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ABSTRACT
The intention of this learning is to introduce the idea of nano contra ay continuous and nano contra ay irresolute
functions and examine some of their associated attributes and theorems. The corresponding condition for a function
to be nano contra oy continuous and nano contra ay irresolute functions is established.
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I.  INTRODUCTION

Generalized closed sets in topology was introduced by Levine [13]. Semi generalized closed sets in topology was
introduced by Bhattacharyya and Lahiri [1] and study of their related attributes. A new concept of nano topology
was introduced by Lellis Thivagar [10,11]. He also investigated some of their properties like hano open, nano semi
open and nano pre open sets in nano topological spaces. K.Bhuvaneswari [2,3] etal was introduced the new concept
of nano generalized closed and nano semi generalized closed sets in nano topology. A new class of contra
continuity in nano topology was introduced by Lellis Thivagar [12]. S.Chandrasekar [5] etal present a new concept
of contra nano semi generalized continuous in nano topology.

In this article, we will introduce the concept of nano contra ay continuous and nano contra ay irresolute functions
and investigate some of their related attributes and theorems.

Il.  PRELIMINARIES

Definition 2.1. [10] 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. Let X is a subset of

U, then the lower approximation of X with respect to R is is denoted by R = UXGU {R(X) ‘R(X) < X}, where

R(X) denotes the equivalence class determined by X eU .

Definition 2.2. [10] 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 its is denoted by R = UXEU {R(X) R(X)NX # ¢}.

Definition 2.3. [10] The boundary region of X with respect to R is the set of all objects, which can be possibly
classified neither as X nor as not X with respect to R and its is denoted by B, = R -R.
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Definition 2.4. [10] If (U, R) is an approximation space and X, Y € U. Then

1. RcXcR

2. R(#)=R(#)=¢ and RU)=RU)=U

3. R(XUY)=R(X)UR(Y)

4. R(XNY)=R(X)NR(Y)

5. R(XUY)=R(X)UR(Y)

6. R(XNY)=R(X)NR(Y)

7. R(X)<R(Y) and R(X) = R(Y) whenever X <Y
R(X°) =(R) and R(X) = (Rf
R(R)=R(R)=R

0. RR)-RR)-R

Definition 2.5. [10] Let U be an universe and R be an equivalence relation on Uand 7, (X) = {U,¢,ﬁ,§, BR}
where X € U. Then 75 (X) satisfies the following axioms:

1. Uand ¢ ETR(X).

2. The union of the element of any sub collection of Tr (X) isin 'R (X) .

3. The intersection of the element of any finite sub collection of Tr (X) isin 'R (X) .

Then TR(X) is a topology on U is called the nano topology on U with respect to X. (U’TR(X)) as the nano

topological space. The element of Tr (X) are called as nano open sets and complement of nano open sets is called
nano closed.

1. NANO CONTRA oy CONTINUO US FUNCTION
Definition 3.1. Suppose (S, 7 (X)) be a nano topological spaces and H < S . Then the nano ay kernal of H is

defined by N, ker(H)=N{S:H <S,S e7,” (¥)} .
Example 3.2. Let as consider U:{p,q,r,s} with %:{{p}{r}{qs}} and X:{p,q}. Then

7z (X) = {U N3 {p}, {p, a, s}, {q, S}} Here the nano oy open set is
7" (X)={U, . p} {a} is) ip. vl Ap.ab da.sh Ap.a.rf {p. gy sl Ap. T da, T s} Hence
N, ker{p}=1{p}, N, ker{p,q,rj={p,q,r},N,, ker{r}=1{U}

Theorem 3.3.  Suppose (S, 75 (X)) be a nano topological spaces and H, R < S . Then the subsequent attributes
hold.
(i) ae N, ker(H) ifand only if HNE ¢ for any nano ay closed containing a.

(i) If Hisasubsetof N, ker(H) andthen H =N, ker(H) if H is nano ay open.
(iii) If H is a subset of R, then N, ker(H) isasubset of N, ker(R).
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Proof.

