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APPLICATIONS OF NANO TOPOLOGY
VIA NANO OPERATIONS

HARIWAN Z. IBRAHIM

ABSTRACT. The purpose of this paper is to define and study some new classes of
sets by using nano operation namely, {(-nano regular open, (-nano open, {-nano
a-open, (-nano pre-open, ¢-nano semi-open, (-nano b-open and (-nano [-open in
nano topology. Some properties and the relationships between these sets and the
related concepts are investigated. Also, we found the deciding factors for the most
common disease fever.

1. INTRODUCTION

General Topology is vast and has many different inventions and interactions with
other fields of Mathematics and Science. The notion of approximations and bound-
ary region of a set was originally proposed by Pawlak [10] in order to introduce
the concept of rough set theory. An equivalence relation known as indiscernibility
relation is the mathematical basis for the theory. A rough set can be described by
a pair of definable sets called lower and upper approximations. The lower approxi-
mation is the greatest definable set contained in the given set of objects, while the
upper approximation is the smallest definable set containing the given set. Thivagar
et al [1, 2] introduced a nano topology which is defined in terms of the lower and
upper approximations and the boundary region of a subset of an universe. Thivagar
and Richard [5] established the weak forms of nano open sets namely nano a-open
sets, nano pre-open sets and nano semi-open sets in a nano topological space and
also they introduced nano-regular open sets. Revathy et al [7] and Parimala et al [8]
respectively, introduced the notions nano S-open and nano b-open sets. Nano means

something very small. It comes from the Greek word nanos which means ‘dwarf’, in

Received by the editors August 12, 2020. Accepted June 28, 2021.

2010 Mathematics Subject Classification. 54A05.

Key words and phrases. nano topology, nano operation, nano-regular open, nano open, nano
@-open, nano pre-open, nano semi-open, nano b-open, nano $-open and core.

(© 2021 Korean Soc. Math. Educ.
199



200 H.Z. IBRAHIM

its modern scientific sense, an order of magnitude-one billionth of something. But
certain nano-terms are satisfied simply to mean ”very small”. Nanocar is an exam-
ple. Ibrahim [9] introduced and discussed an operation of a family of all a-open sets
in topological space. Ibrahim et al [3, 6, 11] continued studying the properties of

such operations.

2. PRELIMINARIES

Definition 2.1 ([4]). Let U be a nonempty finite set of objects called the universe
and R be an equivalence relation on U named as the indiscernibility relation. Ele-
ments belonging to the same equivalence class are said to be indiscernible with one

another. The pair (U, R) is said to be the approzimation space. Let X C U.

(1) The lower approximation of X with respect to R is the set of all objects,
which can be for certain classified as X with respect to R and its is denoted
by Lr(X). That is, Lr(X) = U,cp{R(x) : R(x) € X}, where R(z) denotes
the equivalence class determined by x.

(2) The upper approximation of X with respect to R is the set of all objects,
which can be possibly classified as X with respect to R and it is denoted by
Ur(X). That is, Ur(X) = Uey{R(x) : R(z) N X # ¢}.

(3) The boundary region of X with respect to R is the set of all objects, which
can be classified neither as X nor as not-X with respect to R and it is
denoted by Br(X). That is, Br(X) = Ur(X) — Lr(X).

Definition 2.2 ([1, 2]). Let U be the universe, R be an equivalence relation on U
and Tr(X) = {U, ¢, Lr(X),Ur(X), Br(X)} where X C U. Then, 7r(X) satisfies

the following axioms:

(1) U and ¢ € mr(X).

(2) The union of the elements of any subcollection of (X)) is in 7r(X).

(3) The intersection of the elements of any finite subcollection of 77(X) is in
TR(X).

That is, Tr(X) is a topology on U called the nano topology on U with respect to X.
We call (U, 7r(X)) as the nano topological space. The elements of 7r(X) are called

as nano open sets. A subset F' of U is nano closed if its complement is nano open.
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Definition 2.3 ([1]). Let (U, 7r(X)) be a nano topological space with respect to X
where X C U and K C U, then the nano interior of K is defined as the union of all
nano open subsets of K and it is denoted by NInt(K). The nano closure of K is
defined as the intersection of all nano closed sets containing K and it is denoted by
NCI(K).

