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Abstract- Every year different type of topological spaces are
introduced by many topologist. Micro topology is a simple
extension of Nano topology. Micro topology provides wide
range of interesting results and applications. But some time
we want extend some open sets in Micro topology. In this
paper we introduce Micro-b-open sets and Micro-b-
continuous in Micro topological spaces. Also we investigate
some of their properties.
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I. INTRODUCTION

In 1996, D. Andrijevic [1] introduced and studied a
class of generalized open sets in a topological space called b-

open sets. This class of sets contained in the class of B open
sets and contains all semi-open sets and all pre-open sets. In
2013, notion of nano topology was introduced by Lellis
Thivagar [4] which was defined in terms of approximations
and boundary region of a subset of an universe using an
equivalence relation on it. In 2018, Micro topology was
introduced by S. Chandrasekar [7]. In this paper, we
introduce a new class of sets on Micro topological spaces
called Micro-b-open sets and the relation of this sets with
existing sets.

I1. PRELIMINARIES

Definition 2.1[7]: (U, (X)) is a Nano topological space
here H&(X) = (N U (N'n )3 N,N" € 7 (X) 4ng s
called it Micro topology of Tr (X) by # where # & Tg (X,

Definition 2.2[7]: The Micro topology Hr(X) satisfies the
following axioms:

(I) U,@E FR(XJ
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(i) The wunion of the elements of any sub-collection

of g (Xisin kg (X),
(iii) The intersection of the elements of any finite sub-

collection of Hr (X) isin Mg [X]

Then Er (X) is called the Micro topology on U with
respect to X The triplet (U, 7z (X), (X)) is called Micro

topological spaces and the element of FR[K] are called
Micro open sets and the complement of a Micro open set is
called a Micro closed set.

Definition 2.3[7, 8]: Let (UsTr(x) #&(X)) be a Micro

topological space and AEU

Then A is said to be:

(i) Micro-semi-open if & Mic— cl[Mic — int(A)]
and Micro-semi-closed if Mic — int[Mic— cl(A)]< A

(ii) Micro-pre-open if 4 € Mic — int[Mic — cl (4)] and

Micro-pre-closed if
Mic — cl[Mic— int(4)] € A.
(iii) Micro-?-open if

A€ Mic— int[Mic— cl(Mic — int(4)) 3nd Micro-

@ _closed if
Mic — cl[Mic— int(Mic—cl(A)] S A (iv)
Micro-regular-open if 4 = Mic — int[Mic — cl(A)] zng
Micro-regular-closed if
Mic — cl[Mic— int(Mic— cl(4)] =4 W)
Micro-semi-pre-open if

A € Mic — ¢l [Mic —int(Mic — cl(A)] and Micro-
semi-pre-closed if Mic — int[Mic — cl(4)] € A
N50(U,X), NPO(U,X), NRO(U, X), NSPO(U,X) ,

nd NeO(U,X) genote the families of all Micro-semi-open,
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Micro-pre-open, Micro-regular-open, Micro-semi-pre-open

and Micro-%-open subsets of u respectively.

111. MICRO-b-OPEN SET

Definition 3.1: Let (U,TR(X),FH(X)) be Micro topological

space and A S U Then A is said to be Micro-b-open
(briefly Micro-b-open set) if
A € Mi— cl(Mic— int(4))U Mic — int(Mic —

cl(A)).

The complement of
Micro-b-open set is called a Micro-b-closed set. (briefly
Micro-b-closed).

Example 3.2: Let U= {1,2,3,4}

u/ E={{1},{3},{2,4}} and X={1,2}.Then the nano topology
TF:(X)z{U,gE:',{l},{1,2,4},{2,4}} and H={3}. Micro-b-open

sets are FR(X)z{U,@,{l}, {2}, {3}.{4}.{1,2} . {1,4},{1,3},
{2,4},{1,2,4}, {2,3,4},{1,3,4}{1,2,3},{2,3},{3.4}}.

with

Theorem 3.3: Every Micro open set is Micro-b-open.

