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AsstrACT. This paper presents Micro Jr4-open sets in micro ideal topological spaces, analyzes their
fundamental properties, and uses this set to present and learn the various kinds of sets known as Micro
J3;4-open and Micro 333;4-open sets. Numerous theorems and characterizations pertaining to these
sets have been proven.
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1. INTRODUCTION

Kuratowski [ 1] studied ideals in topological spaces. Jankovic and Hamlett [2] explored additional
properties of Ideal Space. AL-Omeri Wadei et al. [3] examine additional e-I-open set properties, derive
multiple e-I-continuous function characterizations, and look into how these relate to other kinds of
functions. Lellis Thivagar [4] first proposed Nanotopology in 2013. The lower approximation, upper
approximation, and boundary region concepts form the foundation of this topology. It has minimum
of 3 open sets, including universal and empty sets, also maximum of 5. There are a lot of works around
Nanotopology with ideal [5,6]. All Nanotopologies are Microtopologies. In 2019, Chandrasekar [7]
introduced micro topology, which was defined as Micro closed, Micro open, Micro interior, and Micro
closure. Nano topology was extended into Micro topology. Additionally, there are a minimum of
four open sets and a maximum of nine. A new concept of spaces known as Micro ideal topological
spaces (MITS) is introduced by S. GANESAN et al. [¢], who also look into the relationship between
Micro topological space and Micro ideal topological spaces. Micro J;4-open sets, Micro 33;4-open
sets, and Micro J23;4-open sets are the new classes of sets that we are primarily interested in studying.

Numerous theorems and characterizations pertaining to these sets have been proven.
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2. PRELIMINARY

Definition 2.1. [/] (N, 7Z(X)) is Nanotopological space now 1;cZ(X) = {NU(NoNwic)} : N, No € TZ(X)
and named it Microtopology of TZ(X') by pi. where ;e ¢ TZ(X).

Definition 2.2. [/] The Microtopology picZ(X), adheres to these axioms:
(1) R, 0 € picZ(X).
(2) Any sub-collection of p;.Z(X) has a union of its elements.
(3) Any finite sub-collection of 11,2 (X') has an intersection of its elements in p;cZ(X).

The Microtopology on X regarding the X’ is then denoted by ;. Z(X’). The triplet is known as Micro
topological spaces and consists of (X, 7Z(X), 11,2 (X)) Micro open sets are the elements of p;.Z(X),

and a Micro closed set is the complement of a Micro open set.

Definition 2.3. [/] The Microinterior of a set K is p;. Int(KC) = U{x : x is Micro open and x C K}. The
Microclosure of a set IC is p;cC1(KC) = N{x : x is Micro closed and IC C x}.

Definition 2.4. [/] Any two Micro sets K and x in (X, 7Z(X), picZ(X)),

(1) K isa Micro closed set iff 11;cCl(KC) = K.

(2) K is Micro open set iff picInt(K) = K.

(3) K Cx = picInt(K) C picInt(x) and p;icCUK) C picCl(x)-

(4) picCl(picCUK)) = picCUK) and picInt(picInt(K)) = piclnt(K).
(5) HicCUK UX) 2 picClUK) U picCL(x).

(6) LicCUK N X) C picCUL) N picCL(x).

(7) picInt(K U X) 2 picInt(K) U picInt

( X)
(8) wicInt(KNx) C wicInt(K) N picInt

]

]

(x).
()-

(9) icCUKS) = [picInt(K)
(10) picInt(KS) = [p:icCUK)

Definition 2.5. [&] Let (X, 7Z(X), e Z(X), Id) that is a (MITS) and Suppose p(R) is the collection of all
subsets of N. A set operator (.)},. : p(R) — p(R). For a subset K C X, K} (i, Id) = {K € SmNK ¢ Id,
for every Sy, € S (R)} is named the Microlocal function (briefly, pic-local function) of K regarding the Id and

pic- Let's just write ICy,, for K7, (Id, pic)-

c

Example 2.6. [5] Let (N, 7Z(X), picZ(X), Id) that is a (MITS) and for every IC C X.
(1) If Id = {0} then p(R) = p;cCU(K),
(2) If Id = P(R), then K, = ().

