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Abstract

Objective: To introduce a new class of sets namely Micro-gr -closed (briefly
ugr -closed) sets in Micro topological spaces. Methods: The study investigated
the concepts of ugr -closed sets and brief study of ugn -closed set was made.
Findings: We derived the inter-relations between ugn -closed sets with already
existing Micro closed sets in Micro topological spaces and found some of its
basic properties. Novelty: Application of ugr -sets to introduce a new class of
space namely uﬁ/z -space.

Kgywords: Micro open set, Micro-gs open set, ugr-closed set, ugr- open set,
uT; p-space

1 Introduction

Micro topology was introduced by Sakkraiveeranan Chandrasekar()) and he also
introduced the concepts of Micro pre-open and Micro semi-open sets. Recently, we
initiated the concept of g7- closed sets in topological spaces® and also studied its
properties. In this paper, we have introduced a new class of Micro closed sets called
Micro g7 -closed sets and its properties are studied in Micro topological spaces. Further,
we have derived relations between Micro g7r- closed sets with already existing various
Micro closed sets. Later, we have defined and analysed ,uTA"l /2~ space.

2 Preliminaries

In this paper, (Q,N,M) denote the micro topological spaces, where N = 1x(X), M =

Ugr(X) and MTS denote micro topological space appropriately. For a subset P of a space,

cly(P) and inty (P) denotes the closure of P and the interior of P respectively.
Definition 2.1.% Let (U, 74(X)) be a Nano topological space. Then pig (X) = {NU

(N, N ,u) :N,N €1z (X)} and u # 1x(X) and g (X) satisfies the following axioms:

1. U and ¢ are in ug (X)
2. The union of the elements of any sub-collection of ug (X) is in ug (X)
3. The intersection of the elements of any finite sub-collection of g (X) is in tg (X)
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Then, g (X) is called the Micro topology on U with respect to X. The triplet (U, g (X) , g (X)) is Micro topological space
and the elements of g (X) are Micro open sets and the complement of a Micro open set is called a Micro closed set.

Definition 2.2. Let (Q, N, M) be a Micro topological space. A subset of A is

i. Micro-sg-closed, if scl, (A) € L,A C Land L is Micro- s- open in U.?

ii. Micro-gs-closed, if sc/, (A) C L,A C Land L is Micro-open in U.?

iii. Micro-otg-closed, if otel (A) € L,A C Land L is Micro- open in U. ®)

iv. Micro-go-closed, if ceely (A) € L,A C LandLis Micro- o- open in U.®

v. Micro-g*-closed, if ¢/, (A) € L,A C Land L is Micro- g-open in U.*

vi. Micro-g-closed, if ¢/, (A) CL,A C Land L is Micro- open in U.®)

vii. Micro-y-closed, if scly (A) € L,A C Land L is Micro-sg—open in U. ()

3 Micro- gn -Closed Set

In this section, we have derived the characteristics of Micro- gz (shortly ugr) closed set and its inter-relations with existing
other Micro closed sets.

Definition 3.1. Consider (Q,N,M) as MTS and P C Q . Then P is defined as ugn - Closed set if mcl, (P) C L whenever
P C Land L is Micro-gs -open in Q.

Theorem 3.2. Every Micro- 7 - closed set is ugm -closed set but not conversely.

Proof. Consider a Micro-7 -closed set P in Q such that P C L where Lis a ugs - open. Therefore, P =ncl, (P) C L. Thus,
Pis ugm -closed set.

Example 3.3. Consider Q@ = {u,v,w,x} with Q/R = {{u}, {w}, {v,x}} . Let X = {u,v} CQ,then N =
(9, 9, {u}, {wvxh, (na}} T = {w}, then M = {Q, ¢, {u}, {wh, {uw}, {nx}, {nwx}, {u,v,x} . Though the
set P = {u,w,x} is pugm-closed it is not Micro-7 -closed.

Theorem 3.4. Every ugm - closed set is Micro-g -semi closed set but not conversely.

Proof. Consider a ugm -closed set P in Q such that P C L where L is Micro-gs- open. Since mcly(P) € L, scly(P) C
mely (P) C L. Hence, P is Micro-gs - closed set.

Example 3.5. Let Q = {u,v,w,x} with Q/R = {{u}, {w}, {v,x}} . LetX = {vx} CQ,then N = {Q, ¢, {v,x}.If
u = {v},thenM = {Q, ¢, {v}, {v,x} . Though the set P = {u} is Micro-gs - closed, it is not ugm -closed.

Theorem 3.6. Every ugn - closed set is Micro- g -closed set but not conversely.

Proof. Consider a ugm -closed set P in Q such that P C L where L is a {1g -semi open. We know that every Micro open set
is Micro-g-semi open, so mtcly (P) C L. Therefore, ¢, (P) C mcly(P) C L. Thus, P is Micro-g-closed set.