(i) =1f aeN,, ker(H). To prove that HNE=¢ for any nano ay closed containing a. Let
aeN,, ker(H), then xeH cCE®, where E° is a nano ay open set and => H[E® #¢. Hence
H<cE°cE =HME#¢, here E is nano ay closed. Therefore a€ H[VE # ¢, E is nano ay closed.
Hence H [ E # ¢ for any nano ay closed set containing a.

Conversely, If H[E # ¢ for any nano ay closed set containing a. To prove that, @ € N,, ker(H).

Assume that a ¢ N, ker(H), hence there exist a nano oy open set E° such that H — E®and a ¢ E°. Hence
H c E and a ¢ E, where E is anano ay closed which is a contradiction. Therefore @ € N,,,, ker(H).

(ii)=> If His anano ay open set then N, ker(H) < H Toprove that, H =N, ker(H).

Let us take R be any nano ay open set containing H, then we have H < K, impliess H c K[1H < H and
K H is nano oy open set. Therefore H gﬂ{K, HcK,Ke Z'R(W(X)}. Hence H < N, ker(H) this
implies that H =N, ker(H).

(ii)=1f H = S, then to prove that N, ker(H) = N, ker(S).

Let PeN,, ker(H) = H < P and P is nano ay open in nano topology. If H =S then H =S = P where
P is nano ay open in nano topology. Hence PeN,, ker(S). Therefore PeN, ker(H) =
PeN,, ker(S) thisimplies N, ker(H) = N, ker(S).

Theorem 3.4. Let H be a subset of nano topology, then the subsequent conditions are equivalent.
(i) Hisnano ay closed in nano topology.

(i) Nycl(H) = N, ker(H).
Proof.
(i)= (ii) Suppose a & N, ker(H), then there existaset S € N, open set in nano topology such that a ¢ S

and H < S . Here H is nano ay closed, by definition Nycl(H) cU and so a & Nycl(H). This shows that
Nycl(H) = N, ker(H).
(i)=>(i) Let SeN,, opensuchthat H =S . Then N, ker(H) < 'S and by (i) Nycl(H) = S. Hence H

is nano ay closed by definition.

Definition  3.5. Let (S,75(X)) and (T,zz(y)) be a nano topological spaces, then c
f :(S,75(X)) = (T,7,(y)) isanano contra ay continuous, if f (P) is nano ay closed in (S,74(X)) for
every nano open set P in (T,75(Y)).

Example 3.6. Let as consider U={p,q,r,s} with %:{{p,q}, i) and X = {p, r}. Then
7. (X)=1{U,4,{r},{p,q.r},{p.q}}. Here the nano ay open set is z,“*(X)=P(U) and

U ={p,q,r,s} with %:{{p}, {rh{g,s}pand Y = {p,q}. Then z,(Y)={U,4,{p}.{p.q.s},{a,s}}. Here the nano ay

open set is o™ (Y)={U,4,{p}{a} {sh{p.r}.{p.a}{a. s} {p.a. rh A, sh {p.r.s)da. s} Assume that
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(5,7 (0) = (T, 7o (y))be defined by (p) =0, F(@) =, F(r) =5, F()=p 1oy T (P)={5}

is nano contra oy continuous in (S, 7z (X)) for every nano open set {p} in (T, 7;(Y))

Theorem 3.7. Each nano contra semi continuous function is nano contra ay continuous function.
Proof. Let P be a nano open set in (T,7(Y)). Assume f is nano contra semi continuous, So f ~(P) is nano

semi closed set in C (S, 7, (X)) . We know that each nano semi closed sets is nano ay closed set. Hence f ~(P) is

nano ay closed in (S, 7;(X)). Therefore f is nano contra ay continuous function.

The inverse part need not be true in the following example.

