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Abstract
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properties and introduce the notion of regular generalized N—precontinuous functions.
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1.Introduction

Through this paper, all topological spaces assumed no with separation axioms. Let A be a
subset of a topological space (X,T). The closure and the interior of A will be denoted by CI(A) and
Int(A), respectively. A is called preopen set [8] if AZ Int(CI(A)). The complement of preopen set
is called preclosed set. The p—closure set of A is defined as the intersection of all preclosed
subsets of X containing A and is denoted by Clp(A). The p—interior set of A is defined as the union
of all preopen subsets of X contained in A and is denoted by Intp(A). A subset A is called regular
open set (simply r—open) [12] if A = Int(CI(A)). The complement of r—open set is called regular
closed (simply r—closed).

A subset A of topological space (X,7) is called a N—preopen set [1] if, for each xeA, there
exists a preopen set Ux containing x such that Ux —A is a finite set. The complement of N—preopen
set is called N—preclosed set. The N—closure set of A is defined as the intersection of all
N-preclosed subsets of X containing A and is denoted by CIn(A). The N—interior set of A is
defined as the union of all N—preopen subsets of X contained in A and is denoted by Intn(A).

In 1970, Levine [7] introduced the notion of generalized closed sets. A subset A of a topological
space (X,7) is called generalized closed (simply g—closed) set if CI(A) & U whenever AC U and
U is open subset of X. The complement of g—closed set is called generalized open (simply g—open)
set. In [9] they introduced the notion of generalized preclosed sets. A subset A of a topological
space (X,T) is called generalized preclosed (simply g—preclosed) set if Clp(A) & U whenever A
C U and U is open subset of (X,T). The complement of g—preclosed set is called generalized
preopen (simply g—preopen) set.

In 1993, Palaniappan and Rao [11] introduced the notion of regular generalized closed sets. A
subset A of a topological space (X,7) is called regular generalized closed (simply rg—closed) set, if
CI(A) € U, whenever AC U and U is r—open subset of X. The complement of rg—closed set is
called regular generalized open (simply rg—open) set. In [2], Al-Omari and Noorani introduced the
notion of regular Generalized (@ —closed sets, and [5] introduced the notion of regular
generalized preclosed sets. A subset A of a topological space (X,7) is called regular generalized
preclosed set (simply rg—preclosed), if Clp(A) © U, whenever AC U and U is r—open subset of(X,
T). The complement of rg—preclosed set is called regular generalized preopen (simply rg—preopen).

This paper is organized as follow: Section 2 is devoted to some preliminaries. In Section 3, we
give the concept of regular generalized N—preopen sets by utilizing the N—closure operator and we
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study its topological properties. Furthermore, the relationship with the other known sets will be
studied. In Section 4 we introduce the notion of generalized N—precontinuous functions and
approximately N—precontinuous.

2. Preliminaries
In this section, we provide some preliminary works that serve as background for the present
study.

Theorem 2.1. [12] A subset A of a topological space (X,7) is a r—closed set if and only if , A =
Cl(Int(A)).

Theorem 2.2. [12] Let Y be an open subset of a topological space (X,7). If, A is a r—open set in
(Y, T|Y) then A=G (Y for some a r—open set G in X.

Theorem 2.3. [12] Let (X,T) and (Y, © ) be two topological spaces. If A is a r—open set (X,T) and
Bisar—openset(Y,0),then AxBisar—openset (XXY,Ix pO).

Theorem 2.4. [8] Let A and B be two subsets in a topological space (X,7). If A is a preopen set in
X and B is an open set in X, then A[) B is a preopen set in X.

Theorem 2.5. [8] Let (X,7) and (Y, © ) be two topological spaces. If AxB is a preopen set in (X x
Y, Tx p)if,and only if , Ais a preopen set in (X,7) and B is a preopen setin (Y, 0).

Lemma 2.6. [3] For a topological space (X,7) and AC X, the following hold:
1. Intn(X — A) = X — CIn(A).
2. CIn(X — A) = X — Intn(A).