Definition 2.4. A subset K of a nano topological space (U, 7r(X)) is called:
1) nano-regular open if NInt(NCI(K)) = K ([5]).
nano a-open if K C NInt(NCI(NInt(K))) ([5])-
nano pre-open if K C NInt(NCI(K)) ([5]).
nano semi-open if K C NCI(NInt(K)) ([5]).
nano b-open if K C NCI(NInt(K)) U NInt(NCI(K)) ([8])-
(6) nano B-open if K C NCI(NInt(NCI(K))) ([7]).
We denote by NRO(U, X) (resp. 73(X), NPO(U,X), NSO(U, X ), NbO(U, X) and
NBO(U, X)) the family of nano-regular open (resp. nano a-open, nano pre-open,

nano semi-open, nano b-open and nano (-open ) sets in U.

Definition 2.5. Let (U, 7r(X)) be a nano topological space. A subset F of U is said
to be nano-reqular closed (resp. nano a-closed, nano pre-closed, nano semi-closed,
nano b-closed and nano (-closed) if its complement is nano-regular open (resp. nano

a-open, nano pre-open, nano semi-open, nano b-open and nano [-open).
Theorem 2.6 ([5]). Any nano-regular open set is nano open.

Theorem 2.7 ([5]). If A is nano open in (U,Tr(X)), then it is nano a-open in U.
Theorem 2.8 ([5]). 73(X) € NPO(U, X) in a nano topological space (U, Tr(X)).
Theorem 2.9 ([5]). 73(X) € NSO(U, X) in a nano topological space (U, Tr(X)).
Theorem 2.10 ([8]). Every nano pre-open set is nano b-open.

Theorem 2.11 ([8]). Every nano semi-open set is nano b-open.

Theorem 2.12 ([8]). Every nano b-open set is nano 3-open.

3. NEw TYPES OF NANO OPEN SETS

Definition 3.1. Let 7z(X) be a nano topology on U with respect to X and ¢ :
NBO(U,X) — P(U) be a nano operation satisfying that, K C K¢ for each K €
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NBO(U, X). Then, a nonempty subset L of U is called (-nano regular open (resp. (-
nano open, (-nano a-open, (-nano pre-open, (-nano semi-open, ¢-nano b-open and
¢-nano B-open) if for each point s € L, there exists a nano-regular open (resp. nano
open, nano a-open, nano pre-open, nano semi-open, nano b-open and nano S-open)
set D containing s such that D¢ C L. We suppose that the empty set is ¢(-nano
regular open (resp. (-nano open, (-nano a-open, {-nano pre-open, {-nano semi-open,
¢-nano b-open and (-nano -open) for any operation ¢ : NSO(U, X) — P(U).

The family of all {(-nano regular open (resp. (-nano open, (-nano a-open, (-
nano pre-open, (-nano semi-open, ¢-nano b-open and (-nano [-open) sets denote
by NRO(U, X)¢ (resp. Tr(X)¢, T5(X)e, NPO(U,X)¢, NSO(U, X)¢, NbO(U, X)¢
and NBO(U, X)¢). The complement of a (-nano regular open (resp. (-nano open,
(-nano a-open, (-nano pre-open, (-nano semi-open, (-nano b-open and (-nano (-
open) set is called (-nano regular closed (resp. (-nano closed, (-nano a-closed,
¢-nano pre-closed, (-nano semi-closed, (-nano b-closed and (-nano (-closed). The
family of all (-nano regular closed (resp. (-nano closed, (-nano a-closed, {-nano
pre-closed, (-nano semi-closed, (-nano b-closed and (-nano [S-closed) sets denote
by NRC(U, X)¢ (resp. Tr(X)¢, m5(X)E, NPC(U,X)¢, NSC(U, X )¢, NbC(U, X )¢
and NSC(U,X)¢).

