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In this paper we prove that every separable metric space
X with transfinite dimension Ind X has metric compactification
¢X such that

IndeX=Ind X, indeX=ind X, D(X)=DX),

where ind X(Ind X) denotes small (large) inductive transfinite
dimension, and D(X) denotes the transfinite D-dimension.
More generally, let 7 be a set of imvariants (ind, Ind, D).
We consider the following problem:

Let RS T and X be a metric space. Does there exist a
bicompactum (complete space) ¢cX > X such that

wX) = peX) for pcR.

When it is not so, we give counterexamples. We give also
necessary and sufficient conditions of the existence of trans-
finite dimensions of separable metric space in terms of
compactifications.

0. Introduction. In this paper we consider three transfinite
invariants: ind X, Ind X, D(X) where ind X (respectively, Ind X) is
small (respectively large) transfinite inductive dimension and D(X)
is D-dimension, see [3], Henderson.

DEFINITION 0.1. (a) indX = —-1=X= @.

(b) We assume that for every ordinal number a < 8 the class
of spaces X with ind X < « is defined. Then ind X < g if for every
point € X and a closed subset F,x¢ F'C X, there exists a neigh-
borhood O, of 2 such that

0,c X\F
ind FrOo, 2 a < B, .

We put ind X = min{g: ind X £ g}.
(¢) The dimension ind, X of a space X in a point xe X < g if
there exists a base {0;, A} in this point, such that

ind Fr0; < B .

We put ind, X = min{g:ind, X < g}.
1 FrA denotes the boundary of A.
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400 LEONID LUXEMBURG

DEFINITION 0.2. (a) Ind X = —1=X= Q.

(b) Let for every ordinal number a < 8 the class of spaces X
with Ind X < « is defined. Then, Ind X < g if for every pair of
disjoint closed subsets F and G there exists a partition® C between

F and G such that
IndC=a<pB.

We put
Ind X = min{g: Ind X < 8} .

We note that the dimension ind we can also introduce using
partitions, because if xc V< X\F and V is open, then F»V is a

partition between 2 and F.

Let us introduce some notations. For every ordinal number g
the equality 8 = a + » holds, where « is a limit number or 0, and
n=20,1,2 ---. Then we set

KpB)=n, JB)=a.

DerFINITION 0.3. See [3], Henderson. We put D(g) = —1. If
X = @ then D(X) is the smallest ordinal number B such that there

exists a collection of sets

{Aeoéféy}

satisfying the following conditions:
(@) X=U{4:0=¢=17}
(b) Every set A, is closed and finite dimensional.
(¢) For any 6 < the set

U{d:0 = a =7} is closed in X .

@ J(B) =7, Ind 4 < K(g).

(¢) For any point x € X there exists the greatest number § < v
such that x e 4,.

If there is no such number 8 we put D(X) = 4, where 4 is an
abstract symbol such that 4 > g for any ordinal number B and 4 +
B=pR+4=B%x4d=4x%Xp8=4.

If conditions (a)-(e) hold then equality (a) is called a g-D-
representation of a space X.

Hence, for any space X the dimension D(X) is either an ordinal

number or the symbol 4.
For any compact metric space X having dimension Ind X

2 A partition C in X between sets A and B is a closed set in X such that X\C =
UuVv,UnV=g,AcU,BcV, for some open in X sets U and V.
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Ind X < D(X)

(see [3], Henderson). For further results concerning D-dimension see
[11], Luxemburg. Inequalities

mdX<Ind X
and
(1) DX) = D(Y),ind X <indY for XCY

are evident for all topological spaces. However, the dimensions
ind X and Ind X are not defined for every space. For example
Hilbert cube I° has no inductive transfinite dimensions [5], p. 51
(Hurewicz and Wallman). Let

zZ=Ur
n=1

be the discrete union of Euclidean cubes I”. Then obviously, ind Z =
w,. However the dimension Ind X does not exist. But obviously

(2) if for a space X the dimension Ind X exists, then the dimension
ind X also exists®.

There are compact metric spaces X such that ind X < Ind X < D(X),
see [12], [13], Luxemburg.

In what follows all spaces are assumed to be metric and all
mappings to be continuous if otherwise is not stated.

A space X we call finite dimensional if dim X < »n for some » =
-1,0,1,2, ..., where dim X is the covering dimension*. For finite
dimensional metric space X

(3) D(X) =Ind X = dim X
and
(4) DX)=IndX=ind X =dim X

if X is separable.

DEFINITION 0.4. For any space Z we denote by P(Z) a closed
subset such that Z\P(Z) is the union of all finite dimensional sets,
open in X. For spaces X and Y with diamY < « we denote by

% For compact metric space X the dimension ind X exists if and only if the dimen-
sion Ind X exists (see [22], Smirnov).

¢ dim X £ n if for any open covering U of a space X there exists an open refine-
ment V of U having the order = n + 1, i.e., the intersection of any (n + 2) elements
of V is empty.
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C(X, Y) the space of all continuous mappings f: X —Y with the
metric d(f,, f) = sup{6(fi(x), fu(x)): x € X}, where ¢ is the metric on Y.
We note that the space C(X, Y) is complete if Y is complete. We
consider a Hilbert cube I° to be the set of all sequences {z;}, 0 <
z; <1, with the metric, defined by the equality

d({z, {y:h) = Zgl le; —y:|-27°, ©=1,2, -
The number =z, is called the i-coordinate of a point x = {x,} ¢ I°.
1. On homeomorph mappings to the Hilbert cube.

THEOREM 1.1. (The Compactification Theorem). Let X be a
separable space and a fived countable system of closed sets L, (1 =
1, 2, ---) such that dimensions Ind L, exist.

Then the set ¥ of all homeomorphisms f: X — I° of the space X
to the Hilbert cube I° such that for each i the equalities

(@) Ind L, = Ind F(L,)

() ind L; = ind f(L,)

(¢) D(L) = D(f(Ly)

(@ fPX) = Pf(X)
are satisfied contains an everywhere dense set of type G; in the space
C(X, I).

In the case when the dimensions Ind C, are finite, this theorem
has been proved in [8], Kuratowski. See also [14], Luxemburg for
infinite dimensional case.

COROLLARY 1.1. For any separable space X having dimension
Ind X there exists a separable compactification X such that

IndeX = Ind X, ind ¢X = ind X, D(¢X) = D(X), P(cX) = P(X) .

Proof. It is sufficient to put in Theorem 1.1
L,=X, ¢X=jf(UL,).

For the proof of this theorem we need some preliminary lemmas.

LeMMA 1.1. Let A and B be two fixed closed sets in the space
X and put
C=ANBAB.

Then for any n =1,2, --- the set ¢, of mappings f from the space
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X to a compact space Z such that
f@) N fBNO,.f(C) = &°
18 open in C(X, Z).

Proof. We suppose that the set ¢, is not open in C(X, Z). Then
for some f e¢, there exists a sequence of mappings g, € C(X, Z)\¢,,
k=1,2, .-, such that

(2) limg, = £

and

9:(4) N g.(B)\0,.9:(C) #* @ .

Therefore for any % there eixsts a pair of points a,€ A4, b, € B, such
that

3(guar), 9:(0) < % 5@, T.C) = '}{ _ %
(3)
3guby), gC) = + — L
n k

where 0 denotes a metric on Z. Since Z is a compactum there
exists a point p e Z such that

(4) p = lim g, (ax,) = ,}’52 Ir,r)

for some subsequence of integers %,. Since lim, .. g, = f we have
(5) p = Eﬂ f(aw) =kggrg £ -

Consequently

(6) pe flA)n fB) .

Let us show that

(7) (v, F(C)) =z

SR

where d(p, f(C) = inf{d(p, 2): x € f£(C)}.
We suppose on the contrary. Then there eixsts a point ¢eC,
satisfying the condition:

(8) Nﬂ%m<%—s

8 0. denotes e-neighborhood of the set _#.
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for some ¢ > 0. By virtue of (2), (6) we can find an integer k, such
that

9 ‘ £ aN< L&,
( ) d(gkz! f) < 4 ) 5(p; gkz (a/k-L)) < 4 y ki < 2
From (3), (8), (9) it follows that

L1 <5, 9(@)
n k;

= (g lar), ») + 0(p, f(@) + 0(f (@), 9:..(2)

15 1 15

- — — ¢ —
<4+n +4
-1 _ e

n 2"

Consequently 1/k, > ¢/2, which contradicts the condition (9). Thus,

condition (7) holds. Consequently from conditions (6), (7) it follows
that

pe f(A) N FBNOu(f(C)) ,

which contradiets condition (1). Hence the set ¢, is open in C(X, Z).
Since obviously

(10) =N
we obtain that ¢ has type G, in the space C(X, Z). 1

LeMMA 1.2. If in Lemma 1.1 we take Z = I*, then the set ¢ of
all mappings f: X — I° such that

fA) N f(B) = f(C)

1s everywhere dense G,-set in C(X, I*).

Proof. First we show that the set ¢, is everywhere dense in
C(X,Iv). Let f:X—I* be an arbitrary mapping and ¢ > 0. We
can find an integer k such that

11) N P
4n

Let us define a mapping g¢g: X — I, such that

(12) 5(f, g) < min [ﬁ e] .
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We put
(13) U= f"(OuM.fTC—)) .

Then the set U is a neighborhood of the set C in the space X.
Therefore,
AN B\U) =9 .

Consequently, there eixsts a function @: X — [0, 1] such that
(14) PAT) =0, 9B\U)=1.
We will define a mapping g: X — I* by the equalities

g(x) = filx) for 1=k, gi.(x) =@,

15
(15) g(x)=0 for 2>k +1.

where g, (respectively f,) is i-coordinate of g (respectively f). Ine-
quality (12) follows from (11), (15). Let us show that
(16) 9(4) N g(B\O0,,,9(C) = @ .

We assume on the contrary. Then there exist two points ¢ € A and
b e B such that

an  g(a), 9C) 2 % , dg®), 9(C) = % ., 0(g(a), g(b)) < 2+

where 0 is a metric in I*. From condition (11), (15) it follows that

a(g(A\U), g(B\U)) =z 27+ .

Consequently

either g(a) ¢ g(A\U) or g¢g(b)¢g(B\U).
Let, for example g(a) ¢ g(A\U), then obviously a ¢ (4\U) and, conse-
quently a € U. From condition (13) it follows that

3(f(a), FO)) < —41— :
y(/
Consequently, for some point ceC
(18) 8(f(@), £(0) < 4i :
n
By virtue of (12), (18)

3(g9(a), 9(C)) = 8(g(a), g(e)
= 0(g(a), f(a)) + 8(f(a), £(e)) + 8(f(e), g(0)
3

1
< —< =
4n n
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which contradicts the condition (17). Consequently equality (16)
holds and geg,. We have proved that the set ¢, is everywhere
dense in C(X, I). By Lemma 1.1 ¢, is open in C(X, I°). Since,
obviously

then by Baire’s theorem ¢ is an everywhere dense G;-set. |

Let X be a space, then we denote by G, the set of all subsets
Ac(C(X, I’) such that A contains an everywhere dense G;-set in
C(X, I*). We note that from Baire’s theorem it follows that

(19) if 4,6Ge(6=1,2, ---), then (A eGy.
i=1

In what follows we shall use the assertion (see [5], Hurewicz
and Wallman).

