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few of its properties are discussed.
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1. Introduction

The concept of continuity plays a major role in grah topology. Many authors have
studied different weaker and stronger form of cmuity [11, 12, 17]. Hakawati [7]
presented some strong topological aspects in Urgpages using closure continuity. In
1994 Dontchev et al [5] introduced the conceptafta-continuity which is a stronger
form of LC-continuity in general topological space.

In 2002 [19] Zdzislaw Pawlak discussed the apptcat of rough set theory with
an example. Based on this theory Lellis Thivagaal 8] defined a new topology called
Nano topology in terms of approximations and bouydagion of a universal set using
equivalence relation on it and studied some weak fof Nano open set. The author [9]
established Nano continuity using Nano interior.[H#8] also analyzed contra continuous
function and bi contra continuous function in naopological space. Bhuvaneswari et al
[1, 2] studied various weak form of continuity irahb topological space. Few other
related works in this area can be found in [6,183,18].

Nagaveni and Bhuvaneswari [3,14,15] applied thencept of weakly
generalization in Nano topology and investigatedghbwntinuous function and Nwg-
closed map. The authors [4] have also studied f@parties of Nwg-continuous function
in terms of Nwg - interior and Nwg - closure. Instipaper we introduced weaker forms
of different contra continuous functions called @anNwg-continuous function and
Contra Nwg-irresolute function and discussed fewtotharacteristics.
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Throughout this papeu 7. (X)) is a Nano Topological space with respect to
X Wherex DU | R is an equivalence relation on UA denotes the family of
equivalence classes of U by(R. 7. (Y)) is a Nano Topological space with respect to Y
Wherey OV | R js an equivalence relation on %- denotes the family of
equivalence classes of V @'_ W,7..(2)) is a Nano Topological space with respect

to Z wherez OW R js an equivalence relation on W//R denotes the family of

equivalence classes of W By

2. Preliminaries
This section is to recall some definitions and prtips which are useful in this study.

Definition 2.1. [8] Let U be a non empty finite set of objects calleel tiniverse and R be
an equivalence relation on U named as the indigaiéy relation. Elements belonging
to the same equivalence class are said to be erdibte with one another. The pair
(U,R) is said to be the approximation space. keti U
1. The Lower approximation of X with respect to Rhe tset of all objects, which
can be for certain classified as X with respectRoand is defined by
Le(X) =/ {R(x):R(x) O X} .Where R(x) denotes the equivalence class

xOu

determined by x.
2. The upper approximation of X with respect to Rhie set of all objects, which
can be possibly classified as X with respect to R ds defined by

Ur(X)=J{RMX):R(X)n X £ g¢}.

xOU

3. The boundary region of X with respect to R is teedf all objects, which can be
classified neither as X nor as not- X with respectR and is defined by
BR(X) =U R(X) - LR(X).

Definition 2.2. [8] Let U be the universe, R be an equivalence relationU and
ro(X) ={U, 0, La(X),Ur(X),Bx(X)} whereX DU . Then Zr(X) satisfies the
following axioms.

1. U and ¢ Or,(X),

2. The union of the elements of any sub collectibfiz (X ) isin 7 (X) .
3. The intersection of the elements of any finitb sollection of 7= (X ) isin 7x(X) .

That isTr (X) forms a topology on U called as the Nano topologylb
with respect to X. We callV .7z (X)) as the Nano topological space. The elements of
7. (X) are called as Nano open sets. ElementlsofX)]° are called Nano closed sets.

Definition 2.3. [8] If 7, (X)) is the Nano topology on U with respect to X, thies set
B={U, Ly(X), U.(X)}is the basis for, (x) .
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Definition 2.4. [8] If (U,r,(X)) is a Nano Topological space with respect to Xrehe
x OuU and if A 0 u then the Nano interior of A is defined as the unidrall Nano

open subsets of A and it is denoted by NInt(A). dlawterior is the largest Nano open
subset of A.