Remark 3.2. From the following examples, it can be easily seen that the concept

of (-nano regular open and nano-regular open are independent in general.
Example 3.3. Consider U = {r,m,n,o,p} with U/R = {{r,m},{n,p}, {o}} and
X = {r,0}. Then,
Tr(X) = {U, ¢, {0}, {r,m, 0}, {r,m}}
and
NRO(U,X) ={U, ¢,{o},{r,m}}.
Define a nano operation ¢ on NGO(U, X) by
(1)

K¢ U if K={rm}
1 K otherwise.

Then, {r,m} is nano-regular open but not {-nano regular open.
(2) K¢ = K for each K € NBO(U, X). Then, {r,m, o} is (-nano regular open

but not nano-regular open.

Theorem 3.4. Let (U, 7r(X)) be nano topological space. Then,



APPLICATIONS OF NANO TOPOLOGY VIA NANO OPERATIONS 203

(1) Every (-nano open is nano open.

(2) Every (-nano a-open is nano a-open.

(3) Every (-nano pre-open is nano pre-open.
(4) Every (-nano semi-open is nano semi-open.
(5) Every (-nano b-open is nano b-open.

(6) Every (-nano [-open is nano [3-open.
Proof. 1t is clear from the Definition 3.1. g

Remark 3.5. The following examples show that all converses of Theorem 3.4, can

not be reserved.

Example 3.6. Consider U = {r,m,n, o} with U/R = {{r},{n},{m,o0}} and X =
{r,m}. Then, 7r(X) = {U, ¢, {r},{r,m,o0},{m,0}}. Define a nano operation ¢ on
NBO(U, X) by

(1)

K U if K={m,o}
"~ 1 K otherwise.

Then, {m, o} is nano open but not (-nano open.

(2)

K¢ — U if K={r,m,o}or K ={m,o}
K otherwise.

Then, 75(X) = {U,¢,{r},{m,o},{r,m,o}} and {r,m,o} is nano a-open

but not (-nano a-open.

(3)

KC _ U if K = {m}
K otherwise.
Then, NPO(U, X) = {U, ¢,{r},{m},{o},{r,m},{r, o}, {m, o}, {r,m,n},
{r,m,o},{r,n,0}} and {m} is nano pre-open but not (-nano pre-open.
(4)

K¢ U it K={rn}
1 K otherwise.

Then, NSO(U, X) = {U, ¢,{r},{r,n}, {m, o}, {r,m, o}, {m,n,o}} and {r,n}
is nano semi-open but not {-nano semi-open.

(5)

U ifK=Ho
KC:{ K ifK;A{{o}}.
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Then, NbO(U, X) = {U, ¢, {r},{m},{o}, {r,m}, {r,n}, {r, o}, {m, o},
{r,m,n},{r,m,o},{m,n,o},{r,n,o}} and {o} is nano b-open but not (-
nano b-open.

(6)

U ifoeKk
¢ —
K_{K ifoé¢ K.

Then, NBO(U, X) ={U, ¢,{r}, {m},{o}, {r,m},{r,n},{r o}, {m, o},
{m,n},{n,o},{r,m,n}, {r,m,o}, {m,n,o},{r,n,o}} and {n,o} is nano j-

open but not (-nano S-open.

Remark 3.7. Suppose the identity nano operation id : NSO(U,X) — P(U) is
defined by K = K for any K € NBO(U, X). Then, a subset L of U is

(1) an id-nano regular open if L is nano-regular open. Therefore, we have that
NRO(U,X) C NRO(U, X);q.

(2) an id-nano open if and only if L is nano open. Therefore, we have that
TR(X)ia = TrR(X).

(3) an ¢d-nano a-open if and only if L is nano a-open. Therefore, we have that
T3 (X)ia = TR(X).

(4) an id-nano pre-open if and only if L is nano pre-open. Therefore, we have
that NPO(U, X )iq = NPO(U, X).

(5) an id-nano semi-open if and only if L is nano semi-open. Therefore, we have
that NSO(U, X);q = NSO(U, X).

(6) an id-nano b-open if and only if L is nano b-open. Therefore, we have that
NbO(U, X)ia = NbO(U, X).

