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Abstract
In this work, we study and introduce new type of open sets is called 9-open. We characterize
these sets and investigate some of their mainly properties. Further, we present various functions
are associated with 9-open, called 9-open, M 9-open, and weakly 9-open. We also discuss
many characterizations, properties, and relations are discussed. Finally, we study 9D-
separation axioms by using 9D-set
Keywords: 9-open set, dclosed set, 9-open function, M 9-open function, weakly 9-open

function, 9D-set
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Introduction

In 1963, Levine N. [1], detected and discussed the notion of semi-open set furthermore, semi-
continuity properties were investigated. The concept of §-open was introduced by Velicko N.
[2], he studied some of their fundamental properties. Since then the notion had been studied by
several literatures. Later, Ekici E. [3] discussed e*-open and(D, S)*.In 2011, Al-magharabi and
Mubarki [4] studied Z-open and z-continuous functions. After that Mubarki and others [5]
introduced B*-open set and - continuous functions. In 1985, Rose D. and Jankovich [6], [7]
have defined and studied the concepts of weakly open and weakly closed mappings in

topological spaces.

Preliminaries
In this work any subset W of a topological space (X, ), Jint(W) , Jcl(W) are denoted for

interior and closure respectively.

Definition 2.1: Consider U be any subset of a topological space (X, ) is named by semi-
open [1] ( resp., pre-open [8] , a-open [9], e*-open [3] and B-open [10]) if U € Jcl Jint (U)
(resp., U € Jint Icl(U), U € Jint Icl Jint(U) , U € Jcl Jint Jcls(U)and U <

Jcl Jint Icl(U)).

Definition 2.2: [2] Consider W be any subset of topological space (X, J)is named by 6-open
ifany x € W, thereisanopenset G s.t. x € G € Jcl(G) < W.

The complement 8-open set is called 6-closed.

Definition 2.3: [2] Consider W be any subset of topological space (X, J)is named §-open if
for each x € U, there exists an open set G such that x € G € Jint Jcl(G) € W.

The complement &-open set is called §-closed.

Definition 2.4: The union of any semi-open [1](resp., pre-open [8], a-open [6], 8-open [2],
and B-open [10], 6-open [11]) of topological space (X, J) sets contained in a subset A4 is

called semi-interior (resp., pre-interior, a-interior, §-interior, 8-interior, e*-interior ,and -
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interior ) of A. And its denoted by sint(A) (resp.,
Jpint(A), Jaint(A), Jinty(A), Jints(A), Je*int(A) and ILint(A)).

Definition 2.5: The intersection of all semi-closed (resp., pre-closed, a-closed, 8-closed , §-
closed and S-closed) of topological space (X, J) containing subset 4 is called semi-closure,
pre-closure, a-closure, 6-closure, and B-closure of A, and its denoted by Jscl(A),
Ipcl(A), Jacl(A), Icly(A), Icls(A)and IBcl(A)).

Definition 2.6: [12] A subset W of a topological space (X, J3)is named by b-open set if W <
Jcl Jint (W) U Jint Jcl (W). The collection of all b-open sets of X is denoted by BO(X)

Definition 2.7: [13] A topological space (X, ) is named by locally indiscrete if any open

subset of X is closed.

Definition 2.8: [14] A topological space (X,3J) is named by extremally disconnected if the

closure of any open subset of topological space X is also open.

Proposition 2.9: [15] Consider W be a subset of topological space(X,3). If W € FO(X),
then Jcl(W) = Jcls(W)

Definition 2.10: A mapping f: (X, ) — (Y, {) is named by
1) contra closed [16] if £(U) is open set in Y, for every closed set U in X,
2) weakly open [6] if f(U) < {int (f(Scl(U))) for every subset U in X.

Definition 2.11: [17] A map f: (X,3) — (Y, 0) is named strongly continuous if for each ubset
Uof X, £(Scl(V)) < fF(U).

9 —open set
Definition 3.1.: The subset W of a topological space (X, J) is named

1) 9-open set ifW < Jcl Jint (W) U Jint Jcl Jint Icls(W).
2) 9-closed set if Jint Jcl (W)NJcl Jint Icl Jintg(W) < W.
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The collection of every 9-open sets (resp., 9closed) in topological space (X, ) is denoted by
Y90 (X) (resp., 9C(X)).

Definition 3.2: Let N be a subset of a topological space (X, J)and let x € X. We called that
N is 9-neighborhood of x , if there is 99-open set U such thatx € U < N.

