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I. Introduction:

Nano topology was introduced by Lellis Thivagar[5] in the year 2013. This topology is based on the
concept of lower approximation, upper approximation and boundary region. It has maximum five open sets and
minimum three open sets including universal & empty set. Every nano topology is micro topology. Micro
topology was introduced by sakkraiveeranan chandrasekar[2] in 2019. Micro topology was the extension of
nano topology. And it has maximum nine open sets and minimum four open sets. In this paper, we introduced
micro a* open set in micro topological space.

Il. Preliminaries:
Definition: 2.1[2]
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. Then U is divided into disjoint equivalence classes. Elements belonging to the same
equivalence class are said to be indiscernible with one another. The pair (U, R) is said to be the approximation

space.
LetXcU
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 it is denoted by L (X). That is Lz (X) = U,ey{R(x): R(x) S X} where R(x)
denotes the equivalence class determined by x€ U.

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 Ug (X). That is Ug(X) = Uxey{R(x): R(x) 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 B (X). That is Bg(X) = Ug(X)- L (X).

Definition: 2.2[2]
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Let U be an universe, R be an equivalence relation on U and tz(X) =
{U,0, L (X), Ur(X), Bg(X) } where X< U satisfies the following axioms.

1. U,0 € tx(X)
2. The union of the elements of any sub collection of 7x(X) isin Tz(X).
3. The intersection of the elements of any finite sub collection of 7z(X) isin 7z(X).Then tx(X) is called

the nano topology on U with respect to X. The space (U, 7x(X) ) is the nano topological space. The elements
are called nano open sets.

Definition: 2.3[2]

(U, 7x(X)) is a nano topological space here ug(X) ={N U (N'nw)} /NN € 14(X) and it is called Micro
topology of 7x(X) by u where p € 7x(X). The micro topology g (X) satisfies the following axioms.

1. U,0 € ur(X)

2. The union of the elements of any subcollection of uz(X) is in pgz(X).

3. The intersection of the elements of any finite subcollection of ugz(X) is in ugx(X).

Then ug(X) is called the micro topology on U with respect to X. The triplet (U, 7x(X), ur(X)) is called micro
topological spaces and the elements of u,(X) are called micro open sets and the complement of a micro open set
is called a micro closed set.

Example: 1
LetU={p,q,7,s,t}and U/R = {{p}, {q,7,s}, {t}} and let X = {g,r} € U. Then Nzx(X) = {U, ¢, {q,7, s}} and

u= {p} ﬂﬁ _Openv #R(X) = {u' ¢' {p}' {p' CI» T, S}' {Q» r, S}}
Definition: 2.4[2]

The micro closure of a set A is denoted by 9M-cl(A) and is defined as M-cl(A) = n
{B: B is micro closed and A € B}.

Definition: 2.5[2]

The micro interior of a set A is denoted by M-int(A) and is defined as M-int(A) = U

{B: B is micro open and A 2 B}.

Definition: 2.6[3]

Let (U, tx (X), ug(X) ) be a micro topological space and A< U. Then A is said to be 9t pre- open if A € M -int
(M -cl(A)) and Mt pre closed set if A Mt -cl (M -int(A)).

Definition: 2.7[3]

Let (U, tx (X), ur(X) ) be a micro topological space and AC U. Then A is said to be 9t semi- open if A< M -cl
(M -int(A)) and M semi closed if A < Wk -int (Dt -cl(A)).

Definition: 2.8[3]

Let (U, tx(X), ur(X) ) be a micro topological space. An set A is called an Ma — open set if AS M -int (M -
cl(M -int(A))), The complement of a Ma — open set is called an Ma — closed set.

Definition: 2.9[4]

Let (U, tx(X), ug(X) ) be a micro topological space. The set A is called B — open set if A < M -cl(IW -int(M
-cl(A))), The complement of a M — open set is called an MB — closed set.

Definition: 2.10[1]

A subset A of a micro topology (U, tz(X), ur(X) ) is called M gs- closed set if M - scl(A) € U whenever AC U
and U is micro open in U, the complement of It gs-closed set is called Mtgs-open set.