(7) an id-nano S-open if and only if L is nano S-open. Therefore, we have that
NBO(U, X)ia = NBO(U, X).

Theorem 3.8. Let (U, 7r(X)) be nano topological space and L C U. Then,
(1) If L is (-nano regular open, then L is (-nano open.
(2) If L is (-nano open, then L is (-nano a-open.
(8) If L is (-nano a-open, then L is (-nano pre-open.
(4) If L is (-nano a-open, then L is (-nano semi-open.
(5) If L is (-nano pre-open, then L is (-nano b-open.
(6) If L is (-nano semi-open, then L is (-nano b-open.
(7) If L is (-nano b-open, then L is (-nano B-open.

Proof. (1) Follows from Theorem 2.6.
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3

) Follows from Theorem 2.7.
)
4) Follows from Theorem 2.9.
)
)
)

Follows from Theorem 2.8.

S
6
7

(
(
(
(5) Follows from Theorem 2.10.
(6) Follows from Theorem 2.11.
(7) Follows from Theorem 2.12.

O
Remark 3.9. The converse of the above theorem need not be true in general as it

is shown below.

Example 3.10. (1) Consider U = {r,m,n} with U/R = {{r},{m,n}} and
X ={r}. Then,
TrR(X) ={U, ¢, {r}},
NRO(U,X) ={U, ¢}, and
r8(X) = (U, 6, {r}, {r.m}, {r,m}}.
Define a nano operation ¢ on NSO(U,X) by K¢ = K for each K ¢
NBO(U, X). Then, {r} is (-nano open but not (-nano regular open and
{r,m} is (-nano a-open but not ¢-nano open.

(2) Consider U = {r,m,n,o} with U/R = {{r},{n},{m,0}} and X = {r,m}.

Then, 7r(X) = {U, ¢,{r}, {r,m,o0},{m,o0}}. Define a nano operation ¢ on
NBO(U, X) by

o | K K ={o}
"1 U otherwise.

Then, {0} is (-nano pre-open but not (-nano a-open.

1 U otherwise.

Then, {r,n} is (-nano semi-open but not ¢-nano a-open.

K K if K ={m,n,o} or K ={m}
| U otherwise.

Then, {m,n, o} is (-nano b-open but not (-nano pre-open and {m} is

(-nano b-open but not (-nano semi-open.

¢ K if K={m,n}
“ | U otherwise.

Then, {m,n} is (-nano S-open but not (-nano b-open.
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Proposition 3.11. The concept of (-nano pre-open and (-nano semi-open are in-

dependent.
Proof. Follows from that nano pre-open and nano semi-open are independent [5]. [

Example 3.12. From Example 3.6, if we define a nano operation ¢ on NSO(U, X)
by
(1)

K K if K={m,n,o}
| U if K# {m,n,o}.

Then, {m,n, o} is (-nano semi-open but not {-nano pre-open.
(2)

| K i K={m}
KC_{U it K {m).

Then, {m} is (-nano pre-open but not ¢-nano semi-open.

Remark 3.13. From Theorems 2.6, 2.7, 2.8, 2.9, 2.10, 2.11, 2.12, 3.4 and 3.8, we

obtain the following diagram of implications:

¢-nano regular open nano-regular open
¢-nano open ————————> nano open
{-nano a-open ————————> nano a-open

— T

¢-nano semi-open nano semi-open

¢{-nano pre-open ———— nano pre-open

¢-nano b-open —— > nano b-open

¢-nano B-open nano B-open

where A — B represents that A implies B.
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Theorem 3.14. Let {L;}ics be a collection of (-nano open sets in a nano topological

space (U, Tr(X)), then U;csL; is (-nano open.

