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1. INTRODUCTION

The concept of Nano topology was introduced by
Lellis Thivagar [3]which was defined in terms of
approximations and boundary region of a subset of an
universe using an equivalence relation on it. He also
established the weak forms of open sets namely Nano
open sets, Nano semi open sets and Nano pre open
sets in a Nano topological space. Nano topologies
have Minimum three and Maximum Five Nano open
sets. But some time we want extend some open sets in
Nano topology; by Using Micro Topology we can do
it. Micro topology was introduced by S.Chandrasekar.
Nano topology can be extent using Micro topology
concept Minimum Four open sets to Maximum nine
open sets. In this paper we introduce Micro-a-open
sets and Micro- a-continuity in Micro Topological
Spaces

2. PRELIMINARIES

Definition: 2.1.,[3]

Let U be a non-empty finite set of objects
called the universe and R be an equivalence relation
on U named as the indiscernibility relation. 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. Let X<U.

(i) 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 Lr(X).That is,

Lr(X)=y ¢ g{R(): R(x) € X}
where R(X) denotes the equivalence class
determined by X.
(ii) The upper approximation of X with respect to R is

the set of all objects, which canbe possibly
classified as X with respect to R and it is denoted
by Ur(X).That is,

Ur(X)=y e g{RG):R(x) N X # ¢}

(iii) The boundary region of X with respect to R is the
set of all objects, which can be neither in nor as
not-X with respect to R and it is denoted by.
Br(X)

Tha.t iS, BR(X) = UR(X)' LR(X)

Definition: 2.2., [3]
().Lr(X) € X € Ug(X)
(i).Lr(¢) = Ur(¢) = ¢ and Lr(U) = Ug(U) = U
(iii).Ur(X UY) = Ugr(X) U Ur(Y)U
(iv).Ug(X NY) € Ug(X) N Ug(Y)
(V).Lr(X UY) 2 Lr(X) U Lg(Y)
(Vi).Lr(XN'Y) = La(X) N Lgr(Y)
(vii).Lr(X)SLg(Y) and Ur(X)< Ug(Y) whenever
XY
(viii).Ur(X®) = [Lr(X)]°and Lr(X®) = [Ur(X)]°
(iX).Ur [Ur(X)] = Lr [Ur(X)] = Ur(X)
(¥)-Lr [Lr(X)] = Ur [Lr(X)] = Lr(X)
Definition: 2.3 [3]
Let U be the universe, R be an equivalent relation on
U and 1 g(X) = { U, ¢, Ur(X), Lr(X), Br(X)} where
X< U. Then by property 1.3, t g(X) satisfies the
following axioms.
(i).U and ¢ €tr(X).
(ii). The union of the elements of any sub collection of
T R(X) isint R(X)
(iii). The intersection of the elements of any finite
subcollection of T g(X) is in T g(X).
That is r(X) is a topology on U called the Nano
topology on U with respect to X.
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(U,rr(X)) is called the Nano topological space.
Elements of the Nano topology are known as Nano
open sets in U. Elements of [tr(X)]° are called Nano
closed sets with [tr(X)]° being are called dual Nano
topology of Tr(X).
Definition: 2.4.[3]
A space (U,1r(X)) is called a locally indiscrete space
if every Nano open set of U is Nano closed in U.
Definition: 2.5. [3]
(U,tx (X)) is a Nano topological space here
prX) ={NU(N'nw}:N,N' € 1(X)
and called it Micro topology of 7x(X) by u where
u & tr(X).
Definition 2.6.[3]
The Micro topology pr(X) satisfies the following
axioms
(). U, ¢€ pr(X)
(ii). The union of the elements of any sub-collection of
HR(X) Is in pr(X)
(iii). The intersection of the elements of any finite sub
collection of pr(X) is in ur(X).
Then pr(X) is called the Micro topology on U with
respect to X.
The triplet (U,7r(X),ur(X)) is called Micro topological
spaces and .The elements of ur(X) are called Micro
open sets. and its complement is called Micro closed
sets
Example 2.7.
U={1, 2, 3, 4}, with U/R= {{1},{3}, {2, 4}} and
X={1,2}ycU
Nano topology tr(X)={U, ¢, {1}, {1, 2, 4}, {2, 4}}
Then u = {3}
Micro topology ur(X)={ U, ¢, {1},{3}.{1,3}.{2,4},
{2,3,4},{1,2, 4}}
Example 2.8.
LetU={p,q,r, 5t}
U/R={{p}. {a.r, s} {t}}.
Let X={q, r}<c U. Then
Nano topology tr(X)={U, ¢,{q, 1, s }}
Then 1 = {p}
Micro topology ur(X)={U.¢, {p}.{p. a. 1, s}.{a. 1, s}}
Example 2.9
Let U={a, b, c, d, e} with U/R = {{a, b}, {c}, {d, e}}
and
X={a c}cU.
Then 1R (X)={U, ¢, {c}, {a, b}, {a, b, c}} and
Then p = {e}
Micro topology
nr(X)={U, ¢, {c} {e}{ab}.{c.e}{ab.c}{abe}
{a, b, c, e}}
Definition 2.10. [3]
Mic-int(A) = U{G / G is an Mic-0OS in X and GESA},
Mic-cl(A) = N {K /K is an Mic-CS in X and AcK}.
Definition 2.11.[2]
Let (U,tr(X),ur(X)). be a Micro-topological space.
and AcU Then A is said to be
Micro-Pre-open if AS Mic-int(Mic-cl(A)) and