Definition 2.7. [3] A subset A of a topological space (X,7) is called generalized N—preclosed set
(simply Ng—preclosed) , if CIn(A) € U , whenever AC U and U is open subset of (X,7). The
complement of Ng—preclosed set is called generalized N—preopen set (Simply Ng—preopen).

Lemma 2.8. [3] Let Y be an open subset of a topological space (X,7). Then the following hold:
1. If A is a N—preopen set in (X,T) ,then A Y is a N—preopen set in (Y, T|Y ).

2. If A is a N—preclosed set in (Y,T|Y ) ,then A is a N—preclosed set in (X,7).

3. If Alisa N—preopen set in (Y, T |Y) ,then A is a N—preopen set in (X,7).

4. 1f ACY then CInlY (A) =CIn(A) N Y.

Definition 2.9. A function f : (X,T) = (Y, ©) of a topological space (X,7) into a topological
space (Y, 0 )is called:

1. precontinuous function [8] if f - (V) is a preopen set X for every open set U in Y 2. generalized

precontinuous function (simply g—precontinuous function) [10] if f ~ (U) is a g—preopen set in X

for every opensetUinyY .
3. N—precontinuous function [1] if f - (U) is a N—preopen set in X for every openset UinY .

4. generalized continuous function(simply g—continuous function) if f - (U) is a g—open set in X

for every opensetUinyY .
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5. Ng—precontinuous function [3] if f - (U) is a Ng—preopen set in X for every open

setUinyY.
6. regular generalized continuous function(simply rg—continuous function) [11] if f_1 (V) is a

rg—open set in X for every opensetUinY .
7. regular generalized precontinuous function(simply rg—precontinuous function) [5] if f - (V) is

arg—preopen set in X for every openset Uin Y .

3. Regular generalized N—preopen sets

Definition 3.1. A subset A of a topological space (X,7) is called regular generalizedN—preclosed
set (simply RNg—preclosed), if CIn(A) € U, whenever AC U and U is r—open subset of (X,7).
The complement of RNg—preclosed set is called regular generalized N—preopen set (simply
RNg—preopen).

Example 3.2. Let (R, Tu) be the real usual topological space on the set of real numbers R and ae
R. The set (a,+ oo ) is not RNg—preclosed set, since (a,* oo ) is a r—open and it is not N—preclosed
set. So, CIn((a,+ =0)) & (a,* oo ).To show that (a,+ oo ) is not N—preclosed set, suppose that it is
an N-preclosed set. Then, (—oo,a] is a N—preopen set. Hence there is a preopen set Ua in R
containing such that Ua() (a,+ =) = Ua — (— =0, @] is a finite set. Since Ua is a preopen set and
(a,+ oo ) is an open set in R, then ,by Theorem(2.4), the finite set Ua[) (a,+ oo ) is a preopen in R
and
UaM (a+ oo) S Int(Cl[Ua N (a,+ oo)]) = Int([UaN (a,+ oo)]) =¢.

This implies UaC (— oo, a], but this is a contradiction since

acUaC Int(Cl(Ua)) < Int(CI((— oo, a])) = Int((— oo, a]) = (— oo, ).

It is clear that every Ng—preclosed set is RNg—preclosed set. The converse of this fact need not be
true.

Example 3.3. In topological space (N, T), N={1, 2, 3,4, ..},
T={s3U{E:necN} Ea={n,n+1,n+2 ..},
the set E, is RNg—preclosed set since N is the only r—open containing E,. The set E; is not
Ng—preclosed set since E; is an open set and is not N—preclosed set, that is, Cln(E2) & E». The set
E> is not N—preclosed set since there is no a finite preopen subset of N containing x = 1. Let Uy be
a preopen set in N containing x = 1 such that Uy — {1} is a finite set. Then U, will be a finite set in
N. Since Uy is a preopen set in N, then

Ux — Int(ClI(Ux) = Int[{1, 2, 3, ..., Max(Ux)}] =¢.
This is contradiction.