Proof. Let s € UjcsL;, then s € L; for some ¢ € J. Since L; is a (-nano open set,
implies that there exists a nano open set D containing s such that DSCL; C Uies L.
Thus, U;csL; is a (-nano open set of (U, 7r(X)). O

Theorem 3.15. Let {L;}ics be a collection of (-nano regular open (resp. (-nano
a-open, (-nano pre-open, ¢-nano semi-open, ¢-nano b-open and -nano B-open) sets
in a nano topological space (U, Tr(X)), then U;csL; is (-nano regular open (resp.
C-nano a-open, (-nano pre-open, (-nano semi-open, (-nano b-open and (-nano 5-

open,).
Proof. The proof is similar to that of Theorem 3.14. g

Theorem 3.16. If (U, 7r(X)) is a nano topological space and X C U, then

(1) the intersection of two (-nano open sets is (-nano open.

(2) the intersection of two (-nano reqular open sets is (-nano regular open.

Proof. Follows from that Lr(X) C Ur(X), Br(X) C Ur(X) and Lr(X)NBr(X) =
o. 0

Remark 3.17. From Theorems 3.14 and 3.16 (1), we notice that the family of all

(-nano open is a nano topology.

Remark 3.18. From Theorems 3.15 and 3.16 (2), we notice that the family of all

(-nano regular open is a nano topology.

Remark 3.19. If D and K are two (-nano a-open (resp. (-nano pre-open, ¢-nano
semi-open, ¢-nano b-open and (-nano B-open) sets in (U, 7r(X)), then the following
examples shows that D N K need not be {-nano a-open (resp. (-nano pre-open,

¢-nano semi-open, ¢-nano b-open and (-nano [-open).

Example 3.20. Consider U = {r,m,n} with U/R = {{r},{m,n}} and X = {r}.
Then, 7r(X) = {U, ¢,{r}}. Define a nano operation ¢ on NGO(U, X) by

U otherwise.
Then, D = {r,m} and K = {r,n} are (-nano a-open sets but D N K = {r} is not

(-nano a-open.

KCZ{ K if K={r,m}or K={rn}
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Example 3.21. Consider U = {r,a,b,0} with U/R = {{r},{b},{a,0}} and X =
{r,a}. Then, tr(X) = {U, ¢,{r},{r,a,0},{a,0}}. Define a nano operation ¢ on
NBO(U, X) by

(1)

U itK={a
KC:{ K ifK;é{EL}}.

Then, D = {r,a,b} and K = {r,b, 0} are (-nano pre-open sets but DN K =
{r,b} is not {-nano pre-open.
(2)

U itK={r
KC:{ K ifK;é{{r}}.

Then, D = {r,b} and K = {a,b, 0} are (-nano semi-open sets but DN K =

{b} is not (-nano semi-open.

(3)

K if K # {a}.
Then, D = {r,a} and K = {a, 0} are {-nano b-open sets but D N K = {a}
is not (-nano b-open.

(4)

KCZ{ U if K={a}

K¢ K if K={rb}or K ={a,b}
" | U otherwise.

Then, D = {r,b} and K = {a,b} are (-nano [-open sets but D N K = {b}

is not (-nano S-open.

Remark 3.22. From Theorem 3.15 and Remark 3.19, we notice that the family
of all (-nano a-open (resp. (-nano pre-open, (-nano semi-open, ¢-nano b-open and

¢-nano [-open) is a nano supratopology need not be a nano topology in general.

Definition 3.23. An operation ¢ on NSO(U, X) is called (-regular if for every
two nano a-open (resp. nano pre-open, nano semi-open, nano b-open and nano [-
open) L and D subsets of U containing s € U, there exists a nano a-open (resp.

nano pre-open, nano semi-open, nano b-open and nano [-open) set K such that
s€ KSC LSnDS.

Theorem 3.24. Let ¢ be a (-regular operation on NSO(U, X). If L and D are two

C-nano a-open sets in U, then LN D is also a (-nano a-open set.
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Proof. Let s € LN D, then s € L and s € D. Since L and D are (-nano a-open
sets, then there exist nano a-open sets Vi and V such that s € V; C Vf C L and
s €V C V¢ CD. Since ( is (-regular, then there exists a nano a-open set K such
that s € K € K¢ C Vf NVS C LND. This implies that L N D is (-nano a-open
set. ]

Remark 3.25. By the above theorem, if ¢ is a (-regular operation on NSO(U, X).
Then, 75(X)¢ form a nano topology on U.