If X is a separable space, then the set of all homeomorphisms

20) fi: X — I” contains an everywhere dense G,-set in C(X, I°).

The following two lemmas ecan be proved by well known
standard methods. However we shall prove them for the com-
pleteness.

We remind the reader that g: X —Y is an ¢e-mapping if diameter
g '(y) < ¢ for any point ye Y.

LeMmA 1.83. Let KC X be a compactum in a space X, then the
set of all mappings f: X — I° such that the restriction of f to K 1is
a homeomorphism is an everywhere dense Gy-set in C(X, I°).

Proof. Let ¢. be a set of all mappings f: X — I® such that the
restriction fr of a mapping f to K is an e-mapping, and . be a
set of all e-mappings ¢g: K — I°. Then 4 is open and everywhere
dense in C(K, I*), see [5]. Consequently ¢. is open in C(X, I*). Let
us show that ¢, is everywhere dense. Let f: X — I® be a mapping
and 6 > 0. Since 4, is everywhere dense there exists an e-mapping
¢g: K — I such that

0
d(fK; g) § _’2“ .

Since I“ ¢ AR there is an extension §: X — I* of a mapping g. We
put
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7@ for |(f — @IS o
hiz) =
d @— N 0
(@) + = =—= for |f—g|>—.

T@ S g = Pw] 4 2
Then, obviously d(k, f) < 6/2 < 6 and since g(x) = (x) for x€ K we
have heg.. Therefore, the set ¢, is open and everywhere dense in
C(X, I*). Our lemma now follows from (19) and the equality

co

¢ = Q1¢1/n i D

LEMMA 1.4. Let A be a closed subset of a space X and dim A =
n, then the set ¢ of all mappings f: X — I° such that

dim f(A) < n

18 an everywhere dense Gy-set in C(X, I*).

Proof. Let K, be a set of all mappings f: X — I* such that

d.n(f(A) < e

where d,..(f(4)) is an (n + 1)-coefficient of Urysohn, i.e., the inf of
e > 0 such that there is a covering of fF(4) with open sets of di-
ameter <¢ and of order < n + 1.

Then, clearly

¢ = QlKl/n .

Therefore by virtue of (19) it is sufficient to prove that K, is
open and everywher dense set. Let feK,, then there exists a
finite collection of open in I° sets V ={V, :--, V,} such that

@1) FA) YV, damV, < 7’; , order V=n+1.

It is evident that the set 0 of all mappings f: X — I satisfying the
condition (21) is a neighborhood of f in C(X, I°). Thus, K, is open.
Let us prove that K,,, is everywhere dense. Let g: X—I° be a
mapping. Since dim A < »n we can construct by Kuratowski method
[8] a mapping f: X — I*, such that

dx(f,9) <e

and f(A) is contained in n-dimensional polyhedra. Therefore dim f(4)<
n and d,.,(f(4)) = 0. Consequently, feK,,. Thus the set K, is
everywhere dense in C(X, I*). 'l
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2. Further lemmas for the compactification theorem.

DEFINITION 2.1. A space X is called weakly infinite dimensional
if for any countable sequence of pairs {F,, G} of closed sets in X
=12 --2), F.NnG, = @, there exists for every 4 a partition C;
between F, and G, such that
ﬁ Ci =0,
i=1
for some k=1,2, ---.
Every finite dimensional space is clearly weakly infinite dimen-
sional.

DEFINITION 2.2. A countable system of open sets U,, n =1, 2, - -,
in a space X is called convergent if for any discrete in X sequence
of points {x},7=1,2, ---, there exist numbers p and =, p,n =
1,2 --- such that x,¢ U, for 7 = p.

If the system {U,} is convergent then the set X\U;-,U, is called
the limit of this system. Let a space X be weakly infinite dimen-
sional and

U,={x:xe X, there exists a neighborhood 0,2

(1) .
such that dim O, < »n}.

Then we have, see [19], Sklyarenko:
(S1) The system of sets {U,} is convergent and has a compact
limit.

COROLLARY 2.1. If a space X is infinite dimensional and weakly
infinite dimensional then

(1) the set P(X) is a nonempty compactum.

(ii) Ind(X\OP(X)) < w, for any neighborhood OP(X) of a com-
pactum P(X).

Proof. The compactness of P(X) follows the equality
(2) P(X) = X\(:Jl U,

and Theorem (S1). Let P(X) = @. Since X is infinite dimensional,
there exists a sequence of points #; in X such that
(3) v, e U \U{Uz:3<n}, npu>n,n=12---.

From condition (3) it follows that a sequence {x,} is discrete in X
but by Theorem (S1) the system {U,} is convergent. We obtain the
contradiction. Consequently P(X) # .
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If condition (ii) does not hold then there exists a sequence of
points {x;} with property (3) and such that x, ¢ X\OP(X), consequently
a sequence {x;} is discrete in X and we again obtain the contradiction.
Therefore the property (ii) holds. []

We shall use the following theorem, see [21]; Smirnov.
(SM1) If the space X has dimension Ind X then X is weakly
infinite dimensional.

LEMMA 2.1. If sets A, B are closed in X = AU B and the set B
is finite dimensional, ¢ = w, and
IndA<a (ndd<a)
then
IndlAUB)<a (indAUB)< a).

This lemma directly follows from [10] (Levshenko), Theorems 1, 1’,
p. 257. 1

LemMMA 2.2. If B is a bicompactum (not necessarily metrizable)
and Cc B\P(B) is a closed subset, then

dim C < o .

Proof. From Defininition 0.4 it follows that every point zeC
has a closed finite dimensional neighborhood V(x). The lemma now
follows from the compactness of C and the sum theorem for dimension
dim.

LEMMA 2.8. Let X be an arbitrary normal space (not necessarily
metrizable) and (A, B) be a pair of two closed disjoint sets in X.
Let also PC X be a closed set and C be a partition in X between
A, =ANP and B, = BN P. If the set C has a type G, in X then
there exists a partition C, in X between A and B such that

C():ClUCzy

where sets C, and C, are closed in X,C,cC,C,c X\OP for some
netghborhood OP of the set P. (We do not suppose here that A, # @
and B, #= @.)

Proof. Since C is a partition between A, and B, there are such
open sets U, V of that

(4) UnV=90,X\(UUV)=C,A,cU, BCV.
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Consequently
AUONP=B\V)NP=0.

Since X is a normal space, there exists a closed neighborhood W of
the set P such that

(5) Wn(AD) U B\V)) =2
and W has a type G;. We put
(6) U,=(WUAUB\BUW\D)), V,=(WUAUB\AUW\V)).

Then sets U,, V, are openin WU AU B. Since AN B = g, by virtue
of (4), (5), (6)

UNnv,=WUAUB\AUBUW\Uh)u (W\V) =@,
AcU,, BcV,.

Consequently the set

C.=(WUAUB\(U,UV) =AU W\V)nBUWD)
=WncCcC

is a partition in WU A U B between A and B. Since the sets W and
C are G,;, the set C,=WNC is also a Gs;-set. Consequently there
exists a continuous function : WU AU B —[—1, 1] such that

70)=C,, P4 =-1, B)=1.
Let ¢: X —[—1, 1] be any continuous extension of . We put
C,=9%0), C,=C\C,.
Then obviously
C,=C, UG,

since C)\C,c X\W and W is a closed neighborhood of P, there exists
a neighborhood OP C W of the set P such that

C\C, =C,c X\OP. O
DEFINITION 2.3. Let & ={F;:1=1,2, ---} be a countable system
of sets in a space X and the set Uc X be open. Then the system
Z is called simple with respect to U if
(7) U=UF,
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(9) The system F' is locally finite on U and sets F); are closed in X .

LEMMA 2.4. Let B be a bicompactum not necessarily metrizable
and f:B— K be a zero dimensional mapping® in a compactum K.
If there is a closed set PC B and o simple, with respect to (B\P),
system {B;} in B such that:

(10) FPYNFB)=@ for every =12 -
(11) dim f(B,) < oo

(12) the restriction of f to P is a homeomorphism
and

(13) IndK=<a

then Ind B £ a.

Proof. We shall prove this lemma by induction on a. If @ < w,
then for any bicompactum B having zero-dimensional mapping in «
dimensional compactum K we have

IndBsIndK=«.

(See [10], Pasynkov.) Let a = w, and for all &’ < a our lemma is
proved. Let F,G be a pair of two disjoint closed sets in B. By
virtue of (12)

SENPINFGNP) =0 .

Then by virtue of (13) there exists a partition D between f(F N P)
and f(G N P) such that

(14) IndDsp<a.
We put
(15) C=s7rwD.

Then, since K is metrizable and D c K is closed, D is a G,-set. Con-
sequently, C is also a G,-set. Moreover the set C is a partition
between FFN P and G Pin B. By virtue of Lemma 2.3 there exists
a partition C, between F and G such that:

(16) ¢, =Cudg,, CcC, C,cX\OP
for some closed sets C, and C, and a neighborhood OP of a set P.

¢ A mapping f is zero dimensional if dim f-(z) = 0 for any point z in image f.
” In our terminology a compactum is a metrizable bicompactum.
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We note that if B'c B is a closed set, B; = B,NB’,P"=PnNB,
K’ = f(B') then all conditions of Lemma 2.4 are fulfilled for bicom-
pactum B’ (we have only to change notation). Consequently, if
Ind f(B’) < a then by inductive assumption Ind B’ < Ind f(B’) < a.
Therefore for proving inequality

an IndC, <
we have only to prove that
(18) Ind f(C,) < oo .
Indeed, as it was mentioned above we have only to prove that
Ind £(C,) = Ind f(C) U f(C,) < « .
By virtue of (14), (15), (16) we obtain the inequality
(19) IndfC)=IndD=gp<a.
By Lemma 2.1 and (18), (19)
Ind (f(CH U FICY)) < .

Let us prove inequality (18). By conditions of the lemma we have
B\P=UB,
i=1

and the system {B,,7 =1, 2, ---} is locally finite on B\P. Since C,C
B\P and C, is a subbicompactum of B then for some finite collection
B, ---, B;, we have

C,c I:I B, .
Consequently, by virtue of (11)
dim f(C,) < max{dim f(B;):s =1, -+, k} < co .

