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ABSTRACT
By M. Parimala [6] et al., the concept of nano ideal topological
space was first presented. They researched its

characterizations and characteristics. Additionally, they
explored some of the fundamental features of the notion of
nano ideal generalised closed sets in nano ideal topological
spaces. Following that, several mathematicians created
different types of closed sets, closed maps, and
homeomorphism, including nlg-closed maps [4], nlg -closed
mappings [4], and nlg -homeomorphism [4] in nano ideal
topological spaces. In the current study, we developed a
unique concept to depict two types of mappings: nlgsemi*-
closed maps and nlgsemi*-open maps. Additionally, we
looked at how these mappings relate to the closed and open
maps that currently exist in nano ideal topological spaces.

Key words: nlgsemi*-closed map, nlgsemi*-open map.

1.Preliminary

Definition 1.1 [5] A function f: (U, 1g(X)) = (V,tr(Y)) is defined

to be nano open (closed) function if every nano open (closed) set

A of U is mapped to a nano open (closed) set in V.( Lellis Thivagar,

M & Carmel Richard 2013)

Definition 1.2 [4] Amap f: (O,N,I) - (P,N’,]) is called

(1) n*-closed if for every n-closed subset G of (O, N, I), f(G) is n*-
closedin (P,N',]).

(2) nlg-closed (resp. nlg-open) map if for every n-closed (resp. n-
open) subset G of (O, N, I). f(G) is nlg-closed (resp. nlg-open)
in (P,N’,]) (Ganesan, S, 2020).

Definition 1.3 [3] A mapping f: (U, tr(X)) = (V,tg:(Y)) is called

nano g—closed
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if the image of every nano g-closed set in (U,tr(X)) is nano
g-closed in (V,tr+(Y)) (Bhuvaneswari, K & Mythili Gnanapriya, K
2014).

Definition 1.4 [5] Let (Utr(X)) and (V,Tg,(X)) be nano
topological spaces. A mapping f: (U, (X)) = (V,r,(X)) is
said to be nano continuous if the inverse image of every nano
open set in (V,tg, (X)) is nano open set in (U,TR(X)) ( Lellis
Thivagar, M & Carmel Richard 2013).

Definition 1.5 [1] A subset A of a nano ideal topological space
(U, N, D) is said to be nano ideal generalized semi*-closed (briefly,
nlgsemi*-closed) if Aj; S V whenever ACV and V is
nano semi*-open. The family of all nlgsemi*-closed sets of U is
denoted by nlgsemi*C(U,N,I)(or simply nlgsemi*C(U) (Arul
Jesti, J & Joycy Renuka, J, 2020).

Theorem 1.6 [1] Every nano closed set is nlgsemi*-closed but not
conversely.

Theorem 1.7 [1] If (U,N,I)is any nano ideal topological space,
then every ng-closed set is nlgsemi*-closed but not conversely.
Theorem 1.8 Let (U, N, I) be a nano ideal topological space. Every
n*-closed set is nlgsemi*-closed [1].

Definition 1.9 A subset A of a nano ideal topological space
(U,N, D) is said to be nano ideal generalized semi*-open (briefly,
nlgsemi*-open) if U— A is nlgsemi*-closed. The family of all
nlgsemi*-open sets of U is denoted by nlgsemi*O(U, N, I)(or
simply nlgsemi*0(U)) [1]

Definition 1.10 [2] A map f: (U,N,I) —» (V,M,]) is called
nlgsemi*-continuous function, if f "1 (A ) of each n-open set A
(V,M,]) is a nigsemi*-open set in (U,N,I). (Arul Jesti, J & Joycy
Renuka, J, 2022).

2. nlgsemi*-Closed Maps

Definition 2.1 A map f:(U,N,I) - (V,M,]) is said to be
nlgsemi*-closed map if for every nano closed (n-closed) subset
G of (U,N, D), f(G) is nlgsemi*-closed in (V, M, ]).

Example 2.2 Consider the universal set U= {1,2,3,4}, the
approximationspace U/ R = {{1},{2},{3,4}} , X = {{2},{4}} cU
with the ideal I = {¢, {1}}. The nano topology defined by U is
X)) = {U,,{2},{3,4},{2,3,4}} and nlgsemi*-closed sets are
{{13,{1,2},{1,3},{1,4},{1,2,3},{1,3,4},{1,2,4}, U, @}. Assume
V = {1,2,3,4}, the approximation space V/R =
{{1},{3},{2,4}}, Y = {1,2}c V with the ideal ] = {@,{1}}. The
nano topology defined by Vv is Qr(Y) =
{V,0,{1},{2,4},{1,2,4}} and nlgsemi*-closed sets
are {{1},{3},{1,3},{2,3},{3,4},{1,2,3},{1,34},{2,34},V, ¢}.
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Then f: (U,N,I) > (V,M,]) is defined as ,f(4) =4,f(1) = 2,
f(3) = 3,f(2) = 1is nlgsemi*-closed map.