Proposition 3.26. Let ¢ be a (-regular operation on NSO(U, X).
(1) If L and D are (-nano pre-open sets in U, then L N D is also a (-nano

pre-open set.

(2) If L and D are (-nano semi-open sets in U, then L N D is also a (-nano
semi-open set.

(8) If L and D are (-nano b-open sets in U, then LN D is also a (-nano b-open

set.
(4) If L and D are (-nano (B-open sets in U, then LN D is also a (-nano 3-open
set.
Proof. The proof is similar to that of Theorem 3.24. O

Remark 3.27. By the above proposition, if € is a (-regular operation on NSO(U, X).
Then, NPO(U, X)¢ (resp. NSO(U,X)¢, NbO(U, X)¢ and NBO(U, X)) form a

nano topology on U.

Theorem 3.28. Let (U, mr(X)) be nano topological space and L C U. Then, the
set L is (-nano open if and only if for each s € L, there exists a (-nano open set D
such that s € D C L.

Proof. Let L be (-nano open. Then, for each s € L, put K = L is a (-nano open
set such that s € K C L.

Conversely, suppose that for each s € L, there exists a (-nano open set K such that
s € K C L, thus L = UK, where Ky € 7r(X)¢ for each s. Hence, L is a (-nano
open set. ]

Proposition 3.29. Let (U,7r(X)) be nano topological space and L C U. Then, the
set L is

(1) {-nano regular open if and only if for each s € L, there erists a (-nano
regular open set D such that s € D C L.
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(2) (-nano a-open if and only if for each s € L, there exists a (-nano a-open
set D such that s € D C L.

(3) ¢-nano pre-open if and only if for each s € L, there exists a (-nano pre-open
set D such that s € D C L.

(4) (-nano semi-open if and only if for each s € L, there exists a (-nano semi-
open set D such that s € D C L.

(5) (-nano b-open if and only if for each s € L, there exists a (-nano b-open set
D such that s € D C L.

(6) (-nano B-open if and only if for each s € L, there exists a (-nano [3-open
set D such that s € D C L.

Proof. The proof is similar to that of Theorem 3.28. O

Definition 3.30. A nano topological space (U, 7r(X)) is called (-regular if for each
nano-regular open (resp. nano open, nano a-open, Nano pre-open, nano semi-open,
nano b-open and nano f-open) set L in U containing s € U, there exist a nano-
regular open (resp. nano open, nano a-open, nano pre-open, nano semi-open, nano

b-open and nano S-open) set D in U containing s such that D7 C L.

Theorem 3.31. Let (U,7r(X)) be a nano topological space. Then, the following
statements are equivalent.
(1) 7R(X) = TR(X).
(2) (U,mr(X)) is (-regular.
(3) For every s € U and every nano open set L of U containing s there exists a
¢-nano open set D of U such that s € D and D C L.

Proof. (1) = (2): Let s € U and L be a nano open set containing s. Then by
assumption, L is a (- nano open set, this implies that for each s € L, there exists a
nano open set D containing s such that D¢ C L. Thus, (U, 7r(X)) is (-regular.

(2) = (3): Let s € U and L be any nano open set containing s. Then by (2), there
is a nano open set D such that s € D C DY C L. Applying (2) to D, then D is
(-nano open. Hence, D is a (-nano open set containing s such that D C L.

(3) = (1): By (3) and Theorem 3.28, it follows that every nano open set is (-nano
open, that is, 7r(X) C 7r(X)¢. Also from Theorem 3.4 (1), 7r(X)¢ C 7r(X).

Hence, we have the result. O

Corollary 3.32. Let (U, 7r(X)) be a nano topological space. Then, the following

statements are equivalent.
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(1) NRO(U,X) C NRO(U, X);.
(2) (U, Tr(X)) is ¢-regular.
(3) For every s € U and every nano-reqular open set L of U containing s there

exists a (-nano reqular open set D of U such that s € D C L.

