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Abstract: In this paper, we apply the notion &-open sets in topological spaces to present and study a r@@s of functions
called contreP,-continuous functions which lies between classes of cdirantinuous functions and contra-precontinuous funetion
It is shown that contrd,-continuous is weaker than contéacontinuous, but it is stronger than contra-precontinuand weakly
Pp-continuous. Furthermore, we obtain basic properties agspvation theorems of contPg-continuity.
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1 Introduction

In 1996, Dontchev 3] introduced and investigated a new notion of continuityezhlcontra-continuity. Following this,
many authors introduced many types of new generalizatibreootra-continuity called as cont@-continuous 2],
perfectly continuous 4] and contra-precontinuous]] Long and Herrington 9] have introduced a new class of
functions called strongl@-continuous function. Noiri and Popa4] have introduced and studied qudsicontinuous
function. In this direction, we will introduce and invesiig the concept of contig-continuous function via the notion
of Py-open set and study some properties of coRgraontinuous.

2 Preliminaries

Throughout this pape(X, 7) and(Y, o) stand for topological spaces with no separation axiomsasdwnless otherwise
stated. For a subsatof X, the closure oA and the interior ofA will be denoted byCl(A) andiInt(A), respectively.

Definition 1. A subset A of a space X is said to be

(1) preopen{1(] if A C Int(CI(A)).
(2) a-open[13if A C Int(CI(Int(A))).
(3) regular open 19 if A =Int(CI(A)).

The complement of a preopen (resp-ppen and regular open) set is preclosed (rasqzlosed and regular closed). The
family of all preopen ofX is denoted byPO(X). In 1968, Velicko RO defined the concept di-open set inX which is
denoted bypO(X). A subsetA of a spaceX is calledB-open set if for eaclx € A, there exists an open sétsuch that

x € G C CI(G) C A. The complement of-open set is said to b@-closed set.

Definition 2. [8] A subset A of a space X is calleg-&pen, if for each x A € PO(X), there exists a preclosed set F such
that xe F C A. The complement of g,®pen set is Rclosed. The family of all ffopen subsets of a topological space
(X, 1) is denoted by FO(X, T) or P,O(X). The intersection of all 2closed sets of X containing A is called thedfosure
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of A and is denoted bygRI(A). The union of all R-open sets of X contained in A is called theifterior of A and is
denoted by Rint(A).

Definition 3. A function f: X =Y is called

(1) contra-continuoug3] if f ~%(V) is closed in X for each open setV of Y.

(2) contra@-continuoug?2] if f ~1(V) is B-closed in X for each open setV of Y.

(3) contra-precontinuoud] if f ~1(V) is preclosed in X for each open setV of Y.

(4) perfectly continuoupl4] if f ~1(V) is clopen in X for each open setV of Y.

(5) strongly8-continuoug9] if f ~(V) is 8-open in X for each open setV of Y

(6) quasiB-continuoug 15 at a point xe X if for each8-open V of Y containing (k), there exists &-open U of X
containing x such that(fJ) c CI(V).

(7) weakly R-continuoug11] at a point xe X if for each open setV of Y containingxj, there exists a open U of X
containing x such that(fJ) c CI(V).

Theorem 1.[11] Let f: X — Y be a function. If the inverse image of each regular openfsétis R-closed in X, then f
is weakly B-continuous.

Definition 4. [7] A subset A of a space X is called preclopen, if A is both preapérpeclosed.

Definition 5. [12] Let AC X. The sen{U € t: AC U} is called the kernel of A and is denoted by (¥er

Lemma 1.[5] The following properties hold for subsets A and B of a space X:

(1) xeker(A) if and only if ANF # ¢ for any closed subset F of X containing x.
(2) AcC ker(A) and A= ker(A) if Ais openin X.
(3) If A C B, then kefA) C ker(B).

Proposition 1.[8] For any subset A of a spa¢¥, 7). The following statements are equivalent:
(1) Ais clopen.

(2) Ais B-open and closed .

(3) Ais preopen and closed.

Definition 6. A space X is said to be:

(1) Locally indiscretd4] if every open subset of X is closed.

(2) Pre-Ry[1] if U is a preopen and x U, then PC[{x}) C U.

(3) Pre-T [7] if for each pair of distinct points,y of X, there exist two preopen sets one containing x but natitlze
other containing y but not x.