Theorem 2.3 A map f: (U,N,I) = (V,M,]) is nlgsemi*-closed iff
for any subset S of (V,M,]) and for each nano open set P of
(U,N, 1) contains f~1(S), there exist an nlgsemi*-open set O of
(V,M,]) such that S € O and f~1(0) € P.

Proof. Necessity: Let P be n-open in (U,N,I) and S be any subset
of (V,M,]) . Then P€is n-closed in (U, N, I). Since fis an nlgsemi*-
closed map, f(P€) is nlgsemi*-closed in (V,M,]). Thus V-f(P€) is
nlgsemi*-open, say O containing S such that f~1(0) = f‘l(V —
f(P€)) =U—P¢ = P.Thus f~1(0) c P.

Sufficiency: Let’s assume F be a nano closed set in (U,N,I) and S
be any subset of (V, M, ]). PutS = (f(F))¢. Then we have f~1(S) €
F¢ and F€ is n-open in (U,N,I). By hypothesis, there exits an
nlgsemi*-open set O of (V,M,]) such that S € 0, and f~1(0) €
FC. Now f~1(0) € FCimplies F € (f~1(0))¢ = f~1(0°). That
is f(F) € 0% (1). Now S < O implies (f(F))¢ € 0. Then
0°€ c f(F)---------- (2). From (1) and (2), f(F) = O€. Since OF€ is
nlgsemi*-closed, f(F) is nlgsemi*-closed in (V,M,]). Hence f is
nlgsemi*-closed.

Theorem 2.4 If f: (U,N,I) = (V,M,]) is a nano closed map, then
it is nIlgsemi*-closed map.

Proof. Let G be a n-closed subset of (U, N, I). Then f(G) is n-closed
in (V,M,]) because f is a n-closed map. Now f(G) is nlgsemi*-
closed in (V,M,]) because every n-closed is nlgsemi*-closed.
Hence f is nlgsemi*-closed map.

Theorem 2.5 If f: (U,N,I) = (V,M,]) is a n*-closed map, then
the function f is nigsemi*-closed map.

Proof. Let G be a n-closed subset of (U,N,I). Then f(G) is n*-
closed in (V,M,]) because f is a n*-closed map Now f(G) is
nlgsemi*-closed in (V, M, ]) because every n*-closed is nlgsemi*-
closed. Hence f is nlgsemi*-closed map.

Remark 2.6 A nlgsemi*- closed map may not be a n*-closed map.
The following example explains this remark.

Example 2.7 Let U,N, [, V, M, ] and f be defined as an example 2.2.
Then n*-closed sets are {{1},{3},{1,3},{2,3,4},V, @ }. Here f is
nlgsemi*-closed map but not n*-closed map because f({1,2}) =
{1,2} is not n*-closed in (V, M, ]).

Theorem 2.8 If f: (U,N,I) = (V,M,]) is a nlgsemi*-closed map,
then it is nlg-closed map.

Proof. Let Gbe a n-closed subset of (U,N,I). Then f(G) is
nlgsemi*- closed in (V, M, ]) because f is a nlgsemi*-closed map.
This implies f(G) is nlg-closed in (V, M, ]) because every nlgsemi*-
closed is nlg-closed. As a result, f is nlg-closed map.
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Remark 2.9 A nlg-closed map may not be a nlgsemi*-closed map.
The following example explains this remark.

Example 2.10 Assume U = {1,2,3,4}, the approximation space
U/R = {{1},{3},{2,4}}, X = {1,2} € Uwith the ideal 1=
{,{1}}. The nano topology defined by U is tr(X)=
{U,,{1},{2,4},{1,2,4}} and nlgsemi*- open sets
are {{1},{2},{4},{1,2},{1,4},{2,4},{1,2,4},{2,34}, U, p}. Let V =
{1,2,3,4}, the approximation space V/ R = {{3},{4},{1,2}},Y =
{{2},{4}} <V with the ideal ] = {@,{1}}. The nano topology
defined by V is Qr(Y) = {V, 9, {3},{4},{1,2,4}} and nlgsemi*-

closed sets are
{13, {2}, {3}, {1,2},{2,3}, {1,3}, {1,424}, {1,2,3}, {2,3,4}, {1,2,4}, {1,3,4}, V, ¢}.
nlg-closed sets are

{{13,{2},{3},{1,2},{2,3},{3,4},{1,3}, {1,4}{2,4},{1,2,3},{2,3,4},{1,2,4},{1,3,4}, V, 0 }.
Then f: (U,N,I) > (V,M,]) is defined as ,f(4) =1,f(3) =
3,f(2) = 2,f(1) = 4 is nlg- closed map. But the function f is not
nlgsemi*-closed map since f{1,3}) ={3,4} ¢
nlgsemi*C(U, N, I).