Micro-Pre-closed set if Mic-cl(Mic-int(A))SA.
Definition 2.11.[2]

Let (U,tr(X),1r(X)). be a Micro-topological space.
and AcU Then A is said to be

Micro-semi open ,if AS Mic-cl(Mic-intA).
Micro-semiclosed,if Mic-int(Mic-clA) € A.

3. MICRO-a OPEN SET.
In this section, we introduce the concept of Micro a-
closed sets (Shortly Mic a-closed set) and some of
their properties are discussed details.
Definition 3.1.
Let (U,tr(X),1r(X)) be an Micro topological space.
An set A is called an Micro-a open set
(briefly, Mic-aOS)
if AS Mic-int(Mic-cl(Mic-int(A))).
The complement of an Micro-a-open set is called an
Micro-a closed set.
Example 3.2.
Let U={a, b, ¢, d, e} with U/R = {{a, b}, {c}, {d, e}}
and
X={a, c}<SU.
Then R (X)={U, ¢, {c}, {a, b}, {a, b, c}} and
Then p = {d}
Micro topology
nr(X)={U, ¢, {c}{d}.{a,b}.{c,d}.{a,b,c}{ab.d},
{a, b, c,d}}
Micro-o open sets
={U, ¢, {c}.{d}{ab}{c.d}.{ab,c}{ab,d},
{a, b, c,d}}.
Theorem 3.3.
Every Micro open set is Micro-a-open.
Proof.
Let A be an Micro open set in (U,tr(X),ur(X)). Since
AE Mic-cl(A), we get AS Mic-cl(Mic-int(A)). Then
Mic-int(A) € Mic-int(Mic-cl(Mic-int(A))). Hence
AE Mic-int(Mic-cl(Mic-int(A))).
Theorem 3.4.
Every Micro-a open set is Micro semi-open.
Proof.
Let A be an Micro-a open set in (U,tr(X),ur(X)).
Then,AS Mic-int(Mic-cl(Mic-int(A))).It is obvious
that Mic-int(Mic-cl(Mic-int(A))) € Mic-cl(Mic-int(A)
)Hence A< Mic-cl(Mic-int(A)).
The converse of the above theorem need not be true as
shown by the following example.
Example 3.5
Let U ={a,b,c}, UR={{a}, {b, c}}.
Let X={a} € U. Then
Nano topology tr(X)={U, ¢, {a}}.
Then p = {b}
Micro topology ur(X)={U, ¢, {a}.{ b}.{ a,b}}
Micro-a open sets={U, ¢,{a},{ b}{a,b}}
Micro-Semi open sets

