Definition 6. [16]. A subset B of a space (X, ¥) it is called a-open set if
B C int(cl(int(B))).
Proposition 1. [1]. If (4, K) is an information system and D, 3 € 4l. Then:
1. R(D)cDc R(D)
2. R(p)=R(p)=¢ and £(U)=8(U)=4
3. R(DUP)=R(D)UR(P) and K(DNP)=K(D
4.1f D P then &(D)c &(P) and K(D)c

)N&(B)
K(F)
5. (gum); (D)UR(P) and R(DNP)2 K(D)NK(P)

R(-D)=-£(D) and £(-D)=-K(D)

7. R(R(D)= E(R(’D)) =R(D). and K(&(D))=RK(K(D))=£(D)
where —® is the complement ©.

Nano simply a-open set
In this section we introduce new types of approximations named simply a-lower ap-
proximation and simply a-upper approximation for any subset 4 of space (U, {"aO(U)).

Definition 7. A nanosubset y of a of nanospace (LI, Ty (X)) it goes by the name of nano
simply a-open set:
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a"int(a”cl(y/)) c a"cl(a"int(l//))
We denoted to the class of simply a-open sets of a universe set X by {"aO(U). The
class of simply a-closed sets by {"aC(U), such that {"aC(U) = {"aO(U).

Definition 8. If (U, {"aO(U)) is a {"a-approximation space and for every nanosub set
A € U. Then the nano simply,-lower and nano simply,-upper approximations defined:

¥ (A):u{G :Ge é’naO(U),GgA}, g(/l)=m{$,§e g"ac(U),g;A},

-Sa

respectively. The accuracy of approximation of 4 in (U, {"aO(U)) by
B (A)

—Sa
—-Sa ‘

u(A)=

B (A)

where |.| is the cardinality of the set, ¥=*(A4) # ¢. The nano simply a-border area of the set A
(briefly {"ab(A) is
n -Sa
fab(A)= ¥ (4) - ¥ (4)

Remark 1. 1f the nano simply,-lower and nano simply,-upper approximations are iden-
tical (W (4) = ¥=%(A4)), then the set 4 is definable or nano simply a-exact. Otherwise A4 is
undefinable or nano simply a-roughly in U.

Remark 2. We can show that o < u(A4). If u(4) = 1, then 4 is definable in U. If u(A4).
Then 4 is undefinable in U.

Definition 9. If (A, {"aO(2l) is a {"a-approximation space and for every nanosubset
AcA

Then:

1. If ¥, (A) # @, and B*4(A) # 2. Subsequently, A it is called nano simply alpha roughly (in
short, {"a-roughly) definable in (A, {"aO(21)).

2. IfY (A) # ¢, and ¥4 A) = 2. Subsequently, A it is called nano simply alpha externally
(in short, {"a-undefinable in (A, {"aO(X)).

3. IfY (A) =, and P4 A) # 2. Subsequently, A it is called nanointernally (inshort, {"a-in-
ternally) undefinable in (U, {"aO(U)).

4. P4 A)= ¢, and ¥, (A) = 2. Subsequently, A it is called nanototally (in short, {"a-total-
ly) undefinable in (2, {"aO(21)).

5. I (A) =P*4A) = A. Subsequently, A is nano simply alpha exact (in short, {"a-exact)
setin (2, {"aO(R)), where {"a-roughly (resp. {"a-externally, {"a-internally, {"a-totally un-
definable, and {"a-exact) denotes to nano simply alpha roughly (resp. nano simply alpha
externally, nano simply alpha internally, nano simply alpha totally, and nano simply alpha
exact) sets. The next illustration demonstrates the classification of nano simply rough sets
briefly ({"a-rough).