Theorem 2.11 If f:(U,N,I) - (V,M,]) is nano closed and
g (V,M,]) - (W,0,K) is nlgsemi*-closed, then go
f: (U,N,I) — (W, 0,K) is nlgsemi*-closed.

Proof: Let’s assume G is any nano closed set in U. Then obviously
f(G) is nano closed in V because f: (U,N,I) = (V,M,]) is nano
closed map. Also g(f(G)) is nIgsemi*-closed in W because
g:(V,M,]) — (W,0,K) is nigsemi*-closed. Since (gof)(G) =
g(f(G)), gofi(U,N,I) — (W,0,K) is nigsemi*-closed.

3. nIlgsemi*-Open Maps

Definition 3.1 Amap f: (U,N,I) - (V,M,]) is said to be nIgsemi*-
open map if f(G) is nlgsemi*-open in (V, M, ]) for every nano open
set Gin (U,N, D).

Example 3.2 Let U = {1,2,3,4}, the approximation space U/R =
{{1},{2},{3,4}}, X = {3} € U with the ideal I = {¢g,{2},{1,2}}.
The nano topology defined by U is tr(X) = {U,¢,{3,4}}and
nlgsemi*-open sets
are{

U, @, {1},{2}, {3}, {4}, {34}, {14}, {24}, {2,3},{1,3},{2,34}, {1,3,4}.
Assume V = {1,2,3,4}, the approximation space V/R =
{{1},{4},{2,3}}, Y ={1,4} € V with the ideal] = {@,{1}}. The
nano topology defined by V is Qgr(Y) ={V,¢,{1,4}} and
nlgsemi*-open sets are
V.o, {1},{2},{3}, {4}, {1,2}, {34}, {1,3},{1,4},{2,4}, {1,2,4},{1,3,4}, {2,34}}.
Let the function f: (U,N,I) = (V,M,]) can be defined as identity
function. Then fis nlgsemi*-open map.

Theorem 3.3 If f: (U,N,I) - (V,M,]) is an n-open map then the
function f'is a nlgsemi* -open map.
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Proof: Assume G is any nano open set in U. Then f(G) is n-open
in V because the function f is n-open map. Every n-open set is
known to be nlgsemi*-open. Then f(G) is nlgsemi*-openinV.
As aresult, f is anlgsemi* -open map.

Remark 3.4 The following example demonstrates that the
converse of the above theorem is not true.

Example 3.5 Consider the universal set U = {1,2,3,4}, the
approximation space U/R = {{1},{3},{2,4}}, X ={1,2} cU
with the ideal I = {@,{1}}. The nano topology defined by U is
(X)) = {U,9,{1},{2,4},{1,2,4}} and nigsemi*-open sets are
{{13,{2},{4},{1,23,{2,4}, {14}, {234}, {1,24}, U, 9}. Let V =
{1,2,3,4}, the approximation space V/R = {{1},{2},{3,4}},
Y = {{2},{4}} cV with the ideal J={p,{1}}. The nano
topology defined by V is 2z (Y) = {V,¢,{2},{3,4},{2,,3,4}}and
nlgsemi*-open sets
are {{2},{3},{4},{3,4},{2,4},{2,3},{2,3,4},V, @}. The function
f:(U,N,I) > (V,M,]) is defined as f(1) =3,f(2) =2,f(3) =
1, f(4) = 4 is a nlgsemi*-open map. But its not nano open map
since {2,4} & Qg (Y)

Theorem 3.6 Every nlgsemi*-open map is nl g-open map but not
conversely.

Proof: Let f: (U,N,I) = (V,M,]) be a nigsemi*-open map and
assume G is n-open set in U. Every n-open set is known to be
nlgsemi*-open. Therefore f(G) is nlgsemi*-open in V. Then
f(G) isnlg -open in V because every nlgsemi*-open set is nlg-
open. As a result, f is a nlg-open map.

