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Abstract

By using pairwise relatively complete families of functions, which we define here, we obtain two
characterizations of quasi-pseudometrizable bitopological spaces from which some known theorems can
be derived as easy corollaries.
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1. Introduction

Since Kelly [4] began the study of bitopological spaces, one of the main problems
has been to find necessary and sufficient conditions for quasi-pseudometrization.
This problem was considered by Kelly [4], Patty [7] and Lane [5], and later by
Salbany [11], who uses a — (<$, S) locally finite pairbases to give a sufficient
condition for bitopological quasi-pseudometrization, and he obtains a bitopologi-
cal version of the Nagata-Smirnov's theorem which solves a conjecture of Patty.
Also, Salbany improves some quasi-pseudometrization theorems belonging to
Kelly and Lane. Recently, Pareek [6] has obtained a necessary and sufficient
condition for quasi-metrization of a T, bitopological space which generalizes a
topological result of Ribeiro [9].

Here we introduce the concept of pairwise relatively complete family of
functions, and we prove a necessary and sufficient condition for bitopological
quasi-pesudometrization in terms of such families. We easily derive some known
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328 S. Romaguera [2]

theorems as corollaries, and a new characterization of quasi-pseudometric spaces
by using quasi-gauges. Theorem 2.4 is a bitopological generalization of a pseudo-
metrization theorem proved by Guthrie and Henry [2] and [3]. We also give an
easy proof of Pareek's theorem referred to before.

In the following, R will denote the set of real numbers, and the abbreviations
l.s.c. and u.s.c. for lower and upper semicontinuous functions, respectively, are
used. We use the notation of [10].

The main part of the results in this paper belongs to the author's doctoral thesis
'Sobre la pairwise normalidad y la cuasimetrizacion de los espacios bitopologicos'
submitted on September 28th 1981 to the University of Valencia, Spain, under the
direction of Dr. Manuel Lopez Pellicer to whom the author is grateful for his
constant aid and encouragement.

2. On bitopological quasi-pseudometrization theorems

In [3], Guthrie and Henry obtain a theorem of pseudometrization by using
relatively complete families of functions. Here we introduce the concept of
pairwise relatively complete family of functions which plays a similar role in
bitopological quasi-pseudometrization.

2.1. DEFINITION. Let (X, 9, 2.) be a bitopological space. Let % = {/„: a £ L) a
family of ^P-l.s.c. and S-u.s.c. real-valued functions on X. Then:

(a) Family 'Sispairwise relatively complete if, for every H C L,f(x) = inf{^(x):
)3 e H) is 'eP-l.s.c. and F(x) = sup{fp(x): £ e H) is 2ru.s.c.

(b) Family ^ i s pairwise semiequicontinuous at x G X if for each e > 0 there is a
^-neighbourhood U of x such that fa(x) — fa(y) < e, for every a E.L and every
y E £/, and there is a ^neighbourhood V of x such that fa(y) ~ fa(x) < e for
every « £ L and every y €E V.

(c) Family ^ i s pairwise semiequicontinuous in Xif it is at every x G X.
(d) Family ®i is punctually bounded in X if for each x G X, there is a real

number M > 0 such that \fa{x) |< M for every « £ L

The proof of the next result is an adaptation of a technique of Guthrie and
Henry [3].

2.2. PROPOSITION. Let (X, 9, S) be a bitopological space and let f = {/„:
a £ L) be a family of real-valued functions on X. ^ is pairwise relatively complete
if, and only if, it is pairwise semiequicontinuous and punctually bounded in X.
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PROOF. Let us prove the 'if. Let x G X and H C L. For each e > 0 there is a
^-neighbourhood U of x such that fp(x) — fp(y) < e/2, for every y G U and
$(=H. Therefore / = inf{/^: G H) verifies / (x) - f(y) < e/2 and / (x) - f(y)
< e for every y G U. Then / is <3>-l.s.c. in X. Similarly, F = sup{^: fi G # } is
2-u.s.c. in X

Conversely, let x G X and e > 0. There is an n G N such that 2~" < e. For each
m G Z, let

Lm_ = (a G L: ( m + 1 ) 2 - - ' </„(*) < (m + 2 ) 2 - " • } .