Example  3.8. Let as consider U={p,q,r,s} with % ={{p.qLfr}{s}} and X = {p,r}. Then
7. (X)=1{U,¢,{r},{p,q,r},{p,q}}. Here the nano ay open set is 7,“”(X)=P(U) and

U ={p,ar,s} with Uz _((p} fr}fa,} and Y = {p,}. Then z,(v)={U.4,{p}, {p.q.s} {q,s}} Here the nano ay
open set is 7" (Y)={U,¢4.{p}{a} {sh{p.rhip.al{a.sh{p.arh{p.ash{pr.sh{arslf. Assume that
f:(S,73(X)) > (T,z5(y))be  defined by f(p)=q f(@=r f(r)=sf(s)=p Then
f 7(q,s) ={p, r}is nano contra ay continuous in (S, 74 (X)) but it is not nano semi closed in (S, 75(X)) for

every nano open set {q,s} in (T, 73 (Yy))

Theorem 3.9. Each nano contra a continuous function is nano contra oy continuous function.
Proof. Let P be a nano open set in (T, 7, (Y)). Assume f is nano contra a continuous, So f (P) is nano «

closed set in C (S, 75 (X)) . We know that each nano o closed sets is nano ay closed set. Hence f 71(P) is nano oy

closed in (S, 7(X)). Therefore f is nano contra ay continuous function.

The inverse part need not be true in the following example.

Example  3.10. Let as consider U ={p,q,r,s} with % ={{p.aLfr}{s}} and X = {p,r}. Then
o (X)={U,8,{r},{p.a,r},{p,q}}. Here the nano ay open set is 7,**(X)=P(U) and

U] ={p,q,r,s} with %:{{p}, {r}{a.s}} and Y = {p,q}. Then 7, (Y)={U,¢,{p}{p.q,s},{q,s}}. Here the nano oy

open set is 7" (Y)={U,4.{p}{a} {sh{p.rh{p.al{a.sh{p.arh{p.ash{pr.sh{arslf. Assume that
f:(S,75(X)) > (T,z5(y))be  defined by f(p)=a f(@=rf(r)=s,f(8)=p  1en
f 7(q,s) ={p, r}is nano contra ay continuous in (S, 75(X)) but it is not nano a closed in (S, 75 (X)) for every
nano open set {q,s} in (T, 7 (Y))

Theorem 3.11. Each nano contra y continuous function is nano contra oy continuous function.
Proof. Let P be a nano open set in (T,7(Y)). Assume f is nano contra y continuous, So f *(P) is nano v

closed setin (S, 75(X)). We know that each nano y closed sets is nano ay closed set. Hence f ~(P) is nano oy

closed in (S, 7(X)). Therefore f is nano contra ay continuous function.
The inverse part need not be true in the following example.
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Example  3.12. Let as consider U ={p,q,r,s} with %={{p,q},{r},{s}} and X = {p, r}. Then
t(X)=1{U,4,{r},{p.q,r},{p,q}}. Here the nano ay open set is 7, (X)=P(U) and

U ={p,q,r,s} with %:{{p}, {r}{a.s) and Y = {p,q}. Then 7, (Y)={U,¢,{p}{p.q,s},{q,s}}- Here the nano ay
open set is 7,”"(Y)={U,¢.{p}{al {s}{p.r}. {p.al{a.sh {p.a.r} {p.a.sh {p.r.sh{a,r,sf}. Assume that
f:(S,73(X)) > (T,z5(y))be  defined by f(p)=q f(@=r f(r)=sf(s)=p Then
f *(p,q,s) ={p,r,S}is nano contra oy continuous in (S, 75 (X)) but it is not nano y closed in (S, 75 (X)) for
every nano open set {p,q,s} in (T,TR(y))_

Theorem 3.13. Each nano contra sg continuous function is nano contra oy continuous function.

Proof. Let P be a nano open setin (T,7;(Y)). Assume f is nano contra sg continuous, So f‘l(P) iS nano sg
closed set in C (S, 75 (X)). We know that each nano sg closed sets is nano ay closed set. Hence f (P) is nano
ay closed in (S, 75 (X)). Therefore f is nano contra ay continuous function.

The inverse part need not be true in the following example.