={U, ¢{a}{b}{ab}{ac}{b.c}}
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Here {a,c},{b,c} are Micro-Semi open set and but not
Micro-o open set
Theorem 3.6.
Every Micro-a open set is Micro pre-open.
Proof.
Let A be an Micro-a open set in (U,tr(X),ur(X)).
Then, AS Mic-int(Mic-cl(Mic-int(A))).
It is obvious that A & Mic-int(Mic-cl((A))).
The converse of the above theorem need not be true as
shown by the following
Example:3.7
U={1, 2, 3, 4}, with U/R= {{1}, {3}, {2, 4}} and
X={2,4}c U
Nano topology tw(X) ={U,, {2, 4}}
Then u = {1}
Micro topology
rr(X) ={ U, ¢, {1}, {1, 2, 4}, {2, 4}}
Micro-a open sets= {U,$,{1}, {1, 2, 4}, {2, 4}}
Micro pre-open sets ={U,¢, {1}, {2}.{4}{1,
23n{1,4} {2, 4},{1,2,3}{1, 2, 4}, {1,3,4} }
Here {1,3, 4},{1,2,3} are Micro-pre open and but not
Micro-a open set
Theorem 3.8.
(i) Arbitrary union of Micro-a open set is always
Micro-a open set.
(ii) Finite intersection of Micro-a open set may fail to
be Micro-a open set.
Proof.
It is obvious
Theorem 3.9.
(i) Arbitrary intersection of Micro-a closed sets is
always Micro-a closed set.
(it) Finite union of Micro-a closed sets may fail to be
Micro-a closed set.
Proof.
The proof follows immediately from Theorem 3.8.
Theorem 3.10.
(i)The intersection of an Micro-open set and an
Micro-a -open set is Micro-a open.
(i) The intersection of an Micro-a open set and an
Micro-pre-open set is Micro pre-open.
Proof.
It is obvious.
Definiion 3.11.
The Micro o -closure of a set A is denoted by
Mic-a-cl(A)=n{G:G is an Mic-a closed set in U and
GcA} and
the Micro-a interior of a set A is denoted by
Mic-a-int(A) =U{K:K is an Mic-o open set in U and
ACK}
Remark 3.12.
It is clear that Mic-a-int(A) is an Micro-o open set and
Mic-a-cl(A) is an Micro-o closed set.
Theorem 3.13.
For any xe X, xé Mic-a-cl(4) if and only if A N H+ ¢
for every Mic-a-open set V containing x.
Proof:

Let xeMic-a-Cl(A). Suppose there exists an Mic-a-
open set H containing x such that HNA=¢.Then ACU-
H. Since U-H is Mic-a closed, Mic-acl(A)SU-H. This
implies x € Mic-a-cl(A) which is a contradiction.
Hence Conversely, let ANH# ¢ for every Mic-a-open
set H containing x. To prove that xeMic-a-cl(A).
Suppose x € Mic-a-cl(A). Then there exists a Mic-a-
closed set G containing A such that x ¢ G. Then xe
U-G and U-G is Mic-a-open. Also (U-G)NA # ¢
which is a contradiction to the hypothesis. Hence xe
Mic-a-cl(A).

Theorem 3.14

If AC X, then AcMic-a-cl(A) SMic-cl(A).

Proof:

Since every closed set is Mic-a-closed, the proof
follows.

Remark 3.15
Both containment relations in the Theorem 3.14 may
be proper as seen from the following example.
Example 3.16
Let U = {a,b,c}

U/R={{a},{b, c}}.

Let X={a} < U. Then

Nano topology tr(X)={U, ¢, {a}}.
Then p = {b}

Micro topology ur(X)={U, ¢, {a},{ b},{ a,b}}
Micro-a open sets ={U, ¢, {a},{ b}.{a,b}}

Let E = {a}. Then Mic-acl(E) ={a, ¢}
and so ECMic-a-cl(E)=Mic-cl(E),

Theorem 3.17

Let A and B be subsets of (U, 7r(X), ur(X)).Then
(i) Mic-a-cl(($))=¢
(i).Mic-a-cl(U)=U
(iii).Mic-a-cl(A) is Mic-a-closed set in (U,zr(X),ur(X)).
(iv).If AcB,then Mic-a-cl(A) EMic-a-cl(B).
(v).Mic-a-cl(A UB)=Mic-a-cl(A) Mic-a-cl(B).
(vi).Mic-a-cl[Mic-a-cl(A)]=Mic-a-cl(A).

Proof:

The proof of (i), (ii), (iii) and (iv) follow from the

Definition 3.11
(v). To prove that Mic-a-cl(A)UMic-a-cl(B)SMic-a-

cl(AuB) We have Mic-a-cl(A)=Mic-a-I(AuB)and

Mic-a-cl(B)=Mic-a-cl(AUB). Therefore Mic-a-cl(A)
UMic-a-cl(B)=Mic-a-Cl(AUB) ........ Q.

Now we prove Mic-a-cl(AUB)SMic-a-cl(A)UMic-a-
cl(B)Let x be any point such that xeMic-a-I(A)UMic-
a-cl(B). Then there exists Mic-a-closed sets A and B
such that ACE and BEF, x¢E and x¢F. Then x¢EUF,
AUBCEUF and EUF is Mic-a-closed set. ThusxgMuic-
a-cl(AUB).Therefore we have Mic-a-cl(AUB)SMic-
a-cl(A)UMic-a-cl(B) ........ (2.