Theorem 3.4. Every rg—preclosed set is RNg—preclosed set.

Proof. Let A be rg—preclosed subset of a topological space (X,7) and U be any r—open set such that
AcU. Since A is a rg—preclosed set, CIp(A) « U. Since CIn(A)eClp(A), then CIn(A)cU.
Therefore, A is a RNg—preclosed set.

In Example (3.3), Ez is RNg—preclosed set which is not Ng—preclosed set. That is, the set E5= {1}
is RNg—preopen set which is not Ng—preopen set.

Remark 3.5. For any topological space (X, 1), if X is a finite, then it’s clear that every subset of X
is a both RNg—preclosed and RNg—preopen set.
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Example 3.6. Let (X, 1) be a topological space where X = {a, b, ¢, d} and
t={¢, X, {a}, {b} {a b}, {a, b, c}}.

By the above remark, the set {b, c, d} is RNg—preopen set, but is not rg—preopen set since
X —{b, c,d} = {a} is r—open set and Clp({a}) = {a, ¢, d} € {a}.

We have the following implications for RNg—preopen set with theses sets:

Open —> preopen —> N-preopen

\J \J \J

g-open > g-preopen ? Ng-preopen

\J \J \J

rg-open > rg-preopen > RNg-preopen
Figure 1

Theorem 3.7. A subset A of a topological space (X,7) is a RNg—preopen set if, and only if, FC
Intn(A) whenever FC A and F is a r—closed subset of (X, 7).

Proof. Let A be a RNg—preopen subset of X and F be a r—closed subset of X such that FC A. Then
X —A is a RNg—preclosed, X ~AC X —F and X —F is a r—open subset of X. Hence, by Lemma
(2.6), X — Intn(A) = CIn(X — A) & X — F, that is, F Z Intn(A).

Conversely, suppose that F C Intn(A) where F is a r—closed subset of X such that FC A. Then
for any r—open subset U of X such that X —~AC U, we have X —-UC A and X — UC Intn(A).
Then by, Lemma(2.6), X — Intn(A) = CIn(X — A) € U. Hence X — A is a RNg—preclosed set.
That is, A is a RNg—preopen set.

Theorem 3.8. If A is a RNg—preclosed subset of a topological space (X,T) ,then CIn(A)—A does
not contain any nonempty r—closed set.

Proof. Suppose that F be a r—closed subset of X suchthat F & CIn(A) — A. Then FC X-A and
hence AC X — F. Since A is a RNg—preclosed set and X —F is a r—open subset of X, then CIn(A)
C X — Fand so F & X — CIn(A). Therefore, F = CIn(A) [ (X — CIn(A)) =¢. That is, F =¢.

Corollary 3.9. If A is a RNg—preclosed subset of a topological space (X,7), then CIn(A) — A
is a RNg—preopen set.

Proof. By Theorem(3.8), Cln(A) — A does not contain any nonempty r—closed set. That is, the only
r—closed set contained in Cln(A) — A isg. Hence F =¢ & Intn(CIn(A) — A). By Theorem(3.7),

CIn(A) —, A is a RNg—preopen set.

Theorem 3.10. If A is a RNg—preclosed subset of a topological space (X,7)and B & X. IFACB
C CIn(A), then B is a RNg—preclosed set.
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Proof. Let U be any r—open set in X such that BC U. Then AC B C U. Since Aisa
RNg—preclosed set , then CIn(A) < U. Since B C CIn(A) then

CIn(B) € CIn[CIn(A)] = CIn(A) < U.
That is, B is a RNg—preclosed set.

Theorem 3.11. Let A be a RNg—preclosed subset of a topological space (X,7). Then A =
Cln(Intn(A)) if and only if Cln(Intn(A)) — A is a r—closed set.