Theorem 2.7. [8] Let (X, 7Z(X), picZ(X), Id) that is a (MITS) and IC, x be subsets of X. Then
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(1) K< x—= KL, € X

(2) 1dC 1d — K, (Id) C K, (1d),

(3) K}, = micCUKS,,) € picCUK)(KS, . is a Micro closed subset of 11;:C1(K)),
(&) Ko se & Kiiser

(5) K U e = (K U5

(6) Ko = Xpie = (K = X)juse = Xpire © (K =X}ty

(7) Vepe—=VNK, =VnlVnk), <(VnK);.,

Definition 2.8. [5] Let (X, 7Z2(X), nicZ(X), Id)) that is a (MITS). The set operator i, Cl7 is called a Micro
*-closure and is defined as u;c Cly, (K) = KUK, forkK CX.

Theorem 2.9. [8] The following requirements are met by the set operator ;. Cl7
(1) K € picCliy(K),
(2) 13cCly(0) = O and pioCliy(N) = X,
(3) IfK C x, then pic Cl7,4(K) € picCli4(x),
(4) picCl4(K) U picCli4(x) = picCli (K U x),
(5) wicCly4(1icCl7y(K)) = picCl74(K).

Theorem 2.10. [&] Let (R, 7Z(X), ;e Z(X), Id)) that is a (MITS). For every I C RIfIC C K7, , then
ICZic - ,UicCl(,C;*tic) = 'U’CCZ(’C) = Miccl?dUC)'

Definition 2.11. [9] Consider the space (X, 7Z(X), nicZ(X)) as a Microtopological also IC C X. Then K is
named Micro a-open if KK C piicInt(picCl(picInt(K))).

3. Micro Jjq-OPEN SETS

Definition 3.1. Let IC be a subset of (X, 7Z(X), uicZ(X), 1d) that is a (MITS), then K is
(1) Micro Id - open set [8] if K C picInt (K5, )
(2) Micro J-open [10]if K C picInt(picCUK)) U picCl(picInt(K)).
(3) Micro Jpg-open if IC C picCl(picInt}y(I0)) U picInt(picCly4(K)).
The family members of all Micro 3 - open (Micro Jr4-open) of the space (X, 7Z(X), uicZ(X), Id) will be
denoted by Micro JO(R) (Micro 3;40(R)).
A sub set K of (R, 7Z(X), 1ic2(X), Id) that is a (MITS). This is referred to as Micro 0 -closed (Micro
Ja-closed ) if its complement is Micro J-open (Micro Jy4-open).

Theorem 3.2. Let (N, 7Z(X), picZ(X), Id) that is a (MITS), then every

(1) Micro open is Micro Jyq-open.
(2) Micro Id -open is Micro 3y 4-open.
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Proof.
(1) Let £ C N if K is open in p;cZ(X) we have K = pieInt(K) C picInt(piCl4(K)) C
picCl(picInt} () U picInt(p1;cCly4(K)). Then K is Micro Jr4- open.
(2) Let K is Micro Id -open — K U p;cInt(K,. ) C picInt(picCU(K) C picCl(picInt] (K)) U
picInt(picCl;,(K)) which proves that K is Micro Jj4-open.

Remark 3.3. However, the opposite does not have to be true.

Example 3.4.
(1) Let X = {P, Py, P3} with X/Z2 = {{P1},{Ps},{P2}} and X = {P,P}. Then 7Z(X) =
{0, X, {P1},{P1, P2}} and Id = {O,{P2}}, pic = { P2}, pic 2(X) = {0, X, { P}, { P2},
{P1, P»}}. Then K = Py, Ps is Micro J4-open. Howeuver, it’s not Micro open.
(2) Let X = {P, P, P3} with X/Z = {{P1},{Ps},{P}} and X = {P,P.}. Then 1Z(X) =
{0, X, {Pi}, {2}, {Pr, o}} and Id = {O,{Ps}}, pic = { P2, Ps}, pic 2(X) = {0, X, {P1},
{P2}, {P1, P2}, {P, P3}}. Then K = {P1, P3} is Micro Id —open. However, it’s not satisfy Micro

Jr4-open.

