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1. Introduction

M. Lellis Thivagar [1] introduced the concept of nano topo-
logical space with respect to a subset X of a universe U.
S. Nithyanantha Jothi and P. Thangavelu [2] introduced the
concept of binary topological spaces. By combining these two
concepts Dr. G. Hari Siva Annam and J. Jasmine Elizabeth
[3] introduced nano binary topological spaces. Njastad [4],
Levine [5] and Mashhour et al [6] respectively introduced the
notions of a-open, semi-open and pre-open sets. In this paper
we have introduced a new class of functions on nano binary
topological spaces called nano binary continuous functions
and derived their characterizations in terms of nano binary
closed, nano binary closure and nano binary interior. Also the
relationships between some nano binary continuous functions
are studied.

2. Preliminaries

Definition 2.1. [3] Let (U,U,) be a non-empty finite set of
objects called the universe and R be an equivalence relation
on (U1,U,) named as the indiscernibility relation. Elements
belonging to the same equivalence class are said to be indis-
cernible with one another. The pair (Uy,U,,R) is said to be
the approximation space. Let (X1,Xz) C (Uy,Us)

1) The lower approximation of (Xy,X2) with respect to R
is the set of all objects, which can be for certain clas-
sified as (X1,X,) with respect to R and it is denoted by
Lr(X1,X>).

That is, Lr(X1,X2) = U(x, x,)e(u; v) IR (X1,%2) : R(x1,
x2) € (X1,X2)} Where R(x1,x;) denotes the equiva-
lence class determined by (x1,x7)

2) The upper approximation of (X1,X») with respect to R
is the set of all objects, which can be possibly classi-
fied as (X1,X,) with respect to R and it is denoted by
Ur(X1,X2).

That is, Up(X1,X2) = U(XI;XZ)G(ULUZ){R(XI ,x2) : R(x1,
)N (X1,X2) # ¢}

3) The boundary region of (X1,X;) with respect to R is
the set of all objects, which can be classified neither as
(X1,X2) nor as not —(X1,X») with respect to R and it is
denoted by Br(X1,X>).

That is, BR(XI,Xz) = UR(Xl,XQ) —LR(Xl,Xz)



Proposition 2.2. [3] If (U1,U,,R) is an approximation space
and (X] ,Xz), (Yl ,Yg) - (U],Uz), then

1) Lr(X1,X2) € (X1,X2) C Ur(X1,X2)

2) Lr(9,0) =Ur(9,9) =(¢,9) and

Lr(U1,Ua) = UR(Uy,U2) = (U1, Ua)
3) Ur((X1,X2) U (Y1,Y2)) = Ur(X1,X2) UUR (Y1, Y2)
4) Up((X1,X2)N(Y1,Y2)) CUR(X1,X2) NUR(Y1,Y2)
5) Lr((X1,X2) U (Y1,Y2)) 2 Lp(X1,X2) ULR(Y1,Y2)
6) Lr((X1,X2) N (Y1,Y2)) C Lp(X1,X2) NLg(Y1,Y2)

7) Lr(X1,X2) € Lr(Y1,Y2) and Ug(X1,X2) € Ur(11,Y2)
whenever (X1,X,) C (Y1,12)

8) Ur(X1,X2)C = [Lr(X1,X2)]€ and
Lg(X1,X2)€ = [Ur(X1,X2)]¢

9) UrUr(Xi1,X2) = LRUr(X1,X2) = Ur(X1,X>)
10) LRLR(X1,X2) = UrLg(X1,X>) = Lr(X1,X2)

Definition 2.3. [3] Let (U;,U,) be the universe, R be an
equivalence on (Uy,Us) and tr(X1,X2) = {(U1,02),(9,9),

LR(X] ,Xz),UR(X] ,XQ),BR(X] ,Xz)} where (X] ,Xz) g (U],Uz).

Then by the property R(X,X;) satisfies the following axioms
L(U1,Us) and (9,9) € (X, X2)

2. The union of the elements of any sub collection of Tr(X1,X2)
isin ‘L'R(Xl,Xg)

3. The intersection of the elements of any finite sub collection
of Tr(X1,X2) is in Tr(X1,X2). That is, Tr(X1,X2) is a topology
on (Uy,U,) called the nano binary topology on (Uy,U,) with
respect to (X1,Xa). We call (Uy,Us,tr(X1,X2)) as the nano
binary topological spaces. The elements of Tr(X,,X2) are
called as nano binary open sets and it is denoted by Np open
sets. Their complement is called Np closed sets.

