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On some types of nano contra g, .-continuous
functions
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Abstract: The purpose of this paper is to define and examine two novel
forms of Nano fipc- continuity, namely Nano contra fp-- continuity and
Nano almost contra [Sp.- continuity, and to provide several fundamental
characteristics and attributes related to these mappings. Moreover, , paper is
done on Nano almost continuously. The connections between these
mappings and other well-known functions are found.

1 Introduction

Using equivalency relations and approximations to define the boundary region of a subset of
the universe, Lellis Thivagar et al [5] proposed the concept of Nano topology, where each
element is referred to as a Nano open set. As a result, various concepts like "Nano closed,"
"Nano closure," and "Nano interior" are constructed. Also, the relationships between the
boundary region, upper approximation, and lower approximation are examined. Numerous
researchers have since examined the subject of Nano topology; see[3], [5]. A. Ravathy and
Ganambal Ilgano[1] defined "Nano S -open" and identified the family of Nano S -open sets
based on approximation difference scenarios.

Eventually, a new class of Nano continuity called Nano continuous function was
established by Lellis Thivagar and Carmel Richard[7], who also determined how to
characterize it in terms of Nano closure and Nano interior. The relationships between these
functions are addressed. In 2019 P.K.Dhanasekaran et al.[9] introduced several assertions
that meet the conditions of Almost Nano pre-continuous, Almost Nano semi-continuous, and
Almost Nano alpha continuous functions.

A powerful variation of Nano continuity called as Nano contra continuity was created by
Lellis Thivagar et al.[8] Additionally, the installation of economic and medical examples of
Bi- continuity was studied.

2 Preliminaries

Definition 2.1 [6] considering V be universe, comprise of limited many things and RL,, be
an equivalence relation on RL,, recognize as the indiscernibility relation. consequently V is
partitioned to equivalence classes which are disjoint indistinguishable elements are those that
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belong to a certain equivalence class. A pairing (V, RLeq) is named approximation space
Letting D €V

G1- The whole assortment of items with labels D with respect to R is the lower
approximation of X w.r.t. RLe, ,which is symbolized by Lgy,, (D). that is Lgp,, (D) =

U xEV{RLeq (x):RLyq(x) < D} such that RL,,(x) is represented the set of the equivalence
classes determined by x.

G2- The whole assortment of items with possibly tags as D regard to R, is namely upper
approximation  of X = regarding  to R,. Equivalently, Urte, (D) =

Usxer{RLeq(X): RLeg (x)ND # ¢}
G3- The set of any things can be categorized not D nor as non X with respect to RL,, is
known as the boundary region of X regards to R,. Equivalently, Bg,,, (D) = URLeq (D) -

Lit,, (D).

Proposition 2.2.[6] If (V, RLeq) is an approximation space and X,Y € V , then

(1) Lri,, X)eXxc URLeq X) .

(1) LRLeq (9) = URLeq (¢) = ¢ and LRLeq ) = URLeq »m=v.

(iii) URLeq (XUY) = URLeq xOU URLeq ¥).

(iV) Upp,, (XNY) S Ugy,,(X)NUpg, (V) .

(V) L, (XUY) 2 Lgy,, X ULgp,, ).

(vi) LRLeq xny) = LRLeq X) nLRLeq ).

(vii) Ly, (X) € Ly, (Y) and Ugy, (X) € Ugy,,(Y) whenever X € Y.

(viii) URLeq X°) = [LRLeq (X)]€ and LRLeq X°) = [URLeq X1 .

(ix) URLeq URLeq X)) = LRLeq URLeq X) = URLeq X) .

(%) LRLeqLRLeq X) = URLeqLRLeq X) = LRLeq X) .

Definition 2.3[6] Letting V stand for the universe and R, stand for equivalence relation
on V equipped with TR, (D) = {d), V, Ukt (D), Bri,, (D), Lgp,, (D) } that is D is subset of V
and Tg Leq (D) addressed the below conditions

T1-V and ¢ are elements of 7g,,,, (D)

T2- the union of all elements of subfamily of 7g,,, (D) is also, in g Leq (D).

T3- the intersection of finitely many subfamily of g, (D) is also, in RL.4 (D).

Then the family TRLeq (D) is known as Nano topology on V regarding to D and the pair

(V, TRLeq (D)) is named a Nano topological space 9t.Top. S is our abbreviation.

The members of TR, (D) are named as Nano open set. Also, the Nano open set’s

complement knows as Nano closed set. Nano open and Nano closed sets are abbreviated as
N-open and N-closed respectively.

