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LINTRODUCTION

The concept of Nano topology was introduced by Thivagar et al which is defined in
terms of the lower and upper approximation and the boundary region of a subset of an
universe. The notion of approximations and boundary region of a set was originally proposed
by Pawlak [7] in order to introduce the concept of rough set theory. In 2019, [3]
Chandraseker introduced the concept of micro topology which is a simple extension of nano
topology and so studied the concepts of Micro pre-open and Micro semi-open sets.[4] K.
Chandraseker introduced the concept of micro topology which is a simple extension of Nano
topology and so studied the concepts of Micro pre - open and Micro semi - open sets. [4] K.

Chandrasekar and swathi introduced Micro & —open in micro topological space.P. Anbarasi
Rodrigo[ 1] introduced fMa* open sets and studied their properties. Dontchev [5] introduced

the notions of contra continuity in topological spaces.
II.LPRELIMINARIES
Definition 2.1[3]

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.

LetX © U
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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
Lp(X) = U ey {R(x): R(x) € X}where R(x)denotes the equivalence class determined by
xe 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
U(X) =Ugery {R(x):R(x)N X # D} 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
Br(X) = Ug(X) — Lg(X).

Definition: 2.2[3]

Let U be an wuniverse, R be an equivalence relation on U and

TR(X) ={U,0,LR(X),R(X),BR(X) } where X & U satisfies the following axioms.

1.U,0 € tR(X)

2. The union of the elements of any sub collection of 74 (X) is in T4 (X).

3. The intersection of the elements of any finite sub collection of 74 (X) is in 74 (X).Then
Tz (X) 1s called the Nano topology on U/ with respect to X. The space (U, 75 (X) ) is the Nano

topological space. The elements are called Nano open sets.
Definition: 2.3[3]

(U, 15 (X) ) is a nano topological space here
(X)) = {N U (N nu)}/ NN € 15(X) and it is called Micro topology of 7 (X)
by p where p & 14(X). The micro topology g (X) satisfies the following axioms.
1.UD € ug(X)
2. The union of the elements of any subcollection of pz(X) is in g (X).
3. The intersection of the elements of any finite sub collection of pg(X)1s in ug(X).
Then pg(X) is called the micro topology on U with respect to X. The triplet (U, Tz (X), uz (X))
is called micro topological spaces and the elements of uy(X) are called micro open sets and

the complement of a micro open set is called a micro closed set.

Example: 1
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LetU ={p,q,r,5,}and U /R = {{p}.{g.7.s5}.{t}} and let X = {g,r} € U. Then
Ntp(X) = {U,0,{g,r,s}} and u = {p} am - open,
Hr(X) = {w,0.{p}{p.q. 7.5} {q, 7 5}}.

Definition: 2.4[3]
The micro closure of a set 4 is denoted by i - cl(4) and is defined as I -

cl(4) =n{B: B is micro closed and A £ B}.

Definition: 2.5[3]
The micro interior of a set A is denoted by T - int(4) and is defined as 9 -

int(4) = U {B: B is microopenand A 2 B}.
Definition: 2.6[4]

Let (U, 15 (X), uz(X) ) be a micro topological space. A set 4 is called an e - open
setif A S I -int (I - cl(3N - int(4))), The complement of a Ma - open set is called an
Ma - closed set.

Definition : 2.7[4]

Let (U, 15(X), uz(X)) and (V, 75" (¥),uz'(¥)) be two Micro topological spaces. A
function f: (U, 75 (X), uz (X)) = (V. 15"'(V),uz'(¥)) is called Micro - continuous function if
f~1(H) is Micro open in U for every Micro - open H in V.

Definition : 2.8[2]

Let (U, 15(X), ug(X)) and (V,7z'(¥Y).uz'(¥)) be two Micro topological spaces.A

function  f: (U, 15(X), (X)) = (V.15 (¥),pz"(¥))is called Micro - continuous

function if f ~*(H) is Micro e open in U for every Micro - open H in V.

Definition : 2.9[2]

Let (U, 15(X), uz(X))and (V, 75 (¥),uz'(¥)) be two Micro topological spaces.A
function f: (U, 15(X), ug(X)) = (V. 15" (¥).uz'(Y)) is called Micro a*- continuous
function if f ~*(H) is Micro a* open in U for every Micro - open H in V.

