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ABSTRACT

Obijectives: The primary objective of this study is to define and look into the neighbourhood, adherent
points, and derived set in nano topological spaces for Nano semi generalized b (Nsgb) (closed/open) set,
Further a real life application is examined using nano topology.

Methods: The definition of Nsgb-closed (open) sets is used to define the Nsgb-neighbourhood, Nsgb-
adherent points, Nsgb-derived set. In addition, the indiscernibility equivalence class, which provide the
core upon the basis of nano topology.

Findings: The properties of Nsgb-neighbourhood, Nsgb-adherent points and Nsgb-derived set for nano
semi generalized b-set in a nano topological space are analyzed and discussed theorem on it. Using the
attribute reduction in a complete information system, the key factor is identified for the causes of hair fall.

Novelty: The characteristics of Nsgb-neighbourhood, Nsgb-adherent points, Nsgb-derived set are given.
The application of nano topology is provided to the real life situation.
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1. INTRODUCTION

M. Lellis Thivagar ! developed a new type of topology called nano topology in 2013 and
described new types of closed sets like nano closed, nano semi-closed, nano pre-closed and
soon using approximation spaces. Parimala, Indirani ! coined nano b-open set. Kavipriya
and Indira ! developed Nsgb-closed set. Pawlak “ developed rough set theory to structure
and assess diverse sorts of data in data mining. Thivagar  used to find the deciding factors
of chikungunya and diabetes using the concept of basis.

This paper is to define and look into the properties of Nsgb-neighbourhood, Nsgh-adherent
points and Nsgb-derived set for nano semi generalized b-set in a nano topological space. In

addition, using attribute reduction in a complete information system with the basis of nano
topology to identify the root causes of hair fall.

Throughout the paper (U, t=(S)) indicates the nano topological space where S < “U.
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2. METHODOLOGY

This present work is for the newly developed nano closed set namely nano semigeneralized b-
closed set to discuss the ideas of neighbourhood, adherent points and derived set known as Nsgb-
neighbourhood, Nsgb-adherent points and Nsgb-derived set in nano topological spaces with
suitable examples using the basic definitions in nano topology. And also discuss the properties
and theorems on it. Further to give application of nano topology with the help of its basis and
attribute reduction in the collected data system.

Preliminaries:

Definition 2.1: ™ Assume ‘U indicate a finite set referred as the Universe, R signify the
equivalence relation on ‘U. Then ‘U is partitioned into distinct equivalence classes and the
elements are perceived to be indistinguishable. The Approximation space is given by (U, R).
LetS c U

e The Lower Approximation of S (Lx(S)) refers to the set of all elements in respect of R that

could be certain categorized as S in respect of R, R(S) is the equivalence class generated by s
inS.

L(S) = Useu (RS): R(S) € $}

e The Upper Approximation of S (Ux(S)) refers to the set of all elements in respect of R that
could be possibly categorized as S in relation to R.

Ux(S) = Useu {R(): R(S)N'S # 8}

e The Boundary Region of S (B=(S)) refers the set of all elements in respect of R that could be
labeled neither as S nor as not-S in respect of R.

BR(S) = UR(S) — L’R(S).

Definition 2.2: ™ Take an equivalence relation of ‘U be R, S € U and t«(S) = {U, @, Lx(S),
Ux(S), Bz(S)} must satisfy the given conditions.

i. ‘Uand @ belongs to tx(S)
ii.  The arbitrary union of the components of t=(S) belongs to tx(S).
iii.  The finite intersection of the components of t=(S) belongs to t=(S).

Then t=(S) represents the Nano topology on ‘U in respect of S and (U, t=(S)) represents the

Nano topological space. The components in t=(S) are the nano open sets while its complements
are the nano closed.

Definition 2.3: ' The basis for t«(S) is the set B = {U, @, Lx(S), Bx(S)}.

Definition 2.4: ™21 A subset E of ‘U is
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0] Nano semi-open (Ns-open): if E € Ncl(Nint(E))
(i)  Nano b-open (Nb-open): if E < Ncl(Nint(E)) U Nint(Ncl(E)).

Definition 2.5: ! Let u € ‘U in (U, t4S)). A subset N of U is termed as the Nano-
neighbourhood (N-nbhd) of u if there exists a Nano-open set H where u ¢ H € N.

Definition 2.6: ! A subset E of (U, tx(S)) is Nsgb-closed if Nb-cl(E) € K, whenever E < K,

where K is nano semi-open in ‘U. A subset E of (‘U, tx(S)) is Nsgb-open if the complement U —
E is Nsgb-closed.

Example 2.7: Take U ={n, 0,p, q}, S={o, q} < ‘U, WR= {{n}, {0}, {p,q}}, =(S) ={U, 0,
{0}, {0, p, a}, {p, q}}, Nsgb-closed = {'U, @, {n}, {0}, {p}. {a}, {n, o}, {n, p}, {n, a}, {p, a},
{n, o, p}, {n, o, a}, {n, p, q}}, Nsgb-open = {@, U, {o, p, a}, {n, p, a}, {n, o, q}, {n, o, p}, {p,
a}, {o, g}, {o, p}, {n, o}, {a}, {p}. {0}}.

e The union of any Nsgb-open sets is Nsgb-open
e The intersection of any Nsgb-closed sets is Nsgb-closed.

3. RESULTS AND DISCUSSIONS:
Nsgb- Neighbourhood

Definition 3.1: Let u € ‘U in (U, 14(S)). A subset N of ‘U is termed as the Nsgb-neighbourhood
(Nsgb-nbhd) of u if there exists a Nsgb-open set H where u ¢ H € N.

Thus every superset of Nsgb-open set that contains u is a Nsgb-neighbourhood of a point u.

e Each Nsgb-open set that contains u is a Nsgb-nbhd of u.

e A Nsgb-open set is a Nsgh-nbhd of each of its points. But Nsgb-nbhd of a point need not be
Nsgb-open.

o |f His a Nsgb-open set that contains u, then it is a Nsgb-open neighbourhood of u.

Definition 3.2: The set of all Nsgb-neighbourhoods of a point u € U is called Nsgb-nbhd sysem
of u (Nsgb-N).