(4) Pp-Ty [17] if for each pair of distinct points,y of X, there exist two disjointFopen sets U and V such thatedJ
buty¢ U and ye V but x¢ V.

(5) Pp-T> [17] if for each pair of distinct points,y of X, there exist two disjointFopen sets U and V containing x and
y respectively.

Definition 7. [16] A space X is said to be pre-regular if for each preclosed F amchepoint x¢ F, there exist disjoint
preopen sets U and V such thag¢XJ and FC V.

Proposition 2. The following statements are true:
(1) If a space X is pre-l then PGX) = P,O(X) [8].

(2) If aspace X is X is preRthen PGX) = P,O(X) [11].
(3) Ifa space X is pre-regular, thenC P,O(X) [8].
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(4) If a space(X, 1) is locally indiscrete, them C P,O(X) [8].
(5) If a space(X, 1) is locally indiscrete, then P(X) = P,O(X) [8].

Corollary 1. [8] Let A and B be any subsets of a space X.4R,0(X) and B is botho-open and preclosed subset of X,
then ANB € P,O(B).

Proposition 3. [8] Let(Y,Ty) be a subspace of a spa¢¥,7) and AC Y. If Ac P,O(Y,1y) and Y is preclopen, then
A€ P,O(X,1).

Definition 8. A topological spacéX, 1) is said to be

(1) Ultra Hausdorrf[18] if for each pair of distinct points,y of X, there exist two clopen sets U and V such thatk
yeVanduUnV = ¢.

(2) Ultra normal[18] if each pair of non-empty disjoint closed sets can be sepdrhy disjoint clopen sets.

(3) Weakly Hausdorff17] if each element of X is an intersection of regular closed. sets

Proposition 4. [8] Let X and Y be two topological spaces anckX be the product topology. If & P,O(X) and Be
PyO(Y), then Ax B e PyO(X x Y).

Theorem 2.[8] For a function f: X — Y, the following statements are equivalent:

(1) fis Py,-continuous.
(2) f-1(V) is Py-open setin X, for each open setV of Y.
(3) f~1(F) is Py-closed setin X, for each closed set F of Y.

Corollary 2. [8] Every quasB-continuous function is ajcontinuous function.

3 Contra Pyp-continuous functions

Definition 9. A function f: X — Y is called contra Rcontinuous if f1(V) is Py-closed in X for each open setV of Y.

Lemma 2.Every contraf-continuous function is contrgReontinuous and every contrgfontinuous function is contra-
precontinuous.

Proof. Follows directly from their definitions.
Theorem 3.1f a function f: X — Y is contra B-continuous, then f is weaklyfontinuous.

Proof. Let V be any regular open of, thenV is open. Sincd is contraPy-continuous, therf ~1(V) is Py-closed ofX.
Therefore, by Theoreni, f is weaklyP,-continuous.

By Lemma 2 and Theorem3, the following diagram is obtained:

contra@-continuous——— contra-continuous

| |

contraPp—continuous—> contra-precontinuous

weakly Py-continuous

Diagram 1

In the sequel, we shall show that none of the implicationsdhacerning contr&,-continuity in Diagram 1 is reversible.
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Example 31Let X = {a, b, c,d} with the two topologies = { ¢, {a}, {b,c},
{a,b,c},X} ando = {¢,{b},{a,d},{a b,d},X}. Let f: (X,T) — (X, 0) be the identity function. Then f is contrg-P
continuous but not contr@-continuous, sincé¢b} € o but f~1({b}) = {b} is notd-closed in(X, 7).

Example 32.et X = {a, b, c,d} with the two topologies = { ¢, {a},{a,b},
{c,d},{a,,c,d},X} and o = {@,{b},{b,c},{b,c,d},X}. Let f: (X,7) — (X,0) be the identity function. Then f is
contra-precontinuous but not contrgfontinuous, sincgb} € o but f-1({b}) = {b} is not R-closed in(X, 1).

Example 33 et X= {a,b,c,d} with the two topologies = {¢, {b},{a,d},
{a,b,d},X} ando = {g,{a},{d},{a,d},{a b,d},X}. Let f: (X,T) — (X,0) be the identity function. Then f is weakly
Pp-continuous but not contragRcontinuous, sincéa, b,d} € o but f~1({a,b,d}) = {a,b,d} is not R-closed in(X, ).

