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On approximative movability

University of Yamaguchi

Tadashi Watanabe

0. Introduction. Recently many generalizations of the notion of

absolute neighborhood retract(ANR) have studyed. They are approximative

absolute neighborhood retact (AANR) of Clapp [3] and NE-sets of Borsuk [z]
for compact metric spaces. Mardedic¢ [«] introduced the notion of
approximative polyhedra (AP) for arbitrary spaces, and he proved that
these there notions are equivalent for compact metric spaces.

In this note we shall introduce a new notion of approximative

movabllity for arbitrary spaces, and show that this notion is equivalent to

the above there notions for compact metric spaces. Also we give a
characterization of AP for arbitary spaces by using resolutions.
Recently the author introduces approximative shape theory. However

we do not discuss on it, because it needs many pages for it. The detailled

description of approximative shape theory will be appeared in elsewhere.
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1. Preliminaries. All spaces and maps are topological spaces and

continous maps,respectively. By a polyhedron we mean the realization of
'a simplicial complex with CW-topology. By an ANR we mean an absolute
neighborhood retract for metric spaces. In this note, coverings are
always normal open coverings. Cov{(X) denotes the collection of all

coverings of a space X. Let U and V be coverings of X. We say that U is

a refinement of V , in notation U ¢ V , provided that for each U é U

=

there exists a Ve V with Ug V. For a subset A of X, put st(A,U)
=v{U e U; ANU# z} . Put st(W) = {st(U,U) 5 Ue U}, then st(D)
forms a covering of X. Inductively we define ’stn(_q) by st(stn—l(y_)) for

each integer n. Note that any U € Cov(X) has a V & Cov(X) with stn(y) < U

for each integer n. This fact follows from the definition of normal
coverings. Let f,g : X —>Y be maps and V& Cov(Y). Then £ (V) =

= {f—l(V) 3V ev } forms a covering of X. We say that f and g are

V-near, in notation (f , g)§ V , provided tﬁa‘c for each x € X there exists
aVeV with f(x), g(x) e V.

Definition 1 ( Mardesié[«]). A space X is an approximative polyhedron
provided that for each U € Cov(X), there exist maps f: X—>P and g: P— X

with (gf, 1X)

nA

U , where P is a polyhedron.

It is easy to show that §lL ANRsare approximative polyhedra. In [«]

he proved that every LCn_l paracompact space X with dim X £ n is an
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approximative polyhedron.

Let X= {X ,p

A a'a ,A} be an inverse system of spaces. Let p =

= {pa; ae€ A,} :X—> X be a system of maps, that is, Py = Pg1 Pyt for
each a'y a. We say that p is a resolution of a space X pr'ovided: that it
satisfiles the féllowiﬁg two conditions:

(R1) Let P be an approximative polyhedron, V be a covering of P, and
f: X—> P be a map. Then there exist an a € A and a map f‘a:Xa——) P with
(f‘apé,f‘)’ < V.

(R2) Let P be an approximative polyhedron and V be a covering of P.
Then there exists a V' € Cov(P) with the following property; if aeA and
f,g:Xa—-> P are maps with (fpa ,gpa)g V', then there exists an a' e A

such that a'z a and (fp_, ,&p_, )< V.

a'a

We say that p is an AP-resolution ( polyhedral-resolution, ANR-resolu-
tion) of X provided that all Xa are AP ( polyhedra, ANR, respectively).
These notion are introduced by MardeSic [«], and he showed that

Lemma 1. Any space has an AP-resolution (polyhedral, ANR-resolutions).

2. Approximatively internally movable spaces. In this section we
introduce the notion of approximatively internally movable spaces. Let X

be a space , and p_={pa ; aeA} X— X=X, , pa,a’,'A} be an AP-resolu-
tion of X.

Definition 2. An AP-resolution p :X ——>X is approximatively
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internally movable provided that for each a € A and for each U € Cov(Xa),
. there exist an a' ¢ Awith a'z a and a map r: Xa' —> X such that
(prsp,) s U

We show the following prperty of approximatively internal = movability.