Example 1. Let

8 ={a,b,c.0}, WR={{a}.{b,c}.{d}}.% = {a,b} and

R(%) = {a.b.c) R(X) = o} .b(4) = (0.
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the nanotopology with respect to X on il is
7(X)g = {1 o.{a}.{b.c}.{a,b.c}}

Let A = {a} and B = {a, 0} be two sets we show the aforementioned concepts are
examples of {"a-roughly definable. The corresponding {"a-approximations, bound aries and

the accuracies:
¥ (A)={a), ¥ (A)={abcl, fab(A)={b.c}, u(A)=1/3=033,

-Sa

W (B)={a}, P, (B)={abc}, Cab(B)={bc}. u(B)=033,
The sets C = {a, ¢, 0} and ® = {a, b, 0} are examples of {"a-exter nally undefinable.
We have the corresponding {"a-approximations, boundaries and the accuracies:
-Sa n
W (€)={ad), ¥ (€)=, dab(e)={0q),

#(€)=0.50, ¥ (D) ={a.}. W (D)= 11, fab(D). u(D)=0.50,

Also if we take the partition{{a, 0}, {b, ¢} }. Then the sets { = {c} and b = {0} are
examples of {"a-internally undefinable. The corresponding {"a-approximations, boundaries
and the accuracies:

—Sa
¥ (W)=p, ¥ (1)={oc}.

The sets € = {¢, 0} and § = {a, b} are examples of {"a-totally undefinable. The corre
sponding {"a-approximations, boundaries and the accuracies are:

W (€)= Ty, (€)=U. ab(€)=U. u(€)=0. ¥ (§)=0p

¥ (3)=U, ab(3)=U, u(3)=0

Remark 3. If (U, {"aO(U)) is a {"a-approximation space and for every na nosubset
A € U. Then:

LACL(A)c ¥ (A)

The following example indicates this remark.
Example 2. Let 3 = {a, b, ¢, 0} the partition of Pawlak:

2
o= el {h e},
and X = {a, ¢} the class of subsets of 2. Then the nanotopology with respect to X over U is
T (3€)={2[ @, {a}, {c, 0}, {a, ¢, D}}

Thenlet® = {b},thenweseethat {b} €V _,(2),and {a,b} €Y (D)but {b} & Z(’D)and
¢ € L(®)). Where V_ (D), VD), L(®D), and L(D) are the family of all lower and upper ap-
proximations for every © < 2.
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Proposition 2. The complement of all nano simply alpha open sets in any nanotopo-
logical space (2, 7z (X)) are nano simply alpha open sets. Moreover, finite intersection of nano
simply alpha open sets is nano simply alpha open set.

Proof. Obvious.

Proposition 3. 1If (U, {"aO(U)) is a {"a-approximation space and for every nanosubset
A € U. Then:

1. A set 4 is nano simply alpha definable (resp. nano simply alpha roughly definable, nano
simply alpha totally undefinable) if and only if so is 4.

2. A set 4 is nano simply alpha externally (resp. nano simply alpha internally undefinable) if
and only if A€ is nano simply internally (resp. nano simply alpha externally) undefinable
where, A€ denoted to the complement of the set 4.

Proof.

i. If 4 is nano, simply alpha definable. Then:

~Sa

A= (4= ¥ (4).

By taken the complement for the sides we have:

AT = (A)° = (B

if and only if. Then A€ is also nano simply alpha definable.

ii. If 4 is a nano simply alpha roughly definable, then ¥ ,(4) # ¢ and ¥Y=*(4) # U since
Y(A) # ¢. Then there exists x € U and nano simply alpha open set G such that x € G € 4 if
and only if U — G 2 U — 4 if and only if A€ = U equivalently ¥ **(4) = U, where U — G is
nano simply alpha closed set. Similarly ¥ **(4) = U equivalently there exists x € U and F'is
nano simply alpha closed set such that x € F 2 4 if and only if U — F € U — 4 if and only
if A€ # ¢ if and only if W_(4)¢ and ¥ **(4)¢ # ¢. Subsequently, A€ is nano simply alpha
roughly definable.

iii. Since A€ is nano simply alpha totally undefinable. Then ¥_,,(4) = ¢ and ¥ **(4) = U. Then
by taken the complement for both sides we get:

(¥ () =X, (F(A) =g

hence ¥ (4) = ¢ = 9, V*%(4) = U, if and only if A is nano simply alpha totally undefinable.
Similarly, as i.
Proposition 4. 1f (2, {"aO(2)) is a {"a-approximation space and for every nanosubset
M € 2. Then:

1 7‘5a(93?)g9ﬁg (o)
2. ¥ (MUP)= F @MU P ()
1 ()= (M) (3
4 M then ¥ (M) ¥ (B) and ® (M) ¥ ()

—Sa -Sa
-Sa -Sa

5. _‘ifa(imwﬁ)g ¥ (M) ¥ ()
6. W (am) = ()

-Sa
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C

7. ¥ (M) :[‘éf’(imc )j

s (v ()=

N

9. P [_\Pa(mt)jz_‘i'a(im)
10. _\ifa(mmm)g_‘i’a(m)m _‘i’a(%)

11. ¥ (¢)= ¥ (¢)=¢ and _\gfa(m): Yo(A) =

-Sa

Proof. 1 and 2 are obvious.
3. Letx € ¥4 N PB). Then there exists nano simply alpha open set G such that:

xeu{G:GgDﬁm‘B,Geg“naO(ﬂ)}
if and only if
xeu{G:GgDﬁ, Geé’naO(Ll)} and xeu{G:Gg‘B,Ge{aO(u)}

if and only if

—Sa —Sa
xeV¥ (im),xe ¥ (‘B)

4. and 5. are obvious.
6. Since

—-Sa

(‘P (fm)c)c =ﬂ—U{G:GgU—m,Gegna0(u)}:

:m{u—G:u—GgU—(u—Dﬁ),ﬂ—GegnaC(il)}

Then:
—Sa

Flom =[x (m)]
7. Let:

[‘%a(mc)f :[-$a(mc)jc :ﬂ_m{g:hmc’gegacw)} .

=u{u—3:u—sgu-(u-m),u-mé&o(u)}: v ().

-Sa

Then:

[_\ia(mtc)]c - ¥ (M)

-Sa
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8. Let:

_‘ga(_‘ga(im))=u{G G ¥ (MeMmGe é’”aO(ﬂ)} -

8]

- U{G Ge ¥ (MM Ge fao(u)} ~ v ()
Hence:
e en)= e
9. Let:

x?“(\if“(mz)):u{g;g ;@“(mz);m,gefac(u)}:@“(mz)

Thus:

-Sa( -Sa -Sa

v (‘P mt)j =¥ (M)
10. Obvious.
11. Since X and ¢ are nano simply exact.
Then:

—Sa -Sa

W (A)= ¥ (A)=U, ¥ ()= ¥ (p)=¢

Proposition 5. If (U, {"aO(W)) is a {"a-approximation space and for every nanosubset
A, B € U. Then the following statement are not hold:

LW (mow) e ¥ (m)- ¥ ()

2 o) o)y 2

Proof. Since:
_Sa —Sa -Sa -Sa
¥ (M-B)= ¥ (MAV ) ¥ (M)~ ¥ () =

:‘xi“(mt)m(_@a(%)jc =¥ () (9)

—Sa
Then
—Sa —Sa —Sa
¥ (M-T)c ¥ (M)- ¥ (V)
1. Since
_ c c\_
4 E-0)= ¥ (Mox)e () (¥°) -

=¥ (M) (¥ (V)" =¥ (M)~ ¥ (V)
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Therefore:
¥ (M-T) < ¥ (M) ¥ ()
Proposition 6. 1If (U, {"aO(U)) is a {"-approximation space and for every nano subset
A, B € U. Then:

LV ()0 W @) = ¥ )y (o)
2w ()] ¥ () = ¥ () ()
3 [¥ ()0 ¥ (D) = ¥ (M) ¥ ()
40 ()0 ¥ () = ¥ () o W ()
5. (m)u ¥ (0 = () e (o)
6. [¥ (M) ¥ (D)) = ¥ (M) U ¥ (0)°
7.0¥ (W)U ¥ (D) = ¥ (M) ¥ (D)
8.1 (AT) ¥ (B = ¥ () U ¥ (1)

Proof. Obvious.
Proposition 7. If (A, {"aO(2)) is a {"-approximation space and for every nanosubset
M < A then:

Proof. Since:

¥ (M)cAc ¥ (m)
Then:

-Sa -Sa
_\ga(_\?a(mt))g_\?a(ft)g v (_Lga(an)), and hence ¥ ()< ¥ (_Lga(A))
1. Since:

_Sa —Sa —Sa( -Sa
gf{\y (im)jc ¥ (Mm)c ¥ {‘I’ (zm)j
Then we get:
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Proposition 8. If (2, {"aO(2)) is a {"a-approximation space and for every nanosubset
M < A. Then:

e,

()

2 _\?a(m)m*@“(mc)

@

Proof. Since:
¥, (M) (M) cMmamE =g

But:
9, (M), (Mm€)
Therefore:
¥, (M)A E,, (M) =g
1. Since:
o (3= (2,0 (M) then ., (M), (M) =
and hence y, (M) Ny (E)ﬁc) =g
2. Since:

(7 (o)) =, O then ., (€} (o) = (¥ ()| P (1) =
and then W, (M) ¥ () = ¢

3. Since:
P (‘Jﬁ)‘f’sa (‘JJT)U‘?S“ (93?0) SMuUME o9, then

A P (M0 P (M), bue (M) LT (M) < A
and therefore [‘T’S“ (smc )]u[ Y., (EDT)J =2

4. Since:
P () = (o (M) then (M) F (1) =, (M), (7)) =2
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5. Since
i (€)= (P () (T (o))

then ¥, (€ )~ P> (901) = (&> (901)) L P> (a01) =2

Proposition 9. If (U, {"aO(U)) is a {"a-approximation space and for every nanosubset
A € U. Then:

1. The 4 is nano {"a-exact & ("ab(4) = ¢.

2. The 4 is nano {"a-rough < ("ab(A) # ¢.

Proof. Let A is nano ("a-exact. Then ¥ ,(A4) = VY *(4) = A. Hence {"ab(A4) = ¢.

Conversely, let ("ab(A4) = ¢. There is two cases:
— Y (4)=T"(A).
- Y, (4) 2 Y"4) in case give ("ab(A) = ¢, and hence 4 is nano ("o-exact and

Case 2 it is impossible.

1. Obvious.

Proposition 10. If (2, "aO(R)) is a {"a-approximation space and for every nanosub-
set M < A. Then:

—Sa n
LW ()0 (M) =[Cab(M)

2. W ()~ ¥ (A)° = Cab()

Proof. Obvious.
Proposition 11. If (U, {"aO(U)) is a {"-approximation space and for every nanosubset

A € U. Then:
-Sa

LY (A)° =Y (A)

-Sa

C

2 [F (A = ¥ (A

-Sa

Proof. Since:

{_?Q(A)]C ZQI—U{G:GQA,Ge}ga(Q()}:

M —Sa c C  -Sa c
=m{U—G:2[—GQQl—A,Q[—GeSaC(Ql)}= ¥ (A)", then [gf (,4)} =¥ (A)
1. Since:
—Sa c n
{‘P(A)} =2l—m{3:3QA,Se§aC(U)}:
=u{U—S:U—%gQl—A,Q[—Seé’naO(U)}=‘g (A)

then {\ifa(A)T - ¥ (A)
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Generalized rough sets based on general neighborhoods

The concept of a new neighborhood called general neighborhood, derived from a
general dyadic relationship is presented and the relevance of this neighborhood in the medical
application of chronic kidney disease (CKD) is examined. In accordance with the concept of a
generalized neighborhood (general-neighborhood), novel generalized rough set theory (called
general-approximations) is created.

Definition 10. Take into account U = {9, D, ..., Y,} is a finite set and let
0 =1{6 |, S, ..., 6,} be a set of attributes. We define a function § : 2l — P(QQ) such that for
every ) € A then § () € P(Q) where P(RQ) is the power set of the set of attributes.

