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1. INTRODUCTION

In 2000,G.B.Navalagi [1] presented the idea of Semi-

@_open sets in topological spaces.The concept of Nano
topology was introduced by LellisThivagar [3] in the year
2013 which has defined in terms of approximations and
boundary region of a subset of an universe using an
equivalence relation on it. In 2018, S.Chandrasekar [6]
introduced the concept of Micro topology by using the Nano
topology. In this paper we introduce Micro-Semi Alpha-open
sets, Micro-Semi Alpha-closed sets, Micro-Semi Alpha-
interior and Micro-Semi Alpha-closure.

Throughout this paper, ('u,TR(X),FR(X)) (or simply

ﬂ) always mean a Micro topological space (or simply
M.T.S.). The complement of a Micro-open set (briefly Mic-
0.S.) is called a Micro-closed set (briefly Mic-C.S.) in

(H,TR(X),FR(X)) . For a set “Tin a MTS.
(U T=(X) Bz (X)) Mic-cl(#?) and Mic-int(*?) denote the

Micro-closure of <* and Micro-interior of =% respectively.
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I1. PRELIMINARIES

Definition 2.1 [6, 7]: The subset <A of a Micro topological
space (ﬂ,fx (X ),FR(X )) is said to be:

(i)A Micro-pre-open set (briefly Mic-p-O.S.) if A Epic-

int(Mic-cI(“‘l)).The complement of a Mic-p-O.S. is called a
Micro-pre-closed set (briefly Mic-p-C.S.)

in(Y,T=(*),2=(%)).The family of all Mic-p-0.S. (resp.Mic-
p-C.S.)ofﬂ is denoted by Mic-p.O(u,X)(resp.Mic-p.C
(%.x).

(if) AMicro-semi-open set (briefly Mic-s-0.S.) if A E \ic-

cI(Mic-int("‘l)).The complement of a Mic-s-O.S. is called a
Micro-semi-closed set (briefly Mic-s-C.S.)

in(Y ™= (%), #=(¥)). The family of all Mic-s-O.S. (resp.Mic-
s-C.S.) of U s denoted by Mic-s.0 ('u,X)(resp.Mic-s.C
(U xy).

(iii)AMicro-®-open set (briefly Mic-%-0.8.) if < = Mic-
int(Mic-cI(Mic-int("‘l))). The complement of a Mic-*-0.S. is
(briefly  Mic-#-C.S.)
in(U T= () 1z (X)) The family of all Mic-%-0.S. (resp.Mic-
®.CS.) of U s denoted by Mic-%.0 ('u,X) (resp.Mic-
a c(U xy).

called a Micro-®-closed set

Definition 2.2 [6, 7]:

(i) The Micro-pre-interior of a set <A of a Micro topological
space (U,7x(¥) H=(X))
contained in < and is denoted by Mic-p-int(“‘l).

is the union of all Mic-p-O.S.

(ii)The Micro-semi-interior of a set <A of a Micro topological

space (H,TR(X),“R(X)) is the union of all Mic-s-O.S.

contained in “* and is denoted by Mic-s-int("‘l).
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(iii)The Micro-Z-interior of a set “A of a Micro topological
space (H,TR(X),I-‘R(X)) is the union of all Mic-%-0.S.
contained in < and is denoted by Mic-“-int("‘l).

Definition 2.3 [6, 7]:

(i)The Micro-pre-closure of a set = of a Micro
topological space (4, Tx (%) H=(¥)) is the intersection of all
Mic-p-C.S. that contain®? and is denoted byMic-p-cI(“‘l).

(ii) The Micro-semi-closure of a set <A of a Micro topological
space (H,TR(X),I-‘R(X)) is the intersection of all Mic-s-C.S.
that contain =¥ and is denoted by Mic-s-cl("‘l).

(iii) The Micro-%-closure of a set <A of a Micro topological
space (U, 7= (%) #=(¥)) is the intersection of all Mic-%-C.S.

contain=? and is denoted by Mic-“-cl(“‘l).