Example 3.7 Let U = {1,2,3,4}, the approximation space
U/R = {{1},{2},{34}}, X ={3} € U with the ideal I=
{p,{2},{1,2}}. The nano topology defined by U is tz(X) =
{U, ®, {3,4}} and nlgsemi*-open sets
are{

U,o,{1},{2},{3},{4}, {34}, {1,4},{24},{2,3},{1,3},{2,34}, {1,3,4}.
LetV = {1,2,3,4}, withV/ R = {{3},{4},{1,2}}and Y = {2,4}.
Then the nano topology 2z(Y) ={¢,V,{3},{4},{1,2,4}} and

J={¢,{1}}.Then nlgsemi*-open sets are
{o.V,{1},{2},{3}, {4}, {34}, {1,4},{2,4},{2,3},{1,3},{2,3,4}, {1,3,4}, {1,2,4}}
and nlg-open sets are

{¢, V. {1},{2},{3},{4},{1,2}, {34}, {1,4},{2,4},{2,3},{1,3},{2,3,4}, {1,34}, {1,24}}
. The function f:(U,N,I) —> (V,M,]) is defined as f(1) =

3,f(2)=4,f(3) =1,f(4) = 2isanlg-open map. Butits not

nlgsemi*-open map since {1,2} € tx(X).

Theorem 3.8 Every ng-open map is nlgsemi*-open map .

Proof: : Let f: (U,N,I) =» (V,M,]) be a ng-open map and let G

be any nano open set in U. Every n-open set is known to be ng-

open. Therefore f(G) is ng-open in V. Then f(G) is nlgsemi” -
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open in V because every ng-open set is nlgsemi*-open. Hence f
is nlgsemi*-open map.

Remark 3.9 The following example demonstrates that the
converse of the above theorem is not true.

Example 3.10 Consider the universal set U = {1,2,3,4}, the
approximation space U/R = {{1},{3},{2,4}}, X ={1,2} cU
with the ideal I = {¢,{1}}. The nano topology defined by U is
w(X) = {U, 9,{2},{1,2},{2,3,4}} and nigsemi*-open sets are
{{13,{2},{4},{1,2},{2,4},{14},{2,34},{1,24}, U, ¢}. Let V =
{1,234}, withV/ R = {{2},{4},{1,3}} and Y = {1,4}. Then the
nano topology 2x(Y)={ ¢,V,{4},{1,3},{1,3,4}}and | =
{®,{4}}.Then nlgsemi*-open sets are
{¢,V,{1},{3},{4}, {34}, {1,4},{1,3},{1,34},{1,23}} and ng-
open sets are {¢,V,{1},{3},{4},{3,4},{1,4},{1,3},{1,3,4}}. The
function f : (U,N,I) - (V,M,]) is defined as f(1) = 4,f(2) =
3,f(3) =1,f(4) =1isanlgsemi*-open map. But its not ng-
open map since {1,2,3} ¢ 2z (V).

Remark 3.11 The following example demonstrates that the
composition of two nlgsemi*-open maps need not be a
nlgsemi*-open map.

Example 3.12 Let U = {1,2,3,4}, the approximation space
U/R = {{1},{2},{34}}, X ={3} € Uwith the ideal I =
{p,{2},{1,2}}. The nano topology defined by U is tz(X) =
{U, 9,{3,4}}and nlgsemi*-open sets
are{

U,o,{1},{2},{3},{4}, {34}, {1,4},{24},{2,3},{1,3},{2,3,4}, {1,3,4}.
Let V = {1,2,3,4}, the approximation space V/R =
{{1},{4},{2,3}}, Y = {1,4} € V with the ideal ] = {p, {1}}. The
nano topology defined by V is 2x(Y)={V,p,{1,4}} and
nlgsemi*-open sets are
V9, {13,{2},{3},{4},{1,2},{3,4},{1,3},{1,4}, {24}, {1,2,4},{1,3,4}, {2.3,4}}.
Let W = {1,2,3,4}, the approximation space W/R =
{{2},{4},{1,3}},Z = {1,4} € W withtheideal K = {¢@, {4}}. The
nano topology defined by w is Ye(2) =
{W,p,{4},{1,3},{1,3,4}}and nlgsemi*-open sets are
(W,p,{1},{3},{4},{1,2,3},{1,3,4},{1,3},{1,4},{3,4}}. Let the
function f: U—V can be defined byf (1) =1; f(2) =
4; f(3) =3; f(4) =2 andg: V> W is defined as identity
function. Here the functions f and g are nlgsemi*-open map.
since (g ° )34 = g(f(34) = g((23) = {2,3} and
here the {2,3} is not a nlgsemi*-open set in W, g ° fis not
nlgsemi*-open map.