Theorem 3.5. Let (N, 7Z(X), uicZ(X), Id) that is a (MITS), and IC C R we have:

(1) Id =0, then K is Micro Jr4-open — K is Micro 3-open.
(2) Id =P(X), then K is Micro Jy4-open — K Micro a-open.

Proof.

(1) Let Id = 0,K is Micro Jrg-open and K C X. Therefore K C picCl(picInt; (K)) U
picInt(piCly,4(K)). We have ;. Cl7,(K) = picCUK)), picInt} (K)) = picInt(K)) and £
1icClU(K) Hence K C picInt(picCUK)) U picCl(picInt(K)).

(2) Let Id = P(X) then K. = (), for any £ C . Since K is Micro J;4-open, we have K C
picCl(picInt} () U picInt(picCli 4 (K)) = K C picClpicInt’ ,(K)) U picInt(piCli,(K)) =
picInt[picInt(picCl(picInt] (K))) U pic Cli (K)] C picInt[picCl(picInt] (K)) U pnieClyy,

()] € picInt[picCl 4 (picInty (KU K))] C picInt[picCl g (picInt; 4 ()] C picInt|piCl
(kicInt(K))],

O

Theorem 3.6. Let (N, 7Z(X), picZ(X), Id) that is a (MITS) then the collections union of Micro Jyq-open is a

Micro 2 4-open.

Proof. Let xo|aw € A be collection of Micro Jjs-open set, xo C picCl(picInt] (xa)) U(picInt
(NicCl?d(Xa))- Hence UpeaXa C Uaea [NicCl(/LicInt?d (Xa)) U (Nic]nt(/‘icCl?d(Xa))] C UaealpicCl
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(HicIntTy(Xa))] U Uaeal(picInt(picCli (Xa))] C [icCl(Uaea (picIntyy (xa))] U (picInt (Uaea
(/J/icCl?d(Xa))] - [MicCl(UozeA(/inclntj;d(Xa))] U [(Miclnt(UaEA (MicCl}d(Xa))] - [HicCl(/incIntj;d
(Uaeaxa))] Ul(picInt(picCliy (UaeaXa))]- This Uaea Xa is Micro Jr4-open. O

Theorem 3.7. Let (N, 7Z(X), nicZ(X), Id) that is a (MITS) then the intersection of arbitrary collection of

Micro Jyq4-closed sets is Micro Jy4-closed.

Proof. Let {K,/a € A} be a collection of Micro J4-closed. So (K,)¢/a € A be a collection of Micro
Jra-open set.then (Uaea )“Xa is Micro Jyg-open. Hence (NacaXa)¢ = (Uaea)€ Xo is Micro Jj4-open.

This means (NyeaXa) is Micro Jj4-closed set. O

Theorem 3.8. Let (N, 7Z(X), nicZ(X), Id) that isa (MITS) and let KC, x C W. If K is Micro Jy4-open set and
X € wicZ(X). Then K N x is a Micro Jy4-open.

Proof. Assuming K C p;cCl(picInt},(K)) U picInt(piCli,(K)) and x C picInt(x).x € picZ(X) —
XNK: = xNxnNK)y, € RNKx KN x C picCl(picInt; (K)) U pieInt(piCly(K)) C
e ClUpieInE 4 (0C) (pieInt(0)) U et (ie Cl3 () 0 e Tt (00) € (ieCllpie It (00)) NpaeTnt(x)) U
(ticInt (picCl(picCl ()N picClpicCUpicInt(x)))) C (picClUpic Ity (KN x) U (pricInt(pic

ClpicCliy (K)) NpticClpicInt(x)))) C(picCllpic Intt,(KNX) U (pticI nt(picCl(picCli,(K)) NpticInt(x)))
C (picClpicInty (KK OAR) U (icInt(picCly (KK NRN))), ThuskC N x is Micro Jrq — open O

4. ABOUT DIFFERENT TYPE OF MICRO :Id -OPEN SETS

Definition 4.1. Let K be a sub set of (N, 7Z(X), picZ(X), Id) that is a (MITS), then K is
(1) Micro 23 rg-open if IC C puicCli 4 (picInt(KC)) U pricInt (1 Cli4(K)).
(2) Micro 22314- open if KK C picCly g (pricInt (picCUK))) U picClppicInt (115 Cli 4 (K))).
The family members of all Micro 22334 -open (Micro 23 r4-open) of the space (R, 7Z(X), pic Z(X),
Id) will be denoted by Micro 233;,0(R)(Microd3;40(R)).
Asubset K of (R, 7Z(X), picZ(X), Id) bea (MITS) is said to be Micro 3334 -closed (Micro 333 4-closed
) if its complement is Micro 233, -open (Micro 33 4-open).