Definition 2.4. [3] If (Uy,U,,tr(X1,X2)) is a nano binary
topological spaces with respect to (X1,X,) and if (Hy,H,) C
(U1,Uz), then the nano binary interior of (Hy,H,) is defined
as the union of all Ng open subsets of (A1,A,) and it is defined
by Ny(Hy,H>)

That is, Ng(H,,H,) is the largest Ng open subset of (Hy,H>).
The nano binary closure of (Hy,H,) is defined as the intersec-
tion of all Ng closed sets containing (H,,H,) and it is denoted
by NB (HLHz )

That is, Ng(H\,H,) is the smallest N closed set containing
(Hy,Hy).

Definition 2.5. [3] Let (U,,U,,Tr(X1,X2)) be a nano binary
topological space and (A1,Az), (B1,B2) € P(X1) X P(X2) then

i) N3(¢,0)=(0,0),Ns(0,0) = (9,0)
ii) Ng(Ul,Uz) = (U],Uz),FB(UI,Uz) = (U1,Us)
iii) Ng(A1,A2) C (A1,A2) C Np(A1,A2)
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) (Al,Az) - (Bl,Bz) implies NE(AI,A2) - NE(B],Bz)
and Ng(A1,A2) C Np(B1,B>)

v) Ng((A1,A2) N (B1,B2)) C Ng(A1,A2) N\Ng(B1,B>)
vi) Ng((A1,A2) N (B1,B2)) C Ng(A1,A2) NNg(By,B)
vii) N3((A1,42) U (B1,B2)) 2 N3(A1,A2) UNS (B, Ba)

viii) Np((A1,A2)U(B1,B2)) 2 Np(A1,A2) UNg(B1,B2)

ix) Ng(Ng(A1,A2)) € Ng(Ar,Az)

x) Np(Np(A1,A2)) 2 Ng(A1,Az)

xi) Ng(Np(A1,A2)) 2 N3(A1,Az)

xii) Np(N3(A1,A2)) C Np(A1,A2)

Definition 2.6. [3] A subset (H,,H>) of a nano binary topo-
logical spaces (Uy,Up, tr(X1,X7)) is called

1. Nga-open if (Hy,H,) C NE(NB(@(H] JHR))).

2. Ng semi- open set if (H;,H,) C Ng(Ng(H,H,))

3. Ng pre - open set if (H,,H2) C Ny(Ng(H,,H>))

The complements of the above mentioned sets are called their
respective Np closed sets.

Result 2.7. [3] 1. Every Ng open sets is Npo-open.
2. Every Npot-open is Ng semi -open.
3. Every Np&i-open is Ng pre -open.

3. Nano Binary Continuity

Definition 3.1. Let (U,U,, tr(X1,X2)) and (Vi,Va, T (11,Y2))
be nano binary topological spaces. Then a mapping f :
(U1,Uz, 1 (X1,X2)) = (V1,Va, t (Y1, Y2)) is nano binary con-
tinuous on (Uy,Us) if the inverse image of every Ng open in
(V1,V2) is N open in (Uy,U,) and it is denoted by Ng- con-
tinuous.

Example 3.2. LetU; = {a,b,c},Uz = {1,2} with (U],Uz)

/R={({a,b},{2}),({c} {1})} and (X1,X2) = ({a,c},{1}).
Then TR(X17X2) = {(¢»¢)a (UI’UZ)a ({C}’ {1}),/({61,[7}, {2})
Yo Let Vi = {x,y,z},Vo = {e, f} with (V,V2) /R = {({x,2},

{e}), (v} {H)} and (1,Y2) = ({x,y},{f}). Then g (Y1, Y2
)= {(¢7¢)7 V1,V2), ({xvz}v {e})v ({y}v {f})} Define f: (U;
U2, (X1, X2)) = (Vi,Va, T (Y1, Y2)) as f({a},{1}) = ({x},
{1, f({a}.{2}) = ({x}.{e}), F({D}.{1}) = ({}, {/}), f(
{b}.{2}) = ({z}{e}), f({c}, {1}) = (o} A, f({c}.{2})

=({y}.{e}). Then f1({y}.{fH) = {c}. {1}) and f~'({x,2
+,{e}) = ({a,b},{2}). That is the inverse image of every N

open in (V1,Va) is Ng open in (Uy,U,). Therefore, f is Ng-
continuous.