Definition 2.4[6] For a 9t.Top. S (V, TRLeq (X)> regarding to D where D C V. If L is a

subset of V, the Nano interior of L is the union of every Nano open sets contained in L as
well as its symbolized by Jtint(L) and Nano closure of L is the intersection of all Nano
closed sets containing L as well as its symbolized by 9tclo(L).

Remark 2.5 [6] The collection f = {M ' LRy, (D), Bri,, (D) } forms a base for a Nano
topology TRLeq:

Definition 2.6.[6] A subset H of 9t.Top. S (M, TRLeg (X)) is named
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S1- Nano semi-open if H € Jtclo Nint(H)

S2- Nano pre-open if H € Nint Nclo(H)

S3- Nano S-open if H € Jtclo Nint Nclo(H)

S4- Nano regular-open if H = tint Ytclo(H) .

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

Proposition 2.7.[4] A N.Top. S (JV[ + TRLeg X )) is said to be Nano regular space if and only
if for each p € M, and for each K € Jo (]\/[' » TRLeg (X)) containing p, there exists H €
Jto (]V[, TRLeq(X)) such thatp € H € Ncl(H) € K

Definition 2.8. [12] A 9t.Top. S (M, TRLeg (X)) is said to be Nano Pre Frechet — space

if for every two distinct points s, t there are two Nano Pre— open sets K and L contains one
but not the another .

Proposition 2.9.[14]. If a9t.Top .S (]V[, TRLeg (X)) is Nano pre Frechet — space, then

NPpco <M' TRLeq (X)> = Npo (M; TRLeq (X))
Definition 2.10.[14] A Nano S-open subset B of 9t.Top.S (]V[ ) TRLeq 0.4 )) is named Nano

Bpc-open if for each x € B, there is Nano pre-closed F such that x € F £ B . the family of
all Bpc-open sets is symbolled by 9tSpc0 (]V[, TRLeg (X)) .

Proposition 2.11[14]: A subset K of Jt.Top.S (M, TRLeg (X)) is Nano Bpc-open set if
and only if for any p € K, there is L € Nfpc0 (JV[, TRLeg (X)) suchthatp e LC K

Definition 2.12.[14] A Nano subset H of 9t.Top. S (]V[, TRLeg (X)) is named fSpc-closed

if it's complement is Nano Sp--open. the family of all fp.-closed sets is symbolled by 9tfSp.c
(M’ TRLegq (X)) .

Definition 2.13.[14] A point p € M is known as Jtfp, — interior point of K € M, if
there is a NPpc-open L (L € ERPPCO(M , TR (X)) having p such that p € L . the set of all
JPpc -interior point of K is named 9tfp -interior and symbolled by 9tPp.int(K) .

Theorem 2.14.[14] Let K be a subset of Jt.Top. S. (JV[, TRLeg (X)) . Then

D1) NBpcint(K) S K

D2) K € Nfpco(M,7x(X)) if and only if K = NBpcint(K)

D3) NBpcint(¢p) = ¢ and NPpcint(M) = M

D4) if A< B, then NPpcint(A) S NPpcint(B)

D5 ) NPpcint(A) U NPpcint(B) € NPpcint(AUB)

D6) NPpcint(ANB) € Nfpc — int(A) N NPpc — int(B) .

Definition 2.15.[14] Let A be a subset of 9t.Top. S. (M ,TR(X)) is said to be NPpc -
closure of A define as the intersection of all 9tfp.-closed containing A , that means
NBpcclo(A) =N {K 2 A: K € RPpcc(M,1x(X))} .

Proposition2.16.[14] For any subset A and B of 9t.Top.S. (]\/[ , TR (X)) , then

WI1)IfA € B, then NPpcclo(A) S NPpcclo(B)

W2) NBpcclo(ANB) € NPpcclo(A) N NPpcclo(B)

W3) RBpcclo(A) UNPpcclo(B) S NPpcclo(AUB)

W4) K € NPpcclo(K)
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W3) NPpcclo(p) = ¢ and NPpcclo(M) =M .
Definition2.17[13]. For a Nano subset H of 9t.Top.S (M,TRLeq(X)) is Nano 6-

open(resp. , Nano semif-open , Nano pref-open) set if for each x € H , there exists a Nano
open(resp. , Nano semi-open , Nano pre-open) set G such that x € ¢ € Jiclo(G) c H .

Definition 2.18.[7] Let <JV[, TRLeq (X)) and (7—[, T;Leq (Y)) be two 9. Top. S, a function
f: (]V[ » TRLeg (X)) — <.‘7—[ , T;Leq (Y)) is called Nano continuous if the inverse image of
every Nano — open set in H is Nano open in M.