Proof. Let Cln(Intn(A)) — A be a r—closed set. Since Intn(A) € A and AC CIn(A), then
Cin(Intn(A)) —AC X - A = A € X — (CIn(Intn(A)) — A). Since A is a RNg—preclosed set and
X — (Cln(Intn(A)) — A) is a r—open set containing A ,then CIn(A) € X — (CIn(Intn(A)) — A), this
implies

Cln(Intn(A)) — ACS X — CIn(A).
Therefore,
Cln(Intn(A)) — A < CIn(A) N (X — CIn(A)) =4.

Hence Cln(Intn(A)) — A =4, that is, CIn(Intn(A)) = A.
Conversely, if A = Cln(Intn(A)) then Cln(Intn(A))—A =4 and, hence, Cln(Intn(A))—A
is a r—closed set.

Theorem 3.12. Let Y be an open subspace of a topological space (X,7) and ACY . If Aisa
RNg—preclosed subset of X, then A is a RNg—preclosed setinY .

Proof. Let O be a r—open subset of Y such that AC O. Then, by Theorem (2.2), O = U Y for
some r—open set U in X and so AC U. Since A is a RNg—preclosed subset of X, then CIn(A) C U.
By Lemma(2.8), CIn|]Y (A) =CIn(A)( 1Y C U Y = 0. Hence Alisa RNg—preclosed setinY .

Lemma 3.13. Let (X,7) and (Y, 0 ) be two topological spaces. If A x B is a nonempty N—preopen
setin (XxY,Tx p), then A is a N—preopen set in (X,7) and B is a N—preopen set in (Y, 0 ).

Proof. Let xe A be arbitrary point in A. Since A x B is a nonempty, take y<B. Since

(X, ¥)eA x B and A x B is a N—preopen set in (X x Y, T x ©), then there is a preopen set U x G in
X x'Y containing (x, y) such that (U x G) — (A x B) is a finite. Since
(U-A)x(G-B)_(UxG)~(AxB),

then (U —A)x(G-B) is a finite, that is, U —A is also a finite. Since U xG is a preopen in X x Y,
then by, Theorem(2.5), U is a preopen set in (X,7) and G is a preopen set in (Y, © ). Hence Ais a

N—preopen set in (X,7) and similarly, B is a N—preopen set in (Y, 0 ).

Lemma 3.14. Let (X, T) and (Y, £ ) be two topological spaces and A x B is a subset of X x Y .
Then Intn(A x B) € Intn(A) x Intn(B).

Proof. Let (X, y) <Intn(AxB). Then , by the definition of Intn(AxB) there is at least one a
N-preopen set U x G in X xY such that (x,y) ¢ UxG € AxB. Thisimpliesx ¢ U € Aandy
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e G C B. Since U x G is a N—preopen set in X x Y , then by Lemma, (3.13), U isa N—preopen
setin X and Gisa N-—preopensetinY. Then X < Intn(A) and y < Intn(B). This implies (X, y) <
Intn(A) x Intn(B). Therefore Intn(A x B) C Intn(A) x Intn(B).

Theorem 3.15. Let (X,7) and (Y, ) be two topological spaces. If A x B is a nonempty
RNg—preopen set in (X x Y, Tx ), then A is a RNg—preopen set in (X, 7) and B is a
RNg—preopen set in (Y, 0).

Proof. Let F1 be a r—closed set in X and F2 be a r—closed set in Y such that F1 C Aand F, C B. By
Theorem(2.3), F1 X F is a r—closed set in X x Y . Since A x B is a nonempty RNg—preopen set in
(X xY, Tx p)and by Lemma (3.14), then

F1x F, C Intn(A x B) € Intn(A) x Intn(B).

This implies F1 Z Intn(A) and F2 & Intn(B). Hence A is a RNg—preopen set in (X, T) and B is a
RNg—preopen set in (Y, 0).