Theorem 4.For a function f: X — Y, the following statements are equivalent:

(1) fis contra R-continuous.

(2) for every closed subset F of Y;%(F) € P,O(X).

(3) For each xe X and each closed set F of Y containin)f, there exists a fopen U of X containing x such that
f(U) CF.

(4) T(P,CI(A)) C ker(f(A)) for each AC X.

(5) PCI(f~1(B)) c f~1(ker(B)) for each BC Y.

Proof. The implicationg1) < (2) and(2) = (3) are obvious.

(3) = (2) LetF be any closed set of andx € f~1(F). Thenf(x) € F and by(3) there existt) € P,O(X) containingx

such thatf (U) C F. Therefore, we obtain thdt1(F) = U{Uy:x € f~1(F)} € P,O(X).

(2) = (4) Let A be any subset of. Suppose thay ¢ ker(f(A)). Then by Lemmad. (1), there exists a closed detof Y

containingy such thatf (A) NF = @. Thus, we havé\n f ~1(F) = @ andP,CI(A) NPylInt(f~1(F)) = . Sincef ~1(F) is

Ps-open inX. HenceP,CI(A) N f~1(F) = @ which implies thatf (P,CI(A)) NF = @ and hencg ¢ f(P,CI(A)). Therefore,
we obtain thaff (P,CI(A)) C ker(f(A)).

(4) = (5) Let B be any subset of. By (4) and Lemmal, we havef (P,CI(f~1(B))) C ker(f(f~1(B))) C ker(B) and
P.CI(f~1(B)) C f~(ker(B)).

(5) = (1) LetV be any open set of. By (5) and Lemmal(2), we haveP,CI(f~1(V)) ¢ f-1(ker(V)) = f~1(V) and
P.CI(f~1(V)) = f~1(V). This shows that ~(V) is P,-closed inX. Therefore f is contraP,-continuous.

Theorem 5.A function f: X =Y is contra B-continuous if and only if f is contra-precontinuous andéach xc X and
each closed set F of Y containingx, there exists a preclosed E in X containing x such th&)fc F.

Proof. Necessity Let x € X andF be any closed set of containingf(x). Sincef is contraPp-continuous, then by
Theoremd, there exists @y-open set) of X containingx such thatf (U) C F. SinceU is Pp-open set. Then for each
x € U, there exists a preclosétlof X such thaix € E C U. Therefore, we havé(E) C F. Hence, contr&,-continuous
always implies contra-precontinuous.

Sufficiency. Let F be any closed set of. We have to show thaf~1(F) is Py-open set inX. Since f is
contra-precontinuous, thefi1(F) is preopen inX. Let x € f~1(F), then f(x) € F. By hypothesis, there exists a
preclosecE of X containingx such thatf (E) C F, which implies thak € E c f~1(F). Thereforef~1(F) is P,-open set
in X. Hence, by Theorem, f is contraPy-continuous.

Theorem 6.If a function f: X — Y is contra B-continuous and Y is regular, then f ig-Bontinuous.

Proof.Let x be any arbitrary point ok andV be an open set of containingf (x). SinceY is regular, there exists an open
set G in Y containing (x) such thaCl(G) C V. Sincef is contraP,-continuous, so by Theore# there exists &,-open
U of X containingx such thatf (U) c CI(G). Thenf(U) Cc CI(G) C V. Hence,f is Py-continuous.
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Corollary 3. If a function f: X — Y is contra B-continuous and Y is regular, then f is qu#stontinuous.
Proof. Follows from Corollary2.

Theorem 7.The following statements are equivalent for a functiarXf— Y':

(1) fis perfectly continuous.
(2) f is contra R-continuous and continuous.
(3) fis contra-precontinuous and continuous.

Proof. This is an immediate consequence of Proposition

Corollary 4. Let f: X — Y be a function and X be a prg-$pace. f is contra Rcontinuous if and only if f is contra-
precontinuous.

Proof. Follows from Propositior2(1).

Corollary 5. Let f: X =Y be a function and X be a pregRpace. f is contra f2continuous if and only if f is contra-
precontinuous.

Proof. Follows from Propositior2(2).

Corollary 6. Let f: X — Y be a function and X be a pre-regular space. If f is contratcmmous, then f is contra
Pp-continuous.

Proof. Follows from Propositior2(3).

Corollary 7. Let f: X — Y be a function and X be a locally indiscrete space. If f is @uobntinuous, then f is contra
Pp-continuous.