III.Contra Ma* — Continuous Functions.
Definition : 3.1
A function f: (U, t5(X),pz (X)) = (V15" (X).ug' (¥)) is contra M- continuous if

FL(0)is M- closed in (U, T4 (X),ux(X)) for every M -openset @ in (V,7.'(¥),us'(¥)).
R R R fid
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Definition: 3.2

A function f: (U, 7(X), ug (X)) = (V, 75" (¥),pz'(¥)) is contra Ma* - continuous if
FH0) is Ma*- closed in (U, 75 (X),ugz(X)) for every M- open setin (V, 15" (V). uz' (¥)).
Example : 3.3

Let U =V = {a, b,c} with U/R = {{a, b}, {b}} and
X ={a,c} € Uand p = {b} € 15 (X).Then 15(X)={U, 0,{a,c}}and pug(X) ={
U,0,{a,c}, {b}} then uz°(X) ={U,0,{b},{a,c}.Let ¥ = {c} SV with V/R ={{c},{a, b}}.
Then p = {a} € 75 (¥) and ;' (¥) ={U, 0, c} and
ug'(¥) ={U,0,{a}.{c}.{a, c}}.Then M " (X)={U, 0, {a}, {b}. {c}. {a. b}. {a.c}.{b. c}}.And
Ma* “(X)={U, 0, {b,c}.{a.c} ,{a b}.{c} {b},{a}} Define
by f(a) = a,f(b)b, f(c) = c.Hence f is contra Ma* - continuous functions.
Theorem : 3.4

Every contra 9} - continuous is contra fMa* - continuous functions.
Proof :

Let  fi((Uta(0)ua(X) = (V.7 (V)ap'(¥))  be a contra M -
continuous.= f~1(0) is M - closed in 14(X) for every M open set O in 1, (¥).Since every
M closed set is Ma * -closed.= F~1(0) is Ma* - closed in 74 (X) for every M - open set O
in17;'(Y).= f is contra Ma* - continuous functions.

Theorem :3.5

The converse of the above theorem need not true as shown in the following example
Remark :3.6

LetU=V={a,bcland X ={b,c} S U with U/R = {{a}, {b}, {c}} and
p={a} & rg(X)Let 15(X) ={U,0,{b,c}} and pg(X) ={U,0,{b,c},{a}} then ugz°={
U,0,{b,c},{a}Let ;' (V) ={U,0,{a},{b.c}}and ¥ = {a,c} E V then

V/R ={{a}.{c}{b.d}} and p = {a,c} € 75 (V).Let pg'(¥V)={U,0,{a,c},{a b}.{a}{a bc
}.Let Ma*(X)={U,0,{a}, {b},{c}.{a, b},
{b, cHa, c}}then M _*“(X) ={U, 8, {b, c}.{a,c} {a b}, {c}.{a}, {b}} .Define

£ (Ut (0, 13() = (V.75 0z (¥)) by £(a) = a,f(b) = b,f(c) = c.Then f is
contra Ma* continuous functions but not T continuous functions. Since for the micro open

set {{a, b}.{a, c}} are not M continuous functions in (V,t'5(¥),ugz (¥)).
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Theorem : 3.7

Every contra - ia continuous functions is contra - TMa* continuous functions.
Proof: Let f: ((U, 7z (X),pz (X)) = (V. 73" (¥),uz'(¥) ) be a contra Ma - continuous
functions.=f ~1(0) is Ma- closed in 14 (X) for every TMa open set O in 14 (¥).Since every
Ma closed is Ma*-closed.=f "1 (0) is Ma* - closed in 75 (X) for every Ma - open set O
in 75 (Y).= f is contra Ma* - continuous functions.
Remark : 3.8

The converse of the above theorem is need not true as shown in the following
example.
Example 3.9

Let U=V = {a,b,c,d}and X = {b,d} with U/R = {{a},{b,c}.{d}}
and p= {a} &€ 15 (X).Let 15(X) ={U,0,{d},{b,c,d},{b,c}}and u, (X) ={
U,0.{d},{b.c.d}.{b,c}.{a}.{a.d},{a.b,c}}.Letty' (¥) = {U,0,{b}. {c,d}.{b.c,d}} and