Example 3.3:  Let U ={i, j, k I}, WR= {{i}, {i}, {k}, {I}}, S={ij}, w(S) ={U 0, {i,
i3+ Nsgb-open = {'U, @, {i}, {i}, {i. i}, {i, K}, {i, 1}, . k} . 1} {i, §, K} AL
I} {i, k 1}, {0, k, 13} Take i e U, i€ {i, j} - a Nsgb-open set of ‘U, and {i, j} c {i, j, I}. = i e {i,
i} < {i, j, I} then{i, j, I} is Nsgb-nbhd of i.

Nsgb-neighbourhood system of points of ‘U:
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Forie U, Nsgb-Ng = {{i}, {i, j}. {i, K}, {i, 1}, {i, ), K}, {i, j, 1}, {i, k, 1}, U}
For j e U, Nsgb-Ngy = {{i}, {i. j}, 0. K}, {0, I}, {i. . K}, {i. j, 1}, {j, k. I}, U}
For k € U, Nsgb-Nw = {{i, k}, {i, k}, {i, j, K}, {i, k, I}, {j, k, I}, U}
For I € ‘U, Nsgb-Ngy = {{i, 1}, {§, 1}, {i., j, I}, {0, k, 1}, {i, k, I}, U}

Definition 3.4: A set N is Nsgb-nbhd of a subset C of ‘U if C € H < N, where H is Nsgb-open
of U.

Example 3.5: Consider example 3.3, take C = {k, I} then {k, I} < {i, k, I} < {i, k, I}, ‘U. Here
{i, k, I} and ‘U are Nsgb-nbhds of {k, I}.

Nsgb-neighbourhood system of C:

For C ={i, j}, Nsgb-Nei.j» = {{i, j}, {i, j, k} {i, j, [}, U}
For C = {k, I}, Nsgb-New i = {{i, k, I3, {ij, k, I}, ‘U}

Remark: Nsgb-nbhd is not necessary be Nsgb-open.

Example 3.6: Assume ‘U =i, |, k, I}, S={k, I}, WR={{i}, {k}, {j, I} }, w(S) ={U, @, {k},

U, k 13, {0, 13}, Nsgb-open = {U, @, {j}, {k} {I}, {i. k}, 4, I}, 4, k3, {k, 1}, {i, j, K3 {0k 13
{i, k, I3}

i) {i,j, I} c ‘UisaNsgb-nbhd of a point | but not Nsgh-open since | € {I} c {i, j, I} where {I}
is Nsgb-open

i) {i, ], I} € UisaNsgb-nbhd of a subset {j, I} but not Nsgb-open since {j, I} < {j, I} c {i, |,
I} where {j, 1} is Nsgb-open

Theorem 3.7: A subset in (U, t£(S)) is Nsgb-open iff it is a Nsgb-nbhd of each of its points.

Proof: Necessary Part: Take K € ‘U be Nsgb-open. Then for each u € K, 3 a Nsgb-open set K

where u € K € K. Then K is Nsgh-nbhd of u and for all points in K. Thus K is a Nsgb-nbhd of
each of its points where K is Nsgb-open.

Sufficient Part: Let K be Nsgb-nbhd for each of its points. If K = @, it is Nsgh-open. If K # @,
then for each u € K, 3 a Nsgb-open set K, such that u € Ky € K. Then K = U {K,: u € K}. But
each K, being Nsgb-open set and the arbitrary union of Nsgb-open is Nsgb-open. Therefore K is
Nsgb-open.

Theorem 3.8: Axioms/ Properties of Nsgh-neighbourhood:
In (U, tx(S)) we have

i) every u e U has at least one Nsgb-nbhd.

ii) every Nsgb-nbhd of u ¢ ‘U contains u.

iii) every superset of a Nsgb-nbhd of u € U is a Nsgb-nbhd of u. if N e Ny, Nc M= M e N,

iv) if N is a Nsgb-nbhd of a point u € ‘U, then 3 a Nsgb-nbhd M of u with M € N then M is a
Nsgb-nbhd of each of its points (and also M is Nsgb-open).
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Proof:

i) Since ‘U being a Nsgb-open set is is a Nsgb-nbhd of each of its points. So each u € U has
atleast one Nsgb-nbhd namely “U.

ii) Let N be Nsgb-nbhd of a point u € “U. Then 3 Nsgb-open set H where u ¢ H € N. Clearly u
€ N, for all N. Thus each Nsgb-bhd of u contains u.

iii) Let N be a Nsgb-nbhd of u € ‘U and take M be a superset of N. N c M. Then by definition
of Nsgb-nbhd, 3 a Nsgb-open set H whereu e H € N € M implies u e H € M. Then M is
Nsgb-nbhd of u. Hence every superset of Nsgb-nbhd is a Nsgh-nbhd.

iv) Let N be Nsgb-nbhd of u € ‘U. Then 3 a Nsgb-open set M where u e M € N. As M is
Nsgb-open, it is Nsgb-nbhd of each of its points. [M itself is a Nsgb-nbhd of u and also
Nsgb-nbhd of all points in M].

Theorem 3.9: Let F be Nsgb-closed subset in (‘U, t(S)). Let u € F© then there is a Nsgb-
nbhd N of u such that N n F = @.

Proof: Let F c ‘U be Nsgb-closed and let u € F©. Since F is Nsgb-closed, F is Nsgb-open and it
is a Nsgh-nbhd of each of its points. So we can say u € F© < F®. Set F* = N. Thenu e F* & N
implies N is Nsgh-nbhd of u. Thus F N N =F N F€ = @. Hence 3 a Nsgb-nbhd N of u such that N
NF=0.

Theorem 3.10: Arbitrary union of Nsgb-neighbourhoods of a point u of U is Nsgb-
neighbourhood of u.

Proof: Let {Ni}, i e | (I denotes the index set) be an arbitrary collectionof Nsgb-nbhds of a point
u € ‘U. To prove: Uigr N; is Nsgb-nbhd of u. Since N; is a Nsgb-nbhd of u, 3 a Nsgb-open set H;
whereu e Hi € N, foralliel. Since NiCS UNj,ue HHS Ni S UN;, VielimpliesueHi € U N;
v iel. Thus Uier N; is a Nsgb-nbhd of u.

Remark: Intersection of Nsgb-nbhd of a point need not be Nsgb-nbhd of that point.

Example 3.11: From example 3.3, let take a point k € ‘U. Then Nsgb-Ng = {{i, K}, {j, k}, {i, J,
K}, {0, k 13, {i, k, I}, U} = N Nsgb-Ngy = {k} ¢ Nsgb-Ng. ie)., {k} is not a Nsgb-nbhd of k.