Definition: 2.11[1]

A subset A of a micro topology (U, tx (X), ug(X) ) is called 0t ag- closed set if M -acl(4) < U whenever AC U
and U is micro open in U, the complement of 9t ag-closed set is called 9t ag-open set.

Definition: 2.12

Let (U, 7x(X), ur(X) ) be a micro topological space. The set A is called 9tb — open set if A< Mt -int(M -
cl(A)U( M -cl(M -int(A)).

I11. Micro a*- open set
In this section, we introduce the concept of 9t a*- open sets and some of their properties are discussed below.
Hereafter, Mg — open set is denoted by M — int*.
Definition: 3.1.1
Let (U, tx(X), ur(X) ) be a micro topological space. A set A is called an Ma*-open set if A € M -int*( M -cl
(M -int*(A))).
Example: 3.1.2
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Let U = {a,b,c,d} with U/R = {{a,b},{c,d}} and X = {a,b}< U. Then tx(X) = { U,¢, {a,b}} and then u =
{a,b,c}, WM topology, wux(X) = {U, ¢, {ab}r{abc}} M a* open set = {U, o,
{a}.{b}{c}.{a.b}{ac}{ad}{b.c}{b.d}{ab,c}.{ab.d}{ac,d}{b.cd}}
Theorem: 3.1.3
Every micro open set is micro a*- open.
Proof:
Let A be an micro open set in (U, 7x(X), uz(X) ). Since A is micro open, we have A = M -int(A). Also, we
have A € M -cl(A) < M -cl (M -int(A))
M -int(A) € M-int(W: -cl(IM -int(A)))
A C D -int*( M -cl(M -int(A)))
< M -int*( M -cl (WM -int*(A))).
Hence A is micro a*- open.
The converse of the above theorem need not be true as shown in the following example
Example:
Let U = {a,b,c,d} with U/R = {{a},{b}.,{c,d}} and X = {b,d}< U,Then t4(X) = { U,¢, {b},{c,d}{b,c,d}} and
then u = {a,b}, EIR tOpOIOQy’ .uR(X) = {U, ¢,{b},{c,d}, {b,C,d}, {a,b}}, EUE Open! HR(X) = {U, d)!
{b}.{a,b}{c.d} {b,c,d}}, Ma*-open={U,p {b}{c}.{d}{a,b}.{b.,c}{b.d} {c.d} {ab,c}{ab,d}{b,c,d}}
Here, {{c}{d}{b,c}{b,d}{a,b,c}{a,b,d}} are Mta*- open but not in Wt open.
Theorem: 3.1.4
Every micro @ — open set is micro a*- open.
Proof:
Let A be micro a — open. Then we have A < M-int(Dt -cl(PVt -int(A))) S I -int*( W -cl (W -int*(A))). Hence,
A is micro a*- open.
The converse of the above theorem need not be true as shown in the following example
Example:
Let U = {a,b,c} with U/R = {{a,c}{b}} and X = {a,c}< U, Then tx(X) = { U,p, {a,c}} and then u = {b}, M
topology, ur(X) = {U, o {ac}{b}}, M a—open= {U, ¢, {a}{bc}}, M a*- open =
{U.¢{a}.{b}{c}{ab}{ac}{b,c}}
Here, {{b}.{c}.{a,b}{a,c}} are in M a*- open but not in M « -open.
Theorem: 3.1.5
If A is micro- open, then every micro pre- open set is micro a*- open.
Proof:
Since A is micro open, we have A = 9t -int(A)
A S M-int(M -cl(A)).
A S M-int(M -cl(M -int(A)))
A € M -int*( M -cl (P -int*(A))).
Hence, A is micro a*- open.
The converse of the above theorem need not be true is shown in the following example.

Example:

Let U = {a,b,c,d} with U/R = {{a},{c}.{b,d}} and X = {a,c}< U . Then tx(X) = { U,¢, {a,c}} and then u =
{a,b}. M topology, wur(X) = {U, o {ac}t{ab}{a}t{abc}}, M pre- open = {U, o,
{a}{ab}.{ac}.{ad}{abc}{acd}{abd}}, M a* open = {U, ¢ {a}, {b} {c},
{a,b}{a,c}.{a,d},{b,c}{ab,c} {ab,d} {ac,d}}. Here, {{b},{c} {b,c}} are in MM a*-open but not in M pre-
open.