Y ={b,d} SV then V/ R = {{a},{b},
{c,d}} and u = {a, b} & 15 (V) then p;'(Y)={U,0,{a,c} {a, b}, {a}.{a b,c}} Let
M, (X) = {U.0,{a}, {b}. {c}. {d}. {a, b}

a,ch{a,d},{c, b} {b,d}.{a, b, c}{a b d}.{a.c,d}{b c, d}}then
Ma*“(X) = {U,0,{b,c.d}.{a,c.d}.{a, b, d}{a.b,c}{c.d},{b.d}.{b,c}.{a. d},{a,c}, {d},{
c} {b}.{a}}Let Ma(X) = {{a}.{d}.{a.d}.{b, c}.{a b,c}{b.c,d}, U, 0} then Ma®(X) =
{u,o )
(b,c,d},{a,b,c}, {b, c},{a, d}, {d}, {a}}Definef: (U, t4(X), ux (X)) =(V.15' (¥), 115’ (V)
by f(a) = b, f(b) = c.f(c)=d,f(d) = a.Then fis contra Ma* - continuous functions
but not Ma - continuous functions. Since for the micro open set {a,b, d} is not TMa - closed
in (V, 75" (¥).ug"(¥)).
Theorem :3.10

Let arbitrary union of MMa* - open Set be micro Mia* - open. Then the following
statement for a map f: (U, 7 (X),pz (X)) = (V. 75" (V),u5' (V).
1) f is contra Ma* - continuous.

2)For every T - closed set F of V f~1(F) is Ma* - open in U.
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3)For each x € X and each micro closed set B of V' containing f(X)there exist a
that f(4) S F.
4) For each x € X and each open set B of V' not containing x, their exist TMa* - closed set K
containing x such that f *(B) € K.
Proof:

(1)&(2) obvious.

(2)=(3)Let F be micro closed in V containing f{(x).Hence x € f~(F)By (2) f~*(F)
is Ma* in U containing X.Let A = f1(F).This implies A is Ma* open in U containing X
and f(A4) € F.So (3) holds.

(3)=(2) Let F be micro closed of V containing f(x).So x € f~*(F).By (3),there

exist Ta* open set A of U containing x such that f(4,) € F.So

x
x € f7H(F)= U{A,:x € f~1(F)}This is a union of Ma*- open sets and hence it is Ma* -
open.Hence (2) holds.

(3)=(4) Let B be micro open in V' not containing f{x).Then ¥V - B is micro closed in
V containing f(x)By (3),there exists Ma* - open set Ain U containing x such that
F(A) €V —B.This implies AS f H{(V—B)=U—f"!(B)Hence fYB)S U—AlLet
K =X —A.Kis Ma*-closed in U not containing x such that f~*(B) € K.Hence (4) holds.

(4)=(3) Let F be micro closed in V containing f{x).Then V — F is micro open in V
not containing f(x).From (4),there exists Ma*-closed K in UUnot containing x such that
fHV—F)<SKThs implies U—fY(F)SKHence U-—KECf YF)That is
flU—K)SFLet A=U—KThen A is TMa*-open in U containing x such that
f(4) € F.So (3) holds.
Theorem : 3.11

If  fi(U (X)), pp (X)) = (V.15 (Y)uz'(¥)) is  TMa® continuous and
g: (V15" (¥V)uz" (V) = [W, T, (Z),1p (z)) is contra micro continuous then
gof: (U, t5(X), ug(X)) = (W, 75 (Z), 15 (Z)) is contra Ma*- continuous.
Proof :

Let S be a micro open set in{W, 1z (Z), ugz (Z)).Since g is contra micro continuous

we have,g™!(S) is micro closed in (V, 75" (¥),uz (¥)).Since f is Ma* continuous and
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g~ (5) is micro closed in (V, 75" (¥),uz (¥)) then fF~*(g™*(5) = (gof)~(S) is Ma* -
closed in (U, 75 (X), ug(X)).Therefore gof is contra Ma* - continuous.
Theorem : 3.12

If f:(U 15 (X),puz(X)) = (V753" (Y),uz' (Y))is contra Ma* continuous and
g: (V.1 (V) us" (V) = [W, rR"[Z],;:R"[E]) is micro continuous then
gof : (U, tx(X), ug(X)) = (W. 75 (Z), ug (Z)) is contra Ma* - continuous.
Proof :