4. Regular generalized N —precontinuous functions:
Definition 4.1. A function f: (X,7)— (Y, 0 ) of a topological space (X,7) into a space (Y, p ) is

. . -1 .
called regular generalized N—precontinuous function (simply RNg—precontinuous) if f U)isa
RNg—preopen set in X for every openset Uin Y.

Theorem 4.2. If f: (X,T) =(Y, ) is a RNg— precontinuous function, then for each xc X and
each open set U in Y with f(X) €U, there exists a RNg—preopen set V in X such that X<V and f(V)

cu.

. - -1 . .
Proof. Let x ¢ X and U be any open set in Y containing f(x). Put V = f (V). Since f isa
RNg—precontinuous, then V is a RNg—preopen set in X such that xe Vand f(V) € U.

The converse of the last theorem need not be true.

Example 4.3. Let f: (N, T) = (Y, 0 ) be a function defined by f(n)=aifn < Dand f(n) =bifn
£ D, where

T={¢,N, {1}, En, {IJUEn:En={n,n+1,n+2,..},ncNandn 2 6},
Y={a b}, o={4,Y,{a}} and D = {1, 2, 3, 4, 5}. The function f is not a RNg—precontinuous,

see Example (3.8), f ({a}) = D is not RNg—preopen set in N. On the other hand, for each n ¢ N
and each open set U in Y containing f(n), the set V= {n} is a RNg—preopen set N containing n and
f(v) € U

It is clear that every Ng—precontinuous function is RNg—precontinuous and the converse of this
fact need not be true.

Example 4.4. Let f: (N, T) = (Y, p©) be a function defined by f(1) =a and f(n) = b if n # 1,

where
N={1,2,3,4,.} T={s} U {En:n2N} En={n,n+1,n+2, ..},

Y ={a b}and o ={4,Y, {a}}. The function fis a RNg—precontinuous, since f {ap = {1}
and f (Y ) = N are RNg—preopen sets in N. The function f is not Ng—precontinuous, see

Example (3.3), f ({a}) = {1} is not Ng—preopen sets in N.

Univ. Aden J. Nat. and Appl. Sc. Vol. 24 No.1 — April 210



On regular generalized N—Preopen sets....... Khaled M. A. Al-Hamadi, Ali Qassem, Amin Saif

It is clear that every rg—precontinuous function is RNg—precontinuous function and the converse
of this fact need not be true.

Example 4.5. Let f: (X,7) = (Y, ©) be a function defined by f(1) = f(2) = c, f(3) = a, and f(4)
=bwhere X={1,2,3,4}, Y={a b, c}, T={4X {1, 2}, {4}, {1,2,4}}and o ={4,Y,{a b}}.
The function f is a RNg—precontinuous, see Example (??) f ({a, b}) = {3, 4} and f V)=X

are RNg—preopen sets in X. The set f ({a, b}) = {3, 4} is not rg—preopen set in X, since {1, 2}
isar—opensetin X and X — {3, 4} = {1,2} C {1, 2} but
Clp(X - {3,4})=Clp({1,2}) = {1, 2,3} & {1,2},

that is, the function f is not rg—precontinuous.

We have the following implications for RNg—precontinuous function with the other known
functions:

continuous > precontinuous > N-precontinuous

\J \J \J

g-continuous > g-precontinuous > Ng-precontinuous

\J \J \J

rg-continuous > rg-precontinuous > RNg-precontinuous
Figure 2

Theorem 4.6. A function f: (X, T ) = (Y, 0 ) of a topological space (X, 7) into a space (Y, ©)
is RNg—precontinuous if, and only if , f (F) is a RNg—preclosed set in X for every closed set F
inyY.

Proof. Let f: (X, T ) = (Y, P ) be a N—precontinuous and F be any closed set in Y . Then f
Y -F=X- f (F) is a RN—preopen set in X, that is, f (F) is RNg—preclosed set in X.
Conversely, suppose that f (F) is a RNg—preclosed set in X for every closed set Fin'Y . Let U
be any open set in Y . Then, by the hypothesis, f N Y-U)=X-f N (U) is a RNg—preclosed
setin X, that is, N (U) is a RNg—preopen set in X. Hence f is a RN—precontinuous.