Proposition 2.4 [7]:In a Micro
space( Y T= (%), #=(¥)), then the following statements hold:
(i) Every Mic-0.S. (resp. Mic-C.S.) is aMic-%-0.S. (resp.Mic-
&a.Cs.).

(i) Every Mic-#-0.S. (resp.Mic-#-C.S.) is a Mic-s-O.S.
(resp.Mic-s-C.S.).
(iii) Every Mic-®-0.S. (resp.Mic-®-C.S.) is a Mic-p-O.S.
(resp.Mic-p-C.S.).

topological

Proposition 25 [7]:A Aof  a M.

T.5. (U T2(X) Hr(X)) is aMic-2-0.S. if and only if “? isa
Mic-s-0.S. and Mic-p-0O.S..

subset

Lemma 2.6:

) 1f % is a Mic-0.S., then Mic-s-cl(*) = Mic-int(Mic-
cl(%Y).

i) 1f “? is a subset of a M.T.S. (¥, T=(¥),Hr(¥)), then
Mic-s-int(Mic-csl(#3)) = Mic-cl(Mic-int(Mic-cl(=E))).

I11. MICRO-SEMI-%-OPEN SETS

Definition 3.1: A subset =% of a M.T.S.(U, T= (%), k= (X)) is
called Micro-Semi-®-open set(briefly MiC-er-O.S.) if there
exists a Mic-%-0.5. Fin such thatX & <2 gMic-cl(:":') or
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equivalently if “¥ SMic-cl(Mic-%-int(=?)). The family of all
Mic-3«-0.S. of U is denoted by Mic-> =0 (¥, X).

Definition 3.2: The complement of Mic->a-0.S.is called a
Micro-Semi-?-closed set (briefly MiC-SE-C.S.). The family of
all Mic->a-C.S. of Wis denoted by Mic->C (¥, X).

Example 3.3: Let U - {a,b,c,d} with / R
{ar{chbdy} and x = {ab} SU Tz
(@ U a3 {ab,d} {b,d}}.Then #= {p}Mic-0 (¥, X)
Ha(X) = (01 {2} {b}.fabd}.{ab} {b.d}r.Mic-C (L, X)
{@,'u,{c},{a,c,d},{b,c,d},{a,c},{c,d}}. The family of all Mic-
@.0s. of u is:Mic- o(Y, X) =
(@ U 1ay,{b}.{ab,d}.{ab},{b,d} {ab,c}}.The family of
allMic220S.  ofd is. MicSz0 (Y, x) =
{@,'u,{a},{b},{a,b,d},{a,b},{b,d},{b,C},{a,C},{a,b,C},{b,C,d}
}. The family of all Mic-®-C.S. of U is: Mic- ¢ (¥, x) =
{E',u,{c},{d},{a,c,d},{b,c,d},{a,c},{c,d}}. The family of all
Mic-Se-CS. of 4 is:  Mic2ec (U, x) =
{9 U gc3 {d}facd}gb.c,dy {ach{c.d}{ay {ad}b,d}}.

Remark 3.4: In a MTS. (YU Tz)Hr)) then the
following statements hold:

(i) Every Mic-O.S.(resp. Mic-C.S.) is a Mic-22-0.S. (resp.
Mic-Sa-C.S.).

(i) Every Mic-®-0.S. (resp. Mic-®-C.S.) is a Mic->a-O.S.
(resp. Mic-srz-C.S.).

The converse of the above remark need not be true as shown
in the following example.

Example 3.5: In example 3.3, we have

(i) the sets {a,c},{b,c},{ab,c} and {b,c,d} areMic-3a-0..
but not Mic-O.S..

(ii) Also, the sets {a,c},{b,c} and {b,c,d} are Mic-> 2-0.S. but
not Mic-%-0.S..

Remark 3.6: If every Mic-O.S. is aMic-C.S., then the
following conditions are hold:
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(i) Every Mic-> 2-0.S.is a Mic-%-0.S..

(ii) Every Mic-22-0.S. is a Mic-p-O.S..
(iii) If every Mic-nowhere dense set is a Mic-C.S., then every

Mic-2 2-0.S. is a Mic-O.S..