Definition 11. Take into account R is a binary relation on the universe 4. For each
a € U, kknown as (in short, general neighborhood) in the manner described:

N(D)={WeA: F(W)=3F(D)

Definition 12. Take into account R is a binary relation on 4{. The general-lower as well
as general-upper approximations of § € il are proposed, respectively:

£(9)={Weu:N(W)c H} and £($H)={We U: N(W)NH# o}

Definition 13. Assume that R is a binary relation on 4l. The general-positive, general
negative as well as general border areas and the accuracy of general approximations of a subset
A < § are provided, respectively,:

pos(H)=£(9), Neg, () =U-2(9), Bud(9)=1;(9)-£ (%) and

==, where U;(9)#¢

Generalized nanotopology and its applications in medical

The purpose of this portion is to expand the concept of nanotopology [7] to encom-
pass all types of generalized rough sets. We create a nanotopology that is caused through rough
set approximations in a general manner. The state, situation needed to create this topology is
suggested. B

Definition 14. Consider L is a finite set and let £(£)) and £(5)) be the lower and upper
approximations of §) € Ll. The class:

T={ ¢.2(9). £(9). Bud(5))

where Bnd($)) is the boundary region of §) € 4, is a topology on { with respect to § if £(5))
and £(9).

Data gathering

The CKD is a progressive condition that hinders the kidneys’ ability to remove
waste and excess fluids, leading to significant health issues. This study’s recommended ap-
proaches are critical for advancing our understanding of CKD and refining diagnostic and
treatment methods. By expanding nanotopology through advanced computational tech-
niques and binary models, we aim to better identify key factors driving CKD progression.
This approach enables the customization of treatment plans based on individual patient char-
acteristics, leading to more effective, personalized therapies. Greater precision in identifying
these factors is essential for slowing disease progression and enhancing patient outcomes,
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creating a pathway for reliable, targeted tools in CKD management. The set of objects as
U=1{D, D, ..., .} denotes ten listed patients, the attributes as {a,, a, ..., as} = {diabetes,
chest pain, smoking and alcohol, hypertension, obesity, family history} and decision of chronic
kidney disease, as follows in information tab. 1. was collected by [17] chronic kidney disease.
Take into account the information system presented in the tab. 1.

Table 1. The set of data that contains decisions made based on information

Smoking and
alcohol, a,

Family | Decision of chronic

B | Dz en history, as kidney disease

Hypertension, a; | Obesity, a4

ol 1

2>

Ds

24

Ds

Ds

1
0
1
1
1
1
1

-

0
1
0
0
1
1
1
0

—|lo|l—~|lo|l~|—|—~|~
—_— o | o |0 |0 | o | = O
clo|l—~|l—~|lo|lo|—|—

0
1
1
1
1
1
0

Ds 0

Appyling Definition 10. we get a set of diseases for each patient the result:
f(@l) = {al,az,a4}, f(@z): {‘11:03»“5}: f(Q.j3) = {az,a4}, f(@4) = {alﬂa29a4}

f(@s):{az,a3,a4},f(ﬂjé):{al,az,a3,a4}, f(@7)={a2,a3,a4}, and f(gj8):{a19a5}

Hence the general neighborhood for every patient:

N(Q)={Wed: F(W)=F(), N(D)={B.9::Du}. N(D:)={9.5)
N(D:)={D:} N(D4)={91,95.04},N(Ds5) = {95.95.97}
N(@G):{2)1:233:9349935’2369@7}9 N(Q.%) ={%,@5,@7}, N(@s):{gs}

Case I: (Patients with chronic kidney disease)
Assuming that X = {1, D>, Vs, P} be the patients with chronic kidney disease thus:

E = {2)17@292345235 9@6!@7}3’g’(’%) = Q’ and Bi’ld(:*:) = {@1»@2:@4:@5’@6’@7}

hence the nanogeneralized topology is given:
TA = {217 Q’ {2)1)2]2 72.34’@5 9@6’m7 }}
and the base

U, ={U, 2,{9,,9,.9,.95. 9691} |

Step I: When the attribute a, diabetes. As a result of its removal, the symptoms of each
patient are:

f(2)1)={a2,a4}, f(@z):{%sas}’ f(@s):{az’%}’ f(@4):{a2,a4}
f(@s):{“z’aw%}a f(@ﬁ):{azsaw%}, f(2)7):{a2,a3,a4}, and f(@s):{as}
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Hence the general neighborhood for every patient:

N(le)={@l,2]3,2]4}, N(QJZ)={%,%}, N(Qj3)={2]1,233,2)4}, N(Qj4)={2]1,2)3,@4}
N(@s)={%,%,%=@4@5,%,%}, N(%)={®1,932,%,@4@5,9)6,@7}
N(@7):{2)1,@2,@3,@472)9@6,@7}’ and N(@s):{@f&}

assume that

X= {@l>2]292357236}

then
£x = {Q.)l 3@29@39@49@5’@6’@7}’ g(%) =9, Bnd(%) = {2)1 ’@2’@3’@4’@5’@6’@7}

Then the nano generalized topology is given:

Ty ) =2 @ {2095 9:.9.95 96,9, )]
The base:
T, :{U, Q{%%,%,%,%,%,%} }, since TA,{GI} =T, and ‘BAf{al} =7,

Step 2: When the attribute a, Smoking and alcohol is left out: In the same way as in
Step 1. We get a set of diseases for each patient:

f(ﬁjl)={a1,a4}, f(mz):{“3:“5}= f(%):{%}’ f(@4)={a1,a4}
7(9s)={a.ai}, £(De)={ara5.a,}, (D) ={as.a,}, and f(s)={as)
Hence the general neighborhood for every patients:

N (D)= {052 N(D2) = {22 D5} N(D:) = D] V(D)= {90950
N(Ds)= {95,957 }> N(Ds)={D1D5.D4-D5.Dsa1-05.0,9; |, N(D;)={D5.95.9- }
and N () ={2s}

X={9.9,.9506} £X={0,.9,.9,.95.95.9;}, £X=0
and Bnd (%) ={2,,9,.94.95.9s.9; }

Then the nanogeneralized topology is given:
Ty oy =12 2. {200:.90.95.96.0 |}
The base:
T, 1) ={Us 2.{009:,94.95.96. 9, } | since T,y =T, and T, .\ =T,

Step 3: When the attribute a; Hypertension is left out: In the same way as in Step 1,
We get a set of diseases for each patient:

f(@l):{al’az"u}: f(fgz):{al’as}’ f(933)={a2=a4}, f(934)={a1,azaa4}
f(?js):{az’%}a f(?)é):{al’az’%}a f(é}j7):{a2,a4}, and f(@s):{al’as}
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Hence the general neighborhood for every patient is:

N(Q.jl)={231=233=234’235’§y6>237}5 N(@2)={@2,2]g}, N(Q)3)={Qj3,2)5,@7}
N(%)={931,%,@4,235,%,937}, N(Q.js):{@3,@57@7}’]\’(@6):{@1’@3’2)@@5,@6,@7}
N(Qj7)={@3,@5,2]7}, and N(@s):{ﬁjzsﬁjg}

since
X={2.2,.2.2), thus £X =2, £(X)=0, and Bnd (X)=2

and hence the nanotopology is given

Ty =% 2}

and the base is B = {U, @} therefore
TA—{a3} iTA and ‘ﬂAf{(ﬁ} i‘ﬂA

Step 4: When the attribute a4 Obesity is omitted: by the same manner as in Step 1, we
get a set of diseases for each patient:

F( D) ={a.a}, £(D.)={ana.as}, £(Ds)={a}. £(Ds)={ar.ar}. £(Ds)={a.a5)
7 (e)={aas), 1(Dr)= {0} and 1 (Ds)=tar.as)
and hence, the general neighborhood for every patient:
N(D)= {00030 V(D)= {92 D) N(Ds)= (D5 N(D:)={D:-0:.24)
N(Ds)={D5: 5.9 }> N (D) ={D1.95:94.95: s }» N(D;)={95.95.9,}
wt N(2,)- (0,
since
X ={9,,9,.95.9s}> hence £X ={9,,9,.94.95.96.9,}, £(X)=12, and
Bndx = {9,,9,,9:.95- 969
and hence the nanogeneralized topology is given:
Ty fay) :{917 @, {@1,%,@4,%5,@6,%}}
the base
D, o = {UBD1.22,04:95. 90,9, } |, since T, 1 =T,
and the base