Definition 2.5. [8] The Nano closure of A is defined as the intersact all Nano
closed sets containing A and it is denoted by NEl{Ais the smallest Nano closed set
containing A.

Definition 2.6. [8] Let (U ,r,(X)) be a Nano Topological space with respect to X and
AUU. Then A is said to be

(i) Nano semi- openif A DO NCI (Nint (A))

(i) Nano pre- openif A O Nint (NCI (A))

(iii) Nano @ - open if A O Nint (NCI (NInt (A)))

(iv) Nano Regular open ifA = Nint (NCI (A))

Definition 2.7. [14] Let (U,r,(X)) be a Nano Topological space. A subset A of
(U,7,(X)) is called Nano weakly generalized closed (brieflwg\closed) set if
Ncl (Nint( A)) Ov Whereaov and V is Nano open. The complement of Nano
weakly generalized closed set is Nano weakhegaized open set.

Theorem 2.8. [14] Every Nano open (closed) set is Nano weaklpegalized open
(closed) set.

Defininition 2.9. The mapf : (U, 7:(X)) - (V'TR'(Y)) is called

() Nano continuous function [9] if the inverse imaddevery Nano open setin V is
Nano open in U.

(i) Nano contra continuous function [10] if the inveigage of every Nano open
set in V is Nano closed in U.

(i) Nwg-continuous function [15] if the inverse imagfeevery Nano open set inV
is Nano weakly generalized open in U.

(iv) Nwg-irresolute function [15] if the inverse imagd every Nano weakly
generalized open set in V is Nano weakly generdlopen in U.

Definition 2.10. [4] Nano weakly generalized interior of a subset Aesdnion of all the
Nwg-open sets contained in A
Nint,, (A) =0 {B : B is Nwg - open sets such that B [ A}

Definition 2.11. [4] The intersection of all the Nwg-closed set corntgjnA is called
Nwg-closure of A.
NCI A =n {B :B is Nwg - closed sets such that A O B}

wg
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3. Contra Nwg- continous function
In this section we define the function called Carfttwg- continuous function and study
some of its properties.

Definition 3.1. The mapf : (U,75(X)) - (V, TR' (Y))is Contra Nwg-continuous on U
if the inverse image of every Nano open set in Masio weakly generalized closed set

in U.
Example3.2. Letu ={a,b,c,d,e} with U /R ={{a},{b}.{cH{d}.{e}} and x ={a,b}.
Then the Nano topology is, (X ) = {U ,¢.{a,b}}

Let v ={a,b,c,d,e} with v/R ={{d,e}.{a,c},{b}} andy ={a,b,c} . Then
the Nano topology is, (Y) = {v,¢,{a,b,c}} .Define f : (U,75(X)) - (V,TR'(Y))
as f(@=d,f(b)=ef(c)=a,f(d)=b,f(€e)=C. Then fis contra Nwg-continuous
function.

Theorem 33. Let f:(U,75(X)) - (V,TR'(Y)) be a function fromU,7,(X)) to
(V,7(Y)), fis contra Nwg - continuous function if and wifl inverse image of every
Nano closed set in V is Nano weakly generalizezhdp U.
Proof: Let f:(U,7:x(X)) - (V,TR'(Y)) and B be a Nano closed set in V. Since f is
contra Nwg continuous functiofi *(V - B) =U - f 7(B) is Nwg-closed in U. Hence
f (B) is Nwg-open setin V.

Conversely, let B be a Nano open set in V. By aggiamis f ~*(V — B) Nwg-
open set.f *(V-B)=U - f™*(B) f™*(B) is Nwg-closed set in U. Hence f is Contra
Nwg- continuous function. ’

Theorem 3.4. Let f:(U,75(X)) - (V.7 (Y)) be a function fromU, 7,(X)) to

(V, 7, (Y)) then the following conditions are equivalent.