Definition 4.7. A topological space (X,7) is called regular a generalized N— Ti—space (simply

r
g Twz—space) if every RNg—preclosed set in X is N—preclosed.
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r
Theorem 4.8. A topological space (X,T) is g Twe—space if, and only if, every RNg—preopen

set in X is N—preopen.

r
Lemma 4.9. A topological space (X,7) is g Tuw— space if, and only if, every singleton set in

X is either r—closed or N—preopen.

r
Proof. Suppose that (X,7) is g Tiz—space and {x} is not r—closed subset of X for some X ¢ X.

Then X — {x} is not r—open set in X. Hence X is the only r—open set containing X — {x}. That is, X

r
— {x} is a RNg—preclosed set in X. Since (X,7) is g Twe—space then X — {x} is a
N—preclosed set in X. That is, {x} is a N—preopen set in X.

Conversely, suppose that every singleton set in X is either r—closed or N—preopen. Let A be any
RNg—preclosed set in X and x < CIn(A). We show that x< A. By the Hypothesis, {x} is either
r—closed or N—preopen set in X. If {x} is r—closed and X £ A, then X ¢ CIn(A) — A € X — A.
Then {x} € X - A and so A € X — {x}. Since A is a RNg—preclosed set in X contained in
r—open set X — {x}, then CIn(A) € X — {x} and so{x} © X — CIn(A). Therefore {x} & CIn(A)
[\ [X — Cln (A)] = ¢, and this is a contradiction. Hence xe A, that is, CIn(A) = Aand so Ais a
N-preclosed. If {x} is N—preopen and x < CIn(A) ,then we have {x} [ A= ¢ ;. Hence x < A,
that is, CIn(A) = A and so A is a N—preclosed.

r
Lemma 4.10. Let (X,T) be a topological space. If (X,7) is a g Tuw—space, then every
RNg—preclosed set in X is N—preclosed.

Proof. Let A be a RNg—preclosed set in X. Suppose that A is not N—preclosed set. Then there is at

r
least X ¢ CIn(A) such that X# A. Since (X, T)is a g Twz—space then by Lemma(4.9), {x} is

either r—closed or N—preopen in X. If {x} is a r—closed set in X then X — {x} is a r—open set in X.
Since x € A, then A & X — {x}. Since A is a RNg—preclosed set and X — {x} is a r—open subset
of X containing A, then CIn(A) € X — {x}. Hence x < X — CIn(A) and this a contradiction, since
X e CIn(A). If {x} is a N—preopen and since X « CIn(A) ,then we have {x} (| A= ¢. Thatis, X <
A and this a contradiction. Hence A is a N—preclosed set in X.

r
Lemma 4.11. Let (X, T) be a topological space. If (X,T) is a Ng Tip—space, then every
RNg—preclosed set in X is Ng—preclosed.

Proof. From Lemma(4.10).

r
Theorem 4.12. Letf: (X, T ) = (Y, p©) be a function of a g Twe—space (X,T) into a space
(Y, p).If T is a RNg—precontinuous, then it is a Ng—precontinuous.

Proof. Let f: (X,T) = (Y, ) be a RNg—precontinuous function and U be any open set in Y.

_ r
Then f ' (U) is a RNg—preopen set in X. Since X is a g Tuz—space, then by Lemma, (4.11),

-1 . . . . . .
f (U) is a Ng—preopen set in X. That is, f is a RN—precontinuous function.
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r
Theorem 4.13. Letf: (X, T ) = (Y, ©) be a function of a g Tuz—space (X, T) onto a space

(Y, p). Then the following are equivalent:

1. f is g—precontinuous.
2. fis Ng—precontinuous.
3. fis RNg—precontinuous.