Theorem 3.12: Every nano-nbhd of a point is Nsgh-nbhd of that point.

Proof: Let N be any nano-nbhd of u € ‘U. Then 3 a nano open set H where u € H € N. Since each
nano open is Nsgb-open, H is Nsgb-open and u ¢ H € N. Thus by definition of Nsgb-nbhd, N is
Nsgb-nbhd of u.

Conversely, as in example 3.3: Take an element k of ‘U, then its nano nbhd system of k, Nano
Ng = {U}, Nsgb-nbhd system of k, Nsgb-Nqy = {{i, k}, {i, j, k}, {i, k, I}, {4, k}, {i, k, 1}, U}.
Here k € {i, k} S {i, k, I} implies {i, k, 1} is a Nsgh-nbhd of k but it is not a nano nbhd of k, since
there exist no nano open set containing k contained in {i, k, I}.

Theorem 3.13: Let the nano topological spaces be (U, x(S)), (V, 1x(T)) and d: U — V.
Then d is Nsgb-continuous iff for each u € U, the inverse image under d of each nano nbhd
of d(u) in Vs a Nsgb-nbhd of u in U.
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Proof:

Necessary Part: Take d: U — "V be Nsgb-continuous. Let u € ‘U then d(u) € V. Let M be any
nano-nbhd of d(u) in "V then there is a nano open set H suth that d(u) e H € M implies u € d*(H)
c d*(M). As d is Nsgb-continuous, d*(H) is Nsgb-open in U then d*(M) is Nsgb-nbhd of u in
Uu.

Sufficient Part: Consider that the inverse image of every nano-nbhd of d(u) in "V is a Nsgh-nbhd
of u in ‘U. Let H be any nano open set in V. Suppose d*(H) = @, d*(H) is Nsgb-open. If d*(H) #
@ and u € d*(H) in U, then u € d*(H) < ‘U implies d(u) € H in V that is d(u) ¢ H € V. This
shows H is a nano nbhd of d(u) in V. By the given hypothesis, d*(H) is Nsgh-nbhd of u in U and
it is Nsgb-nbhd for each of its points. This implies d*(H) is Nsgb-open in ‘U. Thus d is Nsgb-
continuous.

Nsgb-Adherent Points and Nsgb-Derived Sets

Definition 4.1: In (‘U, tx(S)), let A € ‘U. A point u € ‘U is termed as Nsgb-adherent point or

Nsgb-contact point of A, if every Nsgb-open set containing u, contains atleast one point of A.
Nsgb-adherent points are of two types: 1. Nsgb-limit point 2. Nsgb-isolated point.

Definition 4.2: Let Ac ‘U. A point u € ‘U is called Nsgb-limit point or Nsgb-accumulation
point or Nsgb-cluster point iff every Nsgh-open set containing u, contains atleast one point of A
other than u.

ie)., uis a Nsgb-limit point of A & (H — {u}) N A # @, for all Nsgb-open set H containing u.

The set of all Nsgb-limit points of A is the Nsgb-derived set of A and expressed by Nsgb-D(A).

Definition 4.3:
e A Nsgb-adherent point of A that is not a Nsgb-limit point of A is said to be a Nsgb-
isolated point of A.
o If all the points of A is Nsgb-isolated point, then A is Nsgb-isolated set.
e Aset Ais Nsgb-perfect set if A is Nsgb-closed and it has no Nsgb-isolated point.

Remark:

e An Nsgb-adherent point is either an Nsgb-isolated point or a Nsgb-limit point of A.
ie)., Nsgh-Adh(A) = A U Nsgb-D(A).
e For if uis a Nsgb-adherent point of A, then there are the following two mutually exclusive
possibilities.

Case 1: Every Nsgb-open set containing u, has a point of A other than u, then u is a Nsgb-limit
point of A.

Case 2: u € A and there is some Nsgb-open set containing u, which contains no point of A except
u, then u is a Nsgb-isolated point.

Example 4.4: Take U ={i, j, k, I}, S = {k, I}, WR={{i}, {k}. {i. I}}, ©(S) ={U 0, {K}, {i.
K, [}, 4, 13} Nsgb-open = {U, @, {i}, {k}, {1}, {i, k}, 0, k}, 4, I} 4k I} {iJ, Kk} {i ko T3 0 K
I3}
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1. Let A= {j, k} c “U. Here j, k are not Nsgb-limit point for {j, k}. Because {j} and {k} are the
Nsgb-open sets which does not contain any other point of A.

ie)., ({}-D N kp=0n{j, kKt =@and ({k} - k) N {j, k} =0 N {j, K} = 0.
Is i Nsgb-limit point of A = {j, k}?

For i € ‘U, Nsgb-open sets contain i are {i, k}, {i, j, k}, {i, k, I}, ‘U. Here every Nsgb-open sets
containing i has atleast one point of A other than i. Hence i is a Nsgb-limit point of {j, k}.

And for | € U is not a Nsgb-limit point for {j, k}. Since the Nsgb-open set {I} does not contain
any point of A. Thus | is not a Nsgb-limit point.

Hence i is a Nsgb-limit point and j, k, | are Nsgb-isolated points of {j, k}. Also the set {j, k} is a
Nsgb-isolated set since every point of A is Nsgb-isolated. And Nsgb-derived set of {j, k} = {i}.
Nsgb-Adherence A ={i, j, k, I}.

2. Let B ={i, j, I}. B has no Nsgb-limit points. = Nsgb-D(B) = @.

For i € ‘U, a Nsgb-open set {i, k} does not contain any other point of B. Similarly for j, k, I of U,
Nsgb-open sets {j}, {k}, {I} does not contain any other point of B. Hence i, j, k, | are not Nsgb-
limit points of B so they are Nsgb-isolated points of B. Here the set B is a Nsgb-isolated set.

Theorem 4.5: (Characterization of Nsgb-closed set in terms of Nsgb-derived set)
Let K< U in (U, tx(S)). Then K is Nsgb-closed iff Nsgh-D(K) < K.