Theorem: 3.1.6
Every micro g-open set is micro a*- open.
Proof:

Let A be a micro g- open set, implies A=9t — int*(A). Then we have I -cl(A) < U whenever A <€ U, U is
micro open.
AcHcl(A)cU
A c M -cl(A)
M -int*(A) € M - int*( M -cl(A))
A C M -int*( P -cl(MW -int*(A)))
Hence, A is micro a*- open.
The converse of the above theorem need not be true as shown in the following example.

Example:
Let U = {a,b,c,d} with U/R = {{a},{c}.{b,d}} and X = {a,c}< U, Then t4(X) = { U,¢, {a,c}} and then u =
{ab}, M topology, ur(X) = {U, ¢{ac}{ab}{a}{abc}}M g- open = {U ¢,
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{a}.{b}{c}.{a.b}{ac}.{b.c}{ab,c}}, Ma*- open = {u, ¢.{a},
{b}{c}{ab}{ac}{ad}{bc}{ab.c}{abd}{acd}}
Here, {{a,d}} are in M a*-open but not in Nt g-open.
Theorem:3.1.7
Every micro ag — open set is micro a*-open.
Proof:
Let A be a micro ag- open set. Then we have 3t — acl(A) € U whenever A< U, U is micro open.
ACT—acl(A) cM—cl(A)c U
Ac N -cl(A)
M — int(A) € M — int(M — cl(A))
M — int(A) € A < MM — int(M — cl(M — int(A)))
A € M -int*( WM -cl(M -int*(A)))
Hence A is micro a*- open.
The converse of the above theorem need not be as shown in the following example.

Example:
Let U = {a,b,c,d} with U/R = {{a},{c}.{b,d}} and X = {b,d}< U, Then tx(X) = { U,¢, {b,d}} and then u =
{a}, M topology, pr(X) = {U, o¢fal{bd}{abd}}, M ag-—open= {U,¢,

{a}.{b}{d} {ab}.{ad}{b,d},{ab,d}}, M a*- open = {U, ¢, {a}, {b}, {d}, {ab}, {ad} {bd} {abc}
{a,b,d}, {a,c,d}}
Here, {{b,d},{a,b,c}.{a,c,d}} are in NVt a*- open but not in M ag -open.
Theorem: 3.1.8
An arbitrary union of micro a*- open sets is micro a*- open.
Proof:
Let {A;: iel} be a family of micro a*- open sets. Then for each i, 4; € I — int*( WM -cl (M — int*(AJ)))
Uier Ai € Uier [IM- int*( M- cl (M- int*(A)))]

C [Uijg M- int*(M- cl (M — int*(A)))]

C[M—int*( Uy JM-cl (M- int*(A)))]

C [ M- int*(M-cl (U, M- int*(A)))]