Let S be a micro open set in(W,t; (Z),uz (Z)).Since g is micro continuous then
g~ (5) is micro open in (V, 75" (¥), uz" (¥)).
Since f is contra Ma* continuous and we have f~*(g7*(5)) = (gof)(5) is Ma* closed
in (U, 15 (X), pg(X)).Therefore gof is contra Ma* - continuous.
IV-Contra Me*- Irresolute Functions
Definition 4.1

A function f: (U, 15 (X), ug(X)) = (V. 15" (¥),uz'(¥)) is called contra I - irresolute
function if £~ (5) is M - closed in (U,15(X),uz(X)) for every T - open set S in
(V, 7' (V)11 (V).
Definition 4.2

A function f:(U,15(X), ug(X)) = (V75" (¥),u5'(¥)) is called contra Me’-
irresolute function if f~*(5) is Ma* closed in (U, 1z (X), uz(X)) for every TMa*- open
set S in (V, 75" (¥), 1z (¥)).
Example 4.3

Let U=V ={ab,cd} with U/R={{a},{d}{b,c}} and X = {b,d} S U then
p ={{a}.{b,c}.{d}} Let 75(X) ={U,0,{d}.{b.c,d}.{b,c}} and pg(X) ={
U,0,{d},{b,c d},
{b,c},{a},{a,d},{a, b c}}.LetY ={a,c}S V withV s R={{b}, {c}.{a,d}}.;n ={a, b} &1x(
Y) then py'(¥) ={U,0,{a ¢} {a b} {a}{a b c}{a c,d}{a d}} and
r' (V) ={U,0,{c} {a,c,d},{a,d} }-Let Ma* (X) ={U, 0, {a}, {d}.{a, d},{b, c}.{a.b,c}{
b,c,d}ThenTa*“(X) = U,0,{b,c,d},{a,c,d},{a, b d},{a, b, c},{c,d},{bd}{bc},{a,d},
{a,c},{a},
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{b}.{c}.{d}} and Ma*(Y)={U,0,{a}.{c}, {a,. b}.{a c} {a d}.{a, b, c} {a b, d} {a c d}.De
finef: (U, 72 (X), 12 () = (V. 7' (V). 112" (1)) by £(@) = ¢, F(B) = b, f() = d f(d) = a.
Hence f is contra Ma* -Irresolute functions.

Theorem 4.4

Every contra % irresolute function is contra Tea*- irresolute functions.
Proof :

Let f:((U 1z (X),ug(X)) = (V75" (¥),uz' (¥)) be a contra M -  irresolute
functions.= f~1(5) is M- closed in 7, (X) for every T open set S in 7' (¥)Since every
M closed is Ma* closed.=f~(5) is Ma* - closed in 7, (X) for every Ma*- open set 5 in
75 (¥).=f is contra Mea” - irresolute functions.

Remark :4.5

The converse of the above theorem is need not true as shown in the following
example.
Example :4.6

Let U=V ={ab,cd} with U/R={{a}{b,c}{d}} and
X ={b,d} €U, n={a} & 15(X).Let 75(X) ={U,0,{d}.{b,c,d}.{b,c}} and ug(X) ={
U,@{d}{b,cd}{bcl{a},{ad} {abc}}Let ¥ ={a b}V withV/R={{a b},{c},{d
1} p={a, b, c}€& 15(¥) then
15 (Y) ={U,0,{a,b}} and p;" (V) ={U, 0,{a, b}, {a, b, c}} Let M (X) ={U, 0, {b,c,d}.{a,
b,c} {b,c} {a,d} {d},{a}} and M(Y) = U,0{a, b}, {a b, c}}Define
£: (U, 1 (), 42(X)) = (V. 05 (V). 115’ (V) by
fla)=c,f(b)=b,f(c) =d, f(d) = a.Since for the T open set {{a,b}, {a, b,c}} the
inverse image is not in M closed sets in X.Therefore f is not T irresolute.