Proof: Necessary Part: Assume K be Nsgb-closed. Then K is Nsgb-open and it is a Nsgb-
neighbourhood of each of its points. Then for each u € K¢, 3 a Nsgb-open set Ny of u with Ny
KC. Since K N K = ¢, the Nsgb-open set N, does not contain any point of K then u is not a
Nsgb-limit point of K. Hence no point of K€ is a Nsgb-limit point of K. Thus K contains all its
Nsgb-limit points. Therefore Nsgh-D(K) < K.

Sufficient Part: Assume Nsgb-D(K) c K and take u € K&, So u ¢ K. Also u & Nsgh-D(K) so that
u is not a Nsgb-limit point of K. This implies that 3 a Nsgb-open set N, of u with N, N K = ¢ so
that Ny < KC. ie)., u € Ny = K€. Thus K€ is the Nsgb-neighbourhood for each of its points. Hence
K is Nsgb-open and therefore K is Nsgb-closed.

Theorem 4.6: In a nano topological space, every Nsgb-closed subset is the union of its set of
Nsgb-isolated points and set of Nsgb-limit points which are disjoint. (ie)., Nsgb-closed
subset = Nsgb-isolated set U Nsgb-derived set.

Proof: Let K be any subset. To prove K U Nsgh-D(K) is a Nsgb-closed. We are going to prove
(K U Nsgb-D(K))C is a Nsgb-open. If (K U Nsgb-D(K))® is ¢, it is clearly Nsgb-open. If not, let u
€ (K U Nsgb-D(K))° then u ¢ (K U Nsgh-D(K)) implies u ¢ K and u ¢ Nsgb-D(K). For u ¢ K,
3 a Nsgb-open set H where u € Hand H N K = ¢ gives u € Hc K — (1) For u ¢ Nsgb-D(K),
again H being a Nsgb-open set containing no point of K. That is no point of H is a Nsgb-limit
point of K implies u € H < (Nsgh-D(K))® — (2). From (1) and (2), u € H < KN (Nsgb-D(K))®
= (K U Nsgb-D(K))©. Then (K U Nsgb-D(K))° is a Nsgh-nbhd of each of its points so that is
Nsgb-open. Hence K U Nsgb-D(K) is Nsgb-closed.

Theorem 4.7: (Properties of Nsgb-derived set)
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Let K, L < (U, tx(S)) then

i) Nsgb-D(¢) = ¢

i) K< L= Nsgb-D(K) < Nsgb-D(L)

iii) Nsgh-D(KNL) < Nsgb-D(K) n Nsgb-D(L)
iv) Nsgh-D(KUL) < Nsgb-D(K) U Nsgb-D(L)

Proof:

i. Since ¢ is Nsgb-closed and by previous theorem, Nsgbh-D(¢) < ¢ . But ¢ < Nsgb-D(¢). Hence
Nsgb-D(¢) = ¢.

ii. Letu € Nsgb-D(K) then u is a Nsgb-limit point of K implies every Nsgb-open set containing
u has a point of K other than u. Since K c L, every Nsgb-open set containing u has a point of
L other than u says u is Nsgb-limit point of L and so u € Nsgh-D(L). Thus K < L implies
Nsgb-D(K) < Nsgb-D(L).

iii. Since KNL < K and KNL < L, by (ii), Nsgh-D(KNL) < Nsgh-D(K) and Nsgb-D(KNL) <
Nsgb-D(L) gives Nsgh-D(KNL) < Nsgb-D(K) N Nsgb-D(L).

iv. Since K ¢ KUL and L < KUL, by (ii), Nsgb-D(K) < Nsgh-D(KUL) and Nsgh-D(L) < Nsgb-
D(KUL) gives Nsgh-D(K) U Nsgb-D(L) < Nsgb-D(KUL).

Application of nano topology — Finding root cause for Hair fall

Consider ‘U as the universe set, A as the attributes set. The value set V, can be associated to each

of its attribute a in “A. An intriguing question concerns if the information system has a particular
set of attributes that by themselves may fully characterize the data stored in the database. There
might be several reducts in the information system. In particular, however, we have an affinity
for a specific reduct, which could be the minimal reduct or any reduct that contains the key
attributes. Such a collection of reduct attributes is the CORE based on the basis.

Definition 5.1: Assume (‘U, “A) be the system of information with conditional attributes C and
decision attribute D of A. The Core is a subset £ of C, if B, = B.and B, = B,_,,foreverye €
E, whereas B,, the basis of nano topology pertaining to £ < C.

ie)., a core comprises a minimal number of attributes which cannot be deleted without impacting
the categorization effectiveness of the attributes.

Algorithm:

Step 1: Having a finite universe ‘U, a finite attribute set “A and subdivided into two groups,
condition attributes C and decision attribute 2D, an equivalence class relation R on ‘U pertaining
to Cand G a subset in “U express the data as in information table, each column have a attribute
and row have objects. The entries expressed the attribute values.

Step 2: Obtain the lower, upper approximations and boundary region in relation to C.

Step 3: Determine nano topology t(G) on ‘U, its basis B(G) pertaining to set C.

Step 4: Eliminate an attribute g form C and obtain lower, upper approximations and boundary

region for G regarding the equivalence relation U/ R ¢gy).
Step 5: Determine the nano topology T - g (G) on U, its basis B (g (G).
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Step 6: Step 3 along with 4 should be followed for every attribute in C.

Step 7: The attribute elements in C with B _ g (G) # B,(G) constitute the CORE.

Problem Statement:

Now-a-days hair fall/ hair loss is common for all due to many reasons like nutrient deficiency,
water (TDS level), medical conditions of individuals, frequent hair styling using chemical

products, pollution, stress and so on.

The problem is to identify the root causes of hair fall among people in groups using topological
attribute reduction in the complete information system based on the basis of nano topology.

Here the given table 1 represents the people in groups with/ without hair fall under the
circumstances.

Table 1. Groups of people with or without hairfall under the circumstances

GROUPS | DIET | MEDICATIONS | WATER HAIR STRESS | OBSERVATION
(D) (M) (W) STYLING (S) (O) (Fall/ No
(H) fall)
Alpha(a) Poor No Moderate No No Fall
Eta(n) Good No Heavy No No Fall
Delta(3) Good No Good No No No Fall
Beta(B) | Average No Moderate Yes No No Fall
Zeta(C) Good Yes Good No Yes Fall
Gamma(y) Poor No Good No No Fall
Theta(6) | Average No Moderate No No No Fall
Lamda(A) | Average No Moderate Yes Yes Fall

The groups formed accordingly the data given by the individuals.