Since f(C,)c K and K is a metrizable space, dim f(C,) = Ind £(C,).
Thus inequality (18) and consequently (17) holds. Therefore Ind B < a.

LEMMA 2.5. If for any two closed disjoint sets F, G in weakly
infinite dimensional space Z such that

FuGc PZ)

there exists a partition C having the dimension IndC < ala = w,)
then Ind Z < a.
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Proof. Let (A, B) be an arbitrary pair of disjoint closed sets in
Z. If either ANP(Z)= @ or BN P(Z) = © then either the set A
or B belongs to the set Z\OP(Z) for some neighborhood OP(Z) of
the set P(Z). By virtue of Corollary 2.1 there exists a finite dimen-
sional partition C between A and B; consequently

IndC< o, 2.

Let A, =ANPZ)+ @ and B,=BNPZ)+ @. By the given
condition there exists a partition C between A, and B, such that

(20) IndC< a.

Since Z is metrizable, C is a G,-set and by virtue of Lemma 2.3
there exists a partition C, between 4 and B such that

(21) C.cC, C,cX\OP, C,=C, UG,

for some closed sets C,, C, and a neighborhood OP of the set P. By
virtue of Corollary 2.1

IndC, < o .
From (20), (21) it follows that
IndC, < o .

The inequality Ind C, < a now follows from Lemma 2.1 and (21). [

LemmaA 2.6. If for any point peP(Z) in a weakly infinite
dimensional space Z and for any closed set FC P(Z), F3p, there
exists a partition C in Z such that

indC < ala = w,)

then ind Z < a.
The proof is similar to the proof of Lemma 2.5.

COROLLARY 2.2. For any weakly infinite dimensional space Z
the following assertions hold:

(@) IndZ < a<= for any closed sets F, G, FUGC P(Z), FNG =
O there is a partition C with IndC < a. a = ®,.

(b) ind Z < a = for any closed set FC P(Z) and a point x¢e
P(Z)\F there is a partition C with indC < a. (a = w,)

COROLLARY 2.3. If X has the dimension Ind X and YT X s
weakly infinite dimensional then
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(22) mdY <Ind X .

We shall prove this corollary by induction on a =Ind X. If
a < w, our assertion is known. Let @« = w, and F,G be a pair of
two disjoint closed sets in P(Y). Since Y < X we have

P(Y)cP(X) .

Sinee by Corollary 2.1 P(Y) is a compactum, the sets F', G are closed
in P(X) and by inductive assumption there exists a partition C
between F and G in X such that

IndC< .

Then CNY is a partition between F and G in Y and sinceCNY is
closed in Y it is weakly infinite dimensional space. Consequently by
inductive assumption

IndCnY)£hndC<a.

Inequality (22) now follows from Corollary 2.2. O

LeMMA 2.7. Let z#z = {U:1=1,2, ---} be a system of open sets
in a space X, & a limit ordinal number <, and

DU) <«
(23) -
U= .L=11Ui .

Then for any sequence of ordinal numbers v, such that

(24) Yigr > Vs, SUPY,=a =12 ...

there exists a simple, with respect to U, system # = {F,} such that
DF)=7;.

Proof. We take a system of open sets 7 = {V,} such that
(24) V.cViagU, UVi=U (=12 ).

Since X is metrizable, there exists an open covering {D,} of the set
U such that the covering {D,} consisting of closures D, is a refinement
of 7 and %Z. Since coverings 7° and % are countable, we can
require a covering {D;} to be countable. Then there exists a closed
covering 57 = {H,} of U such that

(26) H,=H,cD, (=12 ---).
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By virtue of (25) the sets H,, D, are closed in X. From condition
(23) it follows that

27 DH)<DD)<DD)=sp<a.
We can now construct by induction open sets W, such that:
(28) UH.cW.cW,c UD,cU
k=1 i=1
(29) W, cW,,. .

By (27), (28) and the sum theorem for union of finite number of
closed sets with D-dimension [3], Henderson, we have

(30) D(W) <max{DWD):i=1, -, k}=6<a.

Since 57 is a covering of U, we have, by virture of (28)

(81) uw,=U.

From conditions (24), (30) it follows that there exists such subsequence
e} =1,2, -+ of a sequence {7,} so that

(32) DW) £ Yoy 0E+1D)>n(E) >0, i=1,2---.

Since the space X is normal, from condition (29), it follows that for
any ¢ there exist such open sets

Vaas ==y Vn(H—l) (= 0, 1, <ee)
so that

@) Veow=W¢y, Vi =W, Vi=0@ for 0=1<0Qd).
(34) Viirsn C Vawrss C Varsnss B =0, «++, 0@ + 1) — n(@) .
By virtue of (11), (32), (33), (34), (381) we have

35) D(V) S DWu) £ Vo =7; for a@) £j=<n@+1)

(36) D(V)=—1<7v, for 0<j<mnd)
37) V.cVicU UV, =U.
i=1
We put
(38) F,=V\V., for i>0, F,=0.

Then for j >4, V,;N F; = @. Consequently, by virtue of (37) the
system {F} is locally finite. Conditions (7), (8) follow from (37), (38).
Inequality D(F,) < v, follows from (35), (36), (38). O
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COROLLARY 2.4. For any space X there exists a simple with
respect to X\P(X) system {C.} such that

(39) dmC, <i (=12 ---).

Proof. Let U, be the set defined by equality (1), then obviously
dimU, < n

and by definition
X\P(X) = QU, .

Hence by Lemma 2.7 there is a simple, with respect to X\P(X),
system {C;} such that

dim C; = D(C) < i = (i) . n
LEMMA 2.8. If D(X) = w, then D(X) = o, + D(P(X)).

Proof. If D(X) = 4 then our lemma is trivial. Let D(X) =
B < 4, D(P(X)) = @ and the equality

P(X) = UfA: ¢ = J(@)}

be the a-D-representation of P(X). By virtue of Corollary 2.4, we
have the representation

X = P(X) U gci

for simple, with respect to X\P(X), system {C,} such that property
(39) holds. Let us put

Byie=A4;, B,=C;, for i<aw,.
Then clearly the equality
X=U{B:&= J(w, + a) =0, + J()}
is a (@, + a)-D-representation of X. Therefore
BEw,+a.
Let the equality
X={4,=¢£=JB)
be a g-D-representation of X and 8 = w, + d. Let us put
B, = Ao
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and
(40) T= U{B:¢g=<J@®)}.

Then (40) is clearly a §-D-representation of 7. From conditions
(b), (¢), (e) of Definition 0.8 it follows that the set X\T is a union
of open finite dimensional sets. Consequently, P(X)cC T and

DPX)=DT)=d.

Hence w, + 6 = w, + a. O
3. Standard representations and standard mappings.
DEFINITION 3.1. Let

(1) X=PXUUC..

Then equality (1) is called a standard representation of a space X if
(a) The system {C;} is simple with respect to X\P(X). (In par-
ticular C,N P(X) =C;NC; = @ for |t — 7| > 1.)
(b) dim C; = n(2).

(¢) For any z¢C,, oz, y) < 1/7 for some ye P(X), i > 0, where
0 is a metric on X.

LeMMA 3.1. Let X be a weakly infinite dimensional space. Then
there exists a standard representation of X.
Proof. We put

R T | 1 ;>
Ci—{oc. +2§5(x,P(X))§i+1} for ix>1,

C, = {x: @, P(X)) = .;_} .

Then, clearly the equality (1) and properties (a), (c) hold. Property
(b) follows from Corollary 2.1. ]

DEFINITION 8.2. Let (1) be a standard representation of X and
f: X — I° be a mapping such that:

(a) f is a homeomorphism on P(X).

(b) FCYN fPX)) = FICHN FC) = @ for |i —j| > 1.

() dim f(C)) £ dimC; £ n; < oo.
Then f is called a standard mapping.

LEMMA 3.2. Let f: X — I be a standard mapping of a weakly
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infinite dimensional and infinite dimensional space X. Then

(2) FX) = FPE) UU FC) -

(8)  the system {F(C,)} is locally finite on F(X)\f(P(X)).
(4) FPF(X) c P(X) .

(5) Df(X) = D(X) .

Proof. Let us show that

for any sequence {y;}, such that y,e f(X), y.¢ f(C;) for 7 <1
we have

(6)

8 lim 9, = a for some point a € f(P(X)), and some subsequence
{¥rw)} of sequence {y.}.

Indeed, we can take for any ¢ a point f(x;) such that
(8) of) v) <2, S@)eFCH for j<i.

Consequently x; € P(x)U U{C;: § = 4} and by condition (¢) of Definition
3.1 we have

(9) 3z, P(X)) < 1/i .

Since X is weakly infinite dimensional, P(X) is compact and from
(9) it follows that

(10) lim%,, =b for some point beP(X) and some subsequence
{x,s} of sequence {x}.
Let f(b) = a, then property (7) follows from (8), (10). Let us prove
(2). Let ze f(X\f(X),xz¢ f(C,) for any ¢, and z¢ f(P(X)), then
clearly we can construct a sequence {y;} such that
limy, =« and y,¢ f(C;) for j<1i.

From condition (7) it follows that ze f(P(X)) and we obtain the
contradiction. Henece property (2) holds. Similarly we can prove
). Indeed, if xec f(X)\f(P(X)) and any neighborhood Ox of «

contains points of infinitely many sets f(C;), we can construct a
sequence {y,} satisfying (6) and such that

limy, =x.

§—00

By virtue of (7) ze f(P(X)) and we again get the contradiction.



ON COMPACTIFICATIONS OF METRIC SPACES 419

Therefore the system {f(C,)} is locally finite on F(X)\f(P(X)). Let
us prove (4). Since P(X) is compact, the set f(P(X)) is closed and
the set F(X)\f(P(X) is open in f(X). By virtue of condition (2) and
(b) of Definition 3.2 we have

FAOV(PX) = U FC)

fTfPX)) = P(X) .

From conditions (3) and (¢) of Definition 3.2 it follows that
12) PF(X)c f(P(X)) .

1)

Consequently, condition (4) follows from (11), (12). Property (5) follows
from (12). Indeed, by Lemma 2.8

D(f(X)) = o, + D(PF(X)) £ @, + Df(P(X))
= w, + D(P(X)) = D(X) .

We used here the equality Df(P(X)) = D(P(X) which follows from
condition (a) of Definition 3.2. O

LEeMMA 8.3. Let U be an open set in some closed subset A of a
space X and ¢ the set of all mappings f: X — I° such that

fFO)NfFAD) = @
then
seGy .
Proof. Let {F:1=1,2, ---} be a collection of closed sets in a

space X such that g, F;, =U. Then by virtue of Lemma 1.2 and
(19) §1 the set 4 of all mappings f: X — I such that

FE) N FAU) = o
belongs to G,. Since clearly ¢ D+, we have also ¢ e Gy. O
LeEMMA 3.4. Let X be a weakly infinite dimensional closed subset

of a space Y and ¢ be a set of all mappings f:Y — I such that f
is standard on X. Then ¢ Gy.