Theorem 3.7: Every Mic-s-O.S.and Mic-p-O.S. of any
M.T.S.(Y, T=(¥) Bz (%)) is a Mic-S =-0.S..

Proof: This follows from proposition (2.5) and remark (3.4)

(ii).
Theorem 3.8: For any subset A of a MTS.

(U tmX) Hz X)), #T € Mic-@® 0 (U, X) iff there exists a
Mic-0.5.F such that & <2 Smic-int(Mic-cI(F)).

Proof: Let I be a Mic-®-0.S.Then=1 ;Mic-int(Mic-
clMic-int=))), so let K = Mic-int(1), we get Mic-
int(<?) = <2 EMic-int(Mic-cl(Mic-int(=%))).  Then
exists a Mic-O.S.Mic-int(“‘l) such that H & A Spc.
int(Mic-cl()), where™ = Mic-int(=?).

there

Conversely, suppose that there is a Mic-0.5F such that
H & A SEgic-intMic-cl(¥)).Since  Mic-int(#?) is the
largest Mic-O.S. contained in "‘l,we get K gMic-int(“‘l).
Then Mic-cl(¥) EMic-int(Mic-cl(=T) implies that  Mic-
int(Mic-cI¥€)) EMic-int(Mic-cl(Mic-int(='%))).
<A Spic-int(Mic-cl(Mic-int(#1))). Therefore, <% EMic-% O
(Y x).

Hence

Theorem 3.9: For any subset < of a M.T.S.

(H,TR(X),I-‘R(X)) . The following properties are equivalent:

(i) T EMic-2 20 (Y, x).

(ii) There exists a Mic-O.S. say H such that K S <A Spic-
cl(Mic-int(Mic-cI(F))).

(i) #T < Mic-cl(Mic-int(Mic-cl(Mic-int(=%)))).

Proof: (i) = (ii) Let ¥ EMic-220 (U, X). Then there exists
P Emic-2 0 (U, x), such that P = <2 Emic-cI(®). Then
there exists < Mic-O.S. such that ** = F gMic-int(Mic-
cl*E)) (by theorem 3.8). Therefore, Mic-cl(F¢) SMic-cI(F)
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EMic-cl(Mic-intMic-cI(FX))), implies that Mic-cl(F) SMic-
clMic-int(Mic-cI(F))).  Hence® € P & A Epical®)
SMic-cl(Mic-intMic-cl¥))). Therefore, K S A S Mmic-
cl(Mic-int(Mic-cl(FY)), for some F Mic-0.S.. (ii)
z’(iii) Suppose thatthere exists a Mic-0.8H such that
& A Spiccl(Mic-intMic-cl(F))). We know that Mic-
int(“‘l) S <A 0n the other hand, K gMic-cl(“‘l) (since
Mic-int("‘l) is the largest Mic-O.S. contained in c"“1).
ThenMic-cl(*)  SMic-cl(Mic-int(=1)), then Mic-int(Mic-
clFEY) EMic-int(Mic-cl(Mic-int(#1))), therefore Mic-cl(Mic-
int(Mic-cl(F))) SMic-cl(Mic-int(Mic-cl(Mic-int=%)))).
A Epic-cl(Mic-int(Mic-cl(FE))) EMic-cl(Mic-
int(Mic-cl(Mic-int(=2)))), thus=? SMic-cl(Mic-int(Mic-
cl(Mic-int(=1)))). (i) = (i)
Let T S Mic-cl(Mic-int(Mic-cl(Mic-int=¥)))). To prove:
A EMic-2a0 (U, X)Let F = Mic-int(#?). Since Mic-
int(Mic-cl(Mic-int%)))  SMic-cI(Mic-int(*)), then Mic-
cl(Mic-int(Mic-cl(Mic-int(=%)))) SMic-cl(Mic-cl(Mic-
int#1)) = Mic-ciMic-int(®)). But = < Mic-cl(Mic-
int(Mic-cl(Mic-int(#%)))) (by hypothesis). Hence 1 = Mic-
cl(Mic-int(Mic-cl(Mic-int(=%)))) SMic-cl(Mic-int(#1))
= A gMic-cl(Mic-int(“‘E)). Hence there exists a Mic-O.S.
sayj:' such that ¥ & <A gMic-cI(:'D). On the other hand, P
is a Mic-®-0.5..Hence =2 EMic-2=0 (U, x).