Here U = {a, n, o, B, {, v, 0, A} constitute the groups of individuals is the universe set, A =

{Diet, Medications, Water, Hair styling, Stress, Observation} represent the set of attributes both
conditions and decision.

Columns indicate the reasons of hair fall, rows indicate the groups, entries in the table indicate
the attribute values. {Diet, Medications, Water, Hair styling, Stress} are the conditional attributes
and {Observation (Fall/ No fall)} is the decision attribute.

The table values denoted as ‘U= {a, 1, 3, B, (v, 0, A}, A={D, M, W, S, H, O}, C={D, M, W,
H,S}cA D={0}c A
The group { can be characterized by the value set as { = {D, Good}, {M, Yes}, {W, Good}, {H,
No}, {S, Yes} and {O, Fall}

The equivalence classes generated by the conditional attributes are given by

U/RD) = {{0'5 Y}a {B’ b, }‘}’ {na 3, C}}a U/:R(M) = {{a,n: 3, Ba vs 6, }‘}5 {C}}a ILURW) = {{(1, ﬁ: 0,
Af, 48, G v W Rm = {{am, 8,5, 7, 0}, {B, A}, UIRe = {{am, &, B, v, 0}, {G A}}
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The equivalence class in respect of all the conditions U/ R = {{a}, {n}, {3}, {B}, {C}, {v}, {6},
A}

Before decision rules might be formed, not all condition attributes in a system of information
must describe the decision attribute. i.e., it could occur that the decision attribute is dependent on
a subset of the condition attributes rather than the entire set. As a result, to figure out this subset,
which is referred as the core.

CASE 1: Groups having Hair Fall

Let the group having hair fall be X = {a, 1, {, v, A}. Let an equivalence relation of ‘U be R with

respect to all conditional attributes C. U/ Ro(Z) = {{a}, {n}, {6}, {B}, {C}, {v}, {B}, {A}}. Then
with respect to C, Lower approximation = L,(X) = {a, 1, C, v, A}, Upper approximation = Uy,
() = {a, n, §, v, A}, Boundary region with respect to C = B,(X) = ¢. Then nano topology on ‘U
by C, tuoZ) = {U, ¢, {o, , G, v, A}} and basis of txe(E) = Be(®) = {U, {0, 1, &7, A}, ¢}

Step 1:

i) Eliminate an attribute ‘Diet’ from C.

The pertaining equivalence relation is ‘U/Rc.p)(X) = {{a, 0}, {n}, {C}, {3, v}, {B}, {A}}
and the pertaining Lzco)(Z) = {0, & A}, Ureo)(Z) = {0, M, 8, §, 7, 0, A}, Brepy(@) = {a, §,
v, 0} then nano topology on ‘U by C-D, txrcp(X) = {U, ¢, {n, {, A}, {o, M, 3, §, v, 0, &}, {
a, 8,7, 0}} and its basis Beoy(Z) = {'U, ¢, {n, {, A}, {0, 3,7, 0}} # B(X)

ii) Eliminate an attribute “Medications’ from C.

The pertaining equivalence relation is ‘U/Rcc-wm(2) = {{a}, {n}, {8}, {B}, {C}, {y}, {0},
{A}} and the pertaining Lxcc-m)(Z) = {a, 1, §, v, A}, Uzrc-my(Z) = {a, 0, &, v, A}, Bzre-wmy(X)
= ¢ then nano topology on U by C-M, txzic-m(Z) = {U, ¢, {a, n, {, v, A} } and its basis Bc
- (B) = A{U {o,n, § v, A}, ¢} = Bo(X)

iii) Eliminate an attribute “Water’ from C.

The pertaining equivalence relation is U/ Rc-w)(X) = {{a, v}, {C}, {n, 0}, {B}, {6}, {A}}
and the pertaining Lxc-w(Z) = {a, v, §, A}, Unc-wy(E) = {a, v, {n, 8, A}, Bre-wy(E) = {n,
8} then nano topology on ‘U by C - W, txc-w)(X) = {'U, ¢, {a, v, A}, {a, v, m, 6, A},
{n, 8}} and its basis Bic.w)(X) = {U, ¢, {0, §, v, A}, {n, 8}} # Bo(X)

iv) Eliminate an attribute ‘Hair Styling’ from C.

The pertaining equivalence relation is U/ Rc-n(X) = {{a}, {n}, {8}, {B, 0}, {C}, {v}, {A}}
and the pertaining Lxc-1(X) = {a, n, § 7, A}, Uxc-m(E) = {a. n, §, v, A}, Bre-w(X) = ¢
then nano topology on ‘U by C - H, txc-n)(X) = {U, ¢, {a, n, {, v, A} } and its basis Bic-
W(E) = {U, {o,n,C v, A}, ¢} = Bo(X)
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v) Eliminate an attribute ‘Stress’ from C.

The pertaining equivalence relation is U/ Rc-5(Z) = {{a}, {n}, {8}, {B, A}, {C}, {y}, {6}}
and the pertaining Lzc-s)(2) = {a, n, §, v}, Uxrc-5(X) = {o, m, B, A, G, v}, Bre-5(T) = {B}
then nano topology on U by C - S, txrc-5(Z) = {U, ¢, {a, M, v}, {a,n, B, A, C, v}, {B}}
and its basis Bic-s)(2) = {U, o, {a, 1, &, v}, {B}} # Bo(X)

STEP 2(A):

Let G1= C—M={D, W, H, S} and U/Rey(Z) = {{a}, {n}, {8}, {B}, {C}, {v}, {6}, {A}} and its
basis Bey(X) = {'U, {0, n, , v, A}, ¢} = Bo(X)

i) Eliminate an attribute ‘Diet’ from G,

The pertaining equivalence relation is U/ Re1-0)(X) = {{a, 0}, {3, v}, {n}, {B}, {C}, {A}}
and the pertaining Lz -p)(Z) = {n, &, 1}, Uz@1-0)(Z) = {0, 6, 3, v, { m, A}, Brer-p)(Z) =
{a, 8, v, 0} then nano topology on U by Gi1- D, txe1-0)(X) = {U, ¢, {n, { A}, {o, M, 3, &,

Y, e, )\‘}, {(1, 63 Ys e}} and its basis B(Gl'D)(Z) = {U, ¢’ {n’ Ca }"}9 {(‘L, 6, Y, e}} ;é B(Gl)(z)
ii) Eliminate an attribute “Water’ from G..