Proof. (1) = (2): Let s € U and L be a nano-regular open set containing s. Then,
L is a (- nano regular open set, this implies that for each s € L, there exists a nano-
regular open set D containing s such that D¢ C L. Thus, (U, (X)) is (-regular.
(2) = (3): Let s € U and L be any nano-regular open set containing s. Then by
(2), there is a nano-regular open set D such that s € D C DY C L. Applying (2) to
D, then D is (-nano regular open. Hence, D is a (-nano regular open set containing
s such that D C L.

(3) = (1): By (3) and Proposition 3.29, it follows that every nano-regular open set
is (-nano regular open, that is, NRO(U, X) C NRO(U, X)¢. O

The proof of the following result is easy and hence it is omitted.

Proposition 3.33. Let (U, 7r(X)) be a nano topological space. Then, the following
statements are equivalent.
(1) 75(X)¢ = 75(X) (resp. NPOU,X) = NPO(U,X), NSOWU,X); =
NSO(U,X), NbO(U,X); = NbO(U,X) and NBO(U,X ) = NBO(U,X)).
(2) (U,Tr(X)) is (-regular.
(8) For every s € U and every nano a-open (resp. nano pre-open, nano Semi-
open, nano b-open and nano B-open) set L of U containing s there ezists
a (-nano a-open (resp. (-nano pre-open, (-nano semi-open, ¢-nano b-open
and (-nano B-open) set D of U such that s € D and D C L.

4. REAL LIFE APPLICATION OF NANO TOPOLOGY

In this section an algorithm is developed to find the deciding factors or core to

pick the minimum number of attributes necessary for the classification of objects.

Definition 4.1. Let U be the universe and R be an equivalence relation on U. Let
7r(X) be the nano topology on U and K¢ = K for each K € NBO(U, X). A subset
C of A, the set of attributes is called the Core of R if Tr(X)¢ # Tr—(r)(X) for every
r in C. That is, a core of R is a subset of attributes which is such that none of its

elements can be removed without affecting the classification power of attributes.
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The procedure applied in the Example 4.2, can be put in the form of an algorithm
as follows:

STEP 1: Given a finite universe U, a finite set A of attributes that is divided into
two classes, A1 of condition attributes and As of decision attribute, an equivalence
relation R on U corresponding to A; and a subset X of U, represent the data as an
information table, columns of which are labeled by attributes, rows by objects and
entries of the table are attribute values.

STEP 2: Find the lower approximation, upper approximation and the boundary
region of X with respect to R.

STEP 3: Generate the nano topology 7r(X) on U and also 7r(X)¢.

Step 4: Remove an attribute xz from A; and find the lower and upper approxi-
mations and the boundary region of X with respect to the equivalence relation on
A1 — {LE}

STEP 5: Generate the nano topology Tr_(,)(X) on U.

STEP 6: Repeat steps 3 and 4 for all attributes in Aj;.

STEP 7: Those attributes in Ay for which 7p_(,)(X) # 7r(X) form the Core(R).

Example 4.2. In this example nano topology concepts is applied to find the key
factors for the fever. Fever is an important sign of inflammation recognized by health
care practitioners and family caregivers. Fever often occurs in response to infection,
inflammation and trauma. However, this view of fever is merely an oversimplifica-
tion as a growing body of evidence now suggests that fever represents a complex
adaptive response of the host to various immune challenges whether infectious or
non-infectious. Although elevated body temperature is an indispensable component
of the febrile response, it is not synonymous with fever.
The following table gives information about patients those who are having Headache
(H), Weakness (W), Sweating (S), Temperature (T) and Irritability (I).
Patients | H | W | S T I | Fever
Ul No | Yes | No Low No Yes
U9 Yes | Yes | Yes Low | Yes| Yes
us No | Yes | No | High | Yes| Yes
Uy Yes | No | Yes Low | Yes No
Uus No | Yes | No Low No No
Ug No | Yes | No | Normal | Yes | No

w7 No | Yes | No | High | Yes| Yes
ug No | No | No | High | No | No
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The columns of the table represent the attributes (the symptoms for fever) and
the rows represent the objects (the patients). Let U = {u1, ug, us, uq, us, ug, uz, ug},
then