Proposition 3.3: Every o -open is 99-open set.
Proof: Assume that W be a —open subset of topological space (X,3) , then W <

Jint Jcl Jint (W) < Jint Jcl Jint Icls(W) . Hence A is 9-open set in topological space
X,3).

Proposition 3.4: For any subset A of topological space (X,3). If A is semi-open set, then A
is ¥-open set.

Proof: Straightforward.

However, the inverse direction of Proposition 3.4 may not satisfy in general as shown in the

next example

Example 3.5: Consider X = {a, b, ¢, d} with the topology J =
{p,X,{d},{b,c},{b,c,d},{a, b, c}}. clearly {b} is 9-open set but it is not semi-open set.

Proposition 3.6: Every 9-open is e* — open set.
Proof: Straightforward.
Proposition 3.7: Every [ —open and 99-open set is b — open set

Proof: Consider W be a 9-open set in topological space(X, ) , then W <
Jcl Jint (W) U Jint Jcl Jint Jcls(W). And since A is B —open, then by Proposition
2.9, W C 3cl Jint (W) U Jint Icl(W). Hence W is b-open.

Proposition 3.8: For any subset W of topological space (X,3), if W € §C(X)NI0(X), then
W € BO(X)

Proof: straightforward.
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Proposition 3.9: Let {Wy: y € I} be a collection of ¥9-open sets subsets of topological space

(X,3). Then U{W,:y € I}is 9-open set.

Proof: Consider W, be an 9-open set for each y. Then W,
Scl Sint (W,) U Sint Scl Sint Scls(W,). Thatis U W, <
U(Scl Sint (W, )US int Scl Sint Scls(W,)) =

(U el Sint (W, ))U (USint Scl Sint Scls (W) <
(SclUSint (w, ) U(Sint UScl Sint Scls(W,)) €

(Scl Sint(U Wy)) U(Sint St U Sint 3cls(W,))

(3ct 3int(U W) U(Sint Scl Sint U Sels(W,)) €

(Scl Sint(U Wy)) U (Sint Scl Sint Scls(U W,,)) . Thus U{W,:y € I} is 9-open set.
Remark 3.10: Arbitrary intersection of 9-closed is also 9-closed.

Proof: By complementation.
The intersection of any two is 9-open sets need not be 9-open set as showing in the

following example

Example 3.11: Consider X = {a, b, ¢, d} with the topology J =
{qb, X, {a},{b},{c},{a, b}, {a,c},{b,c},{a,b, c}} ,then A = {a,b,d} and B = {c,d} are both
9-open sets but ANB = {d} is not 9-open set

Proposition 3.12: Let A be any an open set in topological space (X,J) and B be a 9-open set
in X, then ANB is 9-open set in X.

Proof: Assume that B be a 9-open set in X, then B <

Jcl Jint (B) U Jint Jcl Jint Icls(B) = ANB <

AN(Scl Jint (B) U Jint Icl Jint Icls (B)) =

(AN 3Jcl Jint(B)) U(A N Jint Icl Jint Jcls (B)) S

(Scl (AN Sint(B))) U(Sint (A) N Jint Jcl Jint Jclg(B)nt tion n set in nected ed 12412412412412+
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(Scl (AN Sint (B)))U(Sint(A N Il Fint Icls (B))) €

Scl Jint (ANB) U Jint Jcl( Jint Icls(ANB)) =

Scl Sint (ANB)USint Jcl Jint(ANIcls(B)) ©

Jcl Jint (ANB) U Jint Jcl Jint Jcls(ANB). Hence ANB is 9-open set in X

Proposition 3.13: Let (Y, J3y) be an open subspace of topological space (X, J) and let A be

any setinY. If Ais9d-opensetinY, then A is9-open setin X.

Proof: Let A be 9-opensetinY, then A € Jcly Jinty (A) U Jinty Jcly Jinty IJclsy (A).
Since Y is open, then A = AN Jint(Y) <

(Scly Jinty (A) U inty Icly Jint,Jclsy (A)) N Jint(Y). Therefore A <
(Scly Jinty (A) N Jint(Y)) U(Sinty Icly Jinty Icly(A) N Jint(Y)). Now,
Jcly Jinty (A) N Jint(Y) = (Jcl Jinty (A) NY) NJint(Y) =

(SclS inty (A) NIint(Y) NY = (Scl Jinty (A)) NY € Scl(Sinty (A)NY) =
Jcl(Jinty (A) NJint(Y)) = Jcl Jint (A)