The pertaining equivalence relation is U/ R -w)(X) = {{a, v}, {n, 0}, {B}, {C}, {0}, {A}}
and the pertaining Lzc1-w)(Z) = {a, §, v, A}, Urer-w)(Z) = {a, 1, 6, §, v, A}, Brer-w)(Z) =
{n, 8} then nano topology on ‘U by G1- W, txrc1-wy(Z) = {U, ¢, {0, {, v, A}, {o, M, 5, C, v,
A}, {n, 0} } and its basis Bei-w)(X) = {'U, ¢, {a, {, v, A}, {n, 8} } # Ben(X)

iii) Eliminate an attribute ‘Hair Styling’ from G..

The pertaining equivalence relation is U/ R - v(X) = {{a}, {n}, {8}, {B, 0}, {C}, {v},
{M}} and the pertaining Lzg1-n(Z) = {o, 0, & v, M}, Uzer-w(Z) = {a, M, & 7, A}, Bt -
m(Z) = ¢ then nano topology on ‘U by G: - H, tr@1-w(Z) = {U, ¢, {0, 1, {, v, A}} and its
basis Be1-m(Z) = {'U {a,n, § v, A}, ¢} = Ben(E)

iv) Eliminate an attribute ‘Stress’ from G;.

The pertaining equivalence relation is U/ R -5(Z) = {{a}, {n}, {3, T}, {B, A}, {y}, {0}}
and the pertaining Lz -5)(Z) = {a, 1, v}, Urer-5)(Z) = {a, 1, 8, B, § 7, A}, Brei-5)(X) =
{3, B, C, A} then nano topology on ‘U by G1- S, tx@c1-5(X) = {U, ¢, {a, 1, v}, {a, 1, 3, B,
v, A}, {8, B, § A}} and its basis Bier-)(Z) = {'U, ¢, {o, M, v}, {8, B, §, A} # Ben(X)

STEP 2(B):

Let G2= C—H ={D, M, W, S} and ‘W Rex(E) = {{a}, {n}, {8}, B, 0L, L}, {y}, {A}} and its
basis B(GZ)(Z) = {Ua {o,m, G v, A, ¢} = B(C)(Z)
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i) Eliminate an attribute ‘Diet’ from Go.

The pertaining equivalence relation is U/ R - p)(X) = {{a, B, 0}, {n}, {3, v}, {C}, {A}}
and the pertaining Lzc2-0)(Z) = {n, {, A}, Urez-p)(Z) = {a, B, 6, 1, 3, v, {, A}, Brez-p)(X)
= {a, B, 0, 3, v} then nano topology on ‘U by Gz- D, txc2-p)(Z) = {U, ¢, {n, {, A}, {a, N, 3,
B.C v, 0,4}, {8, B, v, 0}} and its basis Bez-o)(X) = {U, ¢, {n, { A}, {a, 5, B, v, 0}} #
Bex(Z)

if) Eliminate an attribute ‘Medications’ from G..

The pertaining equivalence relation is ‘U/Re2 - my(Z) = {{a}, {n}, {8}, {B, 6}, {C}, {v},
{A}} and the pertaining Lzg2-m(Z) = {0, 1, § v, A}, Urgz-my(Z) = {a, 1, &, v, A}, Bree-
m(£) = ¢ then nano topology on U by G2- M, txe2-m)(2) = {U, ¢, {a, n, {, v, A}} and its
basis Bz-m(Z) = {U, ¢, {o, n, § v, 1} } = Bea(Z)

iii) Eliminate an attribute “Water’ from G..

The pertaining equivalence relation is U/ Rz - w(X) = {{a, v}, {n, 6}, {B, 0}, {C}, {\}}
and the pertaining Lzz-w)(X) = {a, v, {, A}, Urcz-wy(Z) = {a, v, M, 6, {, A}, Brez-w)(Z) =
{n, 8} then nano topology on ‘U by G2- W, txrc2-wy(Z) = {U, ¢, {0, {, v, A}, {o, M, 5, C, v,
A}, {n, 0} } and its basis Bez-w)(X) = {'U, ¢, {a, {, v, A}, {n, 8} } # Bea(X)

iv) Eliminate an attribute ‘Stress’ from G..

The pertaining equivalence relation is U/ Rz -5(X) = {{a}, {n}, {3}, {B, 0, A}, {C}, {v}}
and the pertaining Lxez -s)(X) = {a, 1, §, v}, Ure2-5(Z) = {0, M, 6, B, 0, A, §, v}, Breo2-
5(Z) = {5, B, {, A} then nano topology on U by G- S, txc2-5(X) = {U, ¢, {a, 0, §, v}, {9,
B, 8, A}} and its basis Bz-s(X) = {U, ¢, {0, M, E, 7}, {8, B, 0,1} } # Bey(L)

STEP3:

LetZ= C—M, H={D, W, S} and UWRx(Z) = {{a}, {n}, 13}, {B, O}, (L}, {y}, (A1} and it
basis B(Z)(E) = {ru’ {(1, n, C’ Y }‘}5 (I)} = B(Q(E)

i) Eliminate an attribute “Diet’ from Z.

The pertaining equivalence relation is ‘U/Riz-p)(Z) = {{a, B, 0}, {3, v}, {a}, {C}, {A}} and
the pertaining Lxz-p)(Z) = {n, § A}, Uzz-0)(Z) = {o, 1, 8, B, G v, 6, A}, Brz-p)(X) = {a, 3,
B, v, 6} then nano topology on U by Z - D, tzz-p)(Z) = {'U, ¢, {n, {, 1}, {a, 3, B, v, 0}}
and its basis Biz-p)(X) = {U, ¢, {n, {, A}, {0, 3, B, v, 0}} # B(X)
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if) Eliminate an attribute ‘Water” from Z.

The pertaining equivalence relation is U/ Riz-w)(Z) = {{a, v}, {n, 8}, {B, 0}, {C}, {A}} and

the pertaining Lzz-w)(X) = {o, v, A}, Uzz-w(2) = {0, v, M, 8, {, A}, Bzrz-wy(Z) = {n, 6}
then nano topology on ‘U by Z - W, tzz-w(Z) = {U, ¢, {a, v, { A}, {a, v, M, 8, G A}, {n,
0} } and its basis Biz-w)(Z) = {U, ¢, {a, v, A}, {n, 8}} # Bz(T)

iii) Eliminate an attribute ‘Stress’ from Z.