CASE I: Let X = {u1,us,us,ur} be the set of patient having fever and R be the
equivalence relation on U with respect to the set of all condition attributes. The set
of equivalence classes corresponding to R is given by
U/R = {{us}, {us, ur},{u1,us}, {uz}, {usa}, {us}}, therefore the nano topology on U
with respect to X is given by 7r(X) = {U, ¢, {ua, us, ur}, {us, us, uy, u1, us}, {u1, us}}.
Define a nano operation ¢ on NSO(U, X) by K¢ = K for each K € NBO(U, X),
then TR(X)< = TR(X).

If Headache is removed from the set of condition attributes, then

U/R - (H) = {{uz},{u1,us}, {us, ur}, {us}, {ue},{us}}. Hence, TR—(H) (X) =
{U, ¢, {ua, us, ur}, {ua, us, ur,ur, us}, {ui, us} } = 7r(X).

If Weakness is removed from the set of condition attributes, then

U/R— (W) = {{u1,us}, {uz, us}, {us, ur}, {ue}, {us}}. Hence, 7—R—(W)(AX) =
{U, ¢, {us,ur}, {u1, ua, us, ug, us, ur}, {u, ua, ug, us} } # 7r(X).

If Sweating is removed from the set of condition attributes, then

U/R — (S) = U/R and hence Tg_(5)(X) = 7r(X).

If Temperature is removed from the set of condition attributes, then

U/R = (T) = {{ur,us}, {uz}, {us,,ue,ur}, {ua}, {us}}. Hence, TR—(T)(X) =
{U, ¢, {uz}, {u1, uz, us, us, ug, ur}, {us, us, us, ug, ur} } # 7r(X).

If Irritability is removed from the set of condition attributes, then

U/R— (I) = U/R and hence 1r_(1)(X) = 7r(X).

From Case I, we get Core(R) = {W,T}.

CAsE II: Let X = {ua,us,uq,ug} be the set of patient not having fever. Then,
U/R = {{us}, {us,ur},{u1,us}, {ua}, {ua}, {us}}, therefore the nano topology on U
with respect to X is given by 7r(X) = {U, ¢, {ua, us, us}, {u1, u4, us, ug, ug }, {u1, us}}.
Define a nano operation ¢ on NBO(U,X) by K¢ = K for each K € NBO(U, X),
then TR(X)C = TR(X).

If the attribute Headache is removed, then

U/R = (H) = {{uz},{u1,us}, {us, ur}, {ua}, {uc}, {us}}. Thus, tp_)(X) =
{U, ¢, {ua, ue,ug}, {u1, ug, us, ug, ug}, {u,us}} = 7r(X).

If the attribute Weakness is removed, then

U/R— (W) = {{ur,us}, {u2, ua}, {us, ur}, {ue}, {us}}. Thus, 7—R—(W)(Xv) =
{U, ¢, {UG, us}, {ul, U2, U4, U5, Ug, us}, {ul, U9, U4, U5}} 75 TR(X).
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If the attribute Sweating is removed, then

U/R — (S) = U/R and thus 7p_(5)(X) = 7r(X).

If the attribute Temperature is removed, then

U/R—(T) = {{u17 U5}, {u2}7 {’U,g, » UG, U7}, {U4}, {US}}
Thus, 7r_(1)(X) = {U, ¢, {ua, us}, {u1,u3, usg, us, ug, ur, us}, {u1, us, us, ue, ur } } #
TrR(X).

If the attribute Irritability is removed, then

U/R— (I) = U/R and hence 1r_(1)(X) = 7r(X).

From Case II, we get Core(R) = {W,T}.

Observation. From the Core of R, we conclude that “Weakness” and “Tempera-

ture” are the key attributes necessary to say that a patient has fever.

5. CONCLUSION

In this work, the properties of some new types of nano open sets via nano oper-
ations are discussed. Also, we introduced an application example in nano topology.

Thus, it is advantageous to use nano topology in real life situations.
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