Hence

Corollary  3.10:For any subset 1 of a M.TS.

(U T (%), Bx(X)) . The following properties are equivalent:

(i) A EMic-2aC U, X).

(ii) There exists a Mic-C.5.F such that Mic-int(Mic-cl(Mic-
. = c
in)) =A=F

(iiii) Mic-int(Mic-cl(Mic-intMic-cl)))) & 2.

Proof: This follows directly from the theorem (3.9).

Proposition 3.11: The union of any family of Mic-%-0.S. is a
Mic-#-0.S..
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Proof: Let £%i}iza be a family of Mic-#-0.S. of U+ To
prove: Yiza #Li is a Mic-@-0.,, that is, Yiea <1z EMic-
int(Mic-cl(Mic-int(Yiea <25))).  Then =Li SMic-int(Mic-
clMic-int=%:))), ¥i €4 Since VieaMic-int(#*:)“Mic-
int(Yiea #Li) and YieaMic-cl(=?:) SMic-cl(VY iea <21) hold
for any Micro topology, we have Vien <1 Y ieaMic-
int(Mic-cl(Mic-int(#¥1))) SMic-int(“ tea Mic-cl(Mic-
int(=2))) EMic-int(Mic-cl(YizaMic-int(= £))) SMic-int(Mic-
cl(Mic-int(Yiea “2))).Hence Yiea <1 is aMic-%-0.S..

Theorem 3.12: The union of any family of Mic->a-0.S. is a
Mic-32-0.5..

Proof:Let {i}iea be a family of Mic->a-0.S.0ft To
prove: Uiea “i is a Mic-22-0.5..Since “i € Mic-2¢0 (ﬂ,
X), then there is a Mic-#-0.8.Bisuch that B: € <A: Smic-
cl(Be),¥i €A Hence VYiea Bi EVicn <A SVicamic-
cd®Bs)  SMiccl(Viea Bi). By proposition  (3.11),
Uiea Bi EMic-@ 0 (U, X).. Hence VYiea #1i € Mic-SaC
(U x).

Corollary 3.13: The intersection of any family of Mic-> a-

C.S.isaMic-2a-C.S..
Proof: This follows directly from the theorem (3.12).

SE-C.S. is not

Remark 3.14: (i) The union of any two Mic-
necessary Mic-2a-C.S. (i)
The intersection of any two Mic-32-0.S. is not necessaryMic-

5.08.

Example 3.15: In example (3.3), we have(i) {a,c} and {b,c}
are two Mic-sa-O.S., but {a,c}n{b,c} = {c} is not aMic-> a-
0.S.. (ii) {a} and {b,d} are Mic->a-0.S., but {a}“{b,d} =
{a,b,d} is not aMic->2-0.S..
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IV. MICRO-SEMI-Z-INTERIOR AND MICRO-SEMI-
&_CLOSURE

Definition 4.1: The union of all Mic->«-0.S. in a M.T.S.
(U TmX) Bx(X)) contained in < is called Micro->a-
interior of “% and is denoted byMic-srz-int("‘l), Mic-> a-
int(#l) = Y{B . B < A BisaMmic-o2-05}.

Definition 4.2: The intersection of all MiC-SE-C.S. in a
M.T.S. (U, 7= (%), #=¥)) containing =2 is called Micro-> a-

closure of <% and is denoted by Mic-Srz-cI(D‘l), Mic-S a-
cl@d) = N{B A € BB jsaMic-a-CS.}.

Proposition 4.3: Let A pe any set in a MT.S.
(H,TR(X),FR(X)), the following properties are true:(i) Mic-
Saintd)y = i A is a  Mic=0s5.
(i) Mic-2 e-cl(#?) =2 iff <A is a Mic-Se-C.S.. (i) Mic-
5r::-int("‘l) is the largest Mic->a-0.S. contained in <.
(iv)Mic-Scz-cI(“‘l) is the smallest Mic-> -C.S. containing A

Proof: (i), (ii), (iii) and (iv) are obvious.