Definition 2.19[8] Let (M, TRLeq (X)) and (7—[, T,’QLeq (Y)) be two Jt.Top. S, a function
f: (]V[ » TRLeq X )) — (7—[ , T;Leq (Y)) is said to be Nano contra continuous, if the inverse
image of every Nano open set in H'is Nano closed in M.

Definition 2.20[2] Let (]V[, TRLeg (X)) and (7—[, T;Leq (Y)) be two 9t.Top. S, a function
f: (]V[ ' TRLeg 0.4 )) — <Il—[ , T;Leq (Y)) is called Nano S-continuous if the inverse image of
every Nano — open set in H is Nano £ -open in M.

Definition 2.21.[14] A function f: (M, TRLeg (X)) — <ETE, rﬁLeq (Y)) is known as
Nano fp. -continuous ,if f~1(K) in M is Nano Sp. -open for every Nano open set K in 9.

Definition 2.22.[14] Let (]V[, TRLeg (X)) and (7—[, TRL oq (X)) be two Jt.Top. S, a function
f: (JV[, TRLeq (X)) — (7—[, TRL o (X)) is  named Bpc-Irresolute, if f1(B) €
NPpco (M, TRLeg (X)) for every B € Nfpc0 (7—[, TRL o (X)) .

Definition 2.23.[10] Let (]V[, TRLeg (X)) and (7—[, T;Leq (Y)) be two Jt.Top. S, a function
f: (M ) TRLeq 0.4 )) — (7—[ , T;Leq (Y)) is said to be Nano pre continuous, if the inverse
image of every Nano open set in H'is Nano pre-open in M.

Definition 2.24.[8] Let (M, TRLeg (X)) and (3—[, T;Leq (Y)) be two Jt.Top. S, a function
f: (]V[ ) TRLeg 0.4 )) — (7—[ , T;Leq (Y)) is said to be Nano contra pre continuous , if the
inverse image of every Nano open set in H'is Nano pre-closed in M

Definition 2.25.[11] Let (JV[, TRLeg (X)) and (7—[, T;Leq (Y)) be two 9. Top. S, a function
f: (]V[ » TRLeg 0.4 )) — (17-[ , TR Leq (Y)) is said to be Nano perfectly continuous if the inverse
image of every Nano -open set in H is Nano clopen in M.

Definition 2.26[11] Let (]V[, TRLeg (X)) and (3—[, T;Leq (Y)) be two Jt.Top. S, a function
f: (JV[ » TRLeg X )) — (7—[ TR Leq (Y)) is said to be Nano strongly continuous if the inverse
image of every subset in H is Nano clopen in M.

Definition 2.27.[13] A subset A of 9t.Top. S (M, TRLeg (X)) is said to be Nano §-open
if for each x € A there exist a Nano open set G such that x € G € NintNcl(G) S A.
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Proposition 2.28 [1] If K € No (]V[, TRLeq(X)) and L € NPo (M, TRLeq(X)>, then
KNL € NBo (M, Tria, (X)>

Proposition 2.29. If K € NpLpc0 (]V[, TRLeq(X)> and L € tCLP (M, TRLeq(X)>, then
KNnLEeNRLBpco (M, TRLeq(X))

Proof: Letr € KN L,thenr € K andr € L Since K € Nfpc0 (M, TRLeq(X)), then there
is | € 9tPc (M, TRLeq(X)> such that r € ] € K. Since L € No (M, TRLeq(X)), then by
Proposition 2.28, K N L € 9tPo <JV[, TRLeq(X)>'

Also, L € NPc <JV[ rRLeq(X)>, then JNL € 9tPc (M, TRLeq(X)> such that r € JNL S
KnNnL.Hence KNL € NLpco (]V[, TRLeq(X)).

Definition 2.30.[8] Let (M, TRLeg (X)) be a Jt.Top. Sand let K S M, the set Nker(K) =
N {H: K S H,H € %o (]V[, TRLe, (X))} is known as Nano kernel of K simply by Stker(K).

Proposition 2.31.[8] Let (]V[, TRLeg (X)) be a N.Top. S and let K,L € M , then

J1) p € Ntker(K) if and only if K N O # ¢ for any O € Nc (]V[, TRLeg (X)) containing

p.
J2) If K € L, then tker(K) < Jtker(L).

I3)IfK € Jto (]\/[, TRLeq(X)>, then K = Nker(K).

3 Nano contra fSp--continuous function

Definition 3.1 Let (]V[ ) TRLq X )) and (N , T;Leq (Y)) be two Jt.Top. S, then a function

f: <]V[ , TRLeq(X)) — (]\f , T;Leq(Y)) is named Nano contra [p.-continuous if the

inverse image of every Nano open set in V' is Nano fBp.-closed set in M .