Also, Jinty Jcly Jinty Jclsy(A) N Jint(Y) = Jint Jcly Jinty Jclsy(A) =
Sint Scl(Sinty Sclsy(A)) NY € Fint Scl(Sinty Sclsy (A NY) =

Jint Icl(Jinty Jclsy (A) N Jint(Y)) = Jint Jcl Jint Jclsy(A) =

Jint Jcl Jint (Sclsy(A) NY) € Fint Jcl Jint Icls(A). Therefore A <

Jcl Jint(A) U Jint Jcl Jint Jcls(A). Hence A is 9-open set in X.

Remark 3.14: Let (Y, 3y) be any subspace of topological space (X,J) and let A be any set in
Y. If Aisd9-opensetin X, then A is 9-opensetinY

Proof: Straightforward.

Definition 3.15: Let (X, J) be any topological space and A be a subset of X . A point p of
subset U of X is called 9- interior point of A4, if there exists 9- open set G such thatp € G <
U. The set of every 9- interior points of A is said to be - interior set and its denoted by

Smt,g(U)
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Proposition 3.16: For any subset U of topological space (X, 1), Jint(U) € Jaint(U) <
Jsint(U) € Jinty(U) € Je*int(U).

Proof: Straightforward.

Proposition 3.17: If A and B are sets in topological space (X, ), then
DJinty(¢p) = ¢ and Jinty(X) = X

2) Sinty(U) S U

3) If U < V then Jint, (U) S Jinty(V)

Definition 3.18: Let (X, 7) be any topological space and A be a subset of X. The intersection

of all 9- closed sets containing A is called 9- closure of U and is denoted by Jcly(U)

Proposition 3.19: Let G be any subset of a topological space(X, ). Then x € Jcly(G) iff for
every 9-open set U containing x, UNG # ¢.

Proof: Straightforward.

Proposition 3.20: For any subset U of topological space (X, 1), Jcly(U) € Iscl(U) <
Jcl(U).

Proof. Obvious.

Some 9-open mappings:

Definition 4.1: Amap f:(X,3) — (Y, ) is named

1) M 9-open if the image of any 9-open set in X is 9-open subset of Y.

2) M 9-closed if the image of any 9-closed set in X is 9-closed subset of Y.
Definition 4.2: A function f: (X,3) — (Y, {) is named

1) 9- open if the image of every open set in X is an 9-open subset of Y.
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2) pre 9-open if the image of every 9-open set in X is an open subset of Y.

Proposition 4.3.: Let f: (X,J) — (Y, {)be a function, then the following are equivalents:
1) f is M 9-open

2) For every subset G of X, f(Jinty(G)) < Zinty(f(G)).

3) For every x € X, and for each 9-neighborhood W of x in X, there exists 9-neighborhood
H of f(x)inY suchthatH < f(W).

Proof: (1)=(2) Assume that f is M 9-open. Since Jinty(G) € G, then f(Sint,g (G)) c
£(G). By definition of M 9-open, f(Jinty(G)) is 9-open setin Y contained in £(G). Thus
f(Sinty(A)) < ¢inty(f(B)).

(2) =(3) Let U be 9-neighborhood of x, then there is a :9-open set V in X such that x e W <

U. By (2), we get f(W) = f(Sinty(W)) < inty(f(W)) . thatis H = f(W) be a 9-open
setinY st f(x) €eH < f(W).

(3) =(2) Consider U be an 9-open set in X then for any x € U , there exits 9-
neighborhood W of £ (x) such that W,y € f(U). This implies that f(U) = U{Wj: x € U}

is 9-open set. Hence f is M 9-open.

Proposition 4.4: Let f: (X,3) — (Y, {)be a surjective function, then f is M 9-open iff the
image of every 9-closed set in X is 9-closed setin Y.

Proof: Obvious.

Proposition 4.5: Let f: (X,3) — (Y, ¢) beamap and S be any base for topological (X,<3J).
Then f is 9-open if and only if f(U) is 9-open set foreach U € S

Proof: Assume that f is 9-open and since U € B, then B is an open set in topological space
(X,3)and so f(U) is 9-open setin (Y, Q).
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Conversely, let A be an open set, then A = U; U; for B; € B . It follows that f(A) =
f(U; U;) = U; f(U;). By hypothesis, f(B;) is9-open and by Proposition 3.9, f(A) is 9-

open. Hence f is 9-open.