C [ M — int*( M- cl (M- int*(U;; A)))]
Then U, 4; is a micro a*- open set.
Remark: 3.1.9
The intersection of two micro a*- open sets need not be micro a*- open.
Example: 3.1.10
Let U = {a,b,c,d} with U/R = {{a,b}{c,d}} and X = {a,b}< U, Then tx(X) = { U,¢, {a,b}} and then u =
{a,b,c}, M topology, wugx(X) = {U, ¢, {ab}{abc}}, M a* open set = {U,
¢ {a}.{b}{c}.{ab}{ac}{ad}{b,c}{b.d}{ab,c}{abd}{acd}{bcd}}.
The intersection of {b,d} and {a,c,d} is {d} which is not It a*- open set.
Remark: 3.1.11
The concept of Mt a*- open set and I b-open set are independent as seen in the following example
Example: 3.1.12
Let U = {a,b,c} with U/R = {{a,b},{c}} and X = {c}< U, Then tx(X) = { U,¢, {c}} and then u = {a}, M
topology, ug(X) = {U, ¢, {a},{c}.{a,c}}, M b-open = {U,¢,{a},{c}.{a,b}.{a,c}.{b,c}}, M a*- open set = {U,
¢.{a}.{c}.{a,c}}. The set {a,b} and {b,c} is MVt b-open but not Nt a*>- open.
Example: 3.1.13
Let U = {a,b,c,d} with U/R = {{a},{c}.{b,d}} and X = {a,c}<c U, Then 7x(X) = { U,¢, {a,c}} and then u =
{a,b}, M topology, ux(X) = {U, ¢, {a}.{a,b}.{a,c}, {a,b,c}}, M b-open = {U,¢,{a}.{a,c} {ab} {ad} {ab,c}
{a,c,d},{a,b,d}}, M a*- open set = {U, ¢ {a} {b}.{c}, {a,b}.{ac} {ad}{b,c}, {ab,c}, {ac,d} {ab,d}}. The
set {b}, {c} and {b,c} is Mt a*-open but not M b- open.
Remark: 3.1.14
The concept of 9t a*- open set and I B-open are independent as shown in the following example
Example: 3.1.15
Let U = {a,b,c,d} with U/R = {{a,b},{c,d}} and X = {a,b}< U. Then t4(X) = { U,¢, {a,b}} and then u =
{abc}, M topology, ur(X) = {U, ¢, {abr{abc}} M B- open = { {U, ¢
{a}.{b}{a,b} {ac}.{ad},{b,c} {b,d} {ab,c} {abd} {acd}{bcd}}, Ma*- open set = {U, ¢,
{a},{b}.{c}{a,b}.{ac} {a,d}{b,c}{b,d}{ab,c}{ab,d}{ac,d}{b,c,d}}. The set {c} is M a*- open but not
M S — open.
Example: 3.1.16
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Let U = {a,b,c} with U/R = {{a,b}.{c}} and X = {c}< U, Then tx(X) = { U,¢, {c}} and then u = {a}, M

topology, ugr(X) = {U, ¢, {a}.{c}.{a.c}}, MB-open = {U,¢ {a}{c}{ab}{ac}{b,c}}, M a*- open set = {U,

¢.{a}.{c}.{a,c}}. The set {a,b} and {b,c} is It B-open but not W a*- open.

Remark: 3.1.17

The concept of Mt a*- open set and I semi- open are independent as shown in the given example

Example: 3.1.18

Let U = {a,b,c,d} with U/R = {{a},{c}.{b,d}} and X = {a,c}< U. Then 7x(X) = { U,¢,{a,c}} and then u =

{a,b}, M topology, ur(X) = {U, ¢, {ac}{ab}{a}{ab,c}}, Msemi- open = {U,
¢.{a}.{a,b}.{a,c}.{a,d},{a,b,c},{a,b,d} {ac,d}}, m a*- open set = {U, ¢,

{a} {b}{c}.{a,b}{a,c} {a,d}{b,c}{ab,c}{ab,d} {ac,d}} The set {b}, {c}, {b,c} is MM a*- open but not M

semi- open.

Example: 3.1.19

Let U = {a,b,c} with U/R = {{a,b},{c}} and X = {c}< U, Then tx(X) = { U,¢, {c}} and then u = {a}, M

topology, ur(X) = {U, ¢, {a}.{c}.{a.c}}, Dt semi-open = {U,¢,{a},{c}{a,b}.{a,c}.{b,c}}, DVt a*- open set =

{U, ¢ {a}{c}.{a,c}}. The set {a,b} and {b,c} is Dt semi-open but not W a*- open.

Remark: 3.1.20

The concept of 9t a™ -open set and M gs- open set are independent as shown in the example

Example: 3.1.21

Let U = {a,b,c,d} with U/R = {{a,b},{c,d}} and X = {a,b}< U. Then t4(X) = {U ,¢ ,{a,b}} and then u =

{a,b,c}, 9t topology, Ur(X) = {U, ¢, {a,b},{a,b,c}}, M gs-open = {U,

¢.{b}{c}{d}{b,c}{b.d}{c.d}.{abd}{bcd}} Ma* open set = {U, p{a}, {b}{c}.