Inverse image of every Nano closed set in V is Nagaakly generalized open in
U

For xJU and each nano closed set B in V wiitfx) 0B there exists an Nwg-
open set in U such thdt(A) O B.

Proof: (i) — (ii)

Let B be Nano closed setin V such tHatx) OB, xOU.Let A= f *(B),

xOA and f(A)OB.

(i) - ()
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Let B be any Nano closed in VXU , f (x) 0 B.There exists an Nwg open setJ ,

such thatf (U,)OB. f™*(B)= U{UX,XD f*(B)O NO(x)}, f 7(B)is Nwg-open in
uU.

Remark 3.5. Composition of two contra Nwg continuous functioged not be contra
Nwg continuous function as shown in the followingmple.

Example 3.6. Let U ={a,b,c,d,e} with u /R ={{a,c}.{b}.{d}.{e}} and x ={a,b}.
Then the Nano topology is, (X ) = {U, ¢.{b}.{a,c}.{a,b,c}}.

Letv ={a,b,c,d,e} with v /R ={{a,b}{c,e},{d}} andy ={a,b} . Then the
Nano topology isr ., (Y) = {v,¢,{a,b}}.
Letw ={a,b,c,d,e} withw /R" = {{a},{0},{cH{d}.{e}} andz ={c,e}. Then the Nano
topology isz,, (2) = W . {c. e}
Define f : (U,7.(X)) — (V7. (Y)) asf(a)=c, f(b)=d, f(c)=e f(d) =a, f(e) =band
g:(V,7x(Y)) -~ W7, (2)) a5 9(a@) =b,g(b) =d,g(c) =c,g(d) =e g(e) = a.
Here f and g are contra Nwg continous functiontbair composition is not contra Nwg-
continuous function sincé ‘1(9‘1({c, e})) = f *({c,d}) ={a,b} is not Nwg-closed.

Remark 3.7. Contra Nwg-continuous function and Nwg-continuéursction are
independent.

Example38. Letu ={a,b,c,d,e} withu /R ={{a,c}.{v},{d}.{e}} and X ={a,b}.
Then the Nano topology is, (X ) = {U ,@.{b}.{a.c}.{a.b,c}}.

Letv ={a,b,c,d,e} withv /R ={{a},{b,d}.{c.e}} andy ={c,e}. Then the
Nano topology isr, (Y) = {V,¢.{c,e}} . Define f : (U,75(X)) - (V.7 (Y)) as
f(a)=c,f(b)=e f(c)=a, f(d)=d, f(e)=b. Then fis Nwg- continuous function.
Since f ‘1({0, e}) :{a, b} is not Nwg-closed set in U fis not Contra Nwg-ttonous
function.

Example39. Letu ={a,b,c,d,e} withu /R ={{a,c},{b}.{d}.{e}} and X ={a,b}.
Then the Nano topology is, (X ) = {U ,¢.{b}.{a.c}.{a,b,c}}.

Letv ={a,b,c,d,e} withv /R = {{a},{b},{c,d},{e}} andy ={a,b}. Then the
Nano topology is, (Y) = {v,¢,{a,b}}.
Let f:(U,7:(X)) - (V,7: (Y)) be a function defined as
fa)=c, f(b)=d,f(c)=e f(d)=a, f(e)=b,

f then f is Contra Nwg-continuous function. sinke'({a,b}) ={d, &} is not Nwg-open f
is not Nwg-continuous function.

145



M.Bhuvaneswari and N.Nagaveni

Theorem 3.10. Every Nano contra continuous function is contreghtontinuous
function.

Proof: Let f:(U,7;x(X)) - (\/,TR'(Y)) be a Nano contra function frof , 7, (X))
to (V, TR' (Y)) and A be Nano open setin V. Since f is Nanoreofunction f"l(A) is

Nano-closed set in U. Thereforfe'l(A) is Nwg-closed in U.Hence f is contra Nwg-
continous function.