Theorem 3.13 If f:(U,N,I) » (V,M,]) is nano open and
g V,M,])- (W,0,K) is nlgsemi*-open, then (g °
):(U,N,I)> (W,0,K) isnlgsemi* -open.
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Proof: Let G be any nano open setin U. Now f(G) is nano open in
V because f:(U,N,I) - (V,M,]) is nano open map. Also
g(f(G))isnlgsemi*-openin W,since g: (V,M,]) - (W,0,K) is
nlgsemi* -open. Therefore (g ° f): (U,N,I)»> (W,0,K) is a
nlgsemi*-open map.

Theorem 3.14 A surjective mapping f: (U,N,I) - (V,M,]) is
nlgsemi*-open if and only if, there exists a nlgsemi*-closed
set K of V containing S such that f "1(K) c F for any subset S of
V and for any nano closed set F of U containing f ~1(S).

Proof: Necessity: Assume that f is nlgsemi*-open. Let U
containing f~1(S) and let S ¢ V, F be any n-closed set of U. In
other words, F D f71(S) implies f(F) > S. Put K = f(F).
When this occurs, K is a nIgsemi*-closed set of V containing S
such that f~1(K) c F.

Sufficiency: Assume G is any nano open set of U and B be any
subset of (V,M,]). Put B = (f(G))°. In this case, f"1(B) c G° and
G is nano closed set in U. By hypothesis, there exists a nlgsemi*-
closed setKof V such that Bc K and f~(K) c G°. Now
f~1(K) c G¢ implies G c (f~1(K))¢ = f~1(K°). Hence we obtain
f(G) € K& (1). Now B c K implies (f(G))° c K. Thus
f(G) D K€------mm-- (2). From (1) and (2), f(G) = K€. Since K€ is
nlgsemi*-open, f(G) is nlgsemi* -open in V. This implies that f is
nlgsemi*-open.

Theorem 3.15 A map f: (U,N,I) - (V,M,]) is a nlgsemi*-open
map if and only if f(nlgsemi*int(A)) S nlgsemi*int(f(A)) for
each nano open set A in U.

Proof: Let A be a nano open set in U. Suppose that f: (U,N,I) -
(V,M,]) is a nlgsemi*-open map. Then f(A) is nlgsemi*-open in
V. Therefore f(A) = nlgsemi*-int(f(A)). Since nIlgsemi*-int(A) <
A, f(nlgsemi*-int(A)) € f(A). Hence f(nlgsemi*-int(A) <
nlgsemi*(int(f(A)).

Conversely, suppose A is an n-open set in U. Now f(n-int(A) €
f(nlgsemi*int(A)) € nlgsemi*(int(f(A)). Since n-Int(A) =
A f(A) © nIgsemi*(Int(f(A)) —————————————— (1) From the definition
of nlgsemi*-int, nIgsemi*(Int(f(A)) C f(A)----------—- (2). From
(1) and (2), nlgsemi*(Int(f(A)) = f(A). Therefore f(A) is
nlgsemi*-open in V. Hence f: (U,N,I) = (V,M,]) is a nlgsemi*-
open map.

Theorem 3.16 Let (U,N,I),(V,M,]) and (W, 0,K) be any three
nano ideal topological spaces. Let f:(U,N,I) -» (V,M,]) and
g (V,M,]) » (W,0,K) be any two maps. Then the following
statements are true.

1. If (g » f) is a nlgsemi* -open map and f is nano continuous
and, then gis a nlgsemi*-open map.
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2. If g is nlgsemi*-continuous and (g ° f) is an nano open map,
then fis nlgsemi*-open map.

Proof: 1. Let’s assume G be a nano open setin V. Thenin U, f~1(G)
is nano open . Given that (g ° f) is an nlgsemi*-open map,

(g - f)(f_l(G)) = g(f(f_l(G))) = g(G) is nlgsemi*-open in
W. Thus g is a nlgsemi*-open map.

2. Let’s assume A be any n-open set in U. Since (g ° f) is n-open
map, g(f(A)) is a nano open set in W. Also since g is nlgsemi*-
continuous, g_l(g(f(A)) = f(A) is a nlgsemi*-open setin V. As a
result f is nIlgsemi*-open map.

Conclusion: In this research, we introduced two novel types of
maps in nano ideal topological spaces, referred to as nlgsemi*-
closed map and nlgsemi*-open map. These sets' fundamental
characteristics and properties are provided.
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