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Abstract— In this paper we presented Nano 8G-continuous functions and discussed some of their properties.

Also we

investigate the relationships between the other existing Nano continuous functions .Further, we define and study the concept of
Nano 8G-irresolute functions in Nano topological spaces and studied some of their characterizations.
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l. INTRODUCTION

The concept of Nano topology was introduced by Lellis
Thivagar [6]which was defined in terms of approximations
and boundary region of a subset of an universe using an
equivalence relation on it. Nano generalized closed sets
introduced by K. Bhuvaneswari[l] et.al.LellisThivagar
introduced Nano continuous functions in Nano topological
spaces. In this paper we presented Nano 8G-continuous
functions and discussed some of their properties. Also we
investigate the relationships between the other existing Nano
continuous functions .Further, we define and study the
concept of Nano dG-irresolute functions in Nano topological
spaces and studied some of their characterizations.

Il. PRELIMINARIES

Definition 2.1 [6]:

Let U be a non-empty finite set of objects called the universe
and R be an equivalence relation on U named as the
indiscernibility relation. Then U is divided into disjoint
equivalence classes. Elements belonging to the same
equivalence class are said to be indiscernible with one
another. The pair (U, R) is said to be the approximation
space. Let X € U.

(i) The lower approximation of X with respect to R is the set

of all objects, which can be for certain classified as X with
respect to R and it is denoted by Lg(X)
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That is Lg(X) = 2, {R(x): R(x) £X}. Where R(x) denotes
the equivalence class determined by xeU.

(ii) The upper approximation of X with respect to R is the set
of all objects, which can be possibly classified as X with
respect to R and it is denoted by Ur(X) = xzu {Rx):R(x) N
X+ ¢}

(iii) The boundary region of X with respect to R is the set of
all objects, which can be classified neither as X nor as not-X
with respect to R and it is denoted by Bg (X). That is Bg(X) =

Ur(X) - Lr(X).

Property 2.2 [6]

If (U, R) is an approximation space and X, Y < U, then
i) LX) € X € Ur(X)
i) Lr(d) = Ur(dp) = ¢
iii) Lr(U) = Ur(U) = U
iv) Ur(XUY) =Ur(X) U Ug(Y)
V) Ur(XNY) € Ug(X) U Ug(Y)
vi) Lr(XUY) 2 Lg(X) U Lg(Y)
vii) Le(XNY) =LgX) N Lg(Y)
viii) LrX) € Lg(Y) and

whenever X C Y.

iX) Ur(X®) = [Lr(X)]¢ and Lg(X®) = [Ur(X)]©
X) Ur(Ur(X)) = Lr(Ur(X)) = Ur(X)
Xi) Lr(Lr(X)) = Ur(Lr(X)) = Lr(X)

Definition 2.3 [6]
Let U be a non-empty, finite universe of objects and R be an
equivalence relation on U. Let X< U.

Ur(X) € Ur(Y)
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Let Tr(X) = Nt = {U, ¢, Lr (X), Ur(X), Br (X)}.

Then tr(X) is a topology on U , called as the Nano topology
with respect to X.

Elements of the Nano topology are known as the Nano open
sets in U and (U, Nt) is called the Nano topological space.
[Nt]€ is called as the dual Nano topology of Nt. Elements of
[N7]€ are called as Nano closed sets. )

Definition 2.4

Let (U, Nt) be a Nano topological space with respect to X

where X € U and if A cU,then A is said to be

(i) .Nano semi-open set[6] if A < Ncl(Nint(A)).

(if). Nano-regular open set [6]if A=Ncl(Nint(A)).

(iii).Nano Pre-open set if [6]JAc<N int(Ncl(A))

(iv).Nano a-open set [6]if AcNint(Ncl(Nint(A))

(v).The finite union of Nano regular open sets is said to be
[8]Nano w-open

Definition 2.5

Let (U, Nt) be a Nano topological space with respect to X

where X € U and if A €U, then A is said to be

(i).Nano g-closed [1]if Nano cl(A)=Q whenever AcQ and Q
is Nano open.

(i))Nano gp-closed[2] if Nano pcl(A)=Qwhenever ASQ and
Q is Nano open.

(iii)Nano mgp-closed[9] if Nano pcl(A)<SQ whenever ACQ
and Q is Nano m -open

(iv)Nano zmgs-closed [10]if Nano scl(A)=Q whenever ACQ
and Q is Nano © -open

(v)Nano ga-closed set [11]if Nano acl(A)SQ whenever
AcQ and Q is Nano o open .