Theorem 4.7

Every contra M - irresolute function is contra Ma* - irresolute functions.
Proof :

Let f:((U,1g(X),pz (X)) = (V.13 (V) uz (¥Y)) be a contra TMa — irresolute
functions.=>f~1(5) is Ma- closed in 1,(X) for every Ma open set § in ;' (¥)Since
every Ma - closed is Ma* open and Ma - open is Ma* - open.=fF ~1(S) is Ma*- closed in

15 (X) for every Ma* - openset S in1;'(¥).=f is contra Ma* - irresolute functions.
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Remark :4.8

The converse of the above theorem is need not true as shown in the following
example.
Example : 4.9

LetU =V ={a,b,c} with U/R = {{ﬂ,}, {b}, {c}} and X = {b,c}
C U,p={a} & 15(X).
Let 7(X) ={U, 0, {b, c}}and ug(X) ={U, 0, {b, ¢}, {a}} Ma’*(¥) =1
U,@,{b,c},{a,c}{a, b} {c}.{a} {b}} LetY ={a,b}CV
JV/R ={{a},{b,c}} and u = {b} & 1 (Y) ug (¥) ={U,0,{a},{b,c},{b},{a b}} and
1 (V) ={U.0,{a}, {b,c} Let M (X) ={U,0,{a}.{b.c}} then M, °(X) ={U,0,{b,c}.{a}
tand M*(Y) = {U, 0, {a}. {b}. {a. b}{b, c}}. Define
FrU 75 (%), pa (X)) = (V7' (V)15 (¥)) by f(a) = a,f(b) = b, f(c) =cThen  f s
contra Ma* irresolute function but not Me irresolute functions. Since for the micro & - open
set {{b},{a,b}} is not Ma irresolute functions in (V, 75" (¥), iz (¥)).
Theorem : 4.10

Let f: [U, Ta (X],_HR(X]) - [V, s (Y],_{:R'(FJ) and g: [V, T [Y),_{:R'[Fj) -
(W, 75 (2), ug (¥)) be to functions.
DIf f is contra Ma* irresolute and g is Ma* irresolute then gof is contra Wia* irresolute.
2)If f 1s contra Ma* irresolute and g is Ma* continuous then gof is contra Ma* continuous.
3)If f is contra Ma* irresolute and g is M continuous then gef is contra Ma* continuous.
AIf f is contra Ma* irresolute and g is TWia continuous then gof is contra Wa* - continuous.
Proof :

I)Let S be a Ma™ open set in [W, T, (Z), g (Z)}.Since g 1s Ma* irresolute and 5 is
TMa* open set,g™*(5) is Ma* open in (V, 15 (¥),uz (¥)).Since f is contra Ma* irresolute
and g~*(5) is Ma* open in (V, 7z (V). uz' (¥)).f g™ (5)) = (gof)~(5) is Ma* closed
in (U, 75(4),pz(A4)). Therefore gof is contra Ma* - irresolute functions.

2)Let S be micro open set in (W, 15 (Z), uz (Z)).Since g is Ma* continuous and S is

micro open set ,g~*(5) is Ma* open in ( V,t5z (¥),uz"(¥)).Since f is contra Ma* irresolute
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and g~'(5) is Ma* open in (V, 5 (V) pz (Y)).f g7 (5)) = (gof)~1(5) is Ma* closed

in (U, 75 (X)).Therefore gof is contra Ma* continuous functions.
3)Let S be micro open set in (W, T, (2), R“(E)).Since g is M continuous and 5 is

micro open set g *(5) is micro open in (V,7z'(Y),uz'(¥)).= g *(5)is TMa*open
[V,IR’(YL_HR’[}’)). since every micro open set is Tia® is open. Since fis contra
Ma* irresolute and g 1(5)is Ma* open
in (V, 75" (V) uz" (V). F (g7 (5)) = (gof)~*(5) is Ma" closed

in [U, 15 (X), pp(X j).Therefore gof is contra Ma* continuous functions.

4) Let S be micro open set in (W, 15 (Z), 1y (Z)).Since g is Ma continuous and § is
micro open set g *(S) is Ma open in (V,1;' (V) ue'(¥))= g *(S)is Ma* open in
(V75" (¥),uz (¥)). since every micro open set is TMa* is open.Since f is contra Ta’
irresolute and g~*(5) is Ma* open in (V, 75" (V). 1z (Y)).F (g™ (5)) = (gof) (5) is
Ma* closed in (U, 75 (X), ug(X)).Therefore gof is contra Ma* continuous functions.

CONCLUSION

In this paper, we have introduced Contra Micro a*- continuous functions and Contra
Micro a* - Irresolute functions and explored their fundamental properties. We have examined

their relationships with varies existing Micro Continuous and Micro Irresolute functions.
Furthermore, several compositions of these functions have been investigated, provided deeper
insights into their structural behaviour. These findings contribute to the ongoing study of
function spaces in Micro topological settings.
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