Proof: Let A be Micro open in (U,TR(X),H'R(X)). Since
A= Mic— int(4)

and

A € Mic— cl(A), Mic—int(A) & Mic—
int(Mic — cl(4))

Mic — int(4) € Mic —cl(Mic — int(4)) 11
implies Mic — int (4) € Mic — cl(Mic — int(4))
UMic— int(Mic— cl(4)).Hence A S Mic —
int(A) S Mic —cl(Mic —int(4)) U Mic—
int(Mic — cl(A))

and “ is Micro-b-open in (Vs Ta(X),H&(X)).

and

Remark 3.4: The converse of the above theorem need not be
true as shown in the following example.

Example 3.5: Let jL"lz{a,b,c,d}
U/R-fa3{c}{b.d}} and X={ab}. Then the nano
topology TR(X)={U,@,{a},{b,d},{a,b,d}} and H={b}.
Eax)={V,0 fa}.{b} {ab}Hb.d}, {abd}}. Mich-O (X)

={{a}{b}.{a,b}{ac}, {b,d}{b,c}.{ab.c}{abd} {bcd}}.
Here {{a,c},{b,c},{a,b,c},{b,c,d}}Micro-b-open but it is not
Micro open.

with
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Theorem 3.6: Every Micro-semi-open set is Micro-b-open.
Proof: Let A be Micro-semi-open in (U,TR(X),FR(X)). Then
A S Mic— cl(Mic— int(4)).

A E Mic—cl(Mic— int(4)) U Mic—
int(Mic — cl(A4))

and 4 is Micro-b-open in (U,TR(X),FR(X)).

Hence

Remark 3.7: The converse of the above theorem need not be
true as shown in the following example.

Example 3.8: Let U =11,2,3 4}with
u/ E={{1},{3},{2,4}}a1nd X={1,2}.Then the nano
topology TR(X)={U,@,{l},{2,4},{1,2,4}}and H={3}.

Ha(x)={V, @ {1},{3}.{1,3M{2,4},{1,2,4}, {2,3,4}}. Mich 0

00~ V0. {13.{33.{13},
{2.4}{1.24}{2,3,4},{2}{4}{1.2}, {14},
{1,3,4},{1,2,3},{2,3}.,{3,4}}. Here {{2}.{4},
{1,2},{2,3},{1,4},{3,4}.{1,3,4},{1,2,3}} is Micro-b-open but
it is not Micro-semi-open.

Theorem 3.9: Every Micro-pre-open setis Micro-b-open.

Proof: Let 4 be Micro-pre-open in (U,TR(X),FR(X)). Then
A € Mic— int(Mic—cl(A)) Hence
Mic — cl(A) € Mic— cl(Mic— int(4)) U
Mic —int(Mic — cl(4))
and 4 is Micro-b-open in (U,TR(X),FR(X)).

Remark 3.10:The converse of the above theorem need not be
true as shown in the following example.

Example 3.11: Let U= {1,2,34}with UR={{1},{3}.{2.4}}
and X = {1,2}.Then the
U0 1324301243
Ha(0)={Y, 2 {1}.{2}.{L.3}.{2.4},

Mic-b-O x=¢.?, {1}:{2} {3}, {4}.{13},
{2,4}{1,2},{1,4},{2,3},{3.4},{1,2,3}, {1,2,4},
{2,3,4},{1,3,4}. Here{{1,3},{2,3}.{2,3,4}} Micro-b-open but
it is not Micro-pre-open.

nano topology Ta(X) =
H={2}

{1,2},{1,2,4}}.

and

Theorem 3.12: Every Micro-regular-open set is Micro-b-
open.

Proof: Let “ be Micro-regular-open in (U,TR(X),FR(X)).

Then A = Mic — int(Mic — cl [‘q]). Since
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A € Mic— cl(A),Mic — int(A) S Mic—
cl(Mic —int(A4)).