Hence from (1) and (2),
Mic-a-cl(AuB)=Mic-a-cl(A)UMic-a-cl(B).

(vi). Let E be Mic-a-closed set containing A. Then by
Definition Mic-a-cl(A)<E.Since E is Mic-a-closed set
and contains Mic-a-cl(A) and is contained inevery
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Mic-a-closed set containing A, it follows that Mic-
acl[Mic-a-cl(A)]=Mic-a-cl(A). Therefore
Mic-a-cl[Mic-a-cl(A)]=Mic-a-cl(A).
Theorem 3.18:
A subset A is Mic-a-closed if and only if
Mic-a-cl(A)=A.
Proof:
Let A be Mic-a-closed set in (U, tr(X), ur(X)). Since
ACcCA and A is Mic-a-closed set, Ae{G:AcG,G is
Mic-a-closed set} which implies that N {G:A €G, G is
Mic-a-closedset}<A. That is Mic-a-cl(A)SA. Note
that AcMic-a-cl(A) is always true. Hence A=Mic-a-
cl(A).
Conversely, suppose Mic-a-cl(A)=A. Since ACA and
A is Mic-a-closed set. Therefore A must be a closed
set. Hence A is Mic-a-closed.
Theorem 3.18:

If A ©B, then Mic-a-int(A) SMic-a-int(B).
Proof:
Suppose ACSB. We know that Mic-a-int(A)<A. Also
we have ASB, which implies Mic-a-int(A)SB, Mic-
a-int(A) is an open set which is contained in B. But
Mic-a-int(B) is the largest open set contained in B.
Therefore Mic-a-int(B) is larger than Mic-a-int(A).
That is Mic-a-int(A)SMic-a-int(B).
Theorem 3.19
For any subset A of X, the following results are true:

().Mic-a-int(¢)=¢

(ii).Mic-a-int(U)=U
(iii).If A<B then Mic-a-int(A) cSMic-a-int(B)
(iv).Mic-a-int(A) is the largest Mic-a-open set

contained in A

(V).Mic-a-int(AnB)=Mic-a-int(A) NMic-a-int(B)
(vi).Mic-a-int(A UB)2Mic-a-int(A) UMic-a-int(B)
(vii).Mic-a-int[Mic-a-int(A)]=Mic-a-int(A)
Proof:
Proof follows from the Definition 3.17

4. MICRO- a CONTINUOUS MAP.

In this section, we introduce the concept of Micro a-
continuous map,and some of their properties are
discussed details.

Definition 4.1.

Let (U,tr(X),ur(X)) and (V,wr(Y),ur(Y)) be two
Micro-o open sets and pr(X) be an associated Micro
topology with pur(X). A map f:(U,tr(X),1r(X))—(V,
TR(Y),ur(Y))is called Micro-o continuous map if the
inverse image of each open set in Y is an Micro-a
open set in U.

Theorem 4.2.

Every Micro continuous map is Micro-a continuous
map.

Proof.

Let f:(U,tr(X),ur(X))— (V,1r(Y),ur(Y)) be an Micro
continuous map and A is an open set in V . Then
f'(A) is an open set in U. Since pug(X) is associated

with tr(X) , then tr(X)Sur(X). Therefore, f'(A) is an

Micro open set in U which is an Micro open set in U.
Hence f is an Micro-a continuous map.
Theorem 4.3.

Let (U,z(X),ur(X))and (V,zr(Y),ur(Y)) be two Micro
topological spaces and u be an associated Micro
topology with zx(Y), Let f be a map from U into V.
Then the following are equivalent:

(i) f is Micro-a continuous map
(i) The inverse image of a closed set in V is an Micro-

a -closed set in U

(iii) Mic-a-cl(f'(A)) <f ' (cl(A))for every set Ain V.
(iv) f(Mic-a-cl(A)) ccl(f(A)) for every set A in U.

(v) f/(int(B)) SMic-a-int(f /(B)) for every set Bin V .
Proof.

(H—(ii) :

Let A be aclosed setinV, then V — A'is open in
V.Thus,f (U —A) = U —f (A) is Mic-o -open in U. It
follows that f'(A) is a Mic-a-closed set of U.
(iH)—(iii):

Let A be any subset of U. Since Mic-cl(A) is Micro
closed in V, then it follows that f'(Mic-cl(A))is Mic-
o -closed in U. Therefore, f ' (Mic-cl(A))=Mic-a-
cl(f ' (Mic-cl(A)))2Mic-a-cl(f '(A)).