Example 3.2. Let H ={a,b,c,d} and f/p = {{a},{b},{c}.{d}} . X = {c,d} , then
(X)) = {H, ¢,{c, d}} . Assume that M ={a,b,c,d} , equipped with M/R =
{{a,c},{b},{d}} , Y=1{b,d} , then 7x(Y)={M,¢,{b,d}} . Define function
9: (701 00) = (M, 70,y (1)) 25 9(@) = @, 9(0) = b, g(c) = ¢, 9(d) = d , then g

is Nano contra fSp--continuous .
Lemma 3.3. Every Nano clopen is Nano fp.-closed .

Proof : Let K be any Nano clopen subset of 9t.Top. S (M , T;Leq (Y)) ,then M — K is

also clopen subset of 9t.Top. S (M , T;;Leq (Y)) , it follows M — K is -open and pre-closed

, then foranyp € M — K wehavep € M — K € M — K that is M — K is Nano [p--open .
Consequently K is Nano Sp--closed .
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Proposition 3.4. Every Nano strongly continuous is Nano contra [p.-continuous and
Nano [p-continuous.

Proof: Let h : (]\/[ ) TRLq X )) — (ER, T§Leq (Y)) be Nano strongly continuous function
and let B € Jto (iR, T;Leq (Y)) , then h™1(B) is a Nano clopen set in 9. Top. S (]V[, TRLeg (X))

. By Lemma 3.3 , h™'(B) € NPpcc (M, TRLeq(X)) . Hence h is Nano contra [p.-

continuous.

Remark 3.5. Nano contra fp--continuous and Nano [p--continuous functions are
independent as showing in the following example

Example 3.6.

1-Consider Example 3.2, g is Nano contra Sp--continuous but not Nano fp--continuous

2. Let M ={a,b,c,d, e}, M/p ={{a,c},{b}.{d},{e}} . X ={a,d,e} then 7,(X) =
{M, ¢,{e,d},{a,c}{a,cd, e}} and Nt = {x,y,z,w}, m/R* = {{x}, {y, z}, {W}} Y = {x,z},
then tp-(V) = {R, ¢, {x}, {3, 2}, {x,y,2}} . Define f:(M, tRLeq(X)> . (J\f, T;Leq(Y)) as

f@=x,f(b)=w,f(c)=y,f(d) =2z,f(e) =y, then f is Nano Bp--continuous but
not Nano  contra  fpc-continuous  since  f'({x,v,z}) ={a,c,d, e} &

NPpcc (JV[, TRLeg (X)).
Proposition 3.7. If ¢ is a mapping from 9. Top. S (]V[ » TRLgg 0.4 )) into any Nano regular

(TR, TRLeq (Y)) is Nano contra fSp--continuous then ¢ is Jtfp.-continuous function.

Proof: Let p be an arbitrary point of M and let H be a Nano open set containing ¢ (p)
in Jt. Since Jt is Nano regular space, then there is T € Jto (ER, TRLeq (Y)) containing ¢ (p)
such that 0tcl(T) S H. Since ¢ is Nano contra Sp.-continuous, then by Proposition 2.7 there
exists K € NPpco (M, TRLeg (X)) containing p such that @(K) € 9Ncl(T) S H. Hence ¢ is
NLp-continuous function.

Proposition 3.8 If ¢ is a mapping from Nano Pre Frechet space (]V[ » TRLeg 0.4 )) into any

Jt.Top. S (]\f , TRLeq(X)) is Nano contra f-continuous, then ¢ is Nano contra fSp.-

continuous.

Proof : By proposition 2.9

Proposition 3.9 Every Nano contra p.-continuous is Nano contra f-continuous.

Proof : follows from Definition 2.10

Proposition 3.10 Every Nano pre-continuous and Nano contra -continuous is Nano
contra fSp--continuous.

Proof': Let ¢: (M ) TRLeg 0.4 )) — (iR, TRLeg (Y)) be both Nano pre-continuous and Nano
contra B-continuous ,, let W € Jic (]V[ » TRLeg X )) , since ¢ is Nano contra [-continuous ,
then @~ 1(W) € Npo (]\/[, TRLeg (X)) again W € Jc (]\/[, TRLeq(X)) , since ¢ is Nano pre-
continuous , then @ 1(W) € NPc (M ) TRLeq 0.4 )) . Consequently , @ (W)€

N Bpco (]V[ ) TRLeq X )) . Hence ¢ is Nano contra fp--continuous.
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Definition 3.11 A 9t.Top. S (M ' TRLeq X )) is said to be Nano locally fpc-indiscrete if
every JtfBpc-open is Nano-closed

Proposition 3.12 If is a mapping from Nano locally fp--indiscrete (M » TRLeg X )) into

any N.Top. S (‘ﬁ, TRLeg (Y)) is Nano contra fpc-continuous then Y is 9Jt-continuous
function.