Example 3.7. Let Q = {u,vywux}, Q/R = {{u}, {w}, {vx}} . Let X = {u,v} C Q, then N =
(U, @, {u}, {wvx}h, {vx}}  fp = {w}, then the M = {Q, @, {u}, {w}, {u,w}, {nx}, Dawx}, {uvx} . Though
the set P = {u,v} is Micro-g —closed, it is not gz -closed.

Theorem 3.8. Every g - closed set is Micro-g* -closed set but not conversely.

Proof. Consider a ugn -closed set in Q such that P C L where L is a f1g -semi open. We know that every Micro-g-open set
Micro-gs -open, so wcl, (P) C L. Therefore, cl, (P) C mcl u (P) C L. Thus, Pis ug* -closed set.

Example 3.9. Let Q@ = {u,v,w,x} with Q/R = {{w}, {x}, {u,v}}.LetX ={w} C Q,then N = {Q, ¢, {w}}. If
P= {v},then # = {Q, ¢, {v}, {w},{v, w}}.ThenA = {u,v,x} is Micro-g* -closed but it is not ugn —closed.

Theorem 3.10. Every ugn - closed set is Micro-sg -closed set but not conversely.

Proof. Consider a ugm -closed set P in Q such that P C L where L is a f1g -semi open. We know that every Micro-s-open
set is Micro-gs-open, so 7cly (P) C L. Then, scl,(P) C mcl,(P) C L. Thus, P is Micro-sg -closed set.

Example 3.11. Let Q@ = {u,v,w,x} with Q/R = {{w}, {x}, {u,v}} .LetX ={w} C Q,then N = {Q, ¢, {w}}.If
u = {w},thenM = {Q, ¢, (v}, (w},{v,w}}. Though the set P = {I} is Micro-sg —closed, it is not ug7m -closed.

Theorem 3.12. Every ugn - closed set is Micro-otg -closed set but not conversely.

Proof. Consider ugn -closed set in Q such that P C L where L is a ltg - semi open. We know that every Micro-open set is
Micro-gs -open, so wcl, (P) C L. Then, scly(P) C mcl u (P) C L. Thus, P is Micro-og -closed set.

Example 3.13. Let Q = (u,v,w,x} with Q/R = {{u}, {v}, {wx}} . Let = {u,w} C Q, then R(X) =
{Q, o, {u}, {u,w,x}, {w,x}} . If = {w}, then M ={Q, ¢, {u}, {w}, {u,w}, {v,x}, {v,w,x}, {u,v,x} . Though the set
P = {u,v,x} is Micro-ag —closed, it is not Micro-g7 -closed.

Remark 3.14. The following Implication diagram shows that the inter-relations with some other existing sets.
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4 Characteristics of ugn- Closed Set

Theorem 3.15. The union of two ugn -closed subset of (Q,N,M) is also a ugr -closed.

Proof. Consider two ugn -closed sets P and Q in (Q,N,M). L is Micro g -semi open sets in Q containing P U Q . Then,
mely(PUQ) C mely(P) U mely (P) € L. Thus, PUQ is ugr closed.

Remark 3.16. The intersection of two gm -closed sets in (Q,N, M) need not be ugn -closed in (Q,N, M)

Example 3.17. Consider Q = {w,x,y,z} with Q/R = ((w}, (v}, (x,z}}. Let X = {wx} C Q, then N =
{Q, @, {w}, {wxz}, {xz}}. Ifu = {y} then M ={Q, ¢, {w}, {y}, {wy} {x,2}, {xy,z}, {wx,2}}. Then the sets
{w,y,z} and {w,x, 7z} are ugr -Closed sets but their intersection {z} is not Micro- gz -Closed.

Theorem 3.18. If P is pugm - closedin Qand P C Q C 7cly(P), then Q is also ugm closed in Q.

Proof. Consider a ugn- closed set P in X here with P C Q C mcly(P) C L. Suppose that L is pigs-open of X with Q C L,
thenP CL = mcly(P) € L.So mely(Q) € Land Qis ugn - closed in Q.

Theorem 3.19. If Pis a ugm - closed set of Q if and only if ¢l (P) — P does not consists of any non-empty Micro-gs - closed.

Proof. Suppose there exist a non-empty Micro-gs- closed set V of Q such that V C mcly, (P) — P, then V C mcly (P) . Since
Pis ugn - closed and Q — V Micro-gs-open, 7cly (P) € Q — V. This implies V C Q — 7mcly (P). So V. C(mel, (P)—P) N
(Q— mely(P) ) Crely (P) N (Q— mely(P)) = ¢ =V = o.

Conversely, assume that 7wcl,, (P) — P consists of no non-empty Micro-gs- closed such that P C L where L is Micro-gs -
open set. Assume that 7clyis not in L. Then 7cl, (P) N LS is a non-empty Micro-gs-closed set in ¢l (P) — P which is a
contradiction. Then 7cly, (P) € Land hence P is ugn - closed set.

