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Abstract

A New type of nano topological spaces (N.T.S.), termed nano b-open sets(briefly N_b-
open), is established. explored of this work. Since a nano topology includes at most five set,
so developing novel structures for nano- open set, as well as then new requirements concept
were discuss like N_b-open cover. This work explores the notion of N_b- Paracompactness
with the help of nano N_b-open sets in an N.T.S. Discuss their basic characteristics using
nano locally finite, locally refinement covers in nano topological spaces.
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1. Introduction

The pair (U,R) containing equivalence relation R of U is called space for
approximation. In the same equivalence class, elements are called
indistinguishable from each other. Nano topological spaces (briefly, N.7.S.)
have significant advancement in the field of topology, introducing new methods
and concepts that extend traditional topological ideas. A nano topological space
(U, Tr(X )) non-empty finite U for objects ( a universe) with an equivalence
relation R on a subset X of U, that is carried by a topology (nano topology),
defined by a lower and upper approximation Lg(X),Uz(X) and boundary
region Br(X) = Ur(X) — Lg(X) ofX.
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The lower approximation Lgz(X) ofX represented a set for each object,
that is classifies by X on R and its equal to the union U,y {R(x):R(x) S
X} while,the upper approximation Uz(X) of X determined as set for each
object, that can classified as X concerning R with its defined as the union
Uyeu {R(x): R(x) N X # @}. The set of all objects, that, are classified neither as
X nor as not in X is called the boundary region Bg(X)and it is represented the
difference among an upper approximation & a lower approximation.
The topic of paracompact spaces generalizes both compact and metrizable
spaces, it is studied for more general spaces like topological linear spaces, nano
topologies, and infinite manifolds [2], [3], [4], [S], [7], [8] and [9]. This work,
we study forms for nano b — open sets to study the precompactness for nano
topology space. A subset S for N.T.S. (U,Tz(X)) is said to be the nano

b — open (briefly N, —open) set if SE N, (Nint(S)) UN, . (Ncl(S)). A
complement for nano b — open named nano b — closed set (briefly N, —
closed). The N, — closure of S, denoted by Nclb (S), is the intersection of
N, — closed sets including S. The N, — interior of S, denoted byJ\lintb (8, is

the union of N, — open sets included in S. Since the nano topology can support
many applications in some medical and physics models, used to solve real-world
problems [1] we tried to modify these topologies by adding a new class of them
hopping to get new results that can be applicable in medicine and life in the
future.

Many authors are studied some types algebra for family of set see, [10, 11]
and [12].

Preliminaries:

Definition 1.1: [1] Let U be the universe andX < U, Rbe a relationship on U
that is equivalent to U. Thentz(X) = {U, @, Lz (X)), Ug(X), BR(X)}.
To achieve this, we will define the Nano topology on U in terms of X.

(U, tg (X)) called a nano topological space and it is denoted by NTS and its
element named nano- open.

Proposition 1.2: [6]

Lp(X) € X S UR(X);

Lr(p) = Ug(p) = ¢ and Lr(U) = Up(W) = U;

Up (X UY) = Up(X) U Lg(Y);

Ur(X NY) S Up(X) NUR(Y);

Lr(X UY) 2 Lr(X) U L (Y);

Lr(X' nY) & Lr(X) N Lg(Y);

Lr(X) € Lg(Y) and U (X) € UR(Y) whenever X € Y;

Ny sE W=
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Example 1.3: Let U = {a, b, c,d} with U/R = {a},{c},{b,d} and X = {a, b}.
Then the nano topology Tx(X) = {U, 8,{a},{a, b, d},{b, d}}and N, — open sets
are U, @, {al,{b},{d},{a, b},{a,c},{a,d},{b,d},{a,b,c},{a, b,d},{b,c, d}.
int{a} = {a}, cl{a} = {a,c}.
int{b} = @, cl{b} = {b,c,d}.
int{c} = 0, cl{c} = {c}.
int{d} = @, cl{d} = {b,c,d}.
int{a, b} = {a},cl{a, b} = U.
int{a, c} = {a}, cl{a, c} = {a, c}.
int{a,d} = {a}, cl{a,d} = U.
int{b,c} = 0,cl{b,c} = {b,c,d}.
int{b,d} = {b,d}, cl{b,d} = {b,c,d}.
int{c,d} = @, cl{c,d} = {b,c,d}.
int{a, b, c} = {a},cl{a, b,c} =U.
int{a,b,d} = {a,b,d}, cl{a,b,d} = U.
int{b,c,d} = {b,d}, cl{b,c,d} ={b,c,d}.
int{a,c,d} = {a}, cl{a,c,d} = U.
int(cl{a}) = {a}, cl(int{a}) = {a,c} = {a}is N, — open.
int(cl{b}) = {b,d}, cl(int{b}) = @ = {b}is N, — open.
int(cl{c}) = @,cl(int{c}) =0 = {c} & N, — open.
int(cl{d}) = @,cl(int{d}) =@ = {d} & N, — open.
int(cl{a, b}) = U, cl(int{a, b}) = {a,c} = {a, b} € N, — open.