Definition 3.13 A 9. Top. S (M, TRLeg (X)) is said to be Nano Bp.-space if every Nfpc-
open is Nano-open.

Theorem 3.14. Let <JV[, TRLeg (X)) and (ER, TRL o (Y)) be two Jt.Top. S. For a function

w: (]V[ ) TRLeq X )) — (ER, TRL o, (Y)) , then the following statements are equivalent .

El) @ is Nano contra Sp--continuous function.

E2) The inverse image of every Nano closed set in 9t is Nanofp--open in M .

E3) @(NPpccl(T) € Nker(w(T)) , for any subset T of M .

E4) NPpccl(w™t (L)) € w1 (ker(L)) , for any subset L of €.

Proof : E1I=E2 Let @ be Nano contra p.-continuous and let K is Nano closed set in 9t ,
then ! — K is Nano open. By utilizing E1) @~ (9t — K) is 9NMPpc-closed in M, and since
o ITMN—-K)=M —wo 1 (K), thenw ! (K) is Nano Bpc-open in M.

E2=E3 Assume that T be any subset of M , suppose that p & Jt ker(w(T)) .By

Proposition 2.31, there exists H € Jtc (SR, TRL o (Y)) having p such that @w(T)NH = ¢ ,
soTNw 1(H)=¢, thatis TEM —w 1 (H) .
By applying E2, @~ (H) € NPpc0 (JV[, TRLeq(X)>- It follows NPpccl(T) € M —

@ (H) = RPpccl(T) N @ 2 (H) = ¢ = @(NPpccl(T)) N H = ¢p. Accordingly, p &
w(ﬁtﬁpccl(T)). Hence @w (N Ppccl(T) € N ker(w(T)).

E3=E4 Let L be a subset of 9. Top. S (ER TRL o (Y)) ,then by applying E3 we have
@(Rfpccl(@ (L)) € Nker (w(m (1)) € Nker(L) = Rpccl(w (L)) <
o~ (Jtker(l)) .

E4=El Let K € Jto (iﬁ, TRL*eq(Y)) , then by applying E4, NPpccl(w™ (K)) S

w1 (Jtker(K)) and by Proposition 2.31 (3), @ !(Jtker(K)) =@ 1 (K) that is
SRﬁPCCl(w_l (K )) € @ ! (K) . Hence @w is Nano contra Bpc-continuous function .

Proposition 3.15 If ¢ is a mapping from Nano Bp--space (]V[ , TRLeq(X)) into any

Jt.Top. S (iTt, TRLeg (Y)) is Nano contra fp.-continuous then 1 is It contra continuous
function.
Proposition 3.16 If ¢: (M , TRLeq(X)> — (ER, T;{,Leq(Y)> is Nano fpc-Irresolute and

¢:<9?,T,’§Leq(Y)>—>(T,TﬁLeq(Z)> is Nano contra fpc-continuous, then o

Q: (]V[ ) TRLeq X )) — (T, TﬁLeq z )) is Nano contra Bp.-continuous.
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Proof: Let K € 9t0 (T,TﬁLeq(Z)). Since ¥ is Nano contra [pc-continuous, then

P 1(K) € NPpcC (MrTRLeq(X)> and since ¢ is Nano [pc-Irresolute function, then

e (YHK)) = W o 9) LK) € NBpcC (]V[, TRLeq (X)). Hence 1 o ¢ is Nano contra fBpc-
continuous.
Proposition 3.17 If ¢: (M ) TRLeq 0:¢ )) — (iﬁ, T};Leq (Y)) is Nano contra fSp--continuous

and Y: (iR, TRLeg (Y)) - (T, T;;Leq “z )) is Nano continuous,

then ¥ o ¢: (M ) TRLeg 0.4 )) — (T, T,*;Leq z )) is Nano contra fp.-continuous.

4 Nano almost contra fp--continuous function

Definition 4.1. A function ¢: (‘U, TRLeg 0.6 )) — (V, TR oq (Y)) is named Nano almost
contra Bpc —continuous if @ 1 (K) € NPpcc (u, TRLeq (X)) for any K€

mfRO (V, TRL*eq (Y)) .