As inf{/a(x): a G L} < / r (x ) < sup{/o(x): a G L}, we have f punctually
bounded, and Lmn =̂= 0 only for a finite number of values m. Moreover Um Lmn

= L and when Lmn¥= 0 , by hypothesis, that

«e J L m n } is 9-l.s.c. in * and

» „ = sup{/a: « £ I J is 2-u.s.c. in A';

therefore, for each n G N, Un(x) = flm «-I
(I(]»i2-'1"1, +oo[) is an open P̂-

neighbourhood of x. Hy G Un(x) then/aO) > mTn~x for every a G Lmn and, as
/«(*)< (m + 2)2"""', we have fa(x) - fa(y) < e for every a G L. Similarly,
Fn(x) = Dm o^'n(]-oo,(w + 3)2~"~'[) is an open ^neighbourhood of x. If ^ G
VJL*)JJLy) < (w + 3)2'""1 and/a(x) > (m + 1)2"''-1 for every a G Lmn; then,

fa(y) — fa(x) < e for every a G L. Therefore ^ i s pairwise semiequicontinuous.

2.3. DEFINITION. (X, ^P, 2.) is the pairwise initial bitopological space induced by
the family <$ = {/„: J f ^ R , « 6 L } if 9 is the initial topology of % respect to
T, = {0,R,]a, +oo[ Va G R} and S is the initial topology of *$ respect to
T2 = {0,R,]-oo, a[ Va G R). We shall denote <? = T ^ ^ ) and 2 = T 2 (^ ) .

2.4. THEOREM. The space (.Y, <?, &) is quasi-pseudometrizable if, and only if, it is
the pairwise initial space induced by a a-pairwise relatively complete family <5.

PROOF. Let d be a quasi-pseudometric compatible with (X, 6), 2) , that is such
that <? = rd and 2 = rd. It is not restriction to suppose </<l.Let<3r={^,:AT->R
Vp G X} with fp(x) = 1 - d(p, x) for every x G X. Let § = {gp: X -> R V/> G
X} with g/,(x) = </(x, />) - 1 for every x G X Let x G X and e > 0. For each
element of the 'J-open set Bd(x, e) we havej^(x) — fp(y) = - J ( ^ , x) + rf(p, j )
< d(x, y) < e for every p E. X. Therefore, 'jFis pairwise semiequicontinuous and
then <? is pairwise relatively complete. In the same way we can prove that § is
pairwise semiequicontinuous and pairwise relatively complete. Family % = *$ U §
verifies T,(3C) C 9 and T2(DC) C 2 . Let x G X and let U be a ^-neighbourhood
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of x; there is an r, G R with 0 < r, < 1 such that Bd(x, r,) C U. Then JC G {_y e
^ /x(j) > 1 - /-,} C 5rf(x, r,), that is, 9 C T,(3C). Similarly, we prove 2 C T2(3C)

and, consequently, (X, 9, 2) is the pairwise initial bitopological space induced by
the pairwise relatively complete family %.

Conversely, let "#= U " = 1 ^ with every (Sn pairwise relatively complete. <? =
T,C?) and 2 = TjC-F). For every n G N let the quasi-pseudometric

for every x, y in X Let </„(*, y) — min{ 1, d'n{x, y)} and

d(x, y) = 2 2"X,(*, y).
«=i

Obviously c? is a quasi-pseudometric on X, and 0 < d < 1., We shall prove that
<? = Td and 2 = rd. Let x G X and h G ^,: for every e G R such that 0 < e < 1,
let 8 = e2-" and fid(x, 8) G rd. If rf(x, y) < 8 then </;(x, y) = dn(x, y) < e and
h(x) - h(y) < sup{max(/(x) - f(y),0): f G %} < e. Therefore h is v l s x . and
9 C rd. Similarly, we prove that h is Td-u.s.c. and & C rd.

In order to verify the opposite inclusions it is necessary to prove that d'n is
"JP-u.s.c. with respect to the second co-ordinate and 2ru.s.c. with respect to the first
co-ordinate. Let p G X be fixed and x G X; by Proposition 2.2, given e > 0 there
is a "f-neighbourhood U of x with /( JC ) - /(y) < e/2 for every / G % and >> G U.
Then J^,(x, _y) < e/2 < e. A similar argument proves that d'n is 2rU.s.c. with
respect to the first co-ordinate. Now we can deduce that d is 'S'-u.s.c. with respect
to the second co-ordinate. If we let Bd(x, e) G rd, there is a ^-neighbourhood U
of x such that d{x, y) — d{x, x) < e for every y E. U. Therefore U C Bd(x, e)
and Td C 9. Similarly we obtain rd C S, and the theorem is proved.

REMARK. If in Theorem 2.4 we put 9 = 2., we obtain [3] Theorem 4.