Theorem 3.20. The intersection of Micro-gs - closed and ugn —closed is always ugn -Closed.

Proof. Consider pgm —closed set P and p1gs — closed set V. This implies U is i1 gs — open set with PNV C U . Then,P CUUV®
is pgs -open. Since P is ugm —closed, wely (P) € UUV® = zely(P) €V C U . Thus, wely (PNV ) C mely (P)Nmel, (V) C
mely (P)NV CU. Hence, PNV is ugn -closed.

Definition 3.21. Let P C ¥ C Q. Then P is ugm - closed with relative to Y if wclyy (A) € U where A C U and U is
Micro- g — semi open in Y.

Theorem 3.22. Let P C Y C Q and suppose that P is ug7 closed in X. Then P is ugr - closed with relative to Y.

Proof. Let us assume that P C Y NZ where Zis pugs-openinX. P C Z =ncly(P) C Z. This implies that wel, (P) NY C
Z N Y. Thus, Pis ugm - closed relative to Y.

Definition 3.23. A subset P in Q is defined as ugm -open in Q if Q — P is ugn closed in Q.

Theorem 3.24. If wint,,(P) € Q C Pand Pis ugn -open in Q, then Q is ugm -open in Q.

Proof. Suppose that wint, (P) € Q C Pand Pis ugrm -openin Q. Then Q\ P C Q\ Q C 7cl, (Q\ P). Since Q \ P is
ugr closed in Q implies that Q \ Q is ugn closed in Q. Hence, Q is ugn in Q.

Theorem 3.25. Consider a MTS Q and §,7 C Q. If S'is ugm -open and wint,, (T) C S,thenS N T is ugn -open.

Proof. Given T is pugn-open and mint, (T) C S, mint, (T) CS N T C T.Hence,S N T is ugn -open.

Theorem 3.26. A set P is ugnm -open in Q if and only if V C mint, (P) whenever V is Micro-gs - closed in Q and V' C P.

Proof. Suppose V' C mint, (P),V is ugs -closed in Q and V C P. Let @ — P C G where G is j1gs- open in Q. So that
G C Q-PandQ—G C minty(P) . Thus, Q — Pis ugm -closed in Q. Hence, P is ug7 -open in Q.

Conversely, suppose that P is ugm -open, V. C P and V is ugs - closed in Q. Then Q@ —V is Micro-gs-open and
Q- P C Q—V.Butzint, (Q — P) = Q— mint (P). Hence V C int, (P).

Theorem 3.27. If P is ug7 - open in Q, then U = Q when U is Micro-gs -open and rwint, (P) CP° C U .
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Proof. Given P is a ugm open and U is a Micro-gs - open, mint, (P) U P° C U . This gives U¢ C (X — minty(P) ) N P =
minty (P¢) — P¢. Since U¢ is ugs -closed and P is pug7 - open. We have U¢ = ¢. Thus, U = Q.

Definition 3.28. Let (Q,N, M) be a MTS. Then € is said to be Mﬁ/z -space if every ugm -closed set in Q is Micro-7 -closed
in Q.

Theorem 3.29. For a MTS (Q, N, M) the following conditions are equivalent.

(i) (Q,N,M)isa ,LLT]/Z -space

(ii) Every singleton set {p} is either Micro-gs - closed or Micro-7 -open.

Proof. (i) =) (ii) Take p € Q. If {p} is not a Micro-gs- closed set of (Q,N,M). Then Q@ — {p} is not a Micro-gs- open
set. Thus, Q — {p} is an ugm -Closed set of (,N,M). Since (Q,N,M) is ,uYA"l/z -space, Q@ — {p} is Micro-7 -closed set of
(Q,N,M) , Thatis {p} is Micro-7 -open set of (Q,N,M).

(ii) =) (i) Let P be an ugm -Closed set of (Q,N,M). Let p € mcly(P). By (ii), {p} is either Micro-gs -closed or Micro-m
-open.

Case(i): If {p} is Micro-gs -closed and p ¢ P . Then mcl,(P) — P contains a non-empty Micro-gs- closed set. This
contradicts Theorem 3.19 as P is a Micro-gs - closed set. Therefore, p € P.

Case(ii): Consider a Micro-7-open set (p}. Then Q— (p} is Micro-7 -closed. If p & P,then P C Q — (p}.Since p € mely (P),
we have p € Q — {p}, which is a contradiction. Hence, p € P.

So in both cases we have mcl, (P) C P. Trivially P C mcly(P). Therefore, P = mcl, (P) or equivalently P is Micro-7m

-closed. Hence, (Q,N,M) is a Nﬂ/z -space.

5 Conclusion

A new class of sets called ugm-closed sets have been introduced and some of their properties have been studied. Also, [,LYA] /2"
spaces is presented and its properties are analyzed. Furthermore, L g7-sets can be used to derive a new class of continuity, closed
maps, homeomorphism.
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