Proposition 4.2. Every Nano contra fSp- —continuous function is Nano almost contra
PBpc — continuous .

Proof : Let ¢: (U, TRLeq (X)) - (V, TRL* o (Y)) be Nano contra Bp — continuous and
let K € 9tRo (V, TRL*eq(Y)> , then K € No (V, TRL*eq(Y)>. But ¢ is Nano contra Bp. -

continuous, thus ¢~ ! (K) € NPp.c (’U, TRLeg X )) . Hence ¢ is Nano almost contra fBp -

continuous .
The converse of Proposition 4.2 may not be true as showing in the following example.

Example 4.3 consider the same set an Example 3.6.(2). Let M = {a, b, c,d, e}, M / R=
{{a, c}, {b},{d}, {e}} ,X ={a,d, e} then Tx(X) = {M, ¢,{e,d},{a,c}{a,c,d, e}} and 9t =
{x,vy,z,w} , ER/R,k = {{x}, {y, z}, {W}} , Y = {x, z}, then T+ (Y) =
{SR, (Pr {X}, {3’: Z}, {X, 3’» Z}} . Deﬁne f: (M, TRLeq (X)) — (Nr T;’Leq (Y)> as f(a) =

x,f(b)=w,f(c)=y,f(d)=z,f(e) =y , then f is Nano almost contra Sp. -
continuous but not Nano contra fp. -continuous

Proposition 4.4. Let a function ¢: (‘U, TRLeg (X)) — (V, TRL*eq(Y)) be Nano almost

contra fpc -continuous if and only if for each p € U and any K is JtRc-set of V containing
@(p) , there exists a Nano Spc-open set T containing p such that ¢ (T) € K.
Proof : Suppose that ¢ is Nano almost contra Pp.-continuous . Let K €

NRc (V, TRL* (Y)) containing @(p) for some p € (‘u, TRLeg (X)) , then V—-K €
NRo (V, TRL* o (Y)) .since ¢ is Nano almost contra Pp.-continuous , then ™! (V — K) =

U— @ 1 (K) € NPpcC (‘U,TRLeq(X)) ,consequently , ¢ 1 (K) € NPpco <U,TRLeq (X))
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containing p . set @ 1 (K)=T , then @(T)=¢(p 1(K) S Kwhere TE€
JtPpco (u, TRLeq X )) containing p .
Proposition 4.4. For a function ¢: (M ) TRLeg 0.4 )) — (iR, Th Leq (Y)) , then the following

are equivalent .
El) ¢ is Nano almost contra Sp--continuous .

E2) ¢ 1 (K) € NPpco (M, TRLeq (X)) , for any K € MN6So (ER, TRLeq (Y)) .

E3) ¢ 1 (L) € NPy int ((p‘1 (iRcl(L))) , for any L € 9So (ER, TRLeq (Y)).

Proof: EI=E2 . Let K € Jt6So (ER, TRLeg (Y)) , then for every p € K , there exists G €
NSo (m Tt (Y)) such that p € G € Nel(G) € K . Accordingly , K = URcIRNint(G;) , it

follows that ¢ (K) = ¢~ (U; RclNint (G;)) = U; o (NclNint(G;)) . By El , ¢ is
Nano almost contra fpc-continuous , then by Proposition 2.11 , ¢! (ERCZERint(Gl-)) €

NBpco (M, Thie, (X)) for cach i That is ¢~ (K) € MBpco (M, Thte, (X)) .

F2—E3 . Let L € 9So (ER Thio, (Y)) then Rel(L) € NRe (iR T;Leq(y)) . Accordingly
 Nel(L) € NS0 (srt Thio, (Y)) By applying E2 ¢~ (Rcl(L)) € RBpco (M, Thia, (X)) .
This implies that % (L) € ¢~ (Rel(L)) = Rppc int (9 (Rel(L))).

E3=El . Let H € NRc (?R, TRLeg (Y)) ,then H € 9t6So (iR, TRLeg (Y)) , by applying E3
@ 1 (H) S NPpc int ((p‘1 (iftcl(H))) = NPBpc int(p~ (H)) . Hence ¢ is Nano almost

contra fSp--continuous function .
Proposition 4.5. For a function ¢: (JV[ ) TRLeg 0.6 )) — (SR, TR Leq (Y)) , then the following

are equivalent .
E1l) ¢ is Nano almost contra [Sp--continuous function .

E2) RBpc cl(p™t (K)) € ¢~ (RScl(K)) for any K € No (m Thia, (Y)).

E3) RBpc cl(o™! (H)) € ¢t (RintNel(H)) for H € No (sn Tho, (Y)) .