{a,b},{a,c},{b,c}.{a,b,c}.{a,b,d},{a,c,d},{b,c,d}}. The set {a} is Ma*-open but not in W gs — open. And the

set {d} is It gs- open but not in Wt a*- open.

3.2MICRO a* CLOSED SET
In this section, we discuss about It a*- closed sets and its properties are verified.
Definition: 3.2.1
Let (U, 7x(X), ug (X)) be a micro topological space. Then the complement of a 9t a*- open set is called an M
a*- closed set.
Example: 3.2.2
Let U = {a,b,c} with U/R = {{a,b},{c}} and X = {c}< U. Then 7x(X) = { U,¢, {c}} and then u = {a}, M
topology, ug(X) = {U, ¢, {a}.{c}.{a,c}}, I a*- open set = {U, ¢, {a}, {c}.{a,c}}, PVt a*- closed set = {U, ¢,
{b.c}, {a.b}, {b}}.
Lemma: 3.2.3
Every M closed set is M a*- closed.
Every It a closed set is M a*- closed.
Every 9t pre closed set is Mt a*- closed.
Every 9t g-closed set is 9t a* - closed.
Every micro ag — closed set is micro a*- closed.
emark 3.24
The concept of Mt a*- closed set and M b-closed set are independent.
The concept of 9t a*- closed set and Mt S-closed set are independent.
The concept of M a*- closed set and MWt semi- open set are independent.
The concept of M a*- closed set and M gs-closed set are independent.

Eal A N P R A

3.3 MICRO a* INTERIOR AND MICRO a* CLOSURE

Definition: 3.3.1

Let (U,7x(X), ur(X)) be a micro topological space. Then

1. The union of all M a*- open sets contained in A is called the I a*- interior of A and denoted by
M a*- int(A).

2. The intersection of all I a*- open sets containing A is called the M a*- closure of A and denoted by
M a*- cl(A).

Theorem: 3.3.2

Let (U, Tz (X), ugr(X) ) be a micro topological space. For any subsets A,B of U, we have the following

A'is M a*-open if and only if A = M a*- int(A).

Ais M a*-closed if and only if A = Ma*- cl(A).

If ACB, then Ma*- int(A) S Ma*-int(B) and Ma*- cl(A) = Ma*- cl(B).

Ma*- int(A) U Ma*- int(B) € Ma™*- int(AU B).

Ma*- int(An B) € Ma*- int(A) N Ma*- int(B).
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6. Ma*- cl(A) U Ma*- cl(B) € Ma*- cl(AU B).
7. Ma*- cl(An B) € Ma*- cl(A) n Ma*- cl(B).
8. Ma*- int(U\A) = U\ Ma*- cl(A).
9. Ma*- cl(UNA) = U\ Ma*- int(A).

10. U\ Ma*- cl(U\A) = Ma™*- int(A).

11. U\ Ma*- int(U\A) = Ma*- cl(A).

12. X € Ma*-int(A) if and only if there exist a Mta*- open set L such that
X € L CA

Proposition: 3.3.3

Let (U,1x(X), ugr (X) ) be a micro topological space and B and C are subset of X such that B < C, then
i If B is M a*- open set then it is not necessary that C is M a*- open set.
ii. If C is M a*- open set then it is not necessary that B is M a*- open set.

The proposition above needs the following example:

Example: 3.3.4
Let U = {a,b,c,d} with U\R = {{a},{b},{c,d}} and X = {b,d}. Then x(X) = { U,¢, {b}.{c.d}.{b,c.d}}. Let u =
{a,b}, Then ur(X) = {U, ¢, {b}{c,d}{ab}{b,c,d}}, M a* open set = {U,

¢, {b},{c}.{d}.{a,b},{b,c}{b,d} {c,d},{a,b,c}{ab,d} {b,c,d}}. We have:
i The set B = {c,d} is 9t a*- open but the set C = {a,c,d} is not M a* - open.

ii. The set C = {a,b,d} is Dt a*- open but the set B = {a,d} is not I a*- open.
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