Definition 2.6

Let (U, Nt) be a Nano topological space with respect to X
where X € U and if A €U, then A is said to be

(i).Nano é-closed if A=Ncls(A), where

Ncls (A)={x€U:Nint(Ncl(Q))nA #p, QeNt and xeQ}.
(i1).Nano 6G-closed set if N&cl(A)=Q whenever ACQ,Q is
Nano open in (U, N1).
(iii).Nano Gdo-closed set if Ncl(A)=Q whenever ACQ, Q is
Nd-open in (U,Nr).

I11.  ON NANO 6 GENERALIZED CONTINUOUS

In this section we Introduce new forms of continuity namely,
Nano 8G-continuous in nano topological spaces and study
some of their properties.

Definition 3.1

A function f : (U, Nt )— (V, No) is said to be Nano 6G-
continuous if the inverse image of every Nano open set in
(V, No) is Nano 6G-open in (U, Nt ).

Example 3.2

Let U= {ay, a,, a3,a4} with U/R= {{a;}.{as}.{ a».a4} }
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Let X={a;, a,}< U.

Then Nt={U, ¢ {ai}.{a as}.{as, ar.a}}.

Let V= {by, by, bs,b} with V/IR= {{by, b,},{ bs,bs} }

Let X:{bl, bz}g V.

Then No :{U, (I) ,{bl, bz}}

Let f: (U, Nt )— (V, No) be defined by f(a;)= by, f(a,)= by,
f(as)= bs, f(as)= bs. Then f is 8G-continuous

Definition 3.3

A function f: (U, Nt )— (V, No) is said to be

().  Nano &-continuous if the inverse image of every
Nano open set in (V, No) is Nano §-open in (U,Nt).

(ii). Nano g-continuous if the inverse image of every
Nano open set in (V, No) is Nano g-open in (U,Nt)

(iif).  Nano Gé-continuous if the inverse image of every
Nano open set in (V, No) is Nano Gd -open in
(U, Nt).

(iv). Nano gp-continuous if the inverse image of every

Nano open set in (V, No) is Nano gp-open in
(U,Nt).
(V). Nano mgp-continuous if the inverse image of every
Nano open set in (V, No) is Nano ©tgp -open in
(U, Nt).

(vi).  Nano mgs -continuous if the inverse image of every
Nano open set in (V, No) is Nano ngs-open in (U, Nt
).

Theorem.3.4

Every Nano d-continuous function is Nano 8G-continuous
Proof:
Assume f is a Nano &-continuous function. Let H be any
Nano open set in (V, No).Then Y1) is 8G-open in (U, Nt ).
Since every Nano 8-open set is Nano 8G-open, £1(H) is Nano
8G-open in (U, Nt ).Therefore fis Nano G-continuous.
Example 3.5
Let U= {a;, a,, 83,44, as} with U/R={{a;},{a.}, {as.a4, as}}
Let X={ay, az}< U.
Then Nt={U, ¢,{a:},{ as,a, as}{a, as,a4, as} }.
Let V= {by, by, bs, by, bs} with V/IR={{b,}, {b, ,b3},{bs, bs}}
Let Xz{b4, b5}§V

Then No={U, ¢,{by, bs}}.
Let f: (U, Nt )— (V, No) be defined by f(a;)=b,, f(ay)=b,,
f(az)=bs, f(as)=hy, f(as)=bs Then f is 3G-continuous .
1L by,b, bs}}}={ a1,a, a5} is Nano Gd-continuous but not
Nano 3 continuous

Theorem 3.6

Every Nano 8G-continuous function is Nano G&-continuous
Proof:

Assume f is a Nano 8G-continuous function. Let H be any
Nano open set in(V, No). Then f'(H) is Nano G-open in (U,
Nt ). Since every Nano 3G-open set is Nano Gd-open,

f1(H) is Nano G&-open in (U, Nt). Therefore f is Nano G-
continuous.
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The converse of the above theorem need not be true as seen
from the following example.
Example 3.7
Let U= {ay, a,, as} with U/R= {{a;}.{a,,as} }
Let X={a;}c U.
Then Nt={U, ¢ ,{a:}}.
Let V={by, b,, b3} with V/R= {{b.},{b,,bs}}
Let x:{bz, b3}g V.
Then No ={U, ¢ ,{b,, bs}}.
Let f: (U, Nt )— (V, No) be defined by f(a;)= by, f(az)=h,
f(ag):bg.
Then f is Nano Gd&-continuous but not Nano 8G-continuous,
since f1({b.})={a;} is not Nano 3G -closed set in (U, Nt ).