Proof. Follows from Proposition2(4).

Corollary 8. Let f: X — Y be afunction and X be a locally indiscrete space. f is coptecontinuous if and only if f is
contra R-continuous.

Proof. Follows from Propositior2(5).

Corollary 9. If X is both pre-T and X locally indiscrete space, the following statemengsequivalent for a function
f:X=Y:

(1) fis contra B-continuous.
(2) f is contra-precontinuous.

Proof. Follows from Corollaryd and Corollary8.

Definition 10.A spacegX; T) is said to be B-space (resp., locallyfRindiscrete) if every Ropen set is open (resp., closed)
in X.

Theorem 8.1f a function f: X — Y is contra B-continuous and X isPspace, then f is contra-continuous.

Proof.Let F be a closed set in Y. Sindeis contraP,-continuous,f ~1(F) is P,-open inX. SinceX is Py-space,f ~1(F)
is open inX. Hencef is contra-continuous.

Theorem 9.Let X be locally B-indiscrete. If a function X — Y is contra B-continuous, then f is continuous.
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Proof.LetF be a closed set M. Sincef is contraPy-continuousf ~1(F) is Py-open inX. SinceX is locally Py-indiscrete,
f~1(F) is closed inX. Hencef is continuous.

Theorem 10.Let f: X — Y be a contra f-continuous function. If Aig-open and preclosed subset of X, thgiAf A— Y
is contra B-continuous in the subspace A.

Proof.Let F be any closed set of. Sincef is contraP,-continuous, then by Theorefin f ~1(F) is Py-open inX. SinceA
is a-open and preclosed subsebfthen by Corollany, (f | A)~! = f~1(F)nAis aPy-open subspace @ Therefore,
by Theorem4, f | A: A—Y is contraP,-continuous.

Theorem 11.A function f: X =Y is contra B-continuous, if for each x X, there exists a preclopen A of X containing
x such that ff A: A—Y is contra B-continuous in the subspace A.

Proof. Let x € X, then by hypothesis, there exists a preclopenontainingx such thatf | A: A — Y is contraPp-

continuous. LeF be any closed subset ®fcontainingf (x). By Theoremd, there exists &,-openU in A containingx

such tha(f | A)(U) C F. SinceA s preclopen, then by Propositi@U is Py-open inX and hence (U) C V. Therefore,
by Theoremy, f is contraPp-continuous.

Theorem 12.If X = RUS, where R and S are preclopen sets, anKf— Y is a function such that both|fR and f| S
are contra B-continuous, then f is contra,Reontinuous.

Proof. Let F be any closed subset ¥t Thenf~1(F) = (f | R)~“}(F)uU(f | S~%(F). Sincef | Rand f | Sare contra
Pp-continuous, then by Theorem(f | R)~! and(f | S)~! arePy-open sets iR andS, respectively. Sinc® andS are
precolpen sets i, then by Propositio8 (f | R)~*and(f | S)* arePp-open sets iX. Since the union of tw@y-open
sets isPy-open, hencd ~1(F) is P,-open sets irX. Therefore, by Theorer, f is contraP,-continuous.

Theorem 13.1f X is a topological space and for each pair of distinct psirg and % in X, there exists a function f of X
into Uryshon topological space Y such thak{) # f(x2) and f is contra B-continuous at xand %, then X is a B-T,
space.

Proof. Let x; andx; be any distinct points itX. By hypothesis, there is a Uryshon spateand a functionf : X —Y
such thatf (x;) # f(x2) and f is contraP,-continuous ak; andxy, Lety; = f(x;) fori =1,2. Theny, # y». SinceY is
Uryshon, there exist open séfg, andUy, containingy; andy- respectively irY such thaCl(Uy,) NCl(Uy,) = @. Since
f is contraPp-continuous ak; andx,, there exisP,-open set¥,, andVy, containingx; andx, respectively inX such that
f(Vyx) C Cl(Uy,) fori = 1,2. Hence, we havié, NVx, = ¢. ThereforeX is aPy-T, space.

Corollary 10. If f is contra By-continuous injection of a topological space X into a Urystspace Y, then X is g,
space.

ProofLet x; andx, be any distinct points iiX. Then by hypothesid, is contraP,-continuous oiX into a Uryshon space
Y such thatf (x;) # f(x2) becausd is injective. Hence, by Theorerh3, X is aPy-T, space.