Remark 3.11. If f:(U,74(X)) - (V,7x (Y)) is a Contra Nwg-continuous function
then f need not be Nano contra continuous funamshown in the following example.

Example3.12. & U =vVv = {1,2,3,4,5,6,7,8,9}

R ={{x,y}/ xand yare both even or odd x,y O U }
u /R = {{2,4,6,8},{1,3,5,7,9}} x ={2,4,6,8,7,9}
The Nano topologys 7 = (X ) = {U .¢ . {2.4.6.8} {1,3,5.7,9}}

Let R ={(x, y)/ x - yis divisble by 6and x,yOV}, v /R ={{17}.{28}{3.9}}.
Y = {1,8}thenthe Nano topology induced by:*RrR'(Y) ={v.p.{1,2,78}}
Let f:(U,7x(X)) - (\/,TR'(Y)) be an identity map from U to V. Then f is Contra

Nwg-continuous function but not Contra continuowsction sincef ‘1({ 12,7,8}) is
Nwg-closed but not Nano closed.

Theorem 3.13. A function f from Nano topological space U to Maopological space
V is Contra Nwg-continuous function if the onlyahb open set containing the inverse
image of every Nano open A of Vis U.

Proof: Let A be a Nano open set of V and U is the &dyo open set such that

t(A)o u. Then Ncl (N int(f ‘1(A)))D U.(.e) f *(A) is Nwg-closed in U. fis
Contra Nwg-continuous function.

Corollary 3.14. Let f be a function defined from Nano topologisphcdU , 7, (X)) to
Nano topological spad¥, rR'(Y)) and N int(f '1(A))= @ for every Nano open set A of
V then f is Contra Nwg-continuous function

Theorem 3.15. Let f be a contra Nwg-continuous function then

f (NIt ,, (A)) O NCI (f(A)) foreverysubsea o u .

Proof: Let ALJU then NCI(f(A)) is a Nano closed set in V. Since f is contra
Nwg-continous f '1(NCI (f (A))) is Nwg-open set in U and

Nint, (f *(NCI(f ()= £ H(NCI(f(A)). T(AD NCI(f (A)
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NInt,, (A) O Nint, (f *(NCI(f (A)), Nint,,(A) 0 £ *(NCI(f(A)),
f (NInt,, (A)) 0 NciI(f (A)).

Remark 3.16. The converse of the above theorem need not begsbown in the
following example

Example 3.17. In example 3.8f (NInt , (A)) O NCI(f (A)) but fis not contra Nwg-
continuous function

Remark 3.18. Intheorem 3.15, if f (A) is Nano closed set then
f (NCl,,, (A)) = NCI(f ().

Corollary 3.19. Let f : (U, 7,(X)) - (V,7,(Y)) be a Nwg-continuous function then
f (NInt,,, (f *(A))) O NCI(A)) for every subseA [ V.

Theorem 3.20. Let f :(U,7,(X)) - (V,7,(Y)) be a Nwg-continuous function then
f (NIntA) O NCIWg(f _1(A)) for every subsef\ L1 V.

Proof: Let A1V then NINtA is a Nano open set in V. Since f is contra Nwg-
continous f *(NIntA) is Nwg-closed set in U ardCl, (f ‘1(NlntA)): f (NIntA).

NIntAD A, f(NIntA) O £ (A), NCI, (f *(NintA)) 0 NCl,, (£ *(A)),
(f2(Ninta)) 0 Net, (£ 72(A).

Remark 3.21. The converse of the above theorem need not begrabown in the
following example

Example 3.22. In example 3.9, fis not Contra Nwg- continufwrsction, but

f *(NintA) O NCl,,, (f _1(A)) for every subsefA L1V .

Remark 3.33. In theorem 3.20, f “*(NIntA) = Nlntwg(f _l(A)) if A is Nano open.

4. Contra Nwg irresolute function
In this section we introduce Contra Nwg- irresoliutection and discuss some of its
properties.

Definition 4.1. The map f :(U,75(X)) _>(\/,TR'(Y)) is Contra Nwg irresolute

function on U if the inverse image of every Nancallg generalized open (closed) set
in V is Nano weakly generalized closed (open) in U
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Example4.2. Letu ={a,b,c,d e} withu /R ={{a},{b}.{c.d}.{e}} and
X ={c,d,e}. Then the Nano topology is, (X ) = {U ,¢.{c.d e}

Letv ={a,b,c,d,e} withv /R ={{a},{b,c}.{d,e}} andy ={d,e}. Then the
Nano topology isr, (Y) = {v ,¢,{d,e}}. Define f : (U,75(X)) - (\/,rR'(Y)) as
f(a)=d, f(b)=¢ f(c)=b, f(d)=c, f(e) =a. Then fis contra Nwg irresolute
function.

Remark 4.3. Composition of two contra Nwg- irresolute function U need not be
contra Nwg- irresolute function as given in thddaling example.

Example4.4. Letu ={a,b,c,d,e} withu /R ={{a,b},{c,d}.{e}} and x ={c,d,e}.
Then the Nano topology & (X) = U.pfcdel}

Letv ={a,b,c,d,e} with v /R ={{a}.{b.c}.{d}.{e}} andY ={d,e}. Then the
Nano topology isr, (Y) = {v ,¢.{d,e}}.
Letw ={a,b,c,d,e} withw /R" = {{a}.{o}.{cHd}.{e}} andz ={a,b,d}. Then the
Nano topology isr, (z) = {w ,¢.{a,b,d}} .Define f : (U,7;(X)) - V.75 (Y)) as
f(a)=d,f(b)=¢ f(c)=b,f(d)=c,f(e)=a
et 9: (V.75 () ~ W,7,(2)) asg(a) =a,g(b) =b,g(c) = d,g(d) = c,g(e) =e.
Here f and g are contra Nwg —irresolute functioatstbeir composition is not contra
Nwg-irresolute function sincd *(g*({c,&}))= f *({d,&}) ={ab} is not Nwg-open set
in U.

Theorem45. Let T :(U.7a(X)) = (V.7 (Y)), g: (V.74 (Y)) -~ W,7.(Z))
be two contra Nwg-irresoulute functions, then tleeimposition is Nwg - irresolute
function.

Proof: Let A be a Nwg-open set in Wg"l(A) is Nwg-closed set in V, since g is contra

Nwg-irresolute function.f "l(g"l(A)) is Nwg-open in U because f is contra Nwg-
irresolute. Hence the composition of f and g is Ns@gtinous function.

Theorem 4.6. Every Contra Nwg-irresolute function is contra Nempatinuous

function.

Proof: Let f :(U,7,(X)) - (V,7(Y)) be a contra Nwg-irresolute function, and A be
a Nano closed set i/, 7 (Y)) . A is Nwg-closed set since every Nano closedsset i

Nwg-closed set. Therf ™(A) is Nwg-open set. Hence f is contra Nwg-continuous
function.

Remark 4.7. Every Contra Nwg- continuous function need not loat@ Nwg-
irresolute function as shown in the following exdenp
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Example4.8. LetU ={a,b,c,d,e} with u /R ={{a}.{b}.{c.d}.{e}} and x ={c,d,e}.
Then the Nano topology is, (X ) = {U ,¢.{c,d,e}}.
Letv ={a,b,c,d,e} withv /R ={{a},{b}.{c{d,e}} andy ={b,c}. Then the

Nano topology isr, (Y) = {v,¢.{b.c}}. Define f : (U,7(X)) - V.75 (Y)) as

f(a)=d, f(b)=c,f(c)=e f(d)=a f(e)=b Thenfis contra Nwg continuous
function but not Contra Nwg-irresolute functionaninverse image of Nwg-open set
{a,b,€} is not Nwg closed in V.

5. Conclusion

In this paper, we introduced a weaker form of Camntinuous function called Contra
Nwg-continuous function in Nano topological spaSeme of its characterization are
analyzed in terms of Nwg-closure and Nwg-inter\dairious conditions for a function to
be Contra Nwg-continuous function is also establishin Section 4 Contra Nwg-
irresolute function has been introduced and stufdiedof its properties.

Acknowledgement. The authors would like to thank reviewer(s) ofsthirticle for the
time they spent and for their valuable suggestignish improved the presentation of the
work.

REFERENCES

1. K.Bhuvaneswari and K.Mythili Gnanapriya, On nanongmlised continuous
function in nano topological spackternational Journal of Mathematical Archive,
6(6) (2015) 182

2. K.Bhuvaneswari and A.Ezhilarasi, Nano semi-genegdlicontinuous maps in nano
topological spacdnternational Research Journal of Pure Algebra, 5(9) (2015) 149-
155

3. M. Bhuvaneswari and N. Nagaveni, A weaker form oflased map in nano
topological space|nternational Journal of Innovation in Science and Mathematics,
5(3) (2017) 77-82.

4. M.Bhuvaneswari and N.Nagaveni, On closure operatddano topological spaces-
(communicated)

5. J.Dontchev, Contra continuous functions and strogtlosed spacenternational
Journal of Math and <ci., 19 (1996) 303-310.

6. M.K.Ghosh, Separation axioms and graphs of funstionnano topological spaces
via nanop-open setsAnnals of Pure and Applied Mathematics, 14(2) (2017) 213-
223.

7. A.A.Hakawati and M.Abu-Eideh, On strong topologieapects in Uryson spaces,
Annals of Pure and Applied Mathematics, 16(1) (2018) 117-125.

8. M.Lellis Thivagar and C.Richard, On nano forms afakly open setdnternational
Journal of Mathematics and Satistics Invention, 1(1) (2013) 31-37.

9. M.Lellis Thivagar and C.Richard, On nano continuiiath. Theory Moddl., 7
(2013) 32-37.

10. M.Lellis Thivagar, Saeid Jafari and S. Devi, On nelass of contra continuity in
nano topologyltalian Journal of Pure and Applied Mathematics, 41 (2017) 1-12.

149



11.

12.

13.

14.

15.

16.

17.

18.

19.

M.Bhuvaneswari and N.Nagaveni

N.Levine, Semi-open sets and semi continuity inotogical spacesAmer. Math.
Monthly, 70 (1963) 36-41.

A.S.Mashhour, M.E. Abd EI-Monsef and S.N. El-De@n, pre continuous and weak
pre continuous mappingBroc. Math. Phys. Soc. Egypt, 51 (1982) 47-53.
Mohammed M.Khalaf and Kamal N.Nimer, Nano Ps-opets @and Ps-continuity,
International Journal of Contemporary Mathematical Sciences, 10 (2015) 1-11.
N.Nagaveni and M.Bhuvaneswari, On nano weakly gdized closed set,
International Journal of Pure and Applied Mathematics, 106(7) (2016) 129-137.
N.Nagaveni and M.Bhuvaneswari, On nano weakly gdized continuous
functions, International Journal of Emerging Research in Management

& Technology, 6(4) (2017) 95-100.

A.A.Nasef, A.LAggour and S.M.Darwesh, On some s#asof nearly open sets in
nano topological spacedpurnal of Egyptian Mathematical Society, 24 (2016) 585-
589.

I.L.Reilly and M.K Vamanamurthy, Om-continuity in topological spaced#cta
Math. Hunga, 45 (1-2) (1985) 27-32.

S.B.Shalini, G. Sindhu and K.Indirani, On geneedi regular spaces and nano
generalized normal spaces in nano topological spaéesals of Pure and Applied
Mathematics, 14(2) (2017) 225-229.

Z.Pawlak, Rough set theory and its applicatidosrnal of Telecommunications and

I nfor mation Technology, 3 (2002) 7-10.

150



