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ABSTRACT

In this paper, we introduce the concept of nana regular generalized star star b-Homeomorphism and contra nano
regular generalized star star b-continuous function in nanotopological spaces. Also we studied the characterizations
and several properties in above said. Finally, we introduce the concept of nano regular generalized star star b-
irresolute map and contra nano regular generalized star star b- irresolute map in nanotopological spaces.

Key words:  Contra Nrg*™b-continuous, Contra Nrg**b-irresolute map, Nrg*b-irresolute map, Nrg*b-
Homeomorphism.

1. INTRODUCTION

Malghan [5] introduced and investigated some properties of generalized closed maps in topological spaces. The
concept of nanotopology was introduced by Lellis Thivagar [3] which was defined in terms of approximations and
boundary region of a subset of an universe using an equivalence relation on it. He also established the week forms of
nano open sets namely nano a-open sets, nano-semi open sets and nano pre-open sets in a nanotopological spaces.

Dhanis Arul Mary and Arockiarani [2] discussed the concept of Nano generalized b- closed maps in Nano topological
spaces. Vasanthakannan and Indirani [7] discussed the concepts of Nano regular generalized star star b- closed map,
strongly nano regular generalized star star b- closed map, Nano regular generalized star star b-open map and strongly
Nano regular generalized star star b- open map in nanotopological spaces.

The concept of generalized homeomorphism was introduced by Sundaram [6]. Lellis Thivagar and Carmel Richard [4]
introduced Nano homeomorphism in Nano topological spaces.

In 1994 Dontchev et al. [1] introduced the concept of contra-continuity which is stronger form of LC-continuity in
general topological spaces. Lellis Thivagar, Saeid Jafari et al. [4] introduced the concept of on new classes of contra
continuity and contra nano-irresolute map in nanotopological spaces.

In this paper, we have introduced the concepts of Nano regular generalized star star b- homeomorphism and contra
nano regular generalized star star b-continuity and study some of its properties. And also we introduced the concept of
nano regular generalized star star b-irresolute and contra irresolute map in Nano topological spaces.

2. PRELIMINARIES

Definition 2.1: A function f: (X,7) = (Y, o) is called open if the image of every open set in (X, 7) is open setin (Y, o).

Definition 2.2: A function f: (X,7) - (Y, a) is called regular-open if the image of every open set in (X, t) is regular-
openin (Y, o).

Definition 2.3: A function f: (X,7) - (Y,0) is called regular generalized star star b-open (briefly rg**b-open)if the
image of every open setin (X, 1) is rg**b-openin (Y, o).
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Definition 2.4: A function f: (X,t) — (Y,0) is called closed if the image of every closed set in (X, 7) is closed in
(Y,o0).

Definition 2.5:A function f: (X,7) = (Y,0) is called regular-closed if the image of every closed set in (X,7) is
regular-closed in (Y, o).

Definition 2.6: A function f: (X,t) - (Y, 0) is called regular generalized star star b-closed (briefly rg**b-closed) if
the image of every closed set in (X, 7) is rg**b-closed in (Y, o).

Definition 2.7: A function f:(X,7) - (Y,0) is called regular generalized star star b-continuous (briefly rg**b-
continuous) if f~1(V) is rg**b-closed set in(X, T) for every closed set in (Y, o).

Definition 2.8: A function f:(X,7) —» (Y,0) is called regular generalized star star b-homeomorphism if f is both
rg**b-open and rg**b-continuous.

Definition 2.9: A function f: (U, tz(X)) = (V, 75/ (Y)) is called nano- regular generalized star star b-closed(briefly
Nrg* b-closed )if the image of every nano- closed set in (U, 7x(X)) is Nrg*b-closed in (V, Ty (Y)).

Definition 2.10: A function f:(U,tz(X)) = (V, 75/ (Y)) is called nano-regular generalized star star b-open(briefly
Nrg*b-open) if the image of every nano-open set in (U, Tz (X)) is Nrg**b-open in (V, Tz (Y)).

Definition 2.11: A function f:(U,tx(X)) = (V,tgr(Y)) is called nano-regular generalized star star b-
continuous(briefly Nrg**b-continuous) if f~1(V) is Nrg**b-closed set in(U,7x(X)) for every nano-closed set in

WV, e (Y)).