The pertaining equivalence relation is U/ Rz -5(X) = {{a}, {n}, {5, C}, {B, 0, A}, {y}} and
the pertaining Lxz-5)(2) = {a, 0, v}, Usgz-5(Z) = {0, 1, 8, B, 0, 1, §, v}, Brz-5(2) = {3, B,
¢, 0, A} then nano topology on U by Z - S, tzz-5(X) = {'U, ¢, {a, n, v}, {6, B, , 6, A} } and
its basis Biz-s)(Z) = {U, ¢, {a,n, v}, {6, B, 0, A} } # Bn(2)

Thus core = {Diet, Water, Stress}.
CASE 2: Groups does not have Hair Fall

Let the groups does not have hair fall be ¥ = {5, B, 0}. Let an equivalence relation of ‘U be R
with respect to all conditional attributes C. U/ Ro(¥) = {{a}, {n}, {8}, {B}, {C}, {v}, {0}, {A}}.
Then Lower approximation with respect to C = Lx(¥) = {3, B, 6}, Upper approximation with
respect to C = Uxo(P) = {3, B, 0}, Boundary region with respect to C = Bx(¥) = ¢. Then nano
topology on ‘U by C, txo(¥) = {U, ¢, {3, B, 0} } and basis of tx(¥), Bo(¥) = {U, {3, B, 0},
0}

Step 1:

i) Eliminate an attribute ‘Diet’ from C.

The pertaining equivalence relation is U/ R .o\ (V) = {{a, 0}, {n}, {3, v}, {B}, {C}, {A}}
and the pertaining Lxc-p)(¥) = {B}, Uxc-p)(¥) = {a, 0, 3, v, B}, Bzrc-p)(¥)= {0, d, v, 6}
then nano topology on U by C - D, txc-o)(¥) = {U, ¢, {B}, {0, d, B, 7, 0}, {a, 3, v, 0}}
and its basis B(C‘.D)(T) ={, o, {B}, {0, 8,7, 0}} # B(q(‘l’)

if) Eliminate an attribute ‘Medications’ from C.

The pertaining equivalence relation is U/Rcc-m(¥) = {{a}, {n}, {8}, {B}, {C}, {y}, {0},
{A}} and the pertaining Lz(c.m)(¥) = {3, B, 0}, Uzrcc-m(¥) = {3, B, 0}, Bric-m(¥) = ¢ then
nano topology on ‘U by C - M, txc-m(¥) = {U, ¢, {5, B, 0}} and its basis B(c-wm)(¥) =
{U, {3, B, 0}, 0} = Bio(¥)

iii) Eliminate an attribute “Water’ from C.

The pertaining equivalence relation is U/ Rc-w)(¥) = {{a, v}, {n, 8}, {B}, {C}, {6}, {A}}
and the pertaining Lxcc-w)(‘¥) = {B, 0}, Urcc-w)(¥) = {n, 3, B, 0}, Bric-wy(¥) = {n, 6} then
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nano topology on ‘U by C - W, txc-w(¥) = {U, ¢, {B, 8}, {n, 3, B, 0}, {n, 8}} and its
basis Bic-wy(¥) = {U, ¢, {B, 6}, {n,8}} # Bo(¥)

iv) Eliminate an attribute ‘Hair Styling’ from C.

The pertaining equivalence relation is U/ R - w(¥) = {{a}, {n}, {8}, {B, 0}, {C}, {v},
{A}} and the pertaining Lxc-n)(P) = {5, B, 0}, Uric-m)(¥) = {5, B, 0}, Bxric-n(¥) = ¢ then
nano topology on ‘U by C - H, txc-ny(¥) = {U, ¢, {3, B, 0} } and its basis Bic.m(¥) = {U,
{8, B, 0}, ¢} = Bo(¥)

v) Eliminate an attribute ‘Stress’ from C.

The pertaining equivalence relation is U/ R - sy(¥) = {{a}, {n}, {6}, {B, A}, {C}, {v},
{0}} and the pertaining Lxc-s)(¥) = {0}, Uxcc-s)(¥) = {5, B, A, 0}, Bzric-5(¥) = {B, 0, A}
then nano topology on ‘U by C - S, txc-s(¥) = {U, ¢, {8}, {5, B, 0, A}, {B, 6, A} } and its
basis Bc-s(¥) = {U ¢, {3}, {B, 6,1} } # Bo(¥)

STEP 2(A):

LetFi= C-M={D, W, H, S} and W R (¥) = {{a}, <}, {8}, {B}, {C}, {v}, {0}, {A}} and its
basis Bey(¥) = {'U, {3, B, 0}, ¢} = Bo(‘P)

i) Eliminate an attribute ‘Diet’ from F;.

The pertaining equivalence relation is U/ R1-p)(P) = {{a, 0}, {5, v}, {n}, {B}, {C}, {A}}
and the pertaining Lxg1 - 0y)(¥) = {B}, Uxr1-p)(¥) = {a, 0, 5, v, B}, Bzr1-o)(¥) = {a, 5, v,
0} then nano topology on ‘U by Fi1- D, tx¢1-0) (V) = {'U, ¢, {B}, {a, 5, B, v, 6}, {a, 3, v,
0} } and its basis Bri-p)(P) = {U, ¢, {B}, {a, 5, v, 0} } # Bry(P)

i) Eliminate an attribute “Water’ from Fi.

The pertaining equivalence relation is U/ RE1-w)(P) = {{a, v}, {n, 6}, {B}, {C}, {6}, {A}}
and the pertaining Lz -w)(‘¥) = {B, 0}, Uzrr-wy(¥) = {n, 8, B, 0}, Bzrr-w(¥) = {n, 8}
then nano topology on ‘U by Fi- W, tx¢1-w(¥) = {U, ¢, {B, 6}, {n, 3, B, 0}, {n, 8} } and
its basis Berr-w)(‘¥) = {U, ¢, {B, 0}, {n, 8} } # Birn(¥)

iii) Eliminate an attribute ‘Hair Styling’ from F..