Theorem 3.8

Every Nano 8G-continuous function is Nano mtgp-continuous
Proof:

Assume f is a Nano 8G-continuous function. Let H be any
Nano open set in (V, No). Then f* (H) is Nano 8G-open in
(U, Nt ).Since every Nano 6G-open set is Nano ngp-open, f
(H) is Nano ngp-open in (U, Nt). Therefore f is Nano ngp -
continuous.

The converse of the above theorem need not be true as seen
from the following example.

Example 3.9

Let U= {ay, a,, as} with U/R= {{a;,a,}.{as} }

Let X:{a3}g u.

Then Nt={U, ¢ ,{as}}.

Let V= {by, by, b3} with V/IR= {{b;,b,},{b3}}

Let X={by, by}<c V.

Then No ={U, ¢ ,{by, bo}}.

Let f: (U, Nt )— (V, No) be defined by f(a;)= by, f(ay)=b,,
f(ag):bg.

.Then f is Nano mgp-continuous but not Nano 6G-continuous,
since f'({bs})={as} is not a Nano 8G-closed set in (U, Nt).

Theorem 3.10

Every Nano 3G-continuous function is Nano 7gs -continuous
Proof:

Assume f is a Nano dG-continuous function. Let H be any
Nano open set in (V, No).Then f(H) is Nano 8G-open in (U,
Nt). Since every Nano 6G-open set is Nano ntgs -open,

1(H) is Nano mgs -open in (U, Nt ). Therefore f is Nano ngs
-continuous.

The converse of the above theorem need not be true as seen
from the following example.

Example 3.11

Let U= {ay, a,, as} with U/R= {{a;,as}.,{a,} }

Let X={a;,a3}<U.

Then Nt ={U, ¢,{a;,a3}}.

Let V= {by, by, b3} with V/IR= {{b,b,},{bs}}

Let X:{bl, bz}g V.Then No :{U, C') ,{bl, bz}}

Let f: (U, Nt )— (V, No) be defined by f(a;)= by, f(ay)=b,,
f(ag):bg.
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Then f is Nano ngs-continuous but not Nano 8G-continuous,
since f*({bs}) ={as} is not a Nano &G -closed set in (U, Nt ).

Theorem 3.12

Every Nano 3G-continuous function is Nano gp-continuous
Proof:

Assume f is Nano 8G-continuous function. Let H be any
Nano open set in (V, No).Then f(H) is Nano 8G-open in (U,
Nt ). Since every Nano 8G-open set is Nano gp-open,f(H)
is Nano gp -open in (U, Nt ). Therefore f is Nano gp-
continuous.

The converse of the above theorem need not be true as seen
from the following example.

Example 3.13

Let U= {a;, a,, as,a4} with U/R= {{a;, a,}.{ as,as}}

Let X={a;, a,}<U.

Then N‘C:{U, q) ,{al, az}}.

Let V= {bl, b2, b3,b4} with V/R:{{bl, b3,b4},{b2}}

Let X={ by, bs,bs}< V. Then No ={U, ¢ ,{ by, bs,b4}}.

Let f: (U, Nt )— (V, No) be defined by f(a;)=b,, f(ay)=b,,
f(as)=bs, f(as)=bs, Then f is Nano gp-continuous but not
Nano 8G-continuous, since f*({b,})={a,} is not a Nano G-
closed set in (U, Nt).

Diagram-1

Here the following diagram shows the relationships of Nano
3G continuous sets with other sets.

N-0 continuous N-Go continuous

N-contimious w

N-7gp- continuous

— 3 N-G continuous

N-ngs- continlious N-gp- continuous

Theorem 3.14

A function f : (U, Nt )—(V, No) is Nano 6G-continuous if
and only if the inverse image of every nano closed set in V
is Nano 6G-closed in U.

Proof:

Assume that f is Nano 8G-continuous. Let K be a nano
closed set in V. Then F€ is nano open in V. Since f is Nano
8G-continuous, f*(F*)=U\f*(K) is Nano 8G-open in (U,Nt)
.Hence f (K) is Nano 8G-closed in (U, Nt1).

Conversely assume that the inverse image of every Nano
closed set in V is Nano 8G-closed in U. Let H be an Nano
open set in V, then V< is Nano closed in V. By assumption f
(V) is Nano 8G-closed in U. But f'(V°)=U\f'(H) and so f
'(H) is Nano 8G-open in U . Thus f is Nano 8G-continuous.
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IV.NANO 6 GENERALIZED IRRESOLUTE
FUNCTIONS

In this section, we Introduce new forms of irresolute
functions namely, Nano G- irresolute functions in nano
topological spaces and study some of their properties.