Proposition 4.6: A surjective function f: X — Y is pre-9-open if and only if f(G) \
f(X\ G) isanopen set in Y whenever A is 9-open set in X.

Proof: Suppose that f is pre-9-open and let G be 9-open set, so f(G) isanopensetiny.
Now f(G) \ f(X\G) = fF(G)N[Y \ f(X\ G)],since Y \ f(X \ G) is an open set, therefore
fG)\f(X\G)isanopensetiny.

Conversely, suppose that for 9-openset Ain X, f(G) \ f(X\ G) isanopensetinY. Let B
be an 9-open setin X, then f(B) =Y \ f(X \ B) \ f(B) isan open setin Y. Hence f is pre-
Y-open.

Proposition 4.7: Let f: (X,J) — (Y, {) be a function then f is MJ-open if and only if
Sinty(f1(V)) € f~(linty(V)) forany V C Y.

Proof: Suppose that f is M 9-open. Let A be arbitrary subset of Y, then f~1(V) is a subset of
X. By theorem 4.3(2), f (Sinty (f-l(V))) C intg (f(f-l(V))) this implies that

f (Sintﬁ (f—l(V))) < Cinty(V). Therefore, Sinty(f1(V)) € f~(¢inty(V)) forvV c Y.
Conversely, suppose the hypothesis is satisfied and let W be a 9-open set in X, then f(W) is
a subset of Y. By hypothesis Jint, (f‘l(f(W))) cr? (Zintﬁ (f(W))) that is

Sinty(W) € f1 (Zintﬁ (f(W))). Consequently, f(W) < Cinty(f(W)). Therefore f(W) is

9-open. Hence f is M 9-open.
Proposition 4.8: Let f: (X,t) — (Y, {)and g: (Y, {) — (Z, p) be two functions then
1) If f and g are both M 9-open, then g o f: (X, 1) — (Z, p) is also M 9-open

2) If f is pre Yopen and g is M 9-open, then g o f: (X, 1) — (Z, p) is pre 9-open
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Proof: Straightforward.

Proposition 4.9: Let f: (X,t) — (Y,{) and g: (Y, {) — (Z,y) be two functions. if f is

surjective and continuous function, and g o f: (X, ) — (Z,y) is 9-open, then g is 9-open
Proof: Let A be an open subset of (Y, ). Since f is continuous, then f~1(A) is an open set
in X. But g o f is 9-open, thus g o £(f1(A)) = g(A) is 9-open set. Hence g is 9-open.
Definition 4.10: Amap f: (X,J) — (Y, ) is named by weakly 9-open if f(A4) <

{inty (f(Scl(A))), for every A is an open subset of X.

Definition 4.11: A function f: (X, ) — (Y, {) is named by weakly 9-closed if

{cly (f(Sint(B))) C f(B), for every B is a closed subset of X.

It is clear that every weakly open is weakly 9-open.

Theorem 4.12: Let X be locally indiscrete space, then f:(X,3J) — (Y, ) is weakly 9-open
iff it is 9-open.

Proof: Sufficiently, let A be an open set in locally indiscrete space X. Since f is weakly 9-
open, then f(A) € {intg (f(Scl(A))) = inty(f(A)) and so f(A) is 9-open setin Y. Hence

f is 9-open.

Necessity, let B be an open set in space X. Since f is 9-open, then f(B) = {inty (f(B)) c
{inty (f(Scl(B))). Hence f is weakly 9-open.

Proposition 4.13: If f:(X,3) — (Y, ) is weakly 9-open with strongly continuous, then it is
Y-open.

Proof: Assume that A be an open set in space X. Since f is weakly 9-open, then f(4) <
{inty (f(Scl(A))) Jbut £ is strongly continuous, thus f(A) S {intg (f(Scl(A))) c

Jinty(f(A)). Therefore f(A) is 9-open setin Y. Hence f is 9-open.
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Proposition 4.14: Every contra closed is weakly 9-open.

Proof: Let f: (X,3) — (Y, ) be contra closed and let A be an open set in space X, then
f(A) € F(3cl(A)) Also, f is contraclosed f(Scl(4)) = Jint (f(Scl(A))) c

{inty (f(Scl(A))). Hence f is weakly 9-open.

Proposition 4.15: A function f: (X,J) — (Y, ) is weakly 9-open if and only if for any x €

X, and every open set U of X s.t. x € U, there exists a 9-open set V in Y containing f(x) such

that vV € £(Scl(V)).