This implies 4 & Mic— cl (Mic— int(A))- Therefore
A S Mic—cl(Mic— int(4)) U Mic—

int (Mic— cl(4))

and“is Micro-b-open in (U,TR(X),FR(X)).

Remark 3.13: The converse of the above theorem need not be
true as shown in the following example.

Example 3.14: Let U= {a,b,c,d} with U/R=
{{a},{c},{b,d}} and X={a,b}. Then the nano topology T&(X)
= {‘I"|r ,@,{a},{b,d},{a,b,d}} and H={b}.
HR(X)z{U,@,{a},{b},{a,b}{b,d}, {a,b,d}}. Mic-b-O (X) =
{{a}.{b}.{a,b}{a,c}, {b,d}{b,c}.{a,b,c}.{a,b,d}{b,c,d}}.
Here {{b}, {a,b}{a,c}.{b,c}{ab,c}{ab,d}, {b,c,d}} Micro-

b-open but it is not Micro- regular-open.

Theorem 3.15: Every Micro-b-open set is Micro-semi-pre-
open.

Proof: Let ! be Micro-b-open in (U, Tz(X),H#8(X)). Then
A € Mic— cl(Mic — int(4)) U Mic—
int(Mic — el(4))

This A € Mic— cl(Mic — int(4))
AcC
Mic — int(Mic — cl(A)). This implies Mic —

cl(A) € Mic — cl(Mic — int(Mic —cl(A)).
Hence

A S Mic— cl(Mic—int(4))U Mic—
int(Mic — €l(A4)) € Mic — cl(Mic — int (Mic —
cl(A)

and A is semi-pre-open in (U, Tr(X)r H8(X)).

implies and

Remark 3.16: The converse of the above theorem need not be
true as shown in the following example.

Example 3.17: Let U= with
U/R={{a} {d} {b.c}} and X =
{U,@,{a},{b,c},{a,b,c}} and H={b}.
Ha(x)={Y, D {a}{b} {a,b} {b,C}, {ab,c}}. Mic-b-
0(x)={U,? {a} {0} {c}{a.b},

{a.c} {a,d}.{b,c}.{b,d}.{c,d} {a,b,c}.{a,b,d},

{a,b,c,d}
{a,c}. Then the nano

topology Tr(X) =
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{a,c,d},{b,c,d}}. Here {{b,d},{b,c}}Micro-semi-pre-open but
it is not Micro-b-open.

Theorem 3.18: Every Micro-“-open setis ~ Micro b-open.
Proof : Let 4 be Micro-a-open in (U,TR(X),-“R(X)). Then
A € Mic— int(Mic — cl{Mic — int(A)).-This
implies A€ Mic— I.ﬂt[:MI.C - Cl[MiC_
int(A4)) € Mic —cl(Mic —int(4)) € Mic—
cl(Mic —int(A4)).

Hence

A S Mic—cl(Mic— int(4)) U Mic—
int(Mic — cl(A))

and A is Micro-b-open in (U,TR(X),FR(X)).

Remark 3.19: The converse of the above theorem need not be
true as shown in the following example.

Example 3.20: Let U= {a,b,c,d} with

U/R ={ra3{c}{b.d}}and  X={ab}.Then the
= {U,? {a},{b,d} {ab,d}} and H={b}.
Ez0)={Y, D {a},{b} {a,b} {b,d}, {ab,d}. Mic-b-
O(X)={a}.{b}.{a,b}H{a,c}{b,d},

{b,c},{a,b,c},{a,b,d},{b,c,d}.Here {{a,c}{b,c}, {b,c,d}} is

Micro-b-open but it is not Micro-a-open.

nano

topology T&(X)

Theorem 3.21: Arbitrary union of two Micro-b-open sets in
(U, T (X),H5(X)) is a Micro-b-open sets in (U,TR(X),I-"'R(X)).