Proposition 4.2. For a sub set of (N, 7Z(X), picZ(X), Id) that is a (MITS), the following properties hold:
(1) K is Micro 334-open — K is Micro J-open.
(2) K is Micro Id -open — K is Micro 23 q4-open.
(3) K is Micro 23;4-open — K is Micro J4-open.
(4) K is Micro 33;4-open — K is Micro 23 4-open.
(5) K is Micro 23;4-open — K is Micro Jr4-open.

Proof.
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(1) Take K be a Micro J3;4-open set. Then K C p;cCl (picInt(K)) UpicInt(piCli4(K)) C
picInt(picCUK)) UpicCl(picInt(K)). This demonstrates that I is Micro 3 -open.

(2) K is Micro Id -open — K C uiclnt(/C;ic) C picInt(picCli4(K)) € picClyy(picInt(K)) U
picInt(picCl;,4(K)), which proves that K is Micro J3;4-open.

(3) Take K be a Micro 3Jj4-open set in X. Then we have X C  u;cCl*(picInt(K)) U
picInt(picCly,4(K)). This leads that K C p;cCl(picInt] ;(K)) UpicInt(picCl;4(K)). This indi-
cates that K is J;4-open.

(4) Take K be a J3r4-open set in X. Then we have K C 11;cCl};(picInt(KC)) UpicInt(pCli,(K))
this leads that K C 1;.C15,(picInt(picCLUK))) UpicCl(picInt (115 Cl54(K))). This shows that K
is 333;4- open.

(5) Obvious.

Remark 4.3. The converses of Proposition 4.2. are untrue, as demonstrated by the example that follows.

Example 4.4. Take X = {P, P, P3, Py} with X/ Z = {{P1}, {Ps},{P, Py}} and X = {P1, P,}. Then
7Z(X) = {¢, X, {P1},{P1, Po, Pi}}. If pic = { P}, then ;e Z2(X),= {6, X, { P }, { P2},

{P1, Py, Py}} and the Ideal be Id = {¢,{P1}}. K = {Py} is Micro J;4-open but not Micro Id —open and
x = {P1, P3} is Micro 3 —open. However, it's not Micro 33 4-open.

Example 4.5. Take X = {Pi, P», P3}, with 8/Z = {{Py, P»},{P3}} and X = {P1,P2},7Z(X) =
{¢7N7 {P17P2}} and Id = {¢7 {Pl}} Then Hic = P1 then /’LZCZ(X> = {¢7N7 {P1}7 {P17P2}}/ K =
{P1, P3} is Micro 32314~ open. However, it's not 334-open

Example 4.6. Take X = { P}, P, P3} with X/ Z = {{ P\ },{Ps},{P2}} and X = { P, P,}. Then TZ(X) =

{(ba Na {Pl}a {PQ}a {P17 PQ}} ﬂnd Id = {Oa {P3}}7,U’ic = {P27 P3}7 /’LZCZ(X) = {d)? N? {P1}7 {P2}7 {P17 P2}7
{P», P3}}.KC = {P1, P3} is Micro Jr4-open. However, it's not Micro ¢ppoprq-open.

Theorem 4.7. Take (N, 7Z(X), nicZ(X),Id) that is a (MITS). If xo € Micro 23;4,0(x)Va € A, then
U{Xa : @« € A} € Micro 33;,0(U).