Definition 2.12: 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, 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 respectto R and it is denoted by Lgx(X). That is Lgz(X) = U,ey{R(x):R(x) € X}, where R(x)
denotes the equivalence class determined by x.

ii) The upper approximation of X with respect to R is the set of all objects, which can be possibly classified
as X with respectto R and it is denoted by Ug(X). Thatis Ug(X) = U,ey{R(x): R(x) N X + @} where
R(x) denotes the equivalence class determined by x.

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

Definition 2.13: Let U be the universe, R be an equivalence relation on U and tx(X) = {U, @, Lg(X), Uz (X), Bx(X)}
where X € U. Then 1x(X) satisfies the following axioms:

1. Uand @ € 1x(X).

2. The union of the elements of any sub collection of 7z(X) isin 7z(X).

3. The intersection of the elements of any finite sub collection of 7x(X) isin 7z(X).
That is, 7z(X) forms a topology on U called as the nanotopology on U with respect to X We call (U, TR(X)) as the
Nanotopological space.

Definition 2.14: Let (U, tx(X)) be a nano topological space and A < U. Then A is said to be:

i) Nano semiopen if A € Ncl(Nint(A))

i) Nano pre-open if A € Nint(Ncl(A))

iii) Nano a-open if A € Nint(Ncl(Nint(A)))

iv) Nano semi pre-open if A € Ncl(Nint(Ncl(A)))
Let (U,7x(X)) be a nano topological space and A € U. A is said to be nano semi closed, nano pre-closed, nano a-
closed, nano semi pre-closed if its complement is respectively nano semi-open, nano pre-open, nano a- open, nano
semi pre-open.

3. Nano-regular generalized star star b-Homeomorphism

Definition 3.1: A function f: (U, 1z (X)) = (V,tx(Y)) is called nano-regular generalized star star b-homeomorphism
if

(i) f is one-one and onto

(i) f isa Nrg™ b-continuous
(iit) f isa Nrg™b-open
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Example 3.2: Let U = {a, B,y, 8} with U/R = {{a},{8},{r,8}} and X = {a,y} € U,
v(X) = {U, ¢, {a}, {a,v,6} {y, 5}} LetV ={a',B',y, 8"} WithV/R = {{a'},{ﬁ'}, {y',5'}} andY ={a',B'} CV,

(V) ={V,¢,{a’,B'} {a’,B'}, 0}. Define a function f:U - Vas f(a) =a',f(B) =6".f(y) =v',f(8) = B'. Then
f is bijective, Nrg**b-continuous and Nrg**b-open. Therefore f is Nrg*b-Homeomorphism.

Theorem 3.3: If a function f: (U, 7z (X)) = (V, 5 (Y))is nano homeomorphism, then it is Nrg**b-Homeomorphism
but not conversely.

Proof: Let f: (U, 1z (X)) = (V,tx(Y)) is nano homeomorphism then f is satisfied by nano-continuous and nano-open.
f:(U,tr(X)) = (V, 74/ (Y)) is nano-open, the image of every nano-open set in (U, Tz (X))is nano-open in (V, 7 (Y)).
Since every nano-open set is Nrg**b-open. Therefore f is Nrg™b-open in (V,7x/(Y)). Again f: (U, 13(X)) =
(V, 15/ (Y)) is nano-continuous, the inverse image of every nano-open set in (V, 7,/ (Y)) is nano-open set in (U, Tz (X))
and hence f:(U,tx(X)) = (V, 75/ (Y)) is Nrg* b-continous Therefore, every nano homeomorphism f: (U, 7z (X)) —
(V, 7z (Y)) is Nrg*™b-Homeomorphism.

Example 3.4: Let U = {a, B,y, 8} with U/R = {{a}, {8}, {y,8}} and X = {a,y} € U,

(X)) ={U, ¢, {a}{a,v,6},{y,6}}. Let V={a’ By’ 8"} with V/R={{a'},{B'}{y',6'}} and Y ={a’,B'} SV,
(V) ={V, ¢, {a'} {a’", B",y'},{B",y'}}. Define a function f:(U,7z(X)) = (V,7(Y)) as f(a) =B, f(B) =
v, fy)=a',f(6) =6". Then fis bijective, Nrg**b-continuous and Nrg*b-open. Therefore f is Nrg*b-
Homeomorphism. Now, f(U) =V,f(®) =0, f{a}={B'}, fla,v,6} ={B",v", 8"}, fly,6} ={a’,6'}. Since every
nano-open sets in (V,tx/(Y)) are not nano-open set in (V,7,/(Y)) and hence f is not open. Therefore f is not nano
homeomorphism.