Theorem 3.3. Afunction f : (U17U2, TR(Xl ,Xz)) — (Vl,V27
Tx (Y1,Y2)) is N- continuous if and only if the inverse image
of every Ng closed in (V1,V) is Np closed in (Uy,Us).



Proof. Let f be Np- continuous and (Fj, F>) be Np closed
in (V1,V»). Thatis (V1,V») — (F1,F>) is N open in (V},V5).
Since f is Np- continuous, f~'((Vy,V3) — (F1, F»)) is Ng open
n (Up,Uy). Thatis (U;,Us) — f~'(Fi,F) is Np open in
(U1,Uy). Therefore, f~'(F,F) is Np closed in (Uy,Us).
Thus the inverse image of every Np closed in (V},V2) is Np
closed in (U;,U»), if f is Np- continuous on (U, Us).

Conversely, suppose the inverse image of every Np closed is
Np closed. Let (G1,G2) be Ng open in (Vi, V). Then (V;,V3)
— (G1,G,) is Np closed in (V1,V5). Then f~1((Vy,V5) —
(G1,G»)) is Np closed in (Uy,Up). Thatis (Uy,Us) — f~1(Gy,
G,) is Np closed in (Uy,U,). Therefore, f~'(G1,G,) is N
open in (Uy,U,). Thus the inverse image of every N open in
(V1,V2) is Np open in (U;,U,). Hence f is N- continuous on
(U1,Us). O

Theorem 3.4. Afunction f : (U17U2, TR(Xl,XQ)) — (Vl,Vz,
Tx (Y1,Y2)) is Np- continuous if and only if f(Np(A1,Az)) C
Ng(f(A1,Az)) for every subset (A1,Az) of (Uy,Us).

Proof. Let f be Ng- continuous and (A1,A,) C (U;,U,). Then
f(A1,A2) C (V1,Va). Therefore, NB(f(Al,Az)) is Np closed
in (V1,V») Since f is Np- continuous, f~!(Nz(f(A1,A2)) is
Ng closed in (U;,U,). Since f(Al,Az) C Np(f(A1,A2)), (A4
,A2) C £ (N5(f(A1,A2)). Thus £~ (Ng(f(A1,A2)) is a Np
closed set containing (A1,A;). Since Np(A;,A») is the small-
est Np closed set containing (A1,A>),Ng(A1,A2) C f~!(Ng(
f(A1,A2))). Thatis, f(Np(A1,A2)) C Np(f(A1,A2)). Con-
versely, suppose f(Np(A1,A2)) C Np(f(A1,Az)) for every
subset (A1 Ay) of (Uy,Un). If (F1,F) is Ng closed in (V1, V),
since f~' (Fi,F2) € (U1, Ua), f(Np(f~'(F1, F2))) CNB(f(f :
(F] 7Fz))) QNB(Fl,Fz). That IS,NB(f (F] ,Fz)) gf (NB(Fl
,B)) = f~Y(F,F),since (F|,F) is Np closed. Thus Ng(f~!
(Fi,F)) C f~'(A,FR). But f~'(F,F) C Np(f~ (F,F)).
Therefore, Ng(f ' (Fi,F)) = f~(Fi,F,). Therefore, f~!(F
,F») is Ng closed in (U ,U,) for every N closed set (F1,F»)
in (V1,V,). That is, f is Ng- continuous. O

Remark 3.5. Ifa function f : (Ul,Uz,E(Xl,Xz)) — (W1, Vs,
T (Y1,Y2)) is Ng- continuous, then f(Np(A1,A2)) is not nec-
essarily equal to Np(f(A1,A2)) where (A1,Az) C (Uy,Us).