It is clear that any nano open set is N, — open sets and the converse is
not true, in example above, the sets {b},{d}, {a, b}, {a,c} {a,d}H{a, b, c}and
{b, c,d}are N, — open but not nano open.

Theorem 1.3:
(1)  Arbitrary union of two N, — open sets is nota N, — open.

(2) Finite intersection of two N — open sets may fail to be N, — open

Proof:

(1) Let M and IV be two nano b — open sets. Then, M © Nclb(Nintb Mm)Hu
Nipe, (Ng, M0) and 3 € Ny (N, (M) UN,, (N, (M), Then
MUN €[Ny Ny, G0) UN Ny )] U NG, (N, 0 U
Nin, Ng, @O € Ny (N (N, ) UN (N, (V) € Ny,
Ny, Noy, OO UNG VD)) € Ny (N, (N, (M U V), Therefore

M U N isnano b — open.

(2) TItis a obvious, using the same assumption of (1) and Demorgas laws in set
theory for the intersection.



1062 I. M. JAWAD AND Z. D AL-NAFIE

2. N, — Paracompact spaces.

For easy, instead of (u, Tr(X )) we use U with nano topologyzg (X)

Definition 2.1: Let U be aN.T.S. A nano open cover is a family J =
{3i € TR(X)}ierof N, subsets of U. Jis called a nano locally finite if and

only if for each point x € X there exists a nano neighbourhood V such that the
set {3, VNJ; #0; i€ A}is a finite set.

Theorem 2.2: For every nano locally finite family I = {J;}ieawe have,
Net, (Uiea i) = UieaNey, (30

Proof: 1If J; € UjesJ; then Nclb 3) c Ndb (Uiea;), for every i €A1;
therefore we have N cly (3) c Nclb (Uiex S1).To prove the reverse inclusion, let
us note that, by nano local finiteness of 3, for every x € Nclb (Uiea 3;), there

exists a nano neighbourhood V such that the set S = {J;,VNJ; #0; i €
A} is a nano finite. From it followes that x & J\lClb (Uieas, i), since

x € Nay, (UieaS) = Na, (Uies, 30) U Ney, (Uieans, i)

Corollary 2.3: 4 nano locally finite family 3 is Ny, — set(resp.Np. — set) if' 3
covered by Ny, — sets(resp.Ny. — set ).

Theorem 2.4: [f{S;};cs is a nano locally finite system of sets in X, then the set
{]\lclb (3)}iea is also a nano locally finite.

Proof: Given h € X and find an open nano neighbourhood V of h such that
VN3, =0, except for finitely is a many nano locally finite system of sets
many i.

Since {J;};c4 is a nano locally finite system of sets.

=V n Nclb (3;) =@ foreveryi =V N Nclb (3;) # @ for every i.

{J\ldb (31 }ieais a nano locally finite.

Definition 2.5: If A and f are nano open covers (briefly, N, ' —cover) of the
N.T.S (’U, TR (X)), then we say that £ refines A and write f € A if and only if
each B € f is contained in some A € A and we say 8 is a N, — refinement of
A and denoted byN, = — refinement of A .

Definition 2.6: AN.T.S.(U, t5(X))is called a N, —Paracompact if every
N, , — cover A of X has a nano locally finite N,  —refinement cover.

Example 2.7: Let U = {a, b, c,d}with U/R = {{a},{b,c}} and X = {a,c}.
Then

LR(X) = {a}s uR(x) = {a, b: C} and BR(X) = {b' C}
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(X)) = {(Z),U, {a},{a, b, c},{b, c}} , the nano closed sets are
®,U,{b,c,d},{d},{a, d}
int{a} = {a}, cl{a} = {a,d}.
int{b} = @, cl{b} = {b,c,d}.
int{c} = 0, cl{c} = {b, c,d}.
int{d} = @, cl{d} = {d}.
int{a, b} = {a}, cl{a, b} = U.
int{a,c} = {a}, cl{a, c} = {a,c}.
int{a,d} = {a}, cl{a,d} = {a,d}.
int{b,c} = {b,c},cl{b,c} = {b,c,d}.
int{b,d} = @, cl{b,d} = {b, c,d}.
int{c,d} = @, cl{c,d} = {b,c,d}.
int{a,b,c} ={a,b,c},cl{a,b,c} = U.
int{a,b,d} = {a},cl{a,b,d} = {a,d}.
int{b,c,d} = {b,c}, cl{b,c,d}=1{b,c,d}.
int{a,c,d} = {a}, cl{a,c,d} = {a,d}.
The N, — sets are the sets

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

The sets A; = {{b}, {c}{a, d}},clqz = {{a, d}, {b, C}},cﬂ3 = {{b}, {a, c,d}},
Ay = {{a, b}, {a, c,d}}, Ag = {{a,d}, {a,b, c}}, Ag = {{b, c}, {a,c, d}} and
A; = {{a,b,c},{a,c,d}}are N,  — covers of (U, 72 (20))

The sets, B = {{a, d}, {b}, {c}} is N, —refinement locally finite of
Ay, Ay, Az, As, Ag, and A,.

And (u, (X )) is N, —Paracompact.
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