Proof: Let 4 and & be two Micro-b-open sets. Then
A S Mic—cl(Mic— int(4)) U Mic—

int(Mic —cl(4))

and

B © Mic—cl(Mic— int(B)) U Mic—

int(Mic —cl(B)) .

Then

AU B < [Mic— cl(Mic —int(A)) UM Mic—
int(Mic —cl(A4))] v [Mic— cl(Mic —int(E)) U
Mic —int(Mic —cl(B))] € Mic — cl(Mic —
int(Mic — cl(4)) U Mic — int(Mic —cl(B)) S
Mic — cl(Mic — int(Mic — cl(A U B))).

Hence
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AUEB € Mic —cl(Mic—int(Mic—cl(4AU
B)))-

Therefore 4 Y 5 s Micro-b-open.

Remark 3.22: Finite intersection of two Micro-b-open
sets not a Micro-b-open.
Example 3.23: Let U= {a,b,c,d}  with

U/R ={{a},{c}.{b,d}} and X={a,b}. Then the
topology T=(X) = {U,@{a}{bd}{abd}} and H={b}.
-“R(X)={U,@,{a},{b},{a,b},{b,d}, {a,b,d}}. Mic-b-O(X) =
{U 2 {a}.{b3 fab}fach

{b,d}.{b,c}{a,b,c}{a,b,d},{b,c,d}}. Here {{ac},{b,c}} are

Micro-b-open sets but their intersection {c} is not Micro-b-
open set.

nano

Definition 3.24: The union of all Micro-b-open set in a Micro

A

topological space (U, T&(X),H&(X)) contained in “ is called

Micro-b-interior  of 4 and is  denoted by
Mic — int(A), Micro —int(A) =U{B: B C

AFE

is a Micro-b-open set}.

Definition 3.25: The intersection of all Micro-b-closed set in a
Micro topological space (Y, T&(X),H#&(X)) containing in 4 is

called Micro-b-closure of 4 and is denoted by
Mic — cl(A), Micro—cl{A) )=n{B: B S A, B
a Micro-b-closed set}.

Remark 3.26: It is clear that Mic — iﬂ‘f(f'lj is Micro-b-

open set and Mic — cl(A) is a Micro-b-closed set.
Theorem 3.27:

1) X — (Mic —int, (A4)) = Mic — cly (X — A).

oy X — (Mic —cl, (A)) = Mic — inty (X — A).

3) A & Mic —cl, (A)gng 4 = Mic—cl, (A ifr Aisa
Micro-b-closed set;

4) Mic—inty(A) S A g A = Mic — int, (A)
iff disa Micro-b-open set;
Proof: 1)  Let x € X —(Mic — int, (Aj)
Then * & Mic — inty, (A) Then there is no b-open set U
contained in A such that ¥ € U, Hence ¥ € ue for all
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c fm — —
closed set containing 4. Therefore * € Mic Cib(x A).
Hence

X — (Mic — int, (A)) € Mic — cl, (X — 4))
Conversely, Let X€ Mic — cly (X—A). Then for every b-
closed sets V containing (X_A) such that € ¥ Then there

is no b-open set V'* contained in A such that * ¢ V<. Hence
x & Mic — int, (A) Thys X €X — (Mic —int, (4))
Therefore Mic — cl, (X —A) € X — (Mic — int, (A),
Hence X — (Mic — int, (A)) = Mic —cl (X — A)

2) Let ¥ €X — (Mic—cl, (4)) Then
x & Mic — cl, (A) Therefore, there exists an b-closed set

c
U containing A such that * €U Hence U is an open set
Ut cAa®

containing *  such  that Therefore
x € (Mic — int, (A%)), This implies
x € Mic —int, (X — A) Hence

(X — AY(Mic— cl,(A)) € Mic— int, (X — 4)
Conversely, Let X € Mic —int, (X—A) Then there

. . c
exists an b-open set U containg * such that US A" Hence

there exists an b-closed set ue containing Asuch that
X € US. Therefore x & Mic — cly(A) Hence
x € X — (Mic — int, (A)) Therefore
Mic —int, (X —A) S
X — (Mic—int,(A))
—(Mic — c1,(4)) = Mic — int, (X — 4),

Hence

Also 3) and 4) are obvious.