Definition 4.1
A function f : (U, Nt)—(V, No) is called Nano dG-irresolute
if 1 (H) is Nano 8G-closed in (U, Nt ) for every Nano 8G
closed set H of (V, No).
Example: 4.2
Let U= {ay, a,, a3,a4} with U/R= {{a,, a,}.{ as,as} }
Let X={a;, a,}< U.
Then N‘C:{U, q) ,{ az, az}}.
Nano 6G-closed set ={ U, ¢,{as}.{as}, {a1, as}.{as, as},
{2, as}.{a,, as}{as, a}.{ay, az,e;s}}, {a1, as,aq}, {a1, a,a4},{az,
az,ay
Let V={b,, b, bs,bs} with V/IR={{b,}, {b,,b,}{bs}}
Let X:{ bl, b3,b4}g V.
Then No ={U, ¢,{b1},{b2,04},{ b1,b2,04}}.
Nano 6G-closed set ={U, ¢,{bs},{b1,b3}.{ bs,bs}, { b1,b2,bs},
{b1,b3,0,},{b2,b3,0,}}.
Let f: (U, Nt )— (V, No) be defined by f(a;)=b,, f(a,)=b,,
f(as)=bs, f(as)=ba,
Then f is Nano 3G-irresolute.

Theorem 4.3

Let A be a subset of (U, Nt ) and xeU. Then XxeN-3GCI(A)
if and only if HNA #¢ for every Nano &G-open set H
containing x.

Proof:

Let A be a subset of (U, Nt )and xEN-6GCI(A). Suppose
that there exists a Nano 6G-open set H containing x such that
HNA=¢. Then ACU\H,N-6GCI(A)SU\H and then x ¢N-
6GCI(A), a contradiction.

Conversely, suppose that X € N-6GCI(A). Then there exists a
Nano 8G-closed set K contains A such that x ¢ K. Since x €
U\K andU\K is N-3G-open,(U\K)NA=¢, a Contradiction.

Theorem 4.4
(@). The following statements are equivalent
(i).f is Nano 8G-continuous
(ii).The inverse image of every Nano open setin V is
Nano 6G-open in U.
(b). If £:(U, Nt )—=(V, No) is Nano Gé-continuous, then
fINSGCI(A)) SNCcl(f(A)) for every subset A of U
(c). The following statements are equivalent
(i).For each xeU and each Nano open set H containing
f(x) there exist a Nano 8G-open set G containing X
such that f(G)cH
(ii).For every subset A of U,f(IN6GCI(A))SNCcl(f(A))
Proof:
(i) (ii) is obvious.
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(b).Let ACU.Since f is NanoG8-continuous and ASf*(N-
cl(f(A))),N-6Gcel(A) < f(N-cl(f(A))) and hence f(N-
3Gcl(A))SNClI(f(A)

(i)ye(ii) Let y € f(N-6GCI(A)) and let H be any Nano open
neighbourhood of y .Then there exist a xeU and a Nano 6G-
open set G such that f(x)=y, x€G, x€N-3GCl (A) and
f(G)cH By theorem 3.14, GNA#¢ and hence f(A)NH # ¢.
Hence y = f(x)eN-cl(f(A)).

(if) & (i) Let x eU and H be any Nano open set containing
f(x). Let A = £1(V\H).Since fINSGCI(A))SNcl(f(A))SV\H,
NJOGCI(A)=A. Since x& NOGCI(A), there exists a N-6G-open
set G containing x such that G n A=¢ and hence
f(G)Sf(UWNA)SH .

Theorem 4.5
Letf: (U,Nt)— (V,No)and g : (V, No) — (Z, Np) be any
two functions. Then
(i).g o fis Nano 8G-continuous, if g is Nano continuous and f
is Nano 8G-continuous.
(ii).g o f'is Nano 8G-irresolute, if g is Nano 8G-irresolute and
fis Nano 6G-irresolute.
(iii).g o f'is Nano 8G-continuous, if g is Nano 8G-continuous
and f'is Nano 3G-irresolute.
Proof
(i). Let H be Nano closed in (Z, Np). Then g*(H) is Nano
closed in (V, No), since g is Nano continuous. Nano 3G-
continuity of f implies that (g™ (H )) is Nano G-closed
in (UNt) .Hencegof is Nano dG-continuous.
(ii).Let H be Nano 8G-closed in (Z, Np). Since g is Nano 6G-
irresolute. Then g™'(H ) is  Nano 8G-closed in (V,
No). Since f is N-5G-irresolute,f*(g™(H)) is Nano 8G-
closed in (U, Nt). Hence g o fis Nano 8G-irresolute.
(iii).Let H be Nano closed in (Z, Np). Since g is N-6G-
continuous, g*(H) is N-8G-closed in (V, No). As fis N-
8G-irresolute f*(g™*(H)) is N-6G-closed in (U, Nt).
Hence gof is N-3G-continuous.