Example 3.6. Let Uy = {1,2,3},U, = {a,b,c} with (U;,U,)
/R ={({1,2},{a}),({4}.{b}), ({3}, {c})} and (X,,X;) =
({274}5 {b,C}). Then TR(XI 7X2) = {((Pv ¢)7 (UI,UZ)v ({4}’ {b
D, ({1,2,3},{a,c})}. The closed sets are (¢,0),(Uy,Uz), ({
4},{b}),({1,213}7{a,c}).Let V= {€7f,g7h},V2 = {xvY7Z}
with(Vi,V2)/R ={({e}.{z}), ({f.8}:{y}),({h},{x})} and
(Y17Y2) = ({gah}v {X}) Then TR/(Y13Y2) = {(¢7¢)7 (V],Vz), ({
hy Ax}), ({f:8, 1} Ax,9}), ({f,8}:Ay}) }. The closed sets are
(0,0), Vi,V2), ({e. .8} {n2}), ({e}, {z}), ({e, 1}, {x,2}).
Define f: (Uy,Uz, R (X1,X2)) — (V1,V2, T (Y1,12)) as f({
1}{a}) = ({e}. {z}), ({1}, {b}) = ({n}. {¥}), F({1}.{c})
= ({e} . {x}), fF({2},{a}) = ({n}.{x}), F({2}, {b}) = ({A},
b, f({2}h{c}) = ({h}.{z}). F({3}.{a}) = ({e}. {x}), f(
{3}.{b}) = ({n}, 1), F({3}.{c}) = ({h}.{z}), fF({4}. {a}
)={HA{xh), F({4},{b}) = ({g}. {v}). f({4} {c}) = ({g}
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;{z})- Then f71 ({n}.{x}) = ({1,2,3}, {a’c})afil ({f,&h}
Axyh) = (U1, U2) and ({8}, {y}) = ({4},{b}). Thar
is the inverse image of every Ng open in (V1,Vs) is Ng open
in (Uy,U,). Therefore, f is Ng- continuous. Let (A1,A;) =
({4}, {b}) € (U1, Ua). Then f(N5({4), {b})) = ({4} (b))
— ({f.gh ). But Na(f({4}.{6})) = No({f.g}. o)) =
({e. f.8}:{y.2}). Thus f(Np(A1,A2)) # Np(f(A1,A2)), even
though f is Np- continuous. That is, equality does not hold in
the previous theorem when f is Np- continuous.

Definition 3.7. The basis for the nano binary topology g (X1,
Xo) with respect to (X1,X2) is given by Br(X1,X2) = {(U1,U>)
7LR(X1 7X2)7BR(X1 7X2)}'

Theorem 3.8. Let (X1,X5) be a set. Let B be a basis for a
nano binary topology Tr(X1,X3). Then tr(X1,X2) equals the
collection of all unions of elements of A.

Proof. Given a collection of elements of %, they are also
elements of 7g(X;,X;). Because 7z(X;,X3) is a topology,
their union is in 7g(X;,X5). Conversely, given (U;,U;) €
Tr(X1,X2), choose for each (x1,x;) € (U;,U,) an element
(Bxlanz) of 4 such that (xl,x2) S (Bxl 7BX2) C (U17U2).

Then (U;,Us) = U(xl,xz)E(Ul,Uz)(Bxl 7B)Q), so (U;,Us) equals
a union of elements of %. ]

Theorem 3.9. Let (U] ,Us, TR(Xl ,Xz)) and (V] Vo, TR (Yl ,Yz))
be nano binary topological spaces where (X1,X;) C (Uy,Uz)

and (Y1,Y2) C (Vi,Va). Then tp (Y1,Y2) ={(V1,V2),(9,9),La
(Y1,Y2),Up (Y1,Y2),Br (Y1,Y2) } and its basis is given by B =
{(V1,Va),Lg (Y1,Y2),Bg (Y1,Y2) }. A function f : (Uy, Uz, Tr(X1
, X0)) = (V1,Va, TR (Y1, Y2)) is Np- continuous if and only if
the inverse image of every member of PBr is Ng open in

(U1 , Uz).

Proof. Let f be Ng- continuous on (Uy,U,). Let (By,B3) €
Py . Then (B1,B,) is Ng open in (V1,V5). That is, (B1,B>) €
Tz (Y1,Y»). Since f is Np- continuous, f~!(By,B,) € (X1, X>
). That is, the inverse image of every member of Bp is N
open in (U;,U,). Conversely, suppose the inverse image of
every member of By is N open in (Uy,Us). Let (G1,G2) be
Ng open in (V1, V). Then (G1,G,) = U{(B1,B>) : (B1,B>) €
B}, where ) C Br. Then f~1(G1,Ga) = f~(U{(B1,Bn):
(B1,By) € #1}) = U{f_l(Bl,Bz) : (B1,By) € %}, where
each f~1(By,B,) is Np open in (U;,U,) and hence their union
f~Y(G1,G,) is Ng open in (U1, Us). Thus f is Np- continuous
on (U],Uz). O

Theorem 3.10. Afunction f : (U] ,Us, TR(Xl ,Xz)) — (V] ,Va,
T (Y1,Y2)) is Np- continuous if and only if Ng(f =" (B1,B)) C
f~Y(Ng(B1,B>)) for every subset (B1,B2) of (V1,V5).

Proof. If f is Np- continuous and (B1,B;) C (Vl,Vz) then
Ng(B1,By) is Np closed in (V1,V5) and hence £~ ! (Ng(B1,B2))
is Np closed in (U;,U,). Therefore, Np(f~! (FB(Bl ,B2))) =
S~ (Ns(B1,B)). Since (B1,By) CNy(B1,B2), f~ (Bl,Bz)
f~'(Ns(Bi1,B)). Therefore, Ng(f ' (B1,B2)) C NB(f '(Np
(B1,B>))) = f~'(Np(B1,B2)). Thatis, Ng(f~'(By,B2)) C
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f~Y(N3(B1,By)). Conversely, suppose Nz(f~'(B1,B2)) C
f~Y(Ng(B1,By)) for every subset (By,B;) of (V1,V5). Let
(B1,B>) be Ng closed in (V1,V3). Then Ng(B1,B;) = (B1,B).
By our assumption Ng(f~'(B1,B2)) C f~'(Ng(B1,B2)) =
f '(By,B,). Therefore, Ng(f~'(B1,B,)) C f~'(B1,B,). But
(Bl,Bz) C Ng(f~'(B1,By)). Therefore, Ng(f~'(B1,B>))
f '(By,B,). Thatis, f~!(By,B,) is Np closed in (U;,U,)
for every Np closed (B1,B;) in (V1,V,). Therefore, f is Np-
continuous on (Uy,Us). O

Theorem 3.11. Aﬁmction f : (U1,U2, ‘L'R(Xl ,Xz)) — (Vl,Vz,
T (Y1,Y2)) is Np- continuous on (Uy,Uy) if and only if f~1 (N},
(B1,B>)) C Ny(f~1(By,B,)) for every subset (By,B>) of (V1,
Va).

Proof. Let f be Np- continuous and (By,B,) C (V;,V2). Then
N5 (B1,By)is Np openin (Vy, V2, Tg/ (Y1,Y2)). Therefore, (f~1(
Ng(B1,B2))) is Np open in (Uy, Uy, Tr(X1,X2)). Thatis, f~!(
N5 (B1,B2)) = N5 (f " (N3(B1,B2))). Also N5 (B, Ba) C (Bi,
B) implies f~!(Ng(B1,B2)) C f~'(By,By). Therefore, Nj
(/" (Ng(B1,B2))) C Ny(f ' (B1,B)) Thatis, (£ (N3(B,
B>))) C Ny(f~'(B1,B,)). Conversely, suppose £~ (Ng(B1,B>
)) € Na(f~'(B1,Ba)) for every subset (By,B;) of (Vi,V5). If
(Bl,Bz) is Np open in (Vl,Vz), then Ng(Bth) = (Bl,Bz).

Now f~!(N5(B1,B2)) C N3(f~'(B1,B2)). Thatis, f~' (B, B2
) € N3(f~'(B1,B2)). But N3(f'(B1,B2)) C f~'(B1,Ba).
Therefore, f~!(By,B2) =Ny(f~!(B1,B,)). Thus f~!(By,B,)

is Np open in (U;,U,) for every N open subset (By,B;) of
(V1,V2). Therefore, f is Np- continuous. O

Remark 3.12. The above theorem equality does not hold if f
is Ng- continuous.

Example 3.13. Let Uy = {a,b,c}, U, = {1,2} with (U,,U>)
/R={({a},{2}),({b,c},{1})}. Let (X1,X3) = ({a,b},{1,2
}) Then TR(XUXZ) = {(¢7¢)v (U17U2)v ({0}7{2}25 ({b,c},{
1})} Let Vi ={x,y,z},Va ={e, f} with (V1,Va) /R ={({x,y}
A, ({2 {eh)} Let (Y1, Y2) = ({z},{e}). Then 1 (Y1,Y2)
={(¢,9),(Vi,Va),({z},{e})}. The Np closed sets in (U;,U,)
are (¢,9),(U1,Uz),({a},{2}), {b,c},{1}). The Np closed
sets in (VlaVZ) are (¢,¢),(V1,Vz),({x,y},{f}). Define f :
(U1,U27TR(X17X2)) — (Vl,Vz,TR/(Yl,Yz)) as f({a},{l}) =
({3, {1, f({a}.{2}) = ({2}, {e}), F({£}.{1}) = ({x}.{Sf
1, f{b}A2)) = ({x} {e}), f({e} {11) = (v ), fF({e},
2) = (v} {e}). Then ({2}, {e}) = ({a}, {2}) and £ 1
(Vi,Va) = (U1,U,). That is the inverse image of every Np
open in (Vi,V2) is Ng open in (Uy,U,). Therefore, f is
Ng- continuous. Let (Bth) ({z},{e}) € (Vi,Va). Then
fﬁl(NB(BLBz)) (NB({Z} {e})) fti,w) = (U,
Us). And Np(f~ (Bl,Bz)) Ng(f~'({z}.{e})) = NB({a}
{2}) =({a}.{2}). Thus f~ (NB(Blsz)HéNB( '(B1,B2)).
AZSO let (A1,A2) = ({x,y}, {f}) Vi, Va). 7! (N5(A1,42))

SNy b D) = F1(9,0) = (9,0), Ng(F~ (A1, Az
)) Np({b,c} . {1}) = ({b ¢} {1}) Thus 1(1\73(1‘\1,1‘\2))7'é
N3(f'(A1,42))

Theorem 3.14. Let (Ul,Uz, TR(Xl ,Xz)) and (Vl,VQ, TR/(Yl Y,
)) be nano binary topological spaces where (X1,X2) C (U1,Us
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) and (Y1,Y2) C (V1,Va), then for any function f : (U;,Up) —
(V1,V2), the following statements are equivalent:

1) f is Np- continuous

2) The inverse image of every Np closed in (V1,V,) is Np
closed in (Uy,Uy).

3) f(Np(A1,A2)) C Np(f(A1,A2)) for every subset (A1,A7)
Of (U] s Uz).

4) The inverse image of every member of B;Q is Np open in
(U, Us).
5)Np(f~'(B1,B2)) C f~
B>) of (V1, V).

6) f~' (N3(B1.B2)) C Ny(f~!
Bz) Of(Vl,Vz).

The proof of the theorem follows from the previous theorems.

'(N3(By1,B>)) for every subset (By,

(B1,By)) for every subset (By,

4. Weaker Forms of Nano Binary
Continuous
Definition 4.1. A subset (H,,H,) of a nano binary topologi-
calﬁyacesﬁh,Uz, TR(X1,X2)) is called NgB-open if (H,Hy)
C Np(Ng(Np(H1,Hy))).

Result 4.2. 1) Every Ng pre —open is Ng3-open.

2) Every Np semi —open is Ngf3-open.
3) Every Np open is N semi -open.
4) Every Np open is N pre -open.

5) Every Npot-open is Npf-open.

6) Every N open is Ngf-open.

Proof. 1) If (Hi,H,) is a Ng pre - open, then (H|,H,) C
N5(Ng(Hy,H,)). Now let us remind the monotonicity
property, (Hy,H,) C Ng(H;,H>) . By making use of
this we obtain that Ng(H;,H>) C Ng(Ng(Ng(H1,Ha)))
which obviously yields that (Hy,H,) C Ng(Nj(Ng(Hj,
H,))). Therefore, (H,H,) is a Ngf3-open. Hence every
Np pre-open is Npf3-open.

2) If (Hy,H>) is a Ng semi- open, then (H;,H,) C Ng(Nj,

(Hl,Hz)). Since (Hl,Hz) - Nig (H],Hz) implies (Hl,

H,) C Ng(Ng(Ng(Hy,H,))). Therefore, (Hy,H>) is a
NpB-open. Hence every Np semi-open is Ngf3-open.

Proof 3, 4, 5 and 6 follows from the result 2.7 and above

results. O

Note 4.3. The converse of the above result is not true by the
following example.

Example 4.4. Let U; = {a,b,c,d,e} and U, = {1,2,3,4}
with (U1, Uz)/R={({a,b},{2}),({c},{4}), ({d}.{3}), ({e}
AP} and (X1,X) = {({a,c,d},{2,3,4})}. Then the nano
binary topology TR(X17X2) = {(¢a ¢))7 (UlaUZ)> ({Cvd}v {374}
).({a,b,c,d},{2,3,4}),({a, b}, {2})}.

The Ng closed sets ={(¢,9),(U1,U2),({a,b,e},{1,2}), ({e},
{1}),({c,d,e},{1,3,4})}. In this example,



1. ({a,b,e},{2}) is NpB- open but not Ng pre — open.
2. ({a,b,c,d,e},{2,3}) is NgB- open but not Ng semi- open.

Definition 4.5. Let (Ul,Uz, TR(X1,X2)) and (V1, Vs, TR/(Yl,Yz))
be nano binary topological spaces. A mapping f : (Uy,Us, Tr(
X1,X)) = (V1,Va, TR (Y1, 12)) is said to be

1) Npa-continuous if (f~'(B1,B>)) is Ngat-openin (Uy,
U,) for every Ng open (B1,Ba) in (Vi, V).

2) Ng semi -continuous if (f~'(B1,B2)) is Ng semi-open
in (Uy,U) for every Np open (B1,B3) in (V1,V2).

3) N pre -continuous if (f~'(By,B,)) is N pre-open in
(Ut1,U3) for every N open (By,B) in (V1,V2).

4) NgB-continuous if (f~'(By,By)) is NgB-openin (Uy,
U») for every Ng open (B1,B3) in (Vi,V3).

Result 4.6. 1) Every Ng- continuous is NpQ-continuous.

2) Every Npo- continuous is Ng semi - continuous.
3) Every Npoi- continuous is Np pre - continuous.
4) Every Ng pre — continuous is Ngf3- continuous.

5) Every Ng semi — continuous is Ngf3- continuous.
Since result 2.7 and result 4.2, the above result is true
but none of these implications is reversible as shown by the
following examples

Example 4.7. Let Uy = {a,b,c}, U, = {1,2} with (U;,U>)
/R ={({a,b},{2}),({c} . {1})}. Ler (X1,X2) = ({b},{2}).
Then t4(X,Xa) = {(9,0), (U1,05), ({a b}, {2})}. Let Vi =
{xay7z}7v2 = {eaf} with (VI’VZ)/R = {({x,z},{e}), ({y}a
{FN}. Let (11,Y2) = ({2}, {e}). Then t/(Y1,Y2) = {(9,9),(
Vi,Wa), ({x,z},{e})}. Define f: (Uy,Us,tr(X1,X2)) — (V1,
Vo, T (Y1,12)) as f({a},{1}) = ({x},{e}), f({a}.{2}) = (
{xh{e). f({o}{1}) = ({2} {e}), F({B}.{2}) = ({z}. {e}
). f({e} A1) = ({v} {e}), f({c} {2}) = (v} {e}).

Here (BlvBZ) - ({x,z}, {e}))fil ({xvz}’ {e}) = ({avb}a {1’2

}) then f is Npa- continuous but N continuous.

Example 4.8. Ler Uy = {a,b,c,d,e},U, = {1,2,3,4} with
(U1, U2)/R={({a,b},{2}), ({c},{4}),({d},{3}), ({e} .{
11} Let (X1,X2) = ({a,¢,d},{2,3,4}). Then tr(X1,X2) =
{(¢7 ¢)v (Ul , UZ)a ({Cvd}a {3a4})7 ({avbacvd}7 {25 3’4})7 ({/av
b}, {2})}. Let Vi = {x,y,z},Vo = {e, f} with (Vi,V2)/R =
{({xzh{ed), (1A} Let (N, 12) = ({x,3}1,{f}). Then
TR/(YI’Y2) = {(¢7¢)v (VI’V2)7 ({X7Z}7{e})7 ({y}v {f})} De-
fine f: (U13U277’-R(X1’X2)) - (VlaVZaTR’)(YhYZ)) as f({a}
A1} = ({x}{e}), f({a} . {2}) = ({x}.{e}), f({a},{3}) =
({3, A/}, f({a}, {4}) = (o}, {FD), S ({6} {1}) = ({2} {e}
), f({b}.{2}) = ({z}.{e}), F({b}, {3}) = ({z}.{/}), F({P},
{4}) = (b {rD). fHeh A1) = (v} A{e}) f({c} {2}) =
(O} Ae}), f{c},{30) = (b A, f{eh{4}) =}
{rD f(d}y{1}) = (v} {ed), F({d},{2}) = ({y}.{e}),
JUd}A30) = (b ArD), f{dh{4)) = (o} Ar}), f({e}
A1) = {2} {e}). f({e}, {2}) = ({2} {e}), f({e} . {3}) =
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({xh {1, f({e},{4}) = ({x},{f}) Here (B1,B2) = ({x,z},
{e}),f'({x,z}, {e}) = ({a,b,e},{1,2}). Then f is Np semi-
continuous but NgQ- continuous. Also f is Npf-continuous
but not N pre- continuous.

Example 4.9. Let Uy = {a,b,c,d,e},Uy = {1,2,3,4} with
(U, Us) /R = {({a,b}, {2}), ({e}, {4), (1}, 3D), ({e 4
1P} Let (X1,X) = ({a,c¢,d},{2,3,4}). Then t%r(X1,X2) =
{(¢7¢),(U17U2),({c,d}7{3,4}),({a7b,c,d}7{2,3,4}),({/a,
b}, {2})}. Let Vi = {x,y,z},Va = {e, f} with (V},V»)/R =
{,({X,Z},{e}), ({y}a{f})} Let (Y17Y2) = ({xay}a{f})' Then
TR(YUYQ) = {(¢7¢)’ (V17V2)7 ({x,z},{e}),({y},{f})}. De-
fine f: (U],Uz,TR(Xl ,Xz)) — (V] ,Va, ’L'R/(Yl ,Yz)) as f({a},{
1) = A, f(abA2h) = (A, f({a}, {3} =({
yhied), f({a},{4}) = (v} {rD), F({6}{1}) = ({v}. {FD),
JUBYA2E) = (1 AD, F{01 A3} = ({y} {e}), F({b}{
41) = {H D ek {1h) = (b A, F{e} {21) = ({
1D f({e} {3} = ({x} {e}), f({c}.{4}) = ({x}. {/}).
FHd}:{1}) = {zh A, f(d}.{2}) = {zh A1), f({d}{
3}) = ({z}{e}), f({d}. {4}) = ({1, {f D). f{e} {1 = ({
yEAD, f({ed {21 = (h A, f({e}, {3}) = ({y}. {e}),
f({e}.{4}) = ({y},{f}). Here (B1,B2) = ({x,2},{e}), "
({x,z},{e}) = ({c,d},{3}). Then f is Ng pre- continuous
but not Ngoi- continuous.

Example 4.10. Let U; = {a,b,c}, U, = {1,2} with (U;,U>)
/R={({a,b},{2}),({c}.{1})}. Let (X1,X5) = ({a,c}.{1}

)' Then TR(XI 7X2) = {((Pv (p)v (U13U2)7 ({(l,b}, {2}/)7 ({C}v {1
B} Let Vi = {x,y,z},Va = {e, f} with (V1,V2) /R = {({x,z

FoAed), (v} D} Let (Y1,Y2) = ({x,9}, {f}). Then tp (Y1,
YZ) = {((P,(])),(V],VZ),({y},{f}),({X,Z},{e})}. Define f :
(Ul,UZ,TR(XlaXZ)) - (V17V2>TR/(Y13Y2)) as f({a}’{l}) =
({x},{e}), f({a}. {2}) = ({x}, {e}). F({b},{1}) = ({z}, {e}
), F({b}.A2}) = ({z}, {e}), f({c} {1}) = ({v} {e}), F({c},
{2}) = ({y}.{e}). Here (B1,B2) = ({x,z},{e}), f ' ({x.2},

{e}) = ({a,b},{1,2}). Then f is NgB- continuous but not
Np semi- continuous.

5. Conclusion

In this paper, we have defined Np continuous functions in
nano binary topological spaces and their characterizations
were studied. Also we have explored some continuous func-
tions in nano binary topological spaces and their features
were discussed. The characterizations of weaker forms of Ng
continuous functions are in future process.
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