The pertaining equivalence relation is U/ R - vy(¥) = {{a}, {n}, {8}, {B, 0}, {C}, {v},
{A}} and the pertaining Lxg1 - my(‘t) = {3, B, 0}, Uxrrr-n(¥) = {3, B, 0}, Brrr- () = ¢
then nano topology on ‘U by Fi- H, t=1-ny(¥) = {U, ¢, {3, B, 0} } and its basis B - n)(¥)
={U, {5, B, 6}, ¢} = Brn(¥)

iv) Eliminate an attribute ‘Stress’ from F.
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The pertaining equivalence relation is U/ R1-5)(¥) = {{a}, {n}, {3, C}, {B, A}, {v}, {0}}
and the pertaining Lx1 -5 (V) = {0}, Uzrr1-5(¥) = {5, B, §, 0, A}, Bxri-s(¥) = {5, B, , A}
then nano topology on ‘U by F1- S, t=F1-5(¥) = {U, ¢, {6}, {5, B, C, 0,1}, {3,B,C A}}
and its basis Br1-s (V) = {U, ¢, {0}, {6, B, {, A} } # Biey(P)

STEP 2(B):

Let Fo= C—H={D, M, W, S} and U/ R»(¥) = {{a}, {n}, {8}, {B, 0}, {C}, {v}, {A}} and its
basis Bz (V) = {U, {5, B, 0}, 0} = Bo(P)

i) Eliminate an attribute ‘Diet’ from F..

The pertaining equivalence relation is U/ R - py)(¥) = {{a, B, 0}, {n}, {3, v}, {C}, {A}}
and the pertaining Lz - p)(¥) = ¢, UrE2-0)(¥) = {0, B, 6, 3, v}, Brr2-p)(¥) = {a, B, 0, 5,
v} then nano topology on ‘U by F, - D, txr2 - 0)(¥) = {U, ¢, {a, B, 0, 3, y}} and its basis
Br2-o(¥) = {'U ¢, {a, 8, B, 7, 0}} # Bea(V)

ii) Eliminate an attribute “Medications’ from F».

The pertaining equivalence relation is U/ R - my(P) = {{a}, {n}, {8}, {B, 0}, {C}, {v},
{A}} and the pertaining L=z - my(¥) = {0, B, 0}, Uzrz - my(¥) = {5, B, 0}, Bzrc-m(¥)=¢
then nano topology on ‘U by F>- M, t=xr2 - my(¥) = {U, ¢, {3, B, 0}} and its basis B -
w(¥) = {U ¢, {5, B, 0}} = Bry(¥)

iii) Eliminate an attribute “Water’ from F..

The pertaining equivalence relation is U/ Rz - w(¥) = {{a, v}, {n, 8}, {B, 0}, {C}, {A}}
and the pertaining Lxez - wy(¥) = {B, 0}, Uzrz-w(¥) = {n, 8, B, 0}, Bzrrz-wy(¥) = {n, 8}
then nano topology on ‘U by F2- W, txE2-w)(¥) = {U, ¢, {B, 0}, {n, 3, B, 6}, {n, 6}} and
its basis Brz-w)(P) = {U, ¢, {B, 0}, {n, 8} } # Bra(P)

iv) Eliminate an attribute ‘Stress’ from F».

The pertaining equivalence relation is U/ Rz -5 (P) = {{a}, {n}, {6}, {B, 6, A}, {C}, {v}}
and the pertaining Lz -s)(W) = {8}, Urr2-5)(¥) = {3, B, 0, A}, Bzrr2-5(¥) = {B, 0, A} then
nano topology on ‘U by F2- S, t=r2-5(¥) = {'U, ¢, {5}, {3, B, 6, A}, {B, 6, A}} and its basis
Bra-5(¥) = {U ¢, {8}, {B, 0,1} } # Bra(¥)

STEP 3:

Let P = C— M, H = {D, W, S} and W/ Re(¥) = {{a}, {n}, {3}, {B, 0}, {C}, {y}, {A}} and its
basis By (‘Y) = {'U, {3, B, 0}, ¢} = Bo(¥)

i) Eliminate an attribute ‘Diet’ from P.
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The pertaining equivalence relation is U/ Rp -p)(P) = {{a, B, 0}, {5, v}, {n}, {C}, {A}} and
the pertaining Lxp - p)(¥) = ¢, Uzp-p)(¥) = {a, B, 6, 3, v}, Bxe-p)(¥)= {0, o, B, y, 0} then
nano topology on ‘U by P - D, txp-p)(¥) = {U, ¢, {a, 3, B, v, 0} } and its basis B -p)(¥) =
{U, ¢, {0, 3,B,v,0}} # Be(¥)

ii) Eliminate an attribute “Water’ from P.

The pertaining equivalence relation is U/Rp - wy(¥) = {{a, v}, {n, 8}, {B, 0}, {C}, {A}}
and the pertaining Lze -w)(¥) = {B, 0}, Uze-w)(¥) = {n, 6, B, 0}, Bze-w)(¥)= {n, 6} then
nano topology on ‘U by P - W, tze - wy(¥) = {U, ¢, {B, 8}, {n, 3, B, 6}, {n, 6}} and its
basis Be-w)(‘¥) = {'U, ¢, {B, 6}, {n, 8} } # Br(¥)

iii) Eliminate an attribute ‘Stress’ from P.

The pertaining equivalence relation is U/ Rp-s)(¥) = {{a}, {n}, {5, C}, {B, 0, A}, {y}} and
the pertaining Lxp - 5)(¥) = ¢, Uzp -5 (¥) = {5, §, B, 0, A}, Bze-5(¥) = {3, B, (, 0, A} then
nano topology on U by P - S, txp -5 (V) = {U, ¢, {5, B, {, 0, A} } and its basis Bep-s)(¥) =
{U ¢, {8,B,C 6,0} } # Bey(¥).

Thus core = {Diet, Water, Stress}.
Observation

By applying topological reduction of attributes in terms of basis of nano topology we find the
main reasons for hair fall among the groups of people are Diet(D), Water(W) and Stress(S) from
both the cases. Though every individual is unique they have their own reasons. But diet, water
and stress are being the most common core factors for the hair fall problem.

4. CONCLUSION

This paper defined Nsgb-neighbourhood, Nsgb-adherent points, Nsgb-derived set of Nsgb-sets.
The study can be further proceed to discuss about connectedness, compactness, separation
axioms on Nsgb-closed (open) sets and can give more applications in decision making problems.
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