Proof : EI=E2 . Let K € %o (ER T;;Leq(Y)) . since NScl(K) = KURintNcl(K) =
RintNel(K) , then RScL(K) € NRo (ER Thie, (Y)) . By applying E1 , ¢~ (RScl(K)) €

mﬁpcc(yvr, TRLeq(X)> and since ¢~ (K) € 91 (RScl(K)) , then RBpe cl(9™* (K)) €

o~ (NScl(K)) .
E2=E3 . Follows directly from that fact 3tScl(4) = NintIcl(A) for any .

E3=El . Let H € tRo (SR, TRLeg (Y)) , then H € Jto (SR, TRLeg (Y)) . By applying E3
NPpc cl(p ™t (H)) € o=t (MintNcl(H)) = ¢ 1 (H) . Consequently , ¢ *(H)E

NLpcc (M » TRLeg X )) . Hence ¢ is Nano almost contra fp.-continuous function .

5 Nano almost S -continuous function .
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Definition 5.1. A function f: (M,TRLeq(X)> — (?t, T;Leq(Y)) is Nano almost fSpc -

continuous if and only if the inverse image of any Nano regular open set in 9t is Nano [p.-
open in M .

Proposition 5.2. A function f: (M, TRLeg (X)) — <§R, T};Leq (Y)) is Nano almost fp. -
continuous if and only if for each r € M and each K € Jto (ER, TELeq (Y)) containing f(r) ,
there exists L € tfpc0 (]V[ + TRLeq X )) containing 7 such that f (L) € NintNcl(K) .

Proof : Let K € No (ER, T;Leq (Y)) containing f(r) , for r € M , then NintNcl(K) €
JNRo (ER, ‘c;Leq(Y)) , since f is Nano almost Bp; —continuous . f ! (ﬂ?intﬁtcl(l{)) €
NPpco <]V[, TRLeq(X)> such  that 7€ f 1 (NintNcl(K))=L , then LE
NPpco <]\/[, TRLeg (X)) and L € 1 (ERintERCI(K)) consequently , f(L)) € NintNcl(K).
Conversely , let K € 9tRo (SR, TRLeg (Y)) , then K € NintNcl(K) , by hypothesis there
exists L € MBpco (]\/[, TRLeq(X)) such that  f(L)) € NintRel(K) then L€

FERintNcl(K)) =L = 1K), f 1 (K) € NPpco (]V[, TRLeq(X)) . Hence f is Nano
almost Sp. -continuous function .
Proposition 5.3. A function f: (]V[ ) TRLeq X )) — (SR, TRLeg (Y)) is Nano almost Bp¢ -

continuous if and only if the inverse image of any Nano regular closed set in 9t is Nano [p.-
closed in M .
Proposition 5.4. Every Nano fp. -continuous is Nano almost fp. -continuous .

Proof : Let ¢: (]V[, TRLeg (X)) — (ER, T;’;Leq(Y)) be Nano Bpc -continuous , let A €
JNRo (SR, T;Leq (Y)) , then A€ NPo (‘ﬁ, T};Leq (Y)) since ¢ is Nano [p; -continuous
L@ 1 (A) € NPpco (M ' TRLeg 0.6 )) . Hence ¢ is Nano almost fp. -continuous function .

Proposition 5.5. A function ¢: (]V[ ) TRLeg X )) — <ER, TRLeg (Y)) is Nano almost fp¢ -

continuous if and only if the inverse image of every Nano &-open set in 9t is Nano [Spc-
openin M .

Proof : Suppose ¢ is Nano almost [p. -continuous and let H € 9tdo (ﬁt, T,’;Leq (Y)) .To
show that ™1 (H) € NPpc0 (]V[, TRLeq(X)> ,if @1 (H) = ¢ , then the proof’is done . if not
,let x € 971 (H) , then ¢(x) € H and since H € Ndo (iR, T;Leq(Y)) , then there is L €
o (iR, T,“;Leq(Y)) such that ¢(x) € L € Nintcl(L) € H, since NintIicl(L) €
NRo (,‘R, TRLeg (Y)) and since ¢ is Nano almost f3p. -continuous , then ¢! (iRintiRcl(L)) €

NPpco (]V[, TRLeq (X)) , consequently ¢~ 1 (H) € NPpco (]V[, TRLeq (X)) .
Conversely , suppose that the inverse image of every Nano J-open set in 9t is Nano

Bpc-open in M, to show that ¢ is Nano almost Sp. -continuous . Let K € Jto (ER, T;Leq (Y))
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containing  @(x), then  NintNcl(K) € Ndo (SR, T;Leq (Y)), by  hypothesis
ot (ERintSRcl(K )) € NBpco (]V[ ) TRLeq 0:¢ )) containing x .  Accordingly
Q ((p‘l (ﬁtint‘ﬁcl(l())) c NintNcl(K) , set ¢t (iftint‘ﬁcl(]()) =U = ¢)c

NintIcl(K) , thus ¢ is Nano almost Sp. -continuous function .