(iii)—(iv) :

Let A be any subset of U. By (iii) we obtain, f'(Mic-
cl(f(A)))2Mic-a cI(f (f(A)))2 Mic-a-cl(A) and hence
f(Mic-a-cl(A))=Mic-cl(f(A)).

(V=) :

Let f(Mic-a-cl(A))SMic-cl(f(A)) for every set A in U.
Then Mic-acl(A)<f ' (Mic-cl(f(A))),U-Mic-a-cl(A)2
U—f'(Mic-cI(f(A))) and Mic-o-int(U-A)2f ' (Mic-
int(Y—(A))). Then Mic-a-int(f '(B))2f ' (Mic-int(B)).
Therefore ' (Mic-int(B))SMic-int(f'(B)), for every
BinV
(v) — (i) :

Let A be a open set in V. Therefore, f '(int(A))2Mic-
a-int(f'(A)),hence f'(A)SMic-a-int(f '(A)). But by
other hand, we know that, Mic-a —int(f '(A))<f '(A).
Then f'(A)=Mic-a-int(f ' (A)). Therefore, f '(A) isa
Mic-a—open set.

Theorem 4.4.

If amap f: (U,z(X),ur(X))— (V,7(Y).r(Y)) isa
Mic-a -continuous and g:(V,zr(Y),ur(Y))—
(W,7r(2),ur(2)) is continuous, then (g o f) is Mic-a -
continuous.

Proof.

Obvious.

Theorem 4.5.

Letf: (U,7r(X),ur(X))— (V,7r(Y),ur(Y)) be an Micro-

o.—continuous map, if one of the following holds:

(i) f'(Mic-a-int(A))<int(f /(A)) for every set A in V

(ii) Mic-cl(f /(A)) <t/ (Mic-a-cl(A)) for every set A in
\Y,

(iii) f(Mic—cI(B))Q\/Iic—a-cI(f(B)) for every set B in U.
Proof. *
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Let A be any open set of V ,if condition (i) is satisfied,
then f'(Mic-aint(A))SMic-int(f ' (A)).Weget, f'(A)c
Mic-int(f '(A)). Therefore f'(A) is an Micro open set.
Every Micro open set is Micro-open set. Hence f is an
Micro-o. continuous function. If condition (ii) is
satisfied, then we can easily prove that f is an Micro-
a-continuous function. If condition (iii) is satisfied,
and A is any open set of VV .Then f'(A) is a set in U
andf(Mic-cl(f ' (A)))SMic-a-cl(f(f '(A))).This implies
f(Mic-cl(f '(A)))SMic-a-cl(A).This is nothing but
condition (ii). Hence f is an Micro-a-continuous
function.

4. CONCLUSION

Many different forms of topological spaces have been
introduced over the years. Various interesting
problems arise when one considers openness. Its
importance is significant in various areas of
mathematics and related sciences, In this paper we
introduce Micro-a-open sets and Micro-a-continuity
in Micro Topological Spaces and investigate some of
the basic properties. This shall be extended in the
future Research with some applications.

5. ACKNOWLEDGMENT

I wish to acknowledge friends of our institution and
others those who extended their help to make this
paper as successful one. | acknowledge the Editor in
chief and other friends of this publication for
providing the timing help to publish this paper

REFERENCES
M. Caldas, A note on some applications of a-
open sets, IntJour.Mat. and Mathl.Sci,
2(2003),125-130.
Sakkraiveeranan Chandrasekar, On Micro
Topological spaces, Journal of new
theory(Communicated)
M. Lellis Thivagar and C. Richard, On Nano
forms of weakly open sets, Int. Jour. of Math.
andstat.invent, 1(1) 2013, 31-37.
N. Levine, Semi open sets and semi continuity in
Topological spaces, Amer. Math.
Monthly,70(1963), 36-41.
S.Chandrasekar, T Rajesh Kannan,
M  Suresh,,dwa-Closed Sets in  Topological
Spaces,Global Journal of Mathematical Sciences:
Theory and Practical.9(2),103-116,(2017)
Sakkraiveeranan Chandrasekar, Velusamy
Banupriya,JeyaramanSureshkumar,Properties
And Applications Of 6g*a-Closed Sets In
Topological Spaces,Journal of New Theory,(18)
1-11,(2017)

2637