Salbany [11] gives the next definitions: let (X, 9, 2.) be a bitopological space
and let # = {(Aa, Ba)} be a set of pairs of subsets of X. & is (2, 9)-locally finite if
each x G A' has a 2-neighbourhood F and ^-neighbourhood U such that, except
for finitely many (Aa, Ba), U (1 Ba= 0 or V n Aa= 0 . <3> has an open pair base
{{Ua, Va)} if for every a Ua is "f-open, Va is 2-open, Ua U Fa = X, and for each
x G £/ G <3\ there is a such that x G Xa C Ua G U.

2.5. COROLLARY (Salbany). Let(X, 9, 2) be a pairwise normal space such that 9
has a (2, 9)-a-locally finite pair base andQhas a (9, Qyo-locally finite pair base,
then (AT, 6\ 2) is quasi-pseudometrizable.
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PROOF. Let &= LT=1 &n a pair base of <3> where &n = {(Ua, Va)}a(EL is (2 , <3>>
locally finite for every n. As (X, 9, 2 ) is pairwise normal, for each a there is an
/„: X -> [0,1] 9-l.s.c. and 2-u.s.c. function with fa(X - Ua) = {0} and/a(Z - Va)
= {1}. Let % - {/„: (Ua, Va) G &„}. It is not difficult to prove that % is pairwise
semiequicontinuous since &n is (2 , ^-locally finite. Therefore <5= U" = 1 ^ , is a
a-pairwise relatively complete family. Obviously, T/ 'JF) C <? and T2('3

r) C 2 .
Furthermore, if x G X and U is a ^-neighbourhood of x, there is a pair
(Ua, va) e ffi with x e x - v a c u a c u , but /„-•(](), i]) c ua is a T , ( ^ ) -

neighbourhood of x, so P̂ C T ^ ' F ) . In the same way one can obtain a a-pairwise
relatively complete family § = LT=1 §„ so that T, (§) C <3» and T 2 (§) = 2 . Finally,
5C = ^Fu § is a a-pairwise relatively complete family with T,(3C) = "3* and
= 2 . Therefore, by Theorem 2.4, (A", 9, 2 ) is quasi-pseudometrizable.

Now we can obtain the bitopological version for the Nagata-Smirnov's theorem
[11], Corollary 2.5. We shall obtain it as a simple corollary of next result, which
also is proved in [10], but using a different technique.

2.6. COROLLARY. Let (X, 9, 2 ) be a pairwise perfectly normal space such that 9
has a Qro-locally finite base &— U"=16En and 2 has a 9-a-locally finite base
<$= U"=1 %n. Then, (X,9,%.) is quasi-pseudometrizable.

PROOF. AS (X, 9, 2 ) is pairwise perfectly normal, for every A G &n there is a
<3M.s.c. and 2-u.s.c. function fAn from X into [0,1], with f/KO) = X - A. Let %
be the family of these functions, for every « 6 N . f l B is 2-locally finite: thus *$„ is
pairwise relatively complete. Therefore <S= U*=1 ?Fn is a-pairwise relatively com-
plete and, obviously, T , ( ^ ) = P̂ and ^(S7) C 2 . Similarly, we determine, from $ ,
a a-pairwise relatively complete family § = U"= 1 §„ with 7,(9) C P̂ and T2(S) =
2. Finally, DC = ^ U S is a a-pairwise relatively complete family with TX(%) = 9
and T2(%) = 2 . Then, following Theorem 2.4, (A", "iP, 2 ) is quasi-pseudometriz-
able.

2.7. COROLLARY (Salbany). Ler (X, <3\ 2 ) be a pairwise regular space. If P has a
%-a-locally finite base and 2 has a ty-o-locally finite base, then (A\ <3\. 2 ) is
quasi-pseudometrizable.

PROOF. Taking into account [7], Theorem 3.5, (X, 9, 2 ) is pairwise perfectly
normal space and, by Corollary 2.6, it is quasi-pseudometrizable.
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Reilly [8] gives next definitions: if D is a family of quasi-pseudometrics on the
set X, we say that D is a quasi-gauge. The topology T(£>) having as a subbase the
family <S(D) of all balls Bd(x, d, e) with d E D, x G X and e > 0 is called the
topology induced on X by the quasi-gauge D. If D is a quasi-gauge, then the
family E — {e: e is conjugate to some d E £>} is the conjugate quasi-gauge of Z>. A
quasi-gauge structure for a bitopological space (A', ^P, S ) is a pair (D, E) of
conjugate quasi-gauges on vV such that 9 = T ( D ) and 2, =

2.8. THEOREM. A bitopological space (X, "iP, S ) w quasi-pseudometrizable if, and
only if, it has a countable quasi-gauge structure.