Proof. Since x € Micro J3740(x), then xo C picCli (picInt(xa)) UpicInt(picCli4(Xa))Va € A. So
UaeaXa C Uaea [1icClig(picInt(xa)) U picInt(1icCli (Xa))] Caea [[HicInt(Xa) U picInt

(Xa)ji] U [icInt(xa) Uxa)s )l € [ticInt(Useaxa) U (UaeapicInt(xa)y,, )UlHicInt(UseaXa) U
(Uaea(Xa)ju )] U [HicInt(UaeaXa)U(picInt(Ua € Axa))y, ] U [ticInt((UaeaXxa) U (UaeaXa),, )] C
picCU gl picInt(UacaXa)] UlticInt (1icCli j(UaeaXa))]. As aresult Uyea Xao is Micro 3374- open. [

The instance that follows shows that the finite numbers intersection of Micro 33;4-open sets does

not necessarily have to be Micro J3;4-open.
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Example 4.8. Take X = {Py, P», P5, Py} with X/Z = {{P1},{Ps},{P2, Pi}} and x = {P1, P}
Then 7Z2(X) = {¢, X, {P1},{P1, P2, Ps}}. If pic = {Pa, Pa}, then p;cZ(X) = {, X, {P1},{ P, P4},
{P1, P, Py}} and Id = {¢,{P1}}. H = {P1, P>, P3} and X = {P», P3, Py} are Micro 234 open. But
H N X = {Py, P3} is not Micro 33;,4- open.

Theorem 4.9. Let (X, 7Z2(X), ;e Z(X), Id) that is a (MITS) and K, x C N. If K € Micro 23;,0(R) and
X € wicZ(X), then K N x € Micro 33;,0(N).

Proof. Let IC Micro J3;,0(R),x € picZ(X). Then K C picInt(picCli4(K)) U pieCl, (picInt(K))
and x N K C x N [uielnt(uieCli(K)) UpieClig(uielnt(0)] = [x N pielnt(uicCl, ()] Ul O
picClig(picInt(K))] = [picInt(x) N picInt(uicCliy (K)) U [x N picClig(picInt(K))] € [picInt(x N
1icCl (KU [1icCly (XNpicInt (K))]. Thus, xNK C [picI nt(picCly,(xNK))] Ui Cli g (picInt (xNKC))].
This indicates that y N K € Micro 33;,0(R). O

Theorem 4.10. If a sub set K of a space (N, 7Z(X),picZ(X),Id) is Micro Ijg-closed, then
picInt(picCly 4 (K)) N picCls y(picInt(KC)) C K.

Proof. Since K is Micro Jjg-closed, X — K € Micro 3;40(R), we have X — IC C 1;.Cl; 4 (picInt(R — KC)) U
picInt(picCliy(R — K)) C picCl(picInt(R — K)) U picInt(picCUN = K)) = [N (picInt(p:cCUK)))]

U™ (picCl(picInt(K)))] C [R™ (ppic(picClig(K)] U R (1icCly 4 (picInt(K)))] = R [(pic It (pic
Cl74(K))) N (1icCly g (picInt(K))] O

Theorem 4.11. If a sub set K of a space (N,7Z(X), uicZ(X), Id)VR — [picInt(p;.Cl*(K))] =
picC (icInt(R — K)) and X — [u;cCV (1icInt(K))] = picInt(picC*(X — K)). Then K is Micro 23;d-
closed < picInt(picC1*(K)) N picC* (picInt(K)) C K.

Proof. This is the immediate consequence of the Theorem 4.10 Let ;e Int(uicC1*(K)) N picC1*
(icInt(K)) C K. Then X — K C N — [(picInt(picCTU*(K))) N(picCV* (picInt(K))] C R (picInt (picCT*
(K] UR™ (picCl (picInt(K)))] = picCl (picInt (R — K)) UpicInt (i CT*(R — K)), Thus R — K is Micro
33;d- open and so K is Micro J3;d-closed.

O

5. ConcLusioN

We can see from the above that none of these meanings can be inverted, as demonstrated by the

aforementioned examples.
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Micro Id -open —_—> Micro 22y4-open e | Micro 2 -open

N

Micro 1113-open _— Micro Jjq-open

Ficure 1. The relationships between the various types of Micro open sets introduced
in this article, and the opposite direction of the implication in the above diagram may

be incorrect
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