mA,{%} = {U” 9, {@1’@23@4’@5’2}69@7} } =0,

Step 5: When the attribute as Family history is omitted: By the same manner as in Step
1, We get a set of diseases for each patient:
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(D) ={aa, a}, £(D,)={aa}, £(Ds)={a.a}, £(Ds)={a.a,. a;)
7(9s)={aras.ai}, £(De)={ar.ar.a5.a}, £(D;)={ar.a5.0,}, and f(Dy)={a}
and hence the general neighborhood for patients:
(D)= {00 25D0D5) N(D2) = {22 D5 ¥(Ds)={Ds}. V(Ds) = {90950,
N(Ds) = {93250 N(Ds) =2 N(Dr) = {95059y, and N(Ds)= {9}

since,
X ={9,9,.95.9s}> £X={2,.9,.94.95.95. 2} £(X)=2
and BndX ={9).9,.9,.95.25.2;
The nanogeneralized topology is given:
Tyt = (U2 {909:.04.95.96. D)} since T,y =T,
and the base

Q}A,{a4} = {U, I, {@17@»@4,@5»@6:@7} } =0y

Case 2: (Patients are not chronic kidney disease)
The set of infected patients with are not chronic kidney is

55:{@3:@4:@7’@8}

By taking the identical procedures as Case I, we achieve identical outcomes.

Noting: From the CORE, we observed that Diabetes and Hypertension are the main
elements that contribute to chronic kidney disease. Therefore, these characteristics are essential
indicators that reflect the influential factors for chronic kidney disease. At the conclusion of the
document, we present a decision-making algorithm based on our methods. The abstract graph
is show in fig. 1.

Conclusion

This paper introduces a new concept of open simply alpha nanogroups, based on a
generalization of the Pawlak approximation space through the lower and upper simply alpha
approximations. We explore their properties and relationships with existing approximations,
using open nano simple/alpha sets. These methods have potential applications in various deci-
sion-making fields, especially in medical diagnosis, offering a deeper understanding of data to
support healthcare decisions. A new neighborhood concept, called the general neighborhood, is
used to create the general approximation space with general upper and lower approximations.
A case study for chronic kidney disease patients highlights how this approach can identify key
symptoms, with an algorithm developed for broader applications.
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Nano simply alpha open set and novel neighborhood techniques
for accurate symptom detection in medical applications

=/ We studied the properties of this concept and
In this research, we presented the concept of / provided numerical examples
nano simply-a-open. Counter example /

- . . We also introduced a new type of approximate space
We introduced the properties of this vacuum L
as a generalization of the Pawlak space called
/ nano(a-rough approximation

rWe also introduced the concept of a function that describes Using the concept of this function, we |ntroduced
the relationship between a set of elements and a set of !
defined properties: function (F : 1) = P(O)such that for a new notion of neighborhood called
every ) € 2 then §(2) € P(O) where P(2) ge"efa' neighborhood
\ where ()PQ is the power set of the set of attributes ={ON e A: M) < (D) y
' ) Using the new neighborhood concept, \
To illustrate the relevance of the methods proposed in we presented a generalization of the Pawlak vacuum
the paper, we presented a medical application involving and a generalization of the nano topology. We used
a set of patients with CKD, denoted by a universe set U symptom reduction technigues using nano topology
and a symptom set denoted by a symptom set and topological basis to identify the most influential
\ containing symptoms S, wherei=1,2, .....n factor in the occurrence of this disease by comparing

the basis and the full table topology Y,

7 /
Repeat the above steps for the remain attributes. " X -
The core of the attributes if T, o, # T, Remove one attributes ai and fined nano

then the attributes ai is the core. generalized nano to;.x.>logy Toe
\, then the attributes ai is the core.

7

Finally, we presented an algorithm to illustrate the method of identifying the most significant symptoms causing
the disease. This algorithm serves as a useful tool for doctors in making appropriate decisions in diagnosing the
disease. We also provided the computer code for this algorithm using MATHEMATICA, allowing it to be applied to any
number of individuals. Additionally, we discussed a novel method for reducing features. using open sets of the
beta type, highlighting its importance in identifying affected elements. This approach represents a new and useful

\ strategy for doctors in diagnosing the disease and making informed decisions

Figure 1. Framework of the proposed method
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