Example  3.14. Let as consider U ={p,q,r,s} with % ={{p.qLfr}{s}} and X = {p, r}. Then
.(X)={U,4,{r}{p.q,r},{p.q}}. Here the nano ay open set is 7,**(X)=P(U) and

U ={p,q,r,s} with %:{{p}, ) {a,s)) and Y = {p,q}. Then z.(Y)={U,4.{p},{p.q,s},{q,s}}. Here the nano ay
open set is 7,”"(Y)={U,¢.{p} {al {sh{p.r}. {p.al{a.sh {p.a.r} {p.a.sh {p.r.sh{a,r, s} Assume that
F1(Sza() > T r(ybe  cefied by F(P)=0, F@="f(N=51(6)=P  qpq,
f7(q,s) ={p, r}is nano contra ay continuous in (S, 7, (X)) but it is not nano sg closed in (S,7,(X)) for
every nano open set {g,s} in (T, 7;(Y))

Theorem 3.15. Letamap f :(S,75(X)) = (T, 7z(Y)). then the subsequent attributes are equivalent.

(i) fis nano contra oy continuous.
(i) The inverse image of every nano closed set in T is nano oy open in S

(iii) If every nano oy open set Hin S then f(H) C R, where R is a nano ay closed set, f(@) € R such that
every a€sS.

(iv) f(N,,cl(H))=N,, ker f(H) for each subset H of S.

W N, c[f R N, ker(R)].

Proof.
(i) = (ii) Let f be a nano contra ay continuous. Assume R be a nano closed set in T and R is nano open set in T,

by () f*(R°) isanano ay closed setin S. But f *(R®) ={f *(R)}". Therefore f *(B) isnanoopeninS.
(ii)=> (i) Suppose R be a nano closed set such that f (@) € R, by (i) a< f (R) which is nano open. Assume
H=1f"(R) thenacHand f(H)<R.

(iif) = (ii) Assume that R be a nano closed setin Tand ae f _1(R) then f(a) € R. there exist a nano open set
Ssuchthat f(S) < R.Hence f*(R) is equal to union of all nano ay open set.

e" 68
G JESR (C)Global Journal Of Engineering Science And Researches



THOMSON REUTERS

[Jeevitha, 5(9): September 2018] ISSN 2348 - 8034
DOI- 10.5281/zenodo0.1409650 Impact Factor- 5.070

(ii)=(iv) Suppose H be a subset of S. If bg N, ker f(H), then by Theorem 2.3 there exist
Rc(T,f(@)s f(H)NR=¢. Thus HNf*(R)=¢ and since f*(R) is nano open we have
N,,cl(H)N f'(B)=¢. Hence, f(N,,cl(H)NR=¢ and therefore be f(N,, ker(H))
= [N, cl(H)|c N, ker f(H).

(ivy=(v) Let RcT, by (iv) and Theorem 2.3 we have f[NWCI(f_l(R))]g N,, ker f (f*(R))
<N, ker(R). Thus N, cl[f *(R)]< f [N, ker(R)].

(V=() Let RcT, then by Theorem 2.3 we have NWCI[f’l(R)]g f’l[NW ker(R)] and

N,,cl [f ‘1(R)]g f *(R). Therefore f (R) isnano closed in S. Hence f is nano contra ay continuous.

Theorem 3.16. Iff:S—T and g:T — E be the function then go f is nano contra ay continuous if g is

nano ayy continuous and fis nano contra oy continuous.
Proof. Let us assume that g is nano oy continuous and f is nano contra ay continuous function. Let us take any

nano open set R in E. Here g is nano ay continuous, therefore g‘l(R) is nano open in T. Here f'is nano contra oy
continuous, f (g™ (R)) is nano contra ay continuous in S. Thatis (g o f)™(R) is nano ay continuous in S.

Hence g o f isnano contra ay continuous.
AV NANO CONTRA ay IRRESOLUTE FUNCTION

Definition 41. Let (S,75(X)) and (T,7zz(y)) be a nano topological spaces, then
f:(S,75(X)) > (T,z5(y)) is a nano contra oy irresolute function, if f*(P) is nano ay closed in
(S,77(x)) for every nano ay open set P in (T,7;(Y)).