1V. MICRO-b-CONTINUOUS

Definition  4.1: Let (U2 (X, 1 (X)) and
(V:T;? (er-“le(yjj be two Micro topological spaces. A
function f* (U, T (X)), pg(X)) = (Vr"‘}% (V) 1 (Y) is
| inuous it £ (H) s wi i
called a Micro-b-continuous if is Micro-b-open in

U for every Micro-open set HinV

Example 4.2: Let U= {a,b,c,d} with U/R-
{{a},{c},{b,d}}and X={a,b}. Then the nano topology *&(X)
= {U,@,{a},{b,d},{a,b,d}} and H={h}.
Ha(x)={U 2 {a} {b}{ab}{bd}, {ab. d}}. Mic-b-O (X) =
{{a}.{b}{ab}{ac}  {bd}{bc}{ab.c}{ab,d}{bcd}}.
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Let ¥ = {abc,d} with ¥/ R={{a}.{d}.{b,c}} and Y={ac}.
Then the topology T}%(Y) = { U,@,
{a}.{b,c}{a,b,c}}and H={b}. Hr ()  ={{a}{b},
{ab} {b.ch{ab.c}}. Define f : U = Vipy Fa)=b, f(b)=a,
-1 -1 -1
flo=c, f(d)=d J m)=a, F @=b, F @b=(@ab),
f_l(b,c)z(a,c), f_l(a,b,c)z(a,b,c). Therefore for every
Micro-open set H i V, f_ltH] is Micro-b-open in v

nano

Hence f is Micro-b-continuous.

The following theorem characterizes Micro-b continuous
functions in terms of Micro-b-closed sets.

Theorem 4.3:A fr (U, T (X), pr(X)) =
(V:T;? (Y],,H’R(Y]] is Micro-b-continuous iff the inverse

function

image of every Micro-b-closed set in U is Micro closed in V',

Proof:

Let f:(UtR(X)up(X)) » (V.mz(¥), 1z(Y)) e
Micro-b-continuous and ¥ be Micro-b-closed in U. That is U-
Fis Micro-b-open in U since f is Micro continuous,
f_l(F) is Micro closed in V. Thus the inverse image of every

U is Micro closed in V- Conversely ,

Micro-b-closed set in
Suppose the inverse image of every Micro-b-closed set in Uis
Micro closed in V- Let G be Micro-b-open in U then U —G
is Micro-b-closed in U. f_l(U — G) is Micro-b-closed in V.
That is ¥V — f_l[G] is Micro closed in V. Therefore

-1
f(e) is Micro open in V- Hence f be Micro-b-continuous
i V.
in

The following theorem, we estabilish a characterization of
Micro-b-continuous functions in terms of Micro-b-closure.

Theorem 4.4. A function I+ (Us Ta(x),#&(x)) = (VTR (Y),
P’IE(Y)) is Micro-b-continuous iff
f (ML'C —cl,(4)) € Mic—cl,(f(4)) for every
subset A of V-

Proof:
Let f:(Uto(X),px(X)) = (V.72 (¥), 1o(¥)) e
Micro-b-continuous and ALC V. Then

Fl4) € U. Mic—cl,f(A4)) is Micro-b-closed in U-
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Since f is Micro-b-continuous, f_l(Mic — el (F(A))is
Micro closed in v,
F(A) € Mic— (f(4)), A € fF1(Mic—
cly (f(4)))-

Thus | (Mic — cly (f[,qj]) is Micro-b-closed set
containing A Therefore
Mic —cly(A) S f~(Mic —cl,(f(A))) -That s
f(Mic—cl,(A)) & Mic—cl,(f(A)) Conversely ,
Let f(Mic —cly(A)) < Mic —cly(f(4)) for every
subset of “* of V. If F is Micro-b-closed in U then
FUF)EV, f(Mic—cl, (f = (F)) € Mic—
cl, (f(f 1 = (F)) € Mic— cl,(F).