Proposition 5.Let f: X; =Y and g X — Y be two contra Rcontinuous functions. If Y is Uryshon, then the set
E = {(X1,%2) € Xy x Xo: f(X1) = g(x2) } is Py-closed in the product spacg X Xo.

Proof.In order to show thai is P,-closed, we show thdX; x X;) \ E is Pp-open. Let(x1,x2) ¢ E. Thenf(x1) # g(x2).
SinceY is Uryshon, there exist open séig andU, of Y containingf(x;) andg(xy) respectively, such thal(U;) N
Cl(U,) = @. Sincef andg are contraPy-continuous,f ~1(CI(U;)) andg~1(CI(U,)) arePy-open sets containing and
Xz in X(i = 1,2). Hence, by Propositiod, f~1(CI(U1)) x g~1(CI(U,)) is Py-open. Further(xs,xp) € f~1(Cl(Uy)) x
g 1(CI(Up)) C (X1 x X2) \ E. It follows that(X; x X2) \ E is Py-open. ThusE is Py-closed in the product spage x Xo.
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Corollary11. If f : X — Y is a contra B-continuous function and Y is a Urysohn space, then
E = {(x1,x2) | f(x1) = f(x2)} is Py-closed in the product spaceXX.

Corollary 12. Let f: Xy — Y and g: X, — Y be two contra fcontinuous functions. If Y is ultra Hausdorff, then the set
E = {(x1,%2) € Xy x X2 f(x1) = g(x2)} is Py-closed in the product spacg X Xs.

Corollary 13. If f : X =Y is a contra B-continuous function and Y is ultra Hausdorff, thee=E (x1,%2) | f(x1) = f(x2)}
is Pp-closed in X.

Theorem 14.Let f: X — Y be a contra R-continuous injection function. If Y is an ultra Hausdonfiege, then X is a
Pp-T2 space.

Proof.Letx; andx; be any distinct points iX, thenf (x;) # f(xz) and there exist clopen séfsandV containingf (x;) and
f(x2) respectively, such that NV = @. Sincef is contraPy-continuous, therf ~1(U) € P,O(X) and f~1(V) € P,O(X)
such thatf ~1(U) N f~1(V) = . Hence X is aPy-T, space.

Proposition 6.If f; : Xi — Y; is a contra B-continuous function for each= 1,2. Let f: Xy x Y, — X1 x Y2 be a function
defined as follows: (X1, X2) = (f1(x1), f2(x2)). Then f is contra Rcontinuous.

Proof.Let Ry x Ry C Y1 x Y2, whereR is open set iry; for eachi = 1,2. Thenf~1(Ry x Rp) = f;1(Y1) x f,1(Ry). Since
fi is contraPy-continuous forf; = 1,2, then by Propositiod, f 1Ry xRy)is Pp-closed inXy x X.

Definition 11. The graph Gf) of a function f: X — Y is contra B-closed in Xx Y if for each(x,y) € (X x Y)\ G(f),
there exists U= Py(X,x) and a closed V in'Y containing y such tiflt x V) N G(f) = ¢.

Lemma 3. The graph Gf) of a function f: X — Y is contra -closed in Xx Y if and only if for eachix,y) € (X xY)\
G(f), there exist Uc P,O(X) containing x and Ve C(Y) containing y such that(fJ) NV = ¢.

Theorem 15.1f f : X — Y is a contra B-continuous function and Y is Urysohn, the(f(is contra R-closed in Xx Y.

Proof. Let (x,y) € (X x Y)\ G(f). It follows that f(x) # y. SinceY is Urysohn, there exist open s&tsandW such
that f(x) € V, y e W andCI(V) NnCI(W) = ¢. Sincef is contraP,-continuous, there existsla € P,O(X,x) such that
f(U) cCl(V) andf(U)NCI(W) = ¢. HenceG(f) is contraPp-closed inX x Y.

Theorem 16.1f f : X — Y is a R-continuous function and Y igTthen G f) is contra R-closed in Xx Y.

Proof.Let (x,y) € (X xY)\ G(f). Theny # f(x) and there exists an open &bf Y, such thaif (x) € V andy ¢ V. Since
f is Py-continuous, there exists € P,O(X,x) such thatf (U) C V. Therefore,f(U)N(Y\V) = gandY \V e C(Y,y).
This shows thaG(f) is contraPy-closed inX x Y.