Proposition 4.4: Let A pe any set in a MT.S.
(H,TR(X),FR(X)), the following properties are true: (i) Mic-
Seint(U — A) =U— (Mic-2 a-cl(#1))
(i) Mic-2 a-cl(U — <) =W —(Mic-2 a-int(*%). Proof: (i) By
definition (4.2), Mic->a-cl(#?) = N{B . A & B B js 3 Mic-
S5a.csy. Now, & — (Mic-2a-cl=)) =
U-—nB AESB Bjsa MicSa-Cs} =Yy U—B
AEB Bisa MicSa-Cs}y= VI . H EU—-A

H s a Mic-2e-08} =
(ii) The proof is similar to (i).

Mic-> e-int(tt — <)

Theorem 45: Let T and B be two sets in a
M.T.S.(Y T=(¥) B=(X)), the following properties hold:
iMic-Sa-int(®) =@, MicSaint(™) =L (i) Mic -
int=H) E <2 i) L E B = Mic-S a-int(=d) EMic-S o
int(B). (iv) Mic-S a-int(*2NB) Emic-S aint=E) N Mic-S a-

int(B). ~)  Mic2a-int(*) Y Mic-S a-
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int(F) SMic-S a-iny=? Y B,
5 a-int(Mic-2 a-int(#)) =Mic-2 a-int(=2).

(vi) Mic-

Proof: (i), (ii), (iii), (iv),(v) and (vi) are obvious.

Corollary 4.6: Let A and B be two sets in a

M.T.S.(u,fﬁ(x),ﬁﬁ(x)), the following properties hold: (i)
Mic-S a-cl(®) =@, Mic-S a-cl(¥) = Wii) 2 EMic-S a-cI(?)
Gi) =B = Mic-Sa-cl(#?) SMic-S o

(iv) Mic-3 a-cl=ENB) Entic-Sa-ci(=#¥) N Mic-Sa-
(v) Mic-2a-cl=) Y Mic-
(vi) Mic-

cl(By.
cl(By.
Sa-cl(B) EMic-S a-cl(=? Y B),

S a-cl(Mic-2 a-cl(=*)) = Mic-> a-cl(=?).

Proof: This proof follows from theorem (4.5).

Theorem 4.7: For A

(U 12X 1z X)), then:

(i) Mic-int(=) < Mic-Z-int=) EMmic-2 a-int?) EMic-2a-
el S Mic-2-cl=) S Mic-CL(#) (i) Mic-int(Mic-Sa-
mt(“‘l) = Mic- u-lnt(Mlc-lnt("‘E)) = Mlc-mt(“‘l). (iii)
Mic-%-int(Mic-2 a-int(*?)) = Mic-> a-int(Mic-%-int(=*?))
=Mic-Z-int(=1).(iv) Mic-cl(Mic-Sa-cl(=) = Mic-2 a-cl(Mic-
cl©d)) = Mic-cl(=?). (v) Mic-Z-cl(Mic- a-cl(=?)) = Mic-S a-
cl(Mic-@-cl(#1))  =Mic-Z-cl(#).(vi) Mic-int(Mic-CL(=2))
EMic- e-int(Mic- a-cl(#Y)).

any subset of a M.T.S.

Proof: (i) obvious.

(ii) Since Mic-int(¥?) is a Mic-0.S., then Mic-int(=%)
is a Mic->a-0.S.. This implies thatMic-> a-int(Mic-int(="¥)) =
Mic-int(#) (by proposition (4.3)) = Mic-> a-int(Mic-int(#?))
= Mic-int(#). Since Mic-int(=?) < Mic-S a-int(=1)= Mic-
int(Mic-int=%)) = Mic-int(Mic-> a-int(#%)) = Mic-int=?)
S Mic-int(Mic-2 a-int(=)). Also Mic-S a-int(=%)
£ A = Mic-intMic-> e-int(#1)) Mic-int(*?). Hence Mic-
int(Mic-> z-int(#?) =Mic-int(=?). This proves (ii).