Theorem 3.5: If a function f: (U,7z(X)) = (V,tx(Y)) be an one to one and onto mapping. Then f is Nrg*b-
Homeomorphism if and only if f is Nrg**b-continuous and Nrg**b —closed.

Proof: Let f: (U, 7R (X)) = (V,tx(Y)) is Nrg**b-Homeomorphism. Then by definition of f is satisfied by Nrg*b-
continuous. It is remaining to prove that f is Nrg**b —closed. Since every nano-closed set in (U,tz(X)) is
Nrg™b —closed in (V,tx/(Y)). Let p be an arbitrary nano-closed set in (U,7z(X)) then U — p is nano-open in
(U, 1x(X)). Which implies f(U — p) is Nrg*™b —open in (V,t,/(Y)). Since f is Nrg*™b —open. Which implies
V—f(p) is Nrg™b—open in (V,txr(Y)). Therefore f(p) is Nrg™b —closed in (V,t,/(Y)). Hence f is
Nrg™b —closed.

Conversely, let f be Nrg*b-continuous and Nrg*b —closed. Let p be nano-open set in (U, tz(X)). Then U —p is
nano-closed in (U, 7z (X)). Since f is Nrg*b —closed, f (U — p) is Nrg**b-closed in (V, Tty (Y)). ThatisV — f(p) is
Nrg™b —closed in (V,7x/(Y)), f(p) is Nrg™b —open in (V,tg(Y)),for every nano-open set p in (U,tz(X)).
Therefore f is Nrg*™b —open. Hence f is Nrg**b-Homeomorphism.

Theorem 3.6: A one to one map f of (U,tz(X)) onto (V,tx(Y)) is Nrg**b-Homeomorphism if and only if
f(Nrg*bcl(A)) = Ncl(f(A)) for every subset A of (U, 7z (X)).

Proof: Let f:(U,tx(X)) - (V,7p(Y)) is Nrg*b-Homeomorphism, then f is Nrg*b-continuous and
Nrg*b —closed. If A< U, it follows that f(Nrg*bcl(A)) S Ncl(f(A)). Since f is Nrg**b-continuous. Since
Nrg**bcl(A) is nano-closed in (U,7x(X)) and f is Nrg**b —closed, continuous. f(Nrg**bcl(A)) is Nrg**b —closed
in (V,70r(Y)).  Also  Nrg*bel(4) (f(Nrg™bel(4))) = f(Nrg™bel(A)). Since A S Nrg™bcl(4),f(4) €
f(Nrg*bcl(4)) which implies Ncl(f(4)) € Nel (f(Nrg*bel(4))) = f(Nrg™bcl(4)). Which implies
Ncl(f(A)) c f(Nrg**bcl(A)). Therefore f(Nrg**bcl(A)) = Ncl(f(A)).

Conversely if f(Nrg*bcl(A)) = Ncl(f(A)) for every subset 4 of (U,7x(X)), then f is Nrg**b —continuous. If A is
nano-closed in (U,7z(X)) then A is Nrg*b —closed in (U, 7z(X)).Then Nrg*bcl(A) = A = f(Nrg**bcl(A)) =
f(A). Hence by the given hypothesis, it follows that Ncl(f(4)) = f(A). Thus f(A) is nano-closed in (V, 7,/ (Y)) and
hence Nrg**b —closed in (V, Tz (Y)) for every nano-closed set A in (V, 7,/ (Y)). Thatis f is Nrg*b —closed. Hence
f is Nrg™b-homeomorphism.

Example 3.7: Let (U, (X)), (V, 7z (Y)), (W, 7 (Z)) be three nanotopological spaces and let U=V =W =
{a,B,y,6} then the three nano-open sets are Tx(X) ={U,¢ {a}{a B, 6}L{B. 83} ()=
{V, ¢, {8} {a, B, v} {«a, y}} and 1 (2) = {W, o, {v}{a, B, v} {a,ﬁ}} Define two function f:(U,tz(X)) —
V,zr(¥Y)) and g: (V, 7/ (Y)) » (W, g (Z)) as f(a) =y, f(B) =B, f(y) =a,f(6) =6 and
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g@)=a,gB)=B.9&)=y,9g(6) =6. Then f and g are bijective, Nrg**b-continuous and Nrg**b —open.
Therefore f and g are Nrg**b-Homeomorphism. But their composition g o f: (U, (X)) = (W, 7 (Z)) is not
Nrg**b — Homeomorphism, because the nano-open set f = {a, 8} in (W,7z(2)), (gof) *{a, B} = {a, 8} is not
Nrg**b —open in (U,7z(X)). Hence g o f is not a Nrg**b-Homeomorphism. Hence the composition of two Nrg**b-
homeomorphism need not to be a Nrg**b-Homeomorphism.

4. Nano regular generalized star star b-irresolute map in nanotopological spaces

Definition 4.1: Let (U, 7z(X)) and (V,75/(Y)) be two nanotopological spaces. Then a function f:(U,1z(X)) =
(V, 75/ (Y)) is said to be nano regular generalized star star b-irresolute (briefly Nrg**b-Irresolute) if the inverse image
of every Nrg**b-closed set in (V, T,/ (Y)) is Nrg*b-closed setin (U, 7z (X)).

Example 4.2: Let U = {a, B,y, 8} with U/R = {{a},{B},{y,8}} and X = {a,y} € U,

(X)) ={U, ¢, {a}{a,v,6},{y,6}}. Let V={a’,B',y",8'} with V/R={{a'},{B'}{y’,6'}} and Y ={a’,B'} SV,
(V) ={V,¢,{a’, '}, {a’, B'}, 0}. Define a function f: (U, 7z (X)) » (V,7/(Y)) as f(a) = ', f(B) = &',

fy) =y, f(8) =P’ Then fis Nrg* b-lIrresolute, since the inverse image of every Nrg**b-closed set in (V, Tz (Y))
is Nrg**b-closed set in (U, 7x(X)).

Theorem 4.3: If a function f: (U, 1z (X)) = (V, 1z (Y)) is Nrg* b-lIrresolute, then f is Nrg**b-continuous.

Proof: Let f:(U,tx(X)) = (V,7x(Y)) is Nrg™b-lIrresolute, the inverse image of every Nrg**b-closed set in
(V,1xr(Y)) is Nrg*™b-closed set in (U, tz(X)). Since every nano-closed set is Nrg**b-closed. Therefore, the inverse
image of every nano-closed set in (V,tx/(Y)) is Nrg*b-closed setin (U, 7z(X)). Hence f is Nrg**b-continuous.

Example 4.4: The converse of the above theorem need not to be true from the following example.

Let U=1{a,pB,y,6} with U/R = {{a}, {8} 1y, 6}} and X ={a,y}c U, xX) = {U, ¢, {a}, {a,v,6} {y, 6}}. Let
V={a By, 8Ywith V/R={{a'},{B}{y, 6 and Y ={a',B'} SV, 1 (Y) = {V,¢,{a’, '}, {a’, B'}, 8}. Define
a function f: (U, 73 (X)) = (V,tpr(Y)) as f(a) = a', f(B) = 6", f(y) =v',f(6) = B'. Then fis Nrg**b-continuous,
but fis not Nrg**b-lIrresolute. Since f~1{y’} = {83} which is not Nrg**b-closed set in (U, 7z(X)) where as {y'} is
Nrg*b-closed setin (V, 75/ (Y)). Hence f is Nrg™b-continuous but not Nrg**b-Irresolute.

Theorem 4.5: Let (U,1x(X)), (V,tp/(Y)), (W, 7z (Z)) be three nanotopological spaces. If f:(U,tz(X)) =
(V, 1 () and g: (V,7x/(Y)) » (W, 1z (Z)) are  Nrg*b-lrresolute. Then g o f: (U, tz(X)) = (W, 11 (2)) is
Nrg™b-irresolute.

Proof: Let g: (V,tx/(Y)) = (W, 15 (Z)) be Nrg**b-Irresolute. Let p € W be Nrg**b-closed. Then g~1(p) is
Nrg**b-closed set in (V, 7 (Y)). Let f:(U,1x(X)) = (V, 7 (Y))be Nrg**b-lIrresolute. Since g~*(p) is Nrg**b-
closed set in (V, 7,/ (Y)), then f (g~ (p)) is Nrg**b-closed set in (U, 7z (X)) which implies (g o f)~*(p) is Nrg**b-
closed setin (U, tx(X)). Therefore g o f: (U, 13 (X)) = (W, tz(2)) is Nrg**b-irresolute.

Theorem 4.6: If f:(U,tx(X)) = (V, 75/ (Y)) be Nrg*b-lIrresolute and g: (V, 1z (Y)) = (W, 157 (Z)) are  Nrg™b-
continuous then g o f: (U, 7z (X)) = (W, 7z (Z)) is Nrg**b-continuous.

Proof: Let g:(V,t/(Y)) » (W, (Z)) are Nrg**b-continuous. Let p € W be nano-closed. Then g~'(p) is
Nrg**b-closed set in (V, 7/ (Y)). Let f:(U,1x(X)) = (V, 15/ (Y)) be Nrg**b-Irresolute. Since g~*(p) is Nrg**b-
closed set in (V,7g/(Y)). Then f~*(g7%(p)) is Nrg**b-closed set in (U, 7x(X)) which implies (g o f)™*(p) is
Nrg**b-closed setin (U, tx(X)). Therefore g o f: (U, 1 (X)) = (W, 1z (2)) is Nrg*b-continuous in (U, 7z (X)).

Theorem 4.7: If f: (U,73(X)) = (V, 7z (Y)) be Nrg*b-lrresolute and g: (V, 75/ (Y)) = (W, 75 (Z)) are nano g-
continuous then g o f: (U, 7z (X)) = (W, 7z (Z)) is Nrg**b-continuous.

Proof: Let g:(V,7x/(Y)) » (W,tx(Z)) are nano g-continuous. Let p € W be nano-closed. Then g~*(p) is g-
nano closed set in (V,7,/(Y)). Since every nano-g closed is Nrg*™b-closed. Let f:(U,tz(X)) = (V,tx(Y)) be
Nrg**b-Irresolute. Since g~*(p) is Nrg**b-closed set in (V,7x/(¥)). Then f~(g~'(p)) is Nrg**b-closed set in
(U, Tr(X))which implies (g  )~1(p) is Nrg**b-closed set in (U, 7x(X)). Therefore g o f: (U, 1 (X)) » (W, 1z (Z))
is Nrg**b-continuous in (U, tz(X)).
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Similarly we can prove that,

i) If f: (U, (X)) = (V,75/(Y)) be Nrg™b-Irresolute and  g: (V, tp (Y)) = (W, 77 (Z)) is nano -continuous
then g o f: (U, 7R (X)) = (W, 1z (Z)) is Nrg™*b-continuous.

i) If f:(U,7x(X)) = (V,txr(Y)) be Nrg**b-Irresolute andg: (V, 7 (Y)) = (W, 5 (Z)) is nano g*-continuous
then g o f: (U, 7R (X)) = (W, 1z (Z)) is Nrg™*b-continuous.

i) If f:(U,7R(X)) = (V,tx(Y)) be Nrg*b-Irresolute and g: (V, 75/ (Y)) = (W, 151 (Z)) is nano a-continuous
then g o f: (U, 7R (X)) » (W, 1z (Z)) is Nrg**b-continuous.

iv) If f:(U, (X)) = (V, 77 (Y)) be Nrg™b-lrresolute and g:(V,tx(Y)) = (W, (Z)) iS nano semi-
continuous then g o f: (U, 7z (X)) = (W, 7z (Z)) is Nrg**b-continuous.

v) If fi:(U,1g(X)) = (V,tx(Y)) be Nrg™b-lrresolute and g:(V,7x(Y)) = (W,t5(Z)) is nano pre-
continuous then g o f: (U, 1 (X)) = (W, 7z (2)) is Nrg**b-continuous.

vi) If  f:(U,tr(X)) = (VT (Y)) be Nrg™b-lrresolute and g: (V, 7z (Y)) = (W, 1z (Z)) is nano gp-
continuous then g o f: (U, 7z (X)) = (W, 7z (Z)) is Nrg**b-continuous.

vii) If f: (U, tg(X)) = (V, 7/ (Y)) be Nrg*b-lrresolute and g:(V,tx/(Y)) = (W,tx(Z)) is nano ga-
continuous then g o f: (U, 7z (X)) = (W, 7z (Z)) is Nrg**b-continuous.

viii)If  f: (U, (X)) = (V, 1 (Y)) be Nrg**b-lrresolute and g: (V,tx/(Y)) = (W, 15 (Z)) is nano regular-
continuous then g o £: (U, 1 (X)) = (W, 7z (2)) is Nrg**b-continuous.

5. Contra Nano Regular Generalized Star Star b- Continuous Function in Nano topological Spaces

Definition 5.1: A map f: (U, 7x(X)) = (V,7x/(Y)) is Contra nano regular generalized star star b-continuous(briefly
CNrg™*b-continuous) on (U, TR (X)) if the inverse image of every nano-open set in (V, TRI(Y)) is Nrg**b-closed set in

(U, 1 (X)).

Example 5.2: Let U = {a, B,y, 8} with U/R = {{a},{B},{y,83}} and X = {a, B} € U, 1z (X) = {U, ¢, {a, B}, {a, B}, }.
LetV ={a',B',y',6'}WithV/R' = {{a’}, {B'}, {y’,S’}} andY ={a’,y’'} CV,

(V) ={V,¢,{a'},{a’,y', 6} {y', §'}}. Define a function f: (U, 1 (X)) = (V,7x/ (V) as f(a) = a',f(B) =
B'.f(y) =v',f(6) = 6" Then fis CNrg**b-continuous function.

Theorem 5.3: Every contra nano continuous function is contra Nrg**b-continuous.

Proof: Let f:(U,7z(X)) = (V,7/(Y)) be contra nano continuous function. Let p be nano-open set in (V, 7 (Y)).
Then f~1(p) is nano-closed set in(U, 7z (X)). Since every nano-closed set is Nrg**b-closed set. Therefore f~1(p) is
Nrg**b-closed set in (U, 7x(X)). Hence f is contra Nrg**b-continuous.

Example5.4: Let U =V = {1,2,3,4}, R = {(x,y): x and y are have the same remainder when divided

by 3,x,yeU} with U/R = {{1,4},{2},{3}} and X = {1,2,3} € U then the nanotopology is

(X)) ={U,¢,{2,3},{1,2,34},{1,4}}. Let R ={(x,y):x =y(mod 4x,yeV}with V/R ={{1,3},{2,4}} and
Y ={1,23} SV, 1 (Y) = {V, $,{1,3},{1,2,3,4}, {2,4}}. Define a function f: (U, 7z (X)) = (V, 7 (Y)) as f (1) = 1,
f(2) =3,f(3) = 2,f(4) = 4. Then fis CNrg™b-continuous function but not contra nano continuous function. Since
f~1({2,4}) is Nrg**b-closed set but not nano-closed set in (U, 7z (X)) where as {2,4} is nano open set in (V, 7z (Y)).

Theorem 55: Let (U,7x(X))and (V,7x/(Y)) be nanotopological mappings and a mapping f:(U,7z(X)) -
(V, TRr(Y)). Then every contra semi-continuous, every contra a-continuous, every contra pre-continuous, every contra

regular-continuous, every contra g-continuous , every contra g*-continuous , every contra ga-continuous, every contra
gp-continuous functions are contra Nrg**b-continuous.

Remark 5.6: Reverse implications of the above theorem need not to be true as seen from the following example.

Example 5.7: Let U =V = {1,2,3}, R = {(x,y): x and y are have the same remainder

when divided by 3,x,yeU} with U/R = {{1},{2},{3}} and X ={1,2} € U then the nanotopology is tz(X) =
{U,¢,{1,2},{1,2}, 8}. Let R’ = {(x,y): x = y(mod 2) x, yeV}with V/R' = {{1,3},{2}} and Y = {1,3} S V, 7/ (Y) =
{v,9,{1,3},{1,3},0}. Define a function f:(U,7x(X)) > (V,7x/(Y)) as f(1) =1,f(2) =2,f(3) =3. Then fis
CNrg*b-continuous function but not contra nano semi- continuous function, contra nano a-continuous and contra
nano-regular continuous. Since f~1({1,3}) ={1,3} is Nrg**b-closed set but not in nano semi-closed set, nano a-closed
set and nano-regular closed set, where as {1,3} is nano open set in (V, TR:(Y)).
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Example 5.8: LetU =V ={1,2,3}, R = {(x,y): x and y are have the same remainder when divided by
3,x,yeU} with U/R = {{1},{2},{3}} and X = {1,2} < U then the nanotopology is 7z (X) = {U, ¢,{1,2},{1,2}, 8}. Let
R ={(x,y):x =y(mod 2) x,yeV}with V/R' ={{1,3},{2}} and Y ={13}cV, 1 (Y) ={V, 9, {1,3},{1,3}, 0}
Define a function f:(U,7x(X)) » (V,7r(Y)) as f(1) =1,f(2) =3,f(3) = 2. Then fis CNrg**b-continuous
function but not contra nano pre- continuous function, contra nano ge-continuous and contra nano g- continuous,
contra nanog*-continuous, contra nano gp-continuous. Since f~*({1,3}) ={1,2} is Nrg**b-closed set but not in nano
pre-closed set, nano ga-closed set and nano g-closed set, nano g*-closed set, nano gp-closed set.

Example 5.9: Let U =V = {1,2,3}, R = {(x,y): x and y are have the same remainder when divided

by 3,x,yeU} with U/R = {{1},{2},{3}} and X = {1,2} < U then the nanotopology is tz(X) = {U, ¢, {1,2},{1,2}, 8}.
Let R' = {(x,y):x = y(mod 2) x,yeV}with V/R' = {{1,3},{2}} and Y = {1,3} € V, 1o/ (Y) = {V, ¢, {1,3},{1,3}, 0}.
Define a function f:(U,7tx(X)) » (V,7x/(Y)) as f(1) =1,f(2) =3,f(3) =2. Then fis CNrg**b-continuous
function but not contra rg- continuous function. Since f~1({2}) ={3} is Nrg**b-closed set but not in nano rg-closed
set where as {2} is nano open set in (V, 7,/ (Y)).

Remark 5.10: Composition of two contra Nrg**b-continuous function need not to be contra Nrg**b-continuous
function as shown in the example.

Example 5.11: Let U = {a, 8,7, 8} with U/R = {{a}, {8}, {y,6}} and X = {a,p} € U,

(X)) = {U, ¢, {a}, {a,y,6},{y, 63} LetV = {a,B,y, 6} with V/R" = {{a}, {8}, {r.6}}and Y = {a, B} € V,

(V) = {V, ¢, {a, B}, {a, 3,0} Let W ={ap,y,6} with W/R"={{a,6},{8},{y}} and Z={aBy}cW,
T (Z2) = {W, o, {8, v} {a,B,v, 6}, {«, 6}}. Define a function f: (U, TR (X)) - (V, TRI(Y)) as f(a) =a,f(B) =B,
f) =y, f(6)=6 and g(a) =a,g(B) =y, g&y) = B,g(6) = 6. Here f and g are CNrg**b-continuous function
but the composition is not CNrg**b-continuous. Since (f (g {a, 6})) = f~1({a, 8}) = {a, 8} is not Nrg**b-closed
set.

Remark 5.12: Contra Nrg**b-continuous function and Nrg**b-continuous function are independent.

Example 5.13: Let U = {a, 8,7, 6} with U/R = {{a}, {B}.{r,6}}and X = {a,y} € U,

(%) = (U, ¢, {a} {a,y,6}, (.63} Let V ={a,p,y,8} with V/R ={{e,6},(8},0}} and Y ={(aBy}cV,
T (V) ={V, ¢, {a, B}, {a, B}, ®}. Define a function f: (U, 7x(X)) = (V, 7/ (V) as f(a) =a,f(B) =6, f(¥) =v,
f(8) = B. Here f is Nrg**b-continuous function. Since f~({a, 8}) = {a, B} is not Nrg**b-closed set in (U, TR (X)),
where as {, #} nano-open in (V, 7,(Y)) Hence f is not Contra Nrg**b-continuous function.

Example 5.14: LetU = {a,B,y,8} with U/R = {{a},{B},{y,6}} and X = {a,y} € U,

() ={U,¢.{a}{a,y,6},{,8}} Let V={apy,6} with V/R' ={{a }{5}0r}} and Y={apy}icV,
T (V) ={V, ¢, {a, B}, {a, B}, ®}. Define a function f: (U, 7x(X)) = (V, 7 (V) as f(a) =6,f(B) =a,f(¥) =,
f(8) = B. Here f is contra Nrg**b-continuous function. Since f~1({y,8}) = {y, 6} is not Nrg**b-closed set in
(U, 7z (X)), where as {y, 8} is nano-closed in (V, 7/ (Y)). Hence f is not Nrg**b-continuous function

6. CONTRA NANO REGULAR GENERALIZED STAR STAR B-IRRESOLUTE MAP IN NANOTOPOLOGICAL
SPACES

Definition 6.1: A map f: (U,7z(X)) = (V, 7z (Y)) is Contra nano regular generalized star star b- irresolute (briefly
CNrg*b-irreseloute) on (U, TR (X)) if the inverse image of every nano rg**b-open set in (V, TR:(Y)) is Nrg**b-closed
setin (U, tx(X)).

Example 6.2: Let U = {a, B, 7,6} with U/R = {{a}, {8}, {r,6}} and X = {a,y} S U, tx(X) = {U, ¢, {a},{x, 7,8}, (v, 6}}
and R’ = {(x,y):x and y are have the same remainder when divided by 3,x,yeU} with V/R' = {{1}, {2}, {3}}
and Y = {1,2} € V then the nanotopology is 7x(X) = {U, ¢,{1,2},{1,2},8}. Define the function f:(U,7z(X)) —
(V,7pr (V) defined as f(a) = 1, f(B) = 1, f(¥) = 2,£(8) = 3 then f is CNrg**b-irreseloute function.

Remark 6.3: Composition of two contra Nrg**b-irresolute function need not to be contra Nrg**b-irresolute function
as shown in the example.
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Example 6.4: Let U = {a, B,y, 8} with U/R = {{a}, {8}, {y,8}} and X = {a, B} € U,

v(X) = {U, ¢, {a}, {a,v,6} {y, 5}}. Let V ={1,2,3},R" = {(x,y): x and y are have the same remainder when
divided by 3,x,yeU}  with  V/R' ={{1},{2},{3}} and Y ={12}<cV then the nanotopology is
(X)) ={U,¢,{1,2},{1,2},0}. Let W ={1,23},R" ={(x,y):x =y(mod 2)} with W/R" ={{1,3},{2}} and
Z={13}S W, 11 (Z) = {W, ¢,{1,3},{1,3}, 0}. Define a function f: (U, 7z (X)) = (V, 7 (Y)) as f(a) = 1,f(B) =
L) =2, =3and g: (V, 7 (X)) = (W, 1z (V)), g(1) = 1,9(2) = 3,9(3) = 2. Here f and g are CNrg**b-
irresolute function but the composition is not CNrg**b-irresolute. Since (f~*(g~*{2,3})) = f~1({2,3) = {a, B} is not
Nrg**b-open setin (U, 7z (X)).

Theorem 6.5: Let f:(U,1x(X)) = (V, 7/ (V)), g: (V,7r(X)) » (W, 7 (Y)) be two contra Nrg**b-irresolute
functions then their composition is Nrg**b-irresolute function.

Proof: Let p be Nrg**b-open set in (W, 7z (Y)), g2 (p) is Nrg**b-closed set in (V, 7 ().

Since g is CNrg**b-irresolute function. f~*(g~*(p)) is Nrg**b-open set in (U, 7z(X)), f is contra Nrg**b-irresolute
function. Which implies p is Nrg**b-open set in (W, (Y)) and f~2(g71(p)) = (g ° f)~*(p) is Nrg*b-open set in
(U,7r(X)). Hence g o f is Nrg**b-irresolute function.

Theorem 6.6: Every contra Nr g™ b-irresolute function is contra Nrg**b-continuous functions.

Proof: Let f:(U,7x(X)) = (V,7/(Y)) be a contra Nrg**b-irresolute function. That is inverse image of Nrg**b-
closed in (V,7/(Y)) is Nrg**b-open set in (U, 7x(X)). Let p be nano-closed in (V, 7,/ (Y)). Since every nano-closed
set is Nrg**b-closed. Which implies p is Nrg*b-closed in (V,rRr(Y)). Then f~1(p) is Nrg**b-open set in
(U, TR (X)). Therefore f is contra Nrg**b-continuous functions.

Remark 6.7: Every contra Nrg**b-continuous function need not to be contra Nrg**b-irrsolute function as shown in
the example.

Example 6.8: Let U={apBy 5} with U/R = {{a}, {83, {y, 63} and X={ay}cU,
(X)) = (U, ¢,{a}, {a,7,6},{y,6}}. Let V = {a, B,y,6} with V/R' = {{a}, (B}, {y,6}} and Y = {a, B} SV, Tpr (¥) =
{V,¢,{a, B}, {a, B3, 0}. Define the function f:(U,7zx(X)) = (V,7x/(Y)) defined as f(a) =a,f(B) =B,f(y) =
v, f(8) = & then f is CNrg**b-irreseloute function but £ is not contra Nrg**b-continuous function. Since f~{a, 8} =
{a,y, 8} is not Nrg**b-closed set in (U, 7 (X)) where as {a, B} is not nano-open in (V, 7p/ (Y)).
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