That is
Mic — cl,(f7H(F) € f(Mic — cl, (F)) =
fHF)

-1
. Therefore f (F) is Micro-b-closed in ¥ for every Micro-

Since

b-closed set F in U. Hence f is Micro-b-continuous.

Theorem 4.5. A function £ * (U Ta(x),#a(x)) = (V| Tz (Y),

.“'%(Y)) be two Micro topological space. Then f:U—= Vi
Micro-b-continuous function iff
F(Mic—cl,(A)) € Mic—cl,(f(A4)).

Proof:

suppose f+ (U» Tz (X), uz (X)) = (V.12 (V) uz(Y)) s
Micro-b-continuous and Mic-db(f(ﬂj]is Micro-b-closed
in V. Then £ (Mic.clyf(a)) is Micro-b-closed in U,

Consequently, Mic-
cl, [f'l (Mic—cl, (F(4) )]) = £t (Mic -

cl, (f(4)))-

Since f(A4) € Mic —cl, (f[ﬂjj we have
ASf(Mic—dl, [f (4) )] Therefore,

Mic — el,(4) € Mic —cl,, (f"l (Mic -

ly(£(4)))) = £7* (Mic =, (F(4))).

Hence, F(Miic — ¢l (A)) & Mic— el (F(4)) )
Conversely, suppose
f(Mic—cl,(A)) & Mic —cl, [f(’qj) Let F be Mic-

b-closed set in ¥, Mic—cly (F)=F, By hypothesis,
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£ (Mic—ct, (F2(F))) €

Mic —cl, (f[f_l (F])) S Mic —cly,(F)
_ By equation @

f (Mic—ct, (F1(F))) < Mic —cl, (F) = F.
(Mic —cly [f_l[F])jf_l[F]' Always,
FYF)c [ML'::? —cl, [f‘liF])]. Hence f-lipj is

Micro-b-closed in u and f is Micro-b-continuous.

Therefore,

In the following theorem, we characterize Micro-b-
continuous functions in terms of inverse image of Micro
closure.

Theorem 4.6. A function
F: (Ut (X)), (X)) = (V. 70 (Y)opte' (Y)) is Micro-
b-continuous if and only if

Mic — cl, (f*(B)) € f~*( Mic — ¢l,(B)) for

every subset B of U

Proof:

Let 2 (U Tz (X), up(X)) = (V.12 (¥), 1z(¥)) pe o
Micro-b-continuous and B € Us (mic—¢ls (B)) is Micro-
b-closed in U and hence f_l[Mic_db(Bjj is Micro
closed in V.

Therefore, Mic—cl, [f_1MiC — ¢y [B]) = Mic
—cl,(B)) Since
B S Mic—cl,(B) f~H(B)S f'(Mic— cl,(B))
. That implies
Mic — cl, € Mic—cl, (f*(Mie - cl,(B))) =
(f (Mic—cl,(5))

. That is

Mic—clb(f_l[ﬁs‘])g [f“l(Mic —cib(B‘]) for
every B EV,

Conversely, Let B 1e Micro-b-closed in V. Then
Mic —cl,(B) =B By assumption
Mic — cl, (£ 71(B)) = F 7 (ic

—cl,(B)= f7(B), Thus

Mic —cl,(f(B)) € f*(B) But
fH(B) € Mic —cl, f7(B)) Therefore,
Mic —el, f7(B) = f1(B) Therefore,f_l(gj is
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Micro closed in ¥ for every Micro-b-closed set Bin U

Hence f is Micro-b-continuous on V.
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