Proposition 1. The prperty of approximatively internal movability

does not depend on AP-resolutions.

Proof. Letp:X — X andg= {q :beB]: X— Y= {y ,a.,
» B } be AP-resolutions of a space X. We assume that p satisfies the
condition of Definition 2. We show that g also satisfies the same condition.

Take any b € B and any covering V of Y, . By (R2), there exists V; e

€ Cov(Yb) satisfying the condition (R2) for q and V. Let 22 be a covering

of Y, with Stg(yz) ¢ Vy. By using (R1) for g and V,, there exist an

a € A and amap h : Xa.—eYb such that

(1) (hpo, »,q)) ¢ V.

Since p satisfies the condition of Definition 2, there exist an a' ¢ A

with a' 2 a and a map r: Xa' —> X such that
@) (p.r,p.) & b (V)
a ? Ta'a’ = 27"
From (2) we have that
(3) ( hpaP s hpa'a) < Yg-

By using (Rl) for P, and (hpa,a)_l(yz), there exist a b' € Bwith b'z b

and a map k : Yb' — Xa’ such that
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) ¢ (ho

(1) Ckaye > pge) g (Bogy

From (4) we have that

(5)  (hp,, kay, > o) ¢ V.
From (3) we have that
(6) (hprkay, , by ka, ) ¢ ¥y
From (1) we have that
(7N ('hpaf'kqb: ) qbrkqbv )é 22'
From (1), (5), (6) and (7) we have that
(8) (qbf‘kqb. H qb'bqb' ) =<.__ zl'
By choosing of Yi and (8), there exists a b" e B with b" 2 b' such that
(9) ( qbrkqb"b' > qb"b ) é .\l'

Hence (9) means that rKQy e Yb" —> X satisfies the required condition.

Then g satisfies the condition of Definition 2. This completes the proof
of Proposition 1.
Since we have Proposition 1 we can define the following property:
Definition~3; A space X 1s approximatively internally movable

provided that any AP-resolution of X is approximatively internally movable.

In shape theory the notion of internal movability was introduced by
Bogaty{’[/]. ‘We characterize AP as follows:

Theorem 1. A space X is an approximative polyhedron if and only if

it is approximatively internally movable.
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Proof. First we assume that X is an approximative polyhedron. We
consider the AP-resolution p= { lX} : X — X , that 1s, rudimentary
resolution of X. Since X is an approximative polyhedron p is an AP-resolu-
tion of X and obviously p satisfies the condition of Definition 2. Hence
by Proposition 1, any AP-resolution of X is approximatively internally
movable. Therefore X is approximatively internally movable.

Next, we assume that X is approximatively internally movable. By

Lemma 1 , there exists a polyhedral resolution p = {pa 5 a eA} : X—X-=

= {' Xa Pgrg SA } of X. Since X is approximatively internally movable,
p is approximatively internally movable. Take any covering U of X. By
Theorem 5 of Mardesic [«], there exist an aeA and a Ve Cov(Xa) with

1 W ¢ U

Since p 1s approximatively internally movable, there exist an al & A with

a, z a and a map r: Xa—->Xsuchthat

1

(2)  (pgr, pala ) ¢ V.

From (2) we have that

1

(3) ( parpal ) pa) <= Y_-

Take any x € X. From (3) there exists a V € V such that
(4) par'pal<x), p,(x) & V.
From (4) we have that

(5) rp, (x), x € .V,

1
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From (1) there exists a U & U with pa_l(V) ¢ U. Hence from (5) we have

(6) rp

a(X),x e U.

1
(6) means that

(7 V(r’pal » 1) £ 1,

that is, maps D, ¢ X— Xa and r: Xa——-a X satisfies the condition. of
1 1 1

Definition 1. Hence X is an approximative polyhedron. This completes the

proof of Theorem 1.

3. Approximatively movable spaces. In this section we introduce the
notion of approximative movability. Let X be a space. Let p = {pa a EA}
:X—> X = {