Proof: Sufficiently, let U be an open set in X containing x. Since f is weakly 99-open, then
f(U) C Cinty (f(Scl(U))). Set V = {inty (f(Scl(U))) is a 9-open set in Y containing

£ (x) such that vV € f(Scl(V)).

Necessity, let U be an open set in X. Now, for each x € U, there exists 9-opensetV inY

containing f (x) such that vV < f(Scl(U)) and so, f(U) € V < f(Scl(U)) and since V isd-
open set, then V C Cinty (f(Scl(U))). Therefore, f(U) S Cintg (f(i”scl(U))). Hence £ is

weakly 9-open.
Theorem 4.16: For a function f: (X, ) — (Y, {), the following are equivalents:
1) f is weakly 9-open

2) f(Sint(B)) < {inty(f(B)), for each closed set B of X
3) f(Sint Icl (A)) < Jinty (f(Scl(A))), for each open set A of X.

Proof: (1)=(2) let B be closed in X, then Jint(B) is an open set in X. By (1), f(Sint(B)) c

{inty (f(Scl Sint(B))) and since B is closed, then it is pre-closed and so

Cinty (f(Scl Sint(B))) € Cinty(f(B)) thatis f(Iint(B)) € Jinty(f(B)).
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(2) =(3) Let A be an open set in X, then cl(A) is closed set in X. By applying(2), we have
F(3int3 el () < ginty (£(3cl(A))).

(3) =(1) let U be an open set in X, then U is pre-open and by (3), we get f(U) <
f(Sint Icl (U)) < Cinty (f(Scl(A))). Hence f is weakly 9-open.

Proposition 4.17: Let f: (X, t) — (Y, {) be bijective function then f is weakly 9-open if and
only if f(Sinty(B)) < (inty(f(B)) for any subset B of X

Proof: Sufficiently, let B be subset of a space X and y € f(Sintg (B)), then there exists x €
Jinty(B) and so there exists an open set G such that x € G € Jcl(G) S B therefore, y =

fx)ef(G) c f(Scl(G)) C f(B). Since f is weakly 9-open,theny € f(G) S
Jintg (f(Scl(G))) < Cinty(f(B)). Hence f(Jintg(B)) < {inty(f(B)).

Necessity, let U be an open subset of a space X. Since U € Jinty (Scl(U)), then f(U) <

f(Sintg Scl (U)) € {inty (f(Scl(U))). Hence f is weakly 9-open.

Proposition 4.18: If f:(X,3) — (Y, {) is weakly 9-open and strongly continuous, then the

image of every open setin X, ise*-opensetinY.

Proof: Let A be an open set in space X. Since f is weakly 9-open, then f(A) <
Jintg (f(Scl(A))) and since f is strongly continuous, then f(A) S {intg (f(Scl(A))) c
Jinty(f(A)) < ¢Bint(f(A)) . Therefore f(A) is e*-opensetinY.

Proposition 4.19: If f: (X, ) — (Y, {) is almost open and closed, then it is weakly 9-open.

Proof: Let A be an open set in space X. Since f is almost open, then f(4) €
Jint {cl (f(A)) and since f is closed, then £ (A) < int {cl (f(A)) < {int (f(Scl(A))) c

Jinty (f(Scl(A))). Hence f is weakly 9-open.
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YD-set

Definition 5.1: A subset A of topological space (X, J)is named 9D-set if there exist two 9-
opensets U and V suchthatU = XandA=U - V.

Proposition 5.2: Every proper 9-open set is 9 D-set.

Proof: Let W be proper subset of topological space (X,J) and since W = W — ¢, then W is
I D-set.

However, the converse is not true in general as showing in the next example.

Example 5.3: Consider X = {a, b, ¢, d} with the topology J =
{¢,X,{b},{a,b},{b,c},{a b,c}} then G = {a,c} is ID-set but it is not 9-open set.

Definition 5.4: A topological space (X, J) is named

1) 9T, —space if for each two distinct points a and b of X, there is a 9-open Wcontaining a

but not b or containing b but not a.

2) 9T, —space if for each two distinct points a and b of X, there are 9J-open sets U and V s.t.
aeUbe¢eUbeV,anda ¢ V.

3) 9T, —space if for each two distinct points a and b of X, there are 9-open sets U and V s.t.
aceU,beVandUNV = ¢.