PROOF. Let (£>, E) be a countable quasi-gauge structure for (X, 9, 2 ) . Let
D = {dn}~=, and E = {en}"=, , en being the conjugate of dn. It is not a restriction
to suppose 0 < dn < 1. For every n £ N and every x EX, let fx „( _v) = 1 —
^(•x* >0; l e t ^i, = {^,«: x G •*"}• ^ is e a s v t o prove that % is pairwise semi-
equicontinuous and, therefore, <# = U " = , ^ is a-pairwise relatively complete. For
every n G N and x G * , let gx,n(y) = en(x, y) - 1; let Sn = {gx „: x E X), then
S = U" = 1 @n is a-pairwise relatively complete. The family X = ^ U § is a-pair-
wise relatively complete, T,(0C) = <3> and T2(0C) = S. Then, (X, <§>, S ) is quasi-
pseudometrizable. The converse is obvious.

In [1], Theorem 4, it is proved that if (X, % , % " ' ) is a quasi-uniform space, and
% has a countable base, then (X, T%, T%-I) is quasi-pseudometrizable. By using
this result, we can give an easy proof of next theorem:

2.9. THEOREM (Pareek). (X, 9, 2.) is quasi-pseudometrizable if, and only if, there
are functions g :N X X -> P andh.N X X -> £ such that:

(i) For every x G X, {g(n, x)}™=i is a §'-neighbourhood basis of x, and y G
g(n, x) implies g(n, y) C g{n - 1, x).

(ii) For every x E. X, {h(n, x)}™=l is a ^-neighbourhood basis of x, and y G
h(n, x) implies h(n, y) C h(n — 1, x).

(iii) y G g(n, x) if, and only if, x E h(n, y).

PROOF. If (i), (ii) and (iii) are verified, we can define, as in [12], Theorem 2.1
[/„ = UxlEX{x} X g(«, x) for each n E N. Then, if Uo = XXX, {Un}™=0 is a
base of a quasi-uniformity % on .V with % = 9 .

For every x E X, U^x] = {y E X: (y, x) E Un} = {y G X: x G g(*, >-)} =
{y EX: y E h(n, x)} = h{n, x), therefore T%-, = S. Then, by [1], Theorem 4,
(X, 9, S) is quasi-pseudometrizable. The converse is obvious.

https://doi.org/10.1017/S1446788700027014 Published online by Cambridge University Press

https://doi.org/10.1017/S1446788700027014


(7] Quasi-pseudometrizable bitopological spaces 333

References

[1] P. Fletcher, H. B. Hoyle III and C. W. Patty, 'The comparison of topologies', Duke Math. J. 36
(1969), 325-331.

[2] J. A. Guthrie and M. Henry, 'Metrization, paracompactness and real-valued functions', Fund.
Math. 95 (1977), 49-53.

[3] J. A. Guthrie and M. Henry,' Metrization, paracompactness and real-valued functions IF, Fund.
Wart. % (1979), 13-20.

[4] J. C. Kelly, 'Bitopological spaces', Proc. London Math. Soc. 13 (1963), 71-89.
[5] E. P. Lane, 'Bitopological spaces and quasi-uniform spaces', Proc. London Math. Soc. 17 (1967),

241-256.
[6] C. M. Pareek,' Bitopological spaces and quasi-metric spaces', / . Univ. Kuwait Sci. 6 (1980), 1 -7 .
[7] C. W. Patty, 'Bitopological spaces', Duke Math. J. 34 (1967), 387-392.
[8] I. L. Reilly, 'Quasi-gauge spaces', / . London Math. Soc. 6 (1973), 481-487.
[9] H. Ribeiro, 'Sur les espaces a metrique faible', Portugal. Math. 4 (1943), 21-40.

[10] S. Romaguera, 'On bitopological quasi-pseudometrization',/. Austral. Math. Soc., to appear.
[11] S. Salbany, 'Quasi-metrization of bitopological spaces', Arch. Math. 23 (1972), 299-306.
[12] R. A. Stoltenberg, 'On quasi-metric spaces', Duke Math. J. 36 (1969), 65-72.

Departmento de Matematicas II
ETSICCP
Universidad Politecnica
Valencia-22
Spain

https://doi.org/10.1017/S1446788700027014 Published online by Cambridge University Press

https://doi.org/10.1017/S1446788700027014