Proof. 1 = 2: Trivial.
2 = 3: Trivial.
3 = 1: By Theorem (4.12).

Lemma 4.14. Let Y be an open subspace of a topological space (X, T)and A C Y .If Ais a
RNg—preclosed subset in X, then A is a RNg—preclosed setin Y .

Proof. Let O be any r—open subset in Y such that A € O. Then O = U () Y for some r—open set
Uin X and so A € U. Since A is a RNg—preclosed subset of X, then CIn(A) € U. By
Lemma(2.8),

CIny A)=CIn(A) N YC UM Y=0.

Hence A is a RNg—preclosed setin Y .

Theorem 4.15. If f: (X, T ) = (Y, p) is a RNg—precontinuous function and A is an open

subspace of a topological space (X,7), then the restriction function
fIA: (A TA) = (Y, p)of fon A is a RNg—precontinuous.

-1 .
Proof. Let U be an open setin Y . since f is a RNg—precontinuous then f (U) is a RNg—preopen
set in X. Since A is an open in X, then A is a RN—preopen set in X.
-1 -1
Then f U) NA= (f | A) (U) is a RNg—preopen set in X. Hence, by Lemma(4.14), (f | A)
(U) € AisaRNg—preopen setin A. That is, f |A is a RNg—precontinuous.

-1

Definition 4.16. A function f: (X, T ) = (Y, p©) of a topological space (X,7) into a space (Y,
L) is called an approximately N—precontinuous function if CIn(A) <& f (V) whenever V is

ar—open subset of Y , A is a RNg—preclosed subset of X and AC f (V).

r
Theorem 4.17. A topological space (X,T) is N g Twe—space if, and only if, every function f : (X,
T) = (Y, p) is an approximately N—precontinuous for every topological space (Y, 0 ).

r
Proof . Suppose that (X, T) is g Twz—space, (Y, 0 ) be any topological space and f: (X, T )

— (Y, p) be any function from (X, 7) into (Y, 0 ). We show that f is an approximately
N-—precontinuous. Let V be a r—open subset of Y and A is a RNg— preclosed subset of X such that

_ r
ac f ' (V). Since (X, T)is g Twz—space ,then A is a N—preclosed, that is, CIn(A) = A. Then

CIn(A)=AC f (V). Hence f is an approximately N—precontinuous.

Conversely, Let A be any RNg—preclosed subset of X. If A =¢ ; then A is a N—preclosed. If A
#¢;thentake Y =X, p ={4, Y,Atand f: (X, T ) = (Y, o) is the identity function. By the
hypothesis, f is an approximately N—precontinuous. Since A is a RNg—preclosed subset of X and
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open in Y such that A C f (A) ,then CIn(A) C f (A) = A. Then CIn = A, that is, A is a

r
N-—preclosed. Hence (X, T)is ' N g T~ space.

Theorem 4.18. If the r — open and r — closed subset of X coincide , then a function f: (X, 7) =

. -1 . .
(Y, p) is an approximately N—precontinuous if, and only if, f (V) is a N—preclosed set in X
for every r—open subset V of Y .

Proof. Suppose that f: (X, T) = (Y, ©) is an approximately N—precontinuous and V is a r—open
subset of Y . Firstly, we show that f (V) is a RNg—preclosed set in X. Let U be any r—open set
in X containing f (V). By the hypothesis, U is r—closed and so closed X. Then
cin(f *(v)) < cin) < ciu) = u.
That is, f (V) is a RNg—preclosed set in X . Since V is a r—open subset of Y , f (V) C
f (V) and f is an approximately N—precontinuous, then Cln[ f N vy c f N (V). That is,

-1 . .
f (V) is a N—preclosed set in X.
Conversely, Let V be a r—open subset of Y and A is a RNg—preclosed subset of X such that A

cf N (V). Then by the hypothesis, f (V) is a N—preclosed set in X. Hence
CIn(A) C CIn[ f V)] = f (V) , that is, f'is an approximately N—precontinuous.
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