V.CONCLUSIONS

Many different forms of continuous functions have been
introduced over the years. Various interesting problems arise
when one considers openness. Its importance is significant in
various areas of mathematics and related sciences, In this
paper we presented Nano 8G-continuous functions and
discussed some of their properties. Also we investigate the
relationships between the other existing Nano continuous
functions. This shall be extended in the future Research with
some applications

REFERENCES

[1] K. Bhuvaneshwari and K. Mythili Gnanapriya, “Nano Generalizesd
closed sets”, International Journal of Scientific and Research
Publications, 4 (5) (2014), 1-3.

[2] K. Bhuvaneswari and K. M. Gnanapriya, “On Nano Generalised
Pre Closed Sets and Nano Pre Generalised Closed Sets in Nano

89



Int. J. Sci. Res. in Mathematical and Statistical Sciences

Topological Spaces”, International Journal of Innovative Research
in Science, Engineering and Technology, 3 (10) (2014), 16825-
16829.

[3] S.Chandrasekar,T.Rajesh Kannan, M Suresh,,”dwa-Closed Sets in
Topological Spaces”, Global Journal of Mathematical Sciences:
Theory and Practical .9 (2), 103-116(2017)

[4] S.Chandrasekar,T Rajesh Kannan,R.Selvaraj,dwa closed functions
and dwa Closed Functions in Topological Spaces”, International
Journal of Mathematical Archive ,8(11),2017.

[5] S.Chandrasekar, M.Suresh and T.Rajesh Kannan, “Nano Sg-
Interior And Nano Sg-Closure In Nano Topological Spaces”,
International Journal of Mathematical Archive, 8(4) ,94-100,(2017).

[6] M. L. Thivagar and C. Richard, “On Nano forms of weakly open
sets ”, International Journal of Mathematics and Statistics Invention,
1(1) 2013, 31-37.

[7] C. R. Parvathy and , S. Praveena, “On Nano Generalized Pre
Regular Closed Sets in Nano Topological Spaces ”, IOSR Journal of
Mathematics (IOSR-JM), 13 (2) (2017), 56-60.

[8] I.Rajasekaran and O. Nethaji, “On some new subsets of nano
topological spaces ”, Journal of New Theory, 16 (2017), 52-58.

[9] |.Rajasekaran and O. Nethaji, “On nano mgp-closed sets”, Journal
of New Theory, 19 ,(2017), 20-26.

[10] I.Rajasekaran and O. Nethaji, “on nano mgs-closed sets”, Journal of
New Theory ,19, (2017) ,56-62.

[11] R.Vijayalakshmi,Mookambika.A.P.“Some Properties Of Nano oG-
Closed Sets In Nano Topological Spaces”, Journal of Applied
Science and Computations,. Volume V, Issue XII, December/2018
,1260-1263.

[12] R. Vijayalakshmi ,Mookambika.A.P., “Nano dg-Interior And Nano
dg-Closure In Nano Topological Spaces”, International Journal of
Management, Technology And EngineeringVVolume 8, Issue XIlI,
December,2018 ,1591- 1596.

[13] R.Vijayalakshmi,Mookambika,.A.P., “Totally and Slightly Nano
Go-Continuous  Functions, ,International Journal of Research in
Advent Technology”, Vol.6, No.12, December 2018, 3330-3333.

[14] R.Vijayalakshmi,Mookambika, A.P., “Nano 6G-Closed Sets In
Nano Topological Spaces”, International Journal for Research in
Engineering Application & Management (IJREAM) ,Vol-04, Issue-
09, Dec 2018,109-113.

© 2019, IISRMSS All Rights Reserved

Vol. 6(2), Apr 2019, ISSN: 2348-4519

AUTHORS PROFILE

R. Vijayalakshmi worked as Assistant professor in
Department of Mathematics in Annamalai University from
2006 to 2017. She is currently working as Assistant
Professor in PG & Research Department of Mathematics in
Arignar Anna Government Arts College, Namakkal (DT),
from 2017.She has published more than 15 research papers
in reputed international journals. Her main research work
focuses on Generalized topology, Nano topology, Fuzzy
topology and Netrosophic topology. She has 13 years of
teaching experience and 10 years of research experience.

90