Definition 5.5: A topological space (X, J) is named to be

1) 9D, —space if for each two different points a and b of X, there is a 9D-open containing a

but not b or containing b but not a.

2) 9D, —space if for each two different points a and b of X, there are 99 D-open sets U and
WstaeUbgUbeW,anda & W.

3) 9D, —space if for each two different points a and b of X, there is 9D-open sets U and W
st aeU,be Wand UNW = ¢.

Vol: 15 No:1, January 2019 132 P-|SSN:_ 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1501.487B E-ISSN: 2518-9255



DIYALA JOURNAL FOR PURE SCI

On 9-Open Set and Some of its Applications

Jamil Mahmoud Jamil and Intisar Elaiwi Ubaid

Remark 5.6:

1) Every 9T; —space is I9T;_; —space. Fori = 1,2

2) Every YD; —space is 9D;_4 —space. Fori = 1,2
Proposition 5.7: Every 9D, —space is 9T, —space.

Proof: Let a and b are two distinct points in 9D, —space(X, J), then there exist two 9D- sets
UandV suchthatae U=K—-L, bgU=K—-L,beV=M-N,a¢V=M-N,and
K,M # X.When a & V, there are two options

1)a & M, and since b € V, then b € M, Mis 9-open set

2)aeManda € N.ButheV =M — N, thusbh & N, N is 9-open set. Hence (X, J)

is 9T, —space.
Proposition 5.8: Every 9T; —space is 9D; —space for i = 0,1,2.

Proof: when i = 1, let a and b be two different points in 9T; —space(X, 7), then there exist
two 9-open sets G and H suchthata € G,b € G,b € H,and a ¢ H. It follows thata € G —
Hb¢&¢G—H,beEH—G,anda & H— G where G,H # X. Hence (X, 7)is 9D, —space.

Proposition 5.9: Let (X, ) be a topological space then the following are equivalents:
1) X is 9D, —space.

2) X is 9D; —space.

Proof: 1=2 By Remark 5.6

2=1 Let a and b be two different points in 9D, —space X , then there exist two 9D-sets U
andV suchthata € U=G, —G,, b¢ U=G,—G,,bEV =G3— Gy, a ¢V =G; —G,.
Forb & U = G, — G,, we have two issues. isuuel: if b € G,,and b € G; — G,,thenb €
G; — (GLUG,). Also, a € G, — G, and since a & G5, then a € G; — (G,UG3) with

[G3 - (G1UG4)]n[G1 - (GZUG3)] = ¢.
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If a € G; and a € G,and since b € G — G4, then G,N(G; — G,) = ¢
issue2: b € G,and b € G, and since a € G4, then G;N(G, — G;) = ¢

Definition 5.10: A topological space (X, ) is said to be 9-symmetric , if for every a,b € X,
a € Jcly({b}) implies that b € Jcly({a}).

Proposition 5.11: For 9-symmetric space (X, ), then the following are valent:
1) X is 9T, —space 2) X is9T; —space 3) X is 9D, —space

Proof: (1)=(2) let a and b are two distinct points in 9T, —space X, then there exists 9-open
set Usuch thata € U € X — {b}. It follows a & Jcly({b}) and since X is 9-symmetric space,
then b & Jcly({a}) andso b € X — Jcly({a}).

(2) = (3) By Remark 5.6
(3) =(1) By Proposition 5.7

Proposition 5.12: Let f: (X,7) — (Y, {) be one to one and onto function. If A is9ID-set in X,
then f(A) isalso 9D-setinY.

Proof: Straightforward.

Theorem 5.13: if f: (X,3) — (Y, ¢) is one to one, onto, and M 9-open function and
(X, 3)is I9T; —space, then (Y, ¢) is 9D; —space (i = 0,1,2).

Proof: We will prove when i = 1, and similarly for others

Let y; and y, are two different points in 9T; —space, then there exists x; and x, such that

x, = f1(yy) and x, = f~1(y,). But X is 9T; —space, therefore there exist two 9-open sets
U and V such that x; € U, x, € U, x, € V,and x; & V. By Proposition 5.2 and since f is M 9-
open, then f(U) and f (V) are 9D-sets such that y, € f(U), y, & f(U),y, € f(V)and y, &
f(V). Hence Y is 9D; —space.
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Proposition 5.14: let f be one to one and M 9-open from (X, J) onto 9-symmetric
space(Y, 0). If (X, 3)is 9T, —space, then (Y, ) is ID; —space.

Proof: By Theorem 5.13, and Proposition 5.11.
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