Proposition 5.6. A function ¢: (M ) TRLeq X )) — (ER, T;‘{,Leq (Y)) is Nano almost fSpc -
continuous if and only if ¢: <]V[ ) TRLeg X )) — (ER, T;SLeq (Y)) Nano Bpc -continuous .

Proof : Suppose that ¢: (JV[ ) TRLeg X )) — (SR, T,’QLeq (Y)) is Nano almost fpc -
continuous , and let K € (9?, T;;ieq (Y)) , then K € JtRo (‘R, T;Leq (Y)) , then ¢ 1 (K) €

NPBpco (]V[, TRLeq (X)) . Thatis ¢: (]V[, TRLeg (X)) — (ER, T};SLeq (Y)) Nano Bp. -continuous

Conversely , let ¢: (]V[ ) TRLeq X )) — (iR, T;;SLeq (Y)) Nano Spc -continuous. Let H €
No (iR T;;Leq(Y)) . containing @(X) , thus NintNcl(H) € NRo (sn Thie, (Y)) containing
@(X) . Accordingly NintNcl(H) € (ER, T;SLeq (Y)) , since @ (]V[, TRLeg (X)) —
(ER, T;SLeq (Y)) Nano Ppc  -continuous , then ¢! (SRintiRcl(H )) €
NBpco <JV[, Thiey (X)) = ¢ (¢~ (RintNcl(H))) € NintItel (H) , let

o1 (iRintiRcl(H)) = U . Hence ¢: (JV[, TRLeg (X)) — (ER, TRLeg (Y)) is Nano almost Bp -
continuous .
Remark 5.7. A N .Top .S (ER, T}ieq (Y)) is the family of all Nano regular open set .

Definition 5.8. A N .Top .S (M , TRLeq(X )) is said to be Nano Hyper connected if
Ncl(G) =M forany G € No (]\/[, TRLeq(X)> .

Proposition 5.9. If (ER, TRLeg (Y)) is Nano Hyper connected , then every map
Q: (]\/[, TRLeg (X)) — (9?, T}'{,Leq (Y)) is Nano almost Sp. -continuous .

Proof : Let (ER, T;‘;Leq (Y)) is Nano Hyper connected , let K € Jto (ETE, T;Leq (Y))
containing ¢ (X), then Jtcl(K) = 9t . Consequently NintIcl(K) = N . That is for any L €
NPpco (M, TRLeg (X)) containing x , @(L) € N = NintIRcl(K) . Hence ¢ is Nano almost
Bpc -continuous .

Theorem 5.10. A function ¢: (M, TRLeq (X)) — <5R, T;{,Leq (Y)) is Nano almost [p. -
continuous if and only if for any K € o (SR, TRLeq (Y)) , @ H(K) S NPpc —

int ((p‘1 (il?int‘ﬁcl(l())) :
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Proof : Suppose that ¢ is Nano almost fp. -continuous and let K € Jto (iR, T;Leq (Y))
.Letx € ¢ 1 (K) , then p(X) € K € No (SR, T,’QLeq(Y)> , since ¢ is Nano almost Bp. -

continuous , then there is L € 9tfpc0 <JV[ 1 TRLeg X )) containing x such that @(L) S
NintNcl(K) .  Consequently , x€LC @t (MintNcl(K)), it follows
o1 (RintNel(K)) € NBpeo (M, TRLeq(X)) . That  is  x € NBpr —
int ((p‘l (iRintERcl(K))) .Hence ¢ 1 (K) € NPpc — int ((p‘l (SRintiRcl(K))) .
Conversely , suppose that ¢ ™1 (K) € NPpc — int (go_1 (ERintERCl(K))) for any K €
Jto (ER, T;Leq (Y)) . To show that ¢ is Nano almost fBp. -continuous , let x € (]V[, TRLeg (X))
and let L € Jto (ER, T;‘{,Leq (Y)) containing @ (x) , then by hypothesis x € ¢~ (L) € NPpc —

int (¢ (RintRel(L))) € ¢~ (JintRel(L)) . take Rfpe — int (o~ (RintSNel(L)) ) =
U. Thatis @(U) € NintNcl(L) . Hence ¢ is Nano almost Sp. -continuous .
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