(iii) Since Mic-‘x-int("‘l) is a Mic-%-0.S.,then Mic-
int(<?) is a Mic-22-0.5.. ~Mic-2 a-int(Mic-%-int(=%)) =
Mic-‘x-int("‘l) (by proposition (4.3)). Therefore Mic-> a-
int(Mic-%-int¥))  =Mic-%-int=¥). Since Mic-%-int(#?)
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(“4) rx-int(Mic-‘;‘-int("‘l)) < Mic-2.
@int=1) < Mic-2

E.A4d= Mic-&

= Mic> Mic-
int(Mic-2 a-int(=1)) = Mic-
int(#1)). Also Mic-2 a-int(=?)
int(=?)) SMic--int(#1). Hence Mic-%-int(Mic-> a-int(=%)

=Mic-“-int((°‘l). This proves (iii). (iv) and (v)
%)

a-int
-intMic-S a-
intMic-S a-

follows from (ii) and (iii).
isa MiC-SE-C.S., then Mic-int(Mlc-cI(Mlc-mt(Mlc-cI(Mlc- a-
cl©d))) EMic-Sa-cl(=) (by corollary (3.10)). Therefore,
Mic-int(Mic-€L=%))  SMic-int(Mic-cl(Mic-int(Mic-cl(=1))))
SMic-Ta-cl) (by part (iv)). HenceMic-2 a-int(Mic-
int(Mic-SL(=2))) Mic-S a-int(Mic-> a-cl(=1) = Mic-
int(Mic-L(=2)) EMic-S a-int(Mic-> a-cl(#L)) (by part (ii)).

(vi) Since Mic-> a-cl

Theorem 4.8:For any subset A of a MTS

(U Tm(X) Bx(X)). The following properties are equivalent:
(i) T EMic-2 20 (Y, x). (ii) HE A Cyc-
cl(Mic-int(Mic-cI(F))), for some Mic-0.5., .

Gii) H € A & Mics-intMic-cl(¥)), for some
Mic-0.S., K. (iv) < S Mic-s-int(Mic-
cl(Mic-int(*))). Proof: (i) = (i) Let T EMic-
520 (Y, x), then < & Mic-cl(Mic-int(Mic-cl(Mic-int(=))))
and Mic-int(“‘l); A Hence K A ;Mic-cI(Mic-int(Mic-
clFy)), where € = Mic-int=1) . (ii) = (Giii)
H S A Spmic-cl(Mic-intMic-cl(F))), for some Mic-Sa-
0.5, K But Mic-s-int(Mic-cI(=?)) = Mic-cl(Mic-int(Mic-
cl%)) by lemma (2.6)). Then ¥ & <A & Mic-s-int(Mic-
cl*))), for some Mic-Sa-0.5., K. (i) = (iv)
Supposejf £AC Mic-s-int(Mic-cI(:'[C)), for some Mic-2a-
0., K since K is a Mic-0.S. contained in “%. Then
F Epmic-int=?) = Mic-clF)  EMic-cl(Mic-
int(#1)) ™ Mic-s-int(Mic-cl(*¢)) SMic-s-int(Mic-cl(Mic-
int("‘l))). By hypothesis, we get AL Mic-s-int(Mic-cl(Mic-
int(F%))). (iv) = (i) Let <T = Mic-
s-int(Mic-cI(Mic-intF))). But Mic-s-int(Mic-cl(Mic-int(=1)))
= Mic-cl(Mic-int(Mic-cI(Mic-int("‘l)))) (by lemma (2.6)).

Hence L & Mic-cl(Mic-int(Mic-cl(Mic-int="))))
= A Epic-20 (U, x).

Suppose
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Corollary 4.9: For any subset A of a MTS.
(H,TR(X),FR(X)). The following properties are equivalent:
()= Emic-Sac(U, x).

(i) Mic-int(Mic-cl(Mic-int(F6))) = <4 & K for some Mic-
cs., ¥,

(iii)Mic-s-cl(Mic-int(FE))E <2 & K for some Mic-C.S.,
(iv) Mic-s-cl (Mic-int(Mic-cl(F¢))) = <2,

Proof: This follows from theorem (4.8).
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