Theorem 17.Let f: (X, 1) — (Y, 0) be a function and gX — X x Y be a graph function of f defined b= (x, f(x))
for every xe X. If g is contra B-continuous, then f is contrg,Reontinuous.

Proof. Let V be an open set iN. ThenX x V is an open set iXX x Y. Sinceg is contraP,-continuousg—1(X x V) is
Py-closed inX. Alsog~1(X x V) = f~1(V) which isPy-closed inX. Hence,f is contraP,-continuous.

Theorem 18.Let f: X — Y has a contra Rclosed graph. If f is injective, then X igH7.

Proof.Letx; andx; be any two distinct points of. Then, we havéxy, f(x2)) € (X xY)\ G(f). Then, there exid®,-open
U in X containingx; andF € C(Y, f(x2)) such thatf (U) NF = ¢. HenceU N f~1(F) = . Therefore, we have, ¢ U.
This implies thaiX is Pp-Ty.

Definition 12. A topological space X is said to bg+Aormal if each pair of disjoint closed sets can be separdited
disjoint B,-open sets.
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Theorem 19.1f a function f: X — Y is contra B-continuous, closed injection and Y is ultra normal, thers)@normal.

Proof. Let F; andF, be disjoint closed subsets ¥f. Sincef is closed injectivef(F1) and f(F,) are disjoint closed
subsets of. SinceY is ultra normal,f(F;) andf(F,) are separated by disjoint clopen sétandV,, respectively. Hence,
F C f71(V), F71(V) € Po(X) fori = 1,2 andf~1(V1) N f~1(V,) = @. ThusX is Py-normal

Theorem 20.If a function f: X — Y is contra B-continuous injection and Y is weakly Hausdorff, then X i§P

Proof. Suppose that weakly Hausdorff. For any distinct poinkg andx, in X, there exist regular closed séisandV
inY such thatf (x1) € U, f(x2) ¢ U, f(x1) ¢ V andf(x2) € V. Sincef is contraPy-continuousf~1(U) and f~1(V) are
Py-open subsets of such that € f~1(U), x2 ¢ f-1(U), x; ¢ f~1(V) andx, € f~1(V). This shows thaX is Py-T;.

Theorem 21.Let f: X — Y be a contra fcontinuous surjective function and A ésopen and preclosed subset of
X. If f is a closed function, then the function § — f(A), which is defined by () = f(x) for each xe A, is contra
Pp-continuous.

Proof. PuttingH = f(A). Letx € AandF be any closed set iH containingg(x). SinceH is closed inY andF is closed in
H, thenF is closed inY. Sincef is contraPy-continuous, then by Theore#n there exists &,-openU in X containingx
such thatf (U) C F. TakingW = U NA, sinceA is a-open and preclosed subsedafThen by Corollaryl, W is Py,-open
in A containingx andg(W) C iy N"H = F4. Theng(W) C F4. Therefore, by Theorer, g is contraP,-continuous.

We shall obtain some conditions for the composition of twactions to be contr&y-continuous.

Theorem 22.Let f: X =Y and g: Y — Z be functions. Then the composition functionfg: X — Z is contra B-
continuous if f and g satisfy one of the following conditions

(1) fis contra B-continuous and g is continuous.

(2) fis Py-continuous and g is contra-continuous.

(3) fis contra R-continuous and g is a strongf§-continuous.
(4) fis contra R-continuous and g is a quasi-continuous.

Proof.

(1) LetW be any open subset @f Sinceg is continuoug~1(W) is an open subset of. Sincef is contraPp-continuous,
then(go f)~1(W) = f~1(g~}(W)) is aP,-closed subset iX. Thereforego f is contraP,-continuous.

(2) LetW be any open subset & Sinceg is contra-continuous, thegr 1(W) is a closed subset of. Sincef is Pp-
continuous, then by Theore®y (go f)~1(W) = f~1(g~1(W)) is aPy-closed subset iX. Thereforego f is contra
Pp-continuous.

(3) LetW be any open subset &. In view of strongly8-continuity of g, g~*(W) is a 6-open subset of. Again,
sincef is contraPy-continuous(go f)~3(W) = f~1(g=}(W)) is aPy-closed subset iX. Thereforego f is contra
Pp-continuous.

(4) Obvious
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