Example 4.2, Let as consider U={p,q,r,s} with %:{{p,q}, i) and X = {p,r}. Then
.(X)={U,4,{r}{p.q,r},{p.q}}. Here the nano ay open set is 7,“*(X)=P(U) and

U ={p,q,r,s} with %:{{p}, {r}{q.s}} and Y = {p,q}. Then 7, (Y)={U,¢,{p}{p.q,s},{q,s}}. Here the nano oy
open set is 7,”"(Y)={U,¢.{p}{al {sh{p.r}. {p.al{a.sh {p.a.r} {p.a.sh {p.r sk {a,r, s} Assume that
£1(S.00) > (Tra(y)be  defined by f(D)=0, F@=F()=5FS)=p e,
f 71( p,d,r) ={p,q, S}is nano ay closed in (S, Tq (X)) for every nano ay open set {p,q.r} in (T, T () .

Theorem 4.3. Let fand g be a two nano contra ay irresolute function on U then o f is need not be a nano

contra ay irresolute function.
Proof. This is proved by the following example.

Example 4.4, Let as consider U ={p,q,r,s} with %z{{p,q},{r},{s}} and X:{p,r}. Then

(X)) =1{U,4,{r},{p.q,r}{p,q}}. Here the nano ay open set is 7, (X)=P(U) and
U ={p,q,r,s} with %:{{p}, {rhig,s}pand Y = {p,q}. Then 7, (Y)={U,¢,{p}{p.q,s},{q,s}}. Here the nano oy

open set is 7" (Y)={U,4,{p}{a} (s} {p. v} {p.al {a.sh ip.a ) Ap.a.shAp.rosh s
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Assume that T :(S,75(X)) > (T, 75 (y))be defined by f(p)=q, f(q)=r,f(r)=s,f(s)=p
let 9:(T.7=(Y)) = (E,7:(2)) pe defined by g(p)=p,9(@)=r,g(r)=s,9(s)=q

Here the functions f and g is nano contra ¢ i irresolute functions but their composite g o f is not nano contra oy

and also

irresolute function since f (g~ (p,r,s)) = (P, q,s) itisnot nano ay closed in (S, 75(X)).

Theorem 45.1f f:S—T and g: T — E be a two nano contra ay irresolute function, then their composition
go f isnano contra ay irresolute function.
Proof . Let us take H be a nano ay open set in E. Then ¢ - (H) is nano ay closed in T, because g is nano contra

oy irresolute. Now f - (g _1(H )) is nano ay open in S, because f is nano contra ay irresolute. Hence Qo f is
nano contra oy irresolute function.

Theorem 4.5. Every nano contra oy continuous function need not be nano contra ay irresolute function , this is
shown by the upcoming example.

Example 4.6. Let as consider U ={p,q,r,s} with %:{{p,q}, {r}{s}} and X = {p, r}. Then
7o (X)={U.8,{r}{p.a.r}.{p,q}}. Here the nano ay open set is 7,**(X)=P(U) and
U ={p,q,r,s} with %:{{p}, {r}{a.s) and Y = {p,q}. Then 7, (Y)={U,¢,{p}{p.q,s},{q,s}}- Here the nano oy

open set is 7" (Y)={U,¢4.{p}{a} {sh{p.rh{p.al{a.sh{p.ari{p.ash{pr.sh{ar sl Assume that
f:(S, 75 (X)) > (T,z5(y))be  defined by f(p)=a f(@=rf(r)=s,f(8)=p  1en

f7(q,r) ={p,q}is notnano ay closed in (S, 74 (X)) for every nano ay open set {qr} in (T, 7 (Y)) '

V. CONCLUSION

In this article, we introduced a notion of nano ay kernal and nano contra oy continuous function. Further we study
some of their related attributes, theorems and results were discussed. Also we study the concept of nano contra ay
irresolute function and related theorems were discussed.
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