Proof. By Lemma 3.1 there exists a standard representation (1)
of a space X. Since the system {C,} is countable, our lemma follows
from Lemmas 1.2,1.3,1.4 and (19) §1. O

LEMMA 3.5. Let U be an open set in a space X and V = IntU
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(where IntU is an interior of U). Then
FrVcFrU, V=IntV, UcV

and the set X\(FrV UV) is everywhere dense in X\V. The lemma
18 trivial.
An open set V such that V = IntV is called canonic.

LEMMA 3.6. Let IndX =¢a,ind X =pa=8=w,) and M) =
{(UkLvellp = a,b be two system of open canonic in X sets such that
for all vel':

k1) IndFrU: < a

(k2) ind FrU: < g

k3) Na) forms a large base in P(X)* and Mb) forms a base in
P(X).

Then if f: X—I° is a standard mapping such that:

(k4) Ind FrU: =z Ind f(FrU?)

(k5) ind FrU; =z ind f(FrU})

k6) f(UN N FX\UY) = f(FrUY)

&7 If U c UL then F(UL N FIX\UE) = @

k8) fEFErUL) N f(X\FrU}) = @.

For all eI and pt = a, b then

(@) Indf(X)<IndX

(b) ind f(X) <ind X

(¢) DF(X) = D(X).

Moreover, for proving condition (a) it is sufficient to assume that
conditions k1, k3, k4, k6, k7, k8 hold and for proving condition (b) it
18 sufficient to assume that conditions k2, k3, k5, k6, k7, k8 hold, and
condition (c) follows from the standardness of mapping f.

Proof. Condition (c) follows from Lemma 3.2, property (5). Let
us prove (a). Let F, G be a pair of disjoint closed sets in Pf(X).
We put

13) Fi=fF), G=[f7G).

Since f is a standard mapping, by Lemma 3.2(4) we have
(14) F,UF,c P(X)

and clearly

FnNF,=0.

8 This means that for any pair (F, G) of closed disjoint sets in (X) there is a set
%, open in X, such that Fc U% c X/G.
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By virtue .of ki1, k3 there exist such sets Uy, U;, U;, € Ma) so that

(15) F.cU:cU;cU;, cU,cU;,cX\G,,
16) Ind FrU;, < a .
We put

D U=U, V=Itf({T) = FONFrf(T), A= FX\N(T) .
Since f is a continuous mapping,

(18) FO) =70 .

Let us show that

(19) A=
By virtue of (k6), (k8), (18)

(20) FO N FXD) 0 fEX\FrU) = 2 .

x\0) .

~

Sinee U is canonic set, from Lemma 3.5 it follows that the set
FX\U) N f(X\FrU) is everywhere dense in f(X\U), consequently

@1) F&ROD = FXON FX\FrD) .
From (18), (20), (21) it follows that
(22) F&XO) = F&X\O) N FX\FrO) c fXO\(D) = A.

Since

SOV(U) = (FX\U) U FAON\FU) < fF(X\U)
and the set f(X\U) is closed, we have

(23) A= FXO\FU)c fX\D) .

The condition (19) follows from (22), (23). By virtue of (17), (18), (19)
we have

@4) V=FONFO)nFXOO)) = FONFO) N FEXD)) .
From conditions (13), (15), (17), k7 it follows that
Fcf(Uy), FUNFX\U) =2 .

Consequently,
(25) FcvV.
On the other hand, by virtue of k7, (15), (24), (13)
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ve fO), FOn fFX\T;) =@, Gof&X\Tp).
Consequently
(26) Vc7FX\G .

Since the set V is open (condition 17), it follows from (25) and (26)
that FrV is a partition between F and G in f(X). Since by (24)
V< f(U) and V is open, we have

@1 FrV =7\VCFO\V = 7(0) n FX\D) .
But by virtue of (19), (17)

(28) Fri(0) = f(O) n (FXNO)) = FO) N FX\D) .
From (k6), (27), (28) it follows that

FFrU) = Frf(U)> FrV
FEFrU) = Frf(U)D FrV.

By virtue of (k4), (16), (17)
Ind fF(FrU) < Ind Fri< «a.

Consequently Ind F»V < a. Inequality (a) now follows from Corollary
2.2(a). Similarly one can prove inequality (D). O

4. Proof of the compactification theorem. First we shall
prove some general theorems.

THEOREM 4.1. Let X be a closed subset of a space Y and dimen-
ston Ind X exists. Let ¢ be the set of all standard on X mappings
F:Y — I such that

Indf(X)<Ind X
Df(X) = D(X) .

Then ¢ € Gy.

LemMMA 4.1. Let X be a closed subset of a space Y and dimension
Ind X exists. (We note that by wvirtue of (2) (introduction) the
dimension ind X also exists.) Let Ind X = a,ind X = 8 and 8 = ®,.
Then there exist two countable systems Np) = {Ut:vellpt=a,b of
open in X canonic sets such that for all veI' conditions k1, k2, k3
of Lemma 3.6 are fulfilled.

Proof. The existence of systems \(y) with properties k1, k2, k3
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is evident. Since Ind X exists by (SM1) §2 and Corollary 2.1, P(X)
is compact. Consequently we can consider systems A(g) to be
countable. Indeed, from any base (large base) of compact metric
space we can select a countable subsystem which is also a base (large
base). By virtue of Lemma 3.5 all elements of these bases we can
consider to be canonie. O

LEMMA 4.2. Let in Lemma 4.1 ¢, be the set of all mappings
f:Y — I” such that f is standard on X and conditions k6, k7, k8 of
Lemma 3.6 are fulfilled. Then ¢, € Gy.

Proof. Let ¢, be the set of all mappings f:Y —I” such that the
condition k(¢ = 6,7, 8) of Lemma 3.6 holds. Since
PrUt = U0 X\U*

and the systems )\(#¢) are countable, from Lemma 1.2 and (19) §1 it
follows that

¢ €Gx .

Analogously ¢, € Gy. Inclusion ¢, € G, follows from (19) §1 and Lemma
3.3. Let o be the set of all mappings f:Y — I such that f is
standard on X. Then +r€G; by Lemma 3.4. Since obviously

S =vNgN¢N @,

our lemma follows from (19) §1.

Proof of Theorem 4.1. We shall prove the theorem by induction
on ¢ =Ind X. Let a < w, then by virtue of (8) (introduction)

Ind X = dim X = D(X)

and our theorem follows from Lemma 1.4. Let a = w, then by Lemma
4.1 there exists a countable system A\(a) of open canonic in X sets
satisfying conditions k1, k3 of Lemma 3.6. Let 4 be the set of all
mappings f:Y — I such that the condition (k4) is fulfilled. Then
from inductive assumption and (19) §1 it follows that

veGy .
Consequently,
G = N¢E GY

where ¢, is the set defined in Lemma 4.2. Let feg¢, then f is
standard on A mapping. Morerver the conditions (k1), (k3), (k4), (k6),
(k7), (k8) are fulfilled. Consequently, by Lemma 3.6 fecg, where ¢
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is defined in Theorem 4.1. Hence ¢,C¢. Consequently ¢eG,. [

THEOREM 4.2. Let A be a closed subset of a space X and dimen-
ston Ind A exists. Let A be strongly metrizable’ and ¢ be the set of
all standard on A mappings f: X — I such that

Ind F(4) < Ind(4)
(1) Df(4) < D(4)
ind 7(A) < ind A4 .

Then ¢ C Gy.

Proof. We shall prove the theorem by induction on g = ind A.
By virtue of Theorem 4.1 it is sufficient to prove that the set 4 of
all mappings satisfying condition (1) belongs to G;. Let g8 < w,, then

indA=IndA =dimA4,

see [23], Zarelua. Consequently, our theorem now follows from
Lemma 1.4. Let 8 = w,. In this case our proof is completely similar
to the proof of Theorem 4.1.

COROLLARY 4.1. Let X be a space and {L;} be a countable system
of closed subsets such that the dimension Ind L, exists for every 1.
Let @ be the set of all mappings f: X — I° such that

@) Indf(L;) £IndL, (=12, ---).

(b) Df(L:) = D(Ly).

(¢) af L; is strongly metrizable for some j then ind f(L;)<ind L,.

(@) f is a standard mapping on L.

() f(PfL))cPULy)
forany i =1,2, ---. Then ®cGy.

Proof. By Lemma 3.2 the condition (e) follows from (d). Our
corollary now follows from Theorem 4.1, Theorem 4.2 and (19) §1.

Proof of Compactification Theorem (1.1). Let o, be the set of
all homeomorphisms f: X — I* of separable space X in Hilbert cube.
Then, see [5], Hurewicz and Wallman,

(2) ¥ €Gy .
Since for every ¢ and f €q,

® The condition of strong metrizability of X is equivalent to the following one:
There exists an imbedding f: X — I* X II7.; B;, where I* X I, B; is a product of
Hilbert cube and a countable number of diserete spaces.
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Ind f(L,) =Ind L;, ind f(L,) =ind L,, D(f(L,) = D(L,)
and f(L,) c f(L,), we have
(3) indL; < ind f(Z,) , D(L,) < Df(Ly)
see [3] (introduction). Inequality |
(4) Ind L; < Ind (L))

follows from Corollary 2.3 and SM1 §2. Let ¢, = ¢ N 4, Where ¢ is
defined in Corollary 4.1. Then from Corollary 4.1, (2) and (19) §1
it follows that

(5) $€Gy .

Since f is a homeomorphism, we have f(P(X)) = P(f(X))c Pf(X)
Inclusion Pf(X)c f(P(X)) follows from condition (e) of Corollary 4.1.
Consequently condition (d) of the Compactification Theorem also holds.
We obtain that + D¢, where the set « was defined in Theorem 1.1
and, by virtue of (5), +€G;. The theorem is proved. ]

5. Uniformly zero dimensional mappings.

THEOREM 5.1. Let X be a space and a fived countable system of
closed sets L, 1 =1,2, --- such that dimensions Ind L, exist. Then
the set ~ of all uniformly zero dimensional mappings”® f: X — I° of
the space X to the Hilbert cube I° such that for each i we have:

(a) Ind L, = Ind 7(L,)

(b) D(Li) = 'Df(Li)

() indL; <ind F(L;) < @, + ind L,

(@) ind L, = ind F(L,) if L, is strongly metrizable

(e) f is a standard mapping on L,
contains an everywhere dense set of type G; in the space C(X, Iv).

To prove this theorem we need some preliminary lemmas.

LEMMA 5.1. Let X be a bicompactum, not necessarily metrizable
(respectively by a metric space) and f: X —Y be a zero dimensional
mapping (respectively uniformly zero dimensional) in a compactum
Y. Then

(@) indY=ind X

(b) D(Y) =z D(X).

1 We recall that f: X —Y is uniformly zero dimensional if for any e > 0 there

exists d > 0 such that for every set .#CY of diameter .# < J the set f~i(#) is a
union of a discrete collection of sets, each of them having the diameter <e.
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Proof. Inequality (a) was proved in [23] (Theorem 1), Zarelua.
Let D(Y) = a and

Y={Yn7=J)}

be an a-D-representation of Y. Since zero dimensional mappings
of bicympacta (respectively uniformly zero dimensional mappings of
metric spaces) do not lower dimension Ind; see [17] (respectively
[6]), it is easy to see that

X=U{Y=f"(Yn:7 = Ja)}
is an a-D-representation of X. Consequently, D(X) < «a. O
LEMMA 5.2. Let X, Y be spaces with dimensions Ind X, IndY

and f: X—Y be a uniformly zero dimensional standard mapping.
Then IndY = Ind X.

Proof. We shall prove this theorem by induction on IndY. Let
IndY = a and a < w,, Then dimY = D(Y) = IndY ((8) introduction)
and our lemma follows from Lemma 5.1(b). Let a = w, and F, G
be a pair of closed disjoint subsets in X such that

FUGCPX).
By virtue of (a) definition 3.2 we have
SEINFG) =0.

Since X is weakly infinite dimensional (SM1 §2), P(X) is compact by
Corollary 2.1 and consequently sets f(F"), f(G) are closed. Let C be
a partition between f(F') and f(G) such that

(1) IndC< a.

Then f*(C) is a partition between F' and G in X. Since clearly the
restriction of any uniformly zero dimensional standard mapping to
a closed subset is also zero dimensional standard mapping we have
by inductive assumption and (1)

Ind f7/(C) £IndC< a.

Our lemma now follows from Corollary 2.2(a). ]

LEMMA 5.3. Let X be a space with dimension Ind X. Then
ind X £ w, + ind P(X).*

Proof. We will prove this lemma by induction on ind P(X). If

1 We consider that w, + (—1) = w,.
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ind P(X) = 0, then for any point ¢ € P(X) and a closed set F' < P(X)\{x}
there exists a partition C in X between {x} and F such that

CNnPX)=0.

Then by Theorem SM1 and Corollary 2.1, C is finite dimensional and
indC < w, + ind P(X). Therefore ind X < w, + ind P(X) by Corollary
2.2(b). If ind P(X) = 1 then for any point x e P(X) and a closed set
Fc P(X)\{z} there exists a partition C in X between {2} and F such
that

ind(C N P(X)) < ind P(X) .
Since clearly P(C) cC N P(X) we have by inductive assumption that
indC £ w, + ind P(C) < w, + ind P(X) .

Our lemma now follows from Corollary 2.2(b). [___1

Proof of Theorem 5.1. Let R be the set of all uniformly zero
dimensional mappings f: X —I°. Then by virtue of [6], Theorem
2.15, p. 359 and (B), p. 354, Katetov

ReqG, .

Let ¢ be the setdefined in Corollary 4.1. By virtue of this corollary
peGy .

To prove our theorem it is sufficient to show that

(3) vDOSNER.

Let fegn R. Then (e) is evident and (a), (b), (d) follow from Corol-
lary 4.1 and Lemmas 5.1, 5.2. Let us prove (c¢). Inequality

(4) ind L; < ind £(I,)
follows from Lemma 5.1. By virtue of Lemma 5.3
(5) ind f(L,) £ w, + ind Pf(L,) .

By Corollary 4.1(e)f*Pf(L;) C P(L,) and since f is a homeomorphism
on P(L,) (see Definition 3.2(a)), we have

(6) ind PF(L,) < ind P(L;) £ ind L, .

Property (c¢) now follows from (4), (5), (6). Thus property (3) and
Theorem 5.1 are proved.

6. On bicompactifications of metric spaces.
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THEOREM 6.1. For any space X with dimension Ind X there
exists a bicompactification bX DO X such that:

(@) IndbX=IndX

(b) DbX = DX

(¢) iNdX=indbX=<w, +ind X

(d) inddX = ind X if X s strongly metrizable

(e) weight bX = weight X.
Property (a) was also proved in [17], Pasynkov, for normal spaces.
We note that for every metric space X there is mot a bicompactum
bX suck that indbX=ind X, Ind bX=1Ind X. For example, if ind X=0,
Ind X =1 (see [18], Roy) then for any bicompactum bX with ind bX =
0 we have also Ind bX = 0.

We recall that a mapping f: X —7Y is called scattering (see [23],
Zarelua) if for any point 2 € X and its any neighborhood U3 « there
is a neighborhood Vs f(x) such that for some open sets W, W,c X
we have:

)y =w,uw,, w.nwW,=0, zeW,cU.
Every uniformly zero dimensional mapping is obviously scattering.
Proof of Theorem 6.1. Since for a space X with weight X < R,
the theorem is trivial, we suppose weight X = &,. By virtue of
Theorem 5.1 there exists a uniformly zero dimensional mapping
f: X — K in compact K I such that we put bX = K the conditions

(a) — (d) hold and f is a standard mapping. Since f is scattering,
there exists a bicompactification bX > X and a scattering mapping

F:0X — K

such that the restriction of F' to X is f and the condition (e) holds.
This result was proved in [23]. Since X cbX we have

(1) ind X £ ind X

see (1) (introduction). Since every scattering mapping is obviously
zero dimensional, we obtain by virtue of Lemma 5.1

(2) D(K) = D(X) z D(bX)

(3) ®, + ind X = ind K = ind bX

(4) indX=ind K ZindbX if X is strongly metrizable .
Thus, conditions (b)-(e) hold. Moreover we obviously can consider

(5) bX =X
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where closures are taken in bX. Let us prove the inequality
(6) IndpX <Ind X.

Since f: X — K is a standard mapping there is a standard represen-
tation

(1) X = P(X)U (JC

such that conditions (a), (b), (¢) of Definition 3.2 hold. Let us prove
the equality:

(8) bX = P(X)U UC..
Let x€bX\P(X) be any point. Then there are open in bX sets VDO
P(X) and W« such that
(9) Vaw=0o.
We put
U=VnX.

Then U is a neighborhood of P(X) in X. Since P(X) is compact for
some ¢ > 0, we have:

O0.(P(X)) = {x: 0(x, P(X)) < e} U.

Since (7) is a standard representation of X, by virute of (c) (Definition
3.1) we have:

C,cU for 1lli<e.
Consequently, by virtue of (9),

wn (P(X) U ()}f?‘) = @ for any k such that 1/k < ¢.

This proves the condition (8) and shows that

10) the system {C,} is locally finite on bX\P(X).
Moreover from condition (b) of Defininition 3.2 it follows that
1) FC)NFPX)=FC)NFC)=o for |i-j|>1
and consequently

(12) C:NC; =2 =C,NPX) for |i—j|>1.

From conditions (8), (10), (12) it follows that (see Definition 2.3),
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(18)  the system {C,} is simple with respect to X\P(X). Since f
is a standard mapping, we have:

14) dim 7(C;) = dim F(C)) < oo ,
and
(15)  the restriction of F = f to P(X) is a homeomorphism.

From conditions (13), (11), (14), (15) it follows that conditions of Lemma
2.4 are fulfilled for B =bX, B, = C; and P = P(X). Consequently by
Lemma 2.4

IndbX<IndK=1Ind X.

If IndbX = X then our theorem is proved. Otherwise we can
put

b, X = bX

and consider the disjoint sum X = y,X U K which obviously satisfies
conditions (a)-(e). O

7. Separable spaces which have no compactifications with
the same dimension ind. By Theorem 6.1 (or by Corollary 1.1)
every separable space X with dimension Ind X has a compactification
¢X such that

ind X =indeX.

In this section we construct examples of separable spaces which have
no compactification with the same dimension ind. Similar examples
for dimension D we shall give in the next section.

THEOREM 7.1. For any limit ordinal number «, w, < a < @,
there exists such complete® weakly-countable dimensional® separable
space X, with dimension ind X, = a such that for any compactifi-
cation Y O X, we have

indY >a=ind X, .

We mnote that by Hurewicz’s theorem [5] every finite dimensional
space X has a compactification ¢X O X such that ind ¢X = ind X. It
also follows from Corollary 1.1 because for finite dimensional space
X Ind X = ind X.

12 We consider a space X to be complete if it is an absolute Gs-set or equivalently
if we can introduce on X a complete topology preserving metric.

13 A space X is weakly countable dimensional if X is a union of countable number
of finite dimensional closed subsets.
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DEFINITION 7.1. Let « be an ordinal number. We put
pla) =a for a=w,.
If @ > w,, then a = @, + B for some 8 > 0 and we put
Pla) = W, + @, X 8.
We will use the following results, see [13], §1, Luxemburg.

For any a < w, there exists a weakly countable dimensional
compactum Y, such that:

(1)
indY, = alndY, = ¢(a) .

(2) For any compactum Y having a dimension indY we have
indY < IndY £ @(indY) .

From Definition 7.1 it follows that (see also [13, Lemma 1.1]).

(3) If a < g then p(a) < @(B).

(4) If a = sup{g,} then p(a) = sup{p(8,)}-

Construction of the space X. Since a is a limit number there exists
such a sequence of ordinal numbers {7;} so that

V< Tm<a, 7i:Bi+1

5
(5) a=sup{r:i=1,2 ---}=sup{Bi:i=1,2, ---}.

By virtue of (1) there exists a weakly countable dimensional compacta
K, such that
(6) indK, =v;,, IndK, =o(,).

Since by virtue of (3), (5), #(8:) < ®(7;) we can take in every com-
pactum K, a pair of closed sets F,,, G,(F, N G, = @) such that

Any partition C between F, and G, has the dimension IndC =

Let K] be a compactum which we obtain by identification of all
points of the F'; with some point n; € F; and by identification of all
points of the set G, with some point v, G,. Let

(7)

(8) Z=UK, KinK;=@ for i#j
i=1

be a discrete sum of compacta K;. We put
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U=Ulw), V=Ul), @,ueck).

Then U and V are disjoint closed subsets in Z. We take a countable
number of copies Z, of a space Z. The set in Z, which corresponds
to a set AcZ we shall denote by 4,. In the set U;-.Z, with
topology of a discrete union of copies Z, we identify the point v}
with the point u2,, for all » and ». Then we obtain the space

C:s

(9) X, =U2Z

1

?

such that
N2y =V, =U,,, .
We put
X, =X,U{0)

where in a point § we define the topology by the open basis
k
G = X\U Z,
and in X, the topology is preserved.

Proof. From condition (7) it follows that

any partition C between {u;} and {v;} has the dimension IndC =

P(B4)-
Consequently Ind K; > @(B;) and by virtue of (2)
(11) indK, =g +1=1,.

(10)

Besides that

12) ndK, €7 +1<a.

Indeed, from (6) it follows that for any point x ¢ K ({v:} U {u:})
ind, K; <7, .

Further if V is an arbitrary neighborhood of a point #; in K; and
V % u, then

Frvc K\({v} U {u})

and consequently ind F»V < v,. Similarly one ecan prove that
ind,, K; < v;. Hence (12) holds. From conditions (5), (8), (9), (11),
(12) it follows that
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indX,=a.

Since obviously F»G,,, =V, =U,,, and the set V, is countable, we
have ind; X, < 1. Therefore

13) indX, =a.

Since compacta K; are weakly countable dimensional, compacta K,
are also weakly countable dimensional. Consequently the space X,
is also weakly countable dimensional. Since X, is a union of locally
compact separable spaces X, and a point 0, X, is complete and
separable. Let us prove that X, is not contained in any compactum
Y with

(14) indY =«a.

We suppose on the contrary. Then Y D X, and (14) holds. By virtue
of (2)

IndY = ¢(a) .
We consider a neighborhood O; in Y of the point 6 such that
15) o,nNU, =@ .

Since IndY < @(a), it follows that there exist neighborhoods W, i =
1,2, ---, of the point 6 such that for all ¢
(16) W, c0,, W.cW,,, indFrW, <o) .

Since sets G, k=2,3, ---, constitute a basis in X, at the point 9,
there is some integer m such that G, c W,. Thus for &k = m the
sets U, are contained in W,. We shall show that U,_\W, contains

only finitely many points. Indeed, if wu.',, .., ---, is an infinite
sequence of points which does not lie in W,, then since u,’, u, - C

U,cW,c W, we have that the set FrW, separates points u., and
vy, and by virtue of (10)

17 Ind FrW, =z 9(B,) for any <.

By virtue of (5) sup{B,;:i =1, 2, ---} = a and consequently by virtue
of (4) sup{p(B:):1=1,2, .-} = @(a). Therefore from (17) it follows
that

Ind Fr W, = ¢(a)

which contradicts the condition (16). Therefore, the set U,_\W, is
finite. Analogously to the case #= m — 1 we can show by induction
that for »=1,2, ---, m — 1 the set U\W,,,,_, consists of only finitely
many points. From this taking <=1 we get that the set U\W,, is
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finite, but this contradicts conditions (15), (16). Thus, assumption
of the existence of a compact space YD X, with indY = a = ind X,
leads us to a contradiction. O

8. On compactifications of spaces with D-dimension. In [4],
Henderson, it was proved that every separable weakly infinite
dimensional space has a compactification of the same dimension D.
This result also follows from Corollary 1.1. In that paper it was
the conjecture which we prove in the following theorem:

THEOREM 8.1. FEwvery separable space X has a compactification
¢ XD X such that

(1) D(eX) = D(X) + 1*.

This result appeared also in [7] earlier than ours. In [4]
Henderson gave an example of separable space X(D(X) = w,) which
18 not contained in any compactum with the same D-dimension. In

the following theorem this result will be generalized for all a < w,
o= o,

THEOREM 8.2. For any a, w, = a < ®, there exists a separable
space X, such that D(X,) = a and X, is mot contained in any com-
pactum with the same D-dimension.

To prove Theorem 8.1 we need some preliminary lemmas.

LEmMMA 8.1. Let
(2) X=U{4r7 = J(B)}

be a B-D-representation of a separable space X. Then X is homeo-
morphic to a subset of a separable space Z such that for some 3-D-
representation of Z

(3) Z:U{Br'YéJ(B)}
the set B, 18 compact.

Proof. By virtue of Lemmas 1.4 and 3.3 there exists a homeo-
morphism f: X — I° such that:

dim f(A;p) = dim A;,
f(AJ(.B)) N f(X\AJ(ﬁ)) =Q.

14 We will prove that it is possible to take such compactification ¢X that ¢Xe€ AR
and inequality (1) holds.
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We put Z = f(4,p)U f(X), By = f(A)NZ, (v =J(B)). Then
clearly B,; = f(A,) and the equality (3) is a needed 8-D-represen-
tation of Z. ]

LEMMA 8.2. Let (2) be a B-D-represutation of a space X, a =
J(B) = w,, then for any sequence of ordinal nmumbers {v,} such that
Yirr > Vi s Sup{'\/i:i:]ﬂzy"'}:a

there exists a simple with respect to U = X\A,; system of sets
F = {F}} such that

D(F) = .

Proof. Let 6 < a then we put
U=X\{A:0=7v=J(B)}.

Then by Lemma 8.3 in [13], Luxemburg, D(U;) < @. From Definition
0.3 it follows that the sets U, are open and since the system
(Upri=1,2, ---} is countable, our lemma follows. N

LEmMMA 8.3. Let P, 1 =1,2,38, be clssed subsets of a space P =
PUP,UP, and PNP,=@. Let f:P— K be a homeomorphism.
Then there exists a homeomorphism g: P— K x I, where I = [0, 1],
such that g(P)Ng(Py) = @.

Proof. Let @:P—|[0,1] be a continuous function such that
o(P) =1, p(P,) = 0. Then we put

9(@) = {f(®), p@)}, zeP.
Then, clearly, g: P— K x I is a suitable mapping. M
DEFINITION 8.1. Let spaces P, Pt = 1, 2, 3, satisfy the condition

of Lemma 8.3 and A: P, U P, — K is a homeomorphism in a compactum
K such that

MP) NP NP =@ .

We put T = h(P) U h(P,) K and in disjoint sum T U P, we identify
every point h(x)e T with a point =z for xe P,nN P,C P,. Then we
get a factor space, which we denote by p(n, K, P, P, P,).

LeMMA 8.4. There exists an imbedding n: P — p(h, K, P, P,, P,) =
L. Moreover, the space ¢ is separable and metrizable if P is separable
and metrizable, T(P) is everywhere dense in pt,
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¢t = 7(P) U (P U n(Py)

the set w(P;) is closed im p, w(P,) ts compact, w(P,) U (P, is closed
i tt and can be imbedded in K and w(P) U n(P,) = @. The lemma
18 evident.

We will consider the following conjecture:
# (). For any separable space X with D(X) < a there exists
a compactification K> X with D(K) < a.

DEFINITION 8.2. Let X = U{X;:v€l} be a union of spaces X,
then X is called an inductive limit X = Lim{X,} if a set Uc X is
open in X=UN X, is open in X,.

LEMMA 8.5. Let o be a limit ordinal number and conjecture
C(a) 1s ture. Let the system {F;}(1 =1,2, ---) in a separable space
X be stmple with respect to X and D(F;) < a. Then there exists a
locally compact separable space G, the system of compacta {G;} in G
and imbedding f: X — G such that:

(a) ?(—F—,) = Gz

(b) G; is a compactum.

(¢) The system G; is simple with respect to G.

(@ D@GE) < a D@G) = a.

Proof. We will define by induction spaces Y; > X,7=0,1,2, ---
such that

(4) Y, =PU:---UP,UF,,,UF,,U:--

(5) F;=P; and P;is compact j=0,1,---,4.
where F; is a closure of F; in Y,.

(6) AnA=0, Q=0Q, A=Q, Fi=F,
where Qi = Ui-o P U Fiyy, Q5 = Uitin Fj, Q2 = Fiy.

(7) PNP,=PNF,=0 if |[k—27/>1.
(8) D@) < a.

We put P,=F,= @, Y, = X. Let a space Y, for i = 4, be defined.
We put Qi = F,,,. Then from (6) it follows that sets @}, Q}, Q: are
closed in Y,. Since D(F,) < a, from condition (8) and the sum
theorem for D-dimension (see [3], Henderson), it follows that D(Q:UQ <
a. Consequently, by C(a) there exists an imbedding f: QiU Qi — K
in a compactum K with D(K) < a. From Lemma 3.3 it follows that
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there exists an imbedding «+: QU @ — K X I such that (@) N
"P‘(Q; N Qé) = @. We put Yi+1 = #("/", K x I’ QL Q;y g)y Pi+1 = [Fi+1]y
where [F';,,] is a closure of F',, in Y,,,. Conditions (4), (5), (6), (7), for
%, + 1 follow from Lemma 8.4. Since by Lemma 8.4 Qi+ = Qh+ly

i can be embedded in K x I, we have D(Q¥»*") < D(K x I). Since
« is a limit number, property (8) follows from the inequality D(K X I) <
D(K) +1 (see [3], Henderson). Hence, space Y, are constructed.
Let us put

G =1im{Y}}, G;=n(P)

where 7,:Y, — G are inclusions. From conditions (6), (7) it follows
that for every point xeG there exists ¢ and an open in Y; set
U,ee UcP; U P;.,(j + 1 £ i), such that 7, (U) is a neighborhood of
z in G. Consequently, by virtue of (7) we obtain the condition (c).
Conditions (a), (b) follow from (5). Since x, is a homeomorphism,
inequality D(G;) < a follows from inclusion P, CQi(j <) and (8).
Since collection of compacta {G,} is locally finite, the inequality
D(G) £ a follows from sum theorem for D-dimension (see [3],
Henderson). Hence property (d) and Lemma 8.5 are proved. 1

NOTATION. Let KCY,XCY, K is compact and f: K—R is a
mapping in a compact space R, such that if xe KN X then for any
ye K,y + x, we have f(x) # f(y). We will consider points z,yec Y
to be equivalent if either z = ye Y\K or f(z) = f(y) and 2, y € K.
We get a factor space which we will denote by F = F(X, X, Y, f)
and a factor mapping 7:Y — F.

LEMMA 8.6. If a space Y is metrizable and separable them F is
also metrizable and separable. Moreover, the restriction of @ to X
18 a homeomorphism.

The lemma follows from well known theorems on factor mappings.

DEFINITION 8.2. The equality
(9) Y=KUUF.

we will call canonic representation of a space Y if

(a) the system {F'} is simple with respect to Y\K.

(b) any sequence of points {x;} such that x,€F,,,, i(k + 1) >
i(k), has an accumulation point y € K.

LEmMMA 8.7. Let X be a separable space and (2) be a B-D-
representation of X(8 = w,). Then there exists a separable space
Y > X such that Y has a canonic representation (9) and
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(i) K 1is compact.
(ii) DFY) < a = J(B).
(iii) KN X = A,

Proof. By Lemma 8.2 there exists a simple with respeet to V =
X\A;; system {F;} in a space X such that
(10) DF)<ea.

Since {F;} is a simple system, sets F'; and P, = A,, U U{F: |k — i| > 1}
are closed and disjoint. Since the set of all homeomorphisms ¢: X —
I contains an everywhere dense G;-set in C(X, I*), we get by Lemma
1.2 and (19)§1 a homeomorphism f: X — I such that

(11) FP)NFEFH =@ for any .
We put

12)  K=UfF)UAmwcl, K=NK, F=fF)
(18) Y=KU D F,.

Since f is a homeomorphism, YD f(X), we can consider that X =
Ff(X). Then conditions (i)-(iii) follow from (10), (11), (12), (13). Let us
prove that representation (18) is canonic. Property (a) of Definition
8.2 follows from (11). Let {x;} be such a sequence as in (b) of
Definition 8.2. Then z;,C F,,, C K, Since K;,,C K, and K, are
compact, there is an accumulation point y e N, K; = K. The lemma
is proved. i

NoTATION. It is known (see [1], Bothe) that every separable
n-dimensional space is contained in compact separable (% + 1)-dimen-
sional AR-space R"*. In particular R"** contains a universal =-
dimensional compact space A, R**.

LeMMA 8.8. In Lemma 8.7 we can also require that K = R,
RN X = Ay C A, where n = K(B).

Proof. By Lemma 8.1 we can consider the set A;, to be a
compactum. Let Y be a space from Lemma 8.7. Since dim A4,, <
K(B) = n (see Definition 0.3 (d)), there is a homeomorphism g: 4;,, —
A,CcR,,,. Let f K— R, be an extension of g. We put Y' =
F(K, X,Y, f). Then by Lemma 8.6 we can consider that XY,

and the equality
(14) Y = Ry Q F,
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is clearly a canonic representation of Y’. Condition

Rn+1 NX= AJ(ﬁ)
is evident. 0

LEMMA 8.9. Let X be a separable space, D(X) < g3, 8=a+ n,
a = J(B), n = K(B). Then there exists a compact space KD X such
that

(i) DKysp+1=a+n+ 1.

(ii) K=R"UU, H,H=U. H,HN R = Q.

(iii)y DH) < a, D(H) £ a.

(iv) H; is compact and the system {H;} is simple with respect
to H.

(v) There ewists a homeomorphism i: R — R™*' gsuch that
(X NR™McA,c R,

Proof. We shall prove our theorem by induction on g. If B8 <
®, then we put K=R"",G=@. Let f#=<w, Since DX) 2,
there exists a g-D-representation of X and by Lemma 8.8 there
exists a separable space Y’ O X such that representation (14) is canonic
and

(15) XNR*"cd,, DF)<a.

Since the conjecture C(a) holds by inductive assumption, by Lemma
8.5 there exists a separable locally compact space G such that
Uz, G, = G, G, is compact, the system {G,} is simple with respect to
G.

(16) DG)<a, DG =a

and there exists a homeomorphism #:Y'\R"* — G such that A(F,) C
G,. Let us put

G=w0UG

where @ is a compactification point and G’ is a compactum. Then
obviously D(G') = D(G). We put:

1) K=R"XG,H=R"XG,H=R"XGR"=R"xXw.
Then from (16), (17) it follows that

DK)=DGYSDRMN =DE@Pn+)sa+n+1=+1.
Since « is a limit number from (16), (17) it follows that

15 Here we use the inequality D(X XY) < D(X) @ D(Y), where @ is a natural
sum of ordinal numbers, see [3], Henderson.
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18) D(H) = D(G)DDE™) =DG)+n+1<a.

Moreover the system H, is simple with respect to H because the
system {G;} simple with respect to G. Consequently, from (18) and
the sum theorem for D-dimension (see [3]) it follows that D(H) < a.
Thus conditions (i)-(iv) of our lemma are satisfied. We have only
to prove the existence of homeomorphism F:Y’ — K such that

(19) FX)NR"MCcA4, X o.

Then condition (v) will take place. Since R"*' is AR space, there
exists a retraction 7:Y’ — R"™'. We define a mapping ¢:Y' — G’ by
the equalities

qy) = h(y) for yeY\R"", qly) =weG for yeR".

Then obviously ¢ is a homeomorphism on Y'\R"™. We define a
mapping F:Y’ — K by the equalities:

o F(y) = q(y) , moF(y) = r(y)

where 7,: K = R*™* X ¢' — @', 7,: K — R**' are projections. The con-
dition (19) follows from (15). Let us prove that F' is a homeomor-
phism. The mapping F is obviously injective and continuous.
Moreover, since ¢ is a homeomorphisms on Y'\R"*' and 7 is a homeo-
morphism on R"*'C Y’, the mapping F' is 2 homeomorphism on Y'\R"**
and on R**. Besides that

F(Y\R"CH, FR™=F", FY\R)NFR") =0 .

Therefore, for proving that F is a homeomorphism, we have only
to prove that for any sequence {F'(x,)} such that

(20) F(z,) e H, lim F(zx,) = F(y) € B***
we have
(21) limz, =y .

n~>00

From condition (20) it follows that lim, . (7, cF(x,) = q(x,) = h(x,)) =
woF(y) = w. Since G, and G’ = 7,(K) are compact, there exist two
subsequences of natural numbers {n(k)}, {¢(k)} such that

(22) h(®.) C Gy, e+ 1) >nk) +2, wk+1)>ik) +2.

Since A(F)) € G; and systems {G,}, {F} are simple [from condition (22)],
it follows that

(23) Loty © Fin U Fiygy U Figsa -
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Let j(k) is such a number so that x,,, € F;4, then since {F}} is a
simple system, from conditions (22), (23) it follows that j(k + 1) >
Jj(k). Since (14) is a canonic representation, a sequence {z,.} has an
accumulation point y’ € R**' and consequently y' = lim{z;} for some
subsequence {z;} of the sequence {x,4}. Moreover F(y') = F(y) and
since F is injective, we have y = y’. We have proved that for any
sequence with condition (20) there exists a subsequence {z;} of a
sequence {z,} such that limz; = y. From this fact it follows (21).
The lemma is proved. O

Theorem 8.1 obviously follows from Lemma 8.9. Let us prove
Theorem 8.2.

DEFINITION 8.3. (See [20], Smirnov). For any ordinal number
B < ®w, we shall define a compactum K;. For g < wK; is a g-
dimensional cube. If B is a limit number we consider K; to be a
one-point compactification (with point p,) of a discrete union of
compact K7 < B. If B=a+ n,a=J(B),n = K(B), we put K, =
K, x I, where I" is an m-dimensional cube.

In what follows we will consider & to be a limit number < @,
and n=20,1,2, ---. For any K;

(24) IndK, = 23.
(See {20], Smirnov.) Since for any compactum Z
(25) D(Z)zInd Z,

see [4], Henderson (Theorem 2), D(K;) = Ind K, = 8. By transfinite
induction it is easy to prove that D(K,) < 8. Therefore

(26) D(K;) =8B .
By definition we have
27) Ko = D} X "M U UK X Iy < af .

Let S* be a sphere which is a boundary of the cube I**'. We put:
(28) X, ={p )} X SHUU{K, X I":v < a} T K,ypyg -

Then X,,, =Y U ({p,} X S™), where Y is a discrete union of compacta
K, x I"*".v < a. From (26) it follows that

DY) ssup{DK; x I''"):v < al=a.

Since Y is open in X, and {p,} X S™is closed we have the inequality
(see [3], Henderson, Theorem 4)
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D(X,4n) = D(Y) + D(p, X Sy =a + n.

Let A be an wn-dimensional face of the cube I**', then K, X AC
X, . <K, ... and K, X A is homeomorphic to K,,,. Consequently

D(Xp1a) 2 DK, X A) = D(Kpp) =a+m .

Thus D(X,,,)=a +n. Let {4,B} =1, ---,n+ 1 be a system of
all pairs of opposite faces in cube I**, then clearly {K, X A;, K, X B}
is a system of compact disjoint pairs in X,,,. Let CD> X,,, by any
compact space, then we have to prove that

(29) DCO)za+n+1=p+1.

We put F;, = K, X A, G, = K, X B,. Let D, be a partition be-
tween F; and G, in C.
Since clearly

Fiﬂny.["H:KTXAi, GiﬂKTXI"+1=KT><Bt(’Y<0{)

the set C7T = D, N K, x I™™ is a partition between K, X A, and K; X
B, in K, x "' = K;,,., for all v < a. Consequently, by virtue of
{13], Luxemburg, Lemma 4.8 we have for all v < «

md[ Y6 =[N DK x I ||z 7.
Therefore Ind (N:D,) = sup{7:7 < a} =a and by virtue of [13],
Luxemburg, Lemma 4.7
(30) IndCza+n+1=p+1.
Inequality (29) now follows from (25), (30). The theorem is proved. []

9. On completion of metric spaces. It is known, see [15],
Nagata, that every finite dimensional subspace X <Y is contained in
G-set GCY with the same dimension IndG = Ind X. Here we
extend this result to infinite dimensional case.

THEOREM 9.1. For any subspace X of a space Y, such that the
dimension Ind X exists, there is a Gs-set G, such that Ind G = Ind X,
XcGcY, P(X) = P@G).

We note that by Lemma 2.8 we have also D(X) = D(G).

COROLLARY 9.1. For any space X with dimension Ind X there
exists a completion G = X*® such that Ind X = Ind G, weight X =

18 We call a space G D X a completion of a space X if G is an absolute Gs-set. It
is equivelant to the fact that we can introduce in G a complete metric (see [8)).
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weight G.

Proof. Let YD X be any complete space and G, be a G;-set in
Y such that X< G,CY,Ind G, = Ind X. Such G, exists by Theorem
9.1. Weput G=G,NX. Then G is G, in Y, and consequently is
an absolute G;-set. Also, Ind G £ Ind G, = Ind X. Inequality IndG =
Ind X follows from Corollary 2.3 and (SM1) §2. ™

For proving Theorem 9.1 we need some preliminary results.

(S2) [19], Sklyarenko. If in a space X there exists a convergent
system (see Definition 2.2) of weakly infinite dimensional open sets
with weakly infinite dimensional limit then X is weakly infinite
dimensional.

LEMMA 9.1. Let K(KC X) be a limit of a system of open sets
{r.} in a space X, then if K< Y C X the system {', N Y} is convergent
in Y and K is a limit of this system in Y.

The lemma is evident.

LEMMA 9.2. Let a space X have the dimension Ind X and Y X
1s a subspace such that YO P(X). Then the dimension IndY exists
and IndY < Ind X and Y is weakly infinite dimensional.

Proof. Let U, be the set defined by equality (1) §2. Since
Ind X exists, the space X is weakly infinite dimensional by (SM1) §2,
consequently by Theorem (S1) §2 the set X\U;-.U, = P(X) is a limit
of the system {U,}. By Lemma 9.1 P(X) is a limit of the system
{U.nY} Since dmU,NY<dimU, £ n sets U, NY are weakly
infinite dimensional. Moreover P(X) is closed in X and, consequently,
is also weakly infinite dimensional. Therefore, by virtue of (S2) Y
is weakly infinite dimensional. Our lemma now follows from Corol-
lary 2.3. M

Proof of Theorem 9.1. We shall prove this theorem by induction
on Ind X. If Ind X is a finite number then this theorem is known
(see [15]), and in this case P(X) = . Let Ind X = w,. Then P(X)
is a nonempty compactum (Corollary 2.1). We put

(1) V. =Y\0,,P(X) .

Then by Theorem SM1 §2 and by Corollary 2.1 the set V,N X is

finite dimensional. Then by inductive assumption there exists G,-sets
&, such that
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(2) V.oG >V, NX, IndG, < w,.
We put
(3) F=U((V\G), D,=(Y\)nV,.

Then F is F, set in Y, D, is open in Y\F and

(4) XcY\F, D,cG,.

Consequently, by virtue of (2), D, is finite dimensional. By virtue
of (3) we have

(5) ¢:P(X)UQ1Dn=Y\F.

Since P(X) is compact, by virtue of (1), (8) the system {D,} is
convergent in ¢ and P(X) is a limit of this system. Since P(X) is
closed in X, it is weakly infinite dimensional. Since D, are finite
dimensional and consequently weakly infinite dimensional, ¢ is also
weakly infinite dimensional by

THEOREM S2. Since F is F,set, ¢ =Y\F is a G;set in Y.
Moreover, since X C ¢ and D, are fininite dimensional, we have

(6) P(p) = P(X) .

Let Ind X = a@ = w,y then there exists a countable system {U,}
of open in Y sets such that a system {U,} forms a large base in
P(X) and

(7) IndFrU,nX=p.<a.

By induective assumption for any &k there exists such G,set W, in Y
so that

(8) W,oFrU,nX, IndW,<g,, P(W)=PFrU,nX).

We put Hy = FrU\W,, then H; is F,set in Y and H, N X = @&.
Consequently the set G = g\Uj-, Hx is a G,-set and

(9) XcG, FrUnNnXcFrUu,NnGCW,.

From conditions (8), (9) it follows that P(FrU, N X) = P(FrU, N G) =
P(W,) and by Lemma 9.2 we have

(10) Ind FrUNGEIndW, =23, < a.
Since X G < ¢, by virtue of (6) we have
P(G) = P(X) = P(g) .
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Consequently by Lemma 9.2 G is weakly infinite dimensional, because
¢ is weakly infinite dimensional.

Since {V,} is a large base in P(G), for any closed subsets F, F,
in P(G) there exists a set U, such that FrU,N G is a partition in
G between F, and F,. Therefore from condition (10) and Lemma
2.5 it follows that

IndG a.
The inequality Ind G = Ind X = a follows from Corollary 2.3. N
THEOREM 9.2. Let X be a separable subspace of a space Y, and

the dimension ind X exists. Then there exists a Gyset GCY such
that ind G = ind X, X CG.

Problem. Is this theorem true for a nonseparable space? The
answer is still unknown even for finite dimensional spaces.

COROLLARY 9.2. For any separable space X with dimension
ind X there exists a separable completion G DX with the same
dimension ind G = ind X.

The proof is similar to the one of Corollary 9.1.

Proof of Theorem 9.2. We shall prove this theorem by induction
on ind X. For ind X = —1 the theorem is evident. Let ind X =
o > —1. Since X is separable for any » =1, 2, ---, there exists a
countable system of open in Y sets {V,} such that

ind(FrV,)NX =B, <«
and

1

(11) XCH,=(V,, damV,<=.

By inductive assumption for every pair (¢, n) there exists a set G,,
of a type G; in Y such that
12y FrV.nXcG,, indG,=indFfrV, NX)=ga.<a.

We put
(13) A = H,,/p (FrV,\G.), G= ﬁtA,L )
=1 n=

Then A4,D> X and A4, is a G,-set in Y. Consequently GO X and G is
also a G;-set in Y. Let us prove the inequality
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14) indG=a.

Let 2€G,e >0 and 1/n <e for some . Then by virtue of (11)
there exists an open set V,, such that ze V,;,. From (12) and (13) it
follows that

PV, NGCcFrV,,UAd,CG,
and consequently ind(FrV,, N @) < ind G,; < «. Hence inequality (14)
is true. Since X G we also have ind G = ind X. O

THEOREM 9.3. Let X CY then there exists a Gyset G in Y such
that D(X) = D(@), X CG.

COROLLARY 9.8. For any space X there exists a completion
G D X such that D(G) = D(X), weight G = weight X.

The proof is similar to the one of Corollary 9.1.

LEMMA 9.8. Let & = U{4,: pe_#} be a locally finite system
of F,-sets in a space X. Then the set A = U{A4, pe_#} is also a
F -set in X.

The lemma follows from the fact that a union of locally finite
system of closed sets is also a closed set.

Proof of Theorem 9.3. We will prove this theorem by induction
on D(X). If D(X)< w, then D(X)=Ind X and our assertion is
true. Let D(X) = 8 = w, and the equality

X=U{4:0=a=JpB)}
be a B-D-representation of X. We put
Z=Y\A,

where A, is a closure of A, in Y. Let U; = X\U {4,:8" > 6} where
0 < a. Then from condition (e) of Definition 0.3 we have

(15) X\A4, = U{Uy: 6 < a}

and by Lemma 8.3 in [13], Luxemburg, U, is open in X and

(16) DUy<a=JR <8.

Let V, be an open in Y set such that V,c Z and

am V:NnX=U,.

We put V= U{V;:0 <a} then Vc Z and V is an open set in Y.
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Since V is paracompact, we can find a closed in V locally finite
refinement .F = {F.: e #} of the covering {V;: 6 < a}. Consequently
from (16), (17) it follows that

DF.NnX)<a (g #).

By inductive assumption for every pe._# there exists a G,-set G,
in F, such that

X0NF,cG,cF, DG)=DF.NX)<a.

Since the system .# is locally finite in V, the system <& = {L,=
FA\G,: e #} is also locally finite in V. Moreover, since G, is a
Gsy-set in V the set L, is F,-set in V and by Lemma 9.3 the set L =
U{L,pe A} is F, in V. We put G, V\L, then clearly, G, is a
G;-set in V (and consequently in Y) and

ZoG o X\4,.

Since F,.NG, = F,\L, sets F,\L are closed in G,. Moreover, the
system {F,\L, pe._#} is locally finite in V (and consequently in G,)
and F.\L cG,. Therefore

DF\NL) £ D(G) < a .

By the sum theorem for locally finite union of closed sets (see [3],
Henderson) we get

(18) D(G)=D(U{F\L: pe #Z}) < sup{DF\L): pe £} < a=J(B) .

Let us consider the set A,CY\ZCY\G,. Since Ind 4, < K(8) < w,
(see condition (d) of Definition 0.3) there exists a G;-set G, in Y such
that

A,cG,, D(A,)=1IndA, = D@G) < K@) .

We put G, = G, N (Y\Z), then clearly G, is closed in G = G, U G, and
G, is a Gy-set in Y, because Y\Z is a closed set. Moreover, we have
obviously that

19) XcG, D)= D(G) = KB

and G is a G;-set in Y as a union of G;-sets G, and G,. Since G, is
closed in G, the set G, = G\G; is open in G and consequently (see
[3]) from (18), (19) it follows that:

D(G) = D(G,) + D(Gy) = J(B) + K(B® = B = D(X) .
The inequality D(X) < D(G) follows from the inclusion X< G. []

10. On the necessary and sufficient conditions of the existence
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of transfinite dimensions. As it was mentioned in the introduection,
dimensions ind X and Ind X do not exist for every space X. In this
section we shall consider that D-dimension of a space X exists if
D(X) is an ordinal number. The following theorem gives a criterion
of the existence of transfinite dimensions in terms of compactifications.

THEOREM 10.1. Let X be a separable space, then

(a) Ind X exists = there is a countable dimensional™ compactifi-
cation ¢X D X such that P(cX) = P(X).

(b) ind X exist = there is a countable dimensional compactifica-
tion ¢c XD X.

(¢) D(X) exists = there is a weakly countable dimensional
compactification c¢X DO X.

To prove this we need the following assertions:

(1) If Ind X exists then X is countable dimensional, see [21],
Smirnov.

(2) If X is a countable dimensional compactum then Ind X
exists, see [22], Smirnov.

(8) If X is a complete countable dimensional space then ind X
exists, see [5], Hurewicz and Wallman.

(4) If ind X exists, X is a separable space, then X is countable
dimensional, see [5], Hurewicz and Wallman.

(5) If X is a complete separable space, then D(X) exists < is
a weakly countable dimensional®, see [4], Henderson.

Proof of Theorem 10.1. (a) Let Ind X exist, then the existence
of such a compactification ¢X follows from Corollary 1.1 and (1). If
there exists a countable dimensional compactification ¢X D X then by
virtue of (2) Ind X exists and our assertion follows from Lemma 8.2.

(b) Letind X exist, then by Corollary 9.2 there exists a separable
absolute G,-set pX D X such that ind pX = ind X. Since pX is an
absolute G;-set there exists a compactification ¢X o pX such that the
set ¢X\pX is countable dimensional see [9], Lelek. Since ind pX
exists, by virtue of (4), the space pX is countable dimensional,
consequently the compactum c¢X is also countable dimensional. If a
space X has a countable dimensional compactification ¢X D X, then
by virtue of (8) ind ¢X exists. Consequently, ind X also exists (see
(1), introduction).

Property (c) follows from (5), Theorem 8.1 and (1) introdue-
tion. 0

17 A gspace X is countable dimensional if X is a union of countable number of

zero-dimensional sets.
8 Tt is easy to prove this theorem also for nonseparable spaces.
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COROLLARY 10.1. For any separable space X with dimension
ind X there exists a compactification ¢X such that the dimension
ind ¢X also exists. This corollary follows from Theorem 10.1(b) and

@3).

Theorem 7.1 shows that we can not require that the equality
ind ¢X = ind X holds for some compactification ¢X> X. However I
think that the technique of the proof of Theorem 1.1 will permit
proving the following.

Conjecture. If X is a separable space and ind X = « + p, where
a=Ja+p),p=Ka+p) =012 ---, then there exists a com-
pactification ¢X > X such that indeX < o + 2p + 1.

We also note that using Theorems 9.1 and 9.3 we can easily
obtain criteria of the existence of dimensions Ind X and D(X) in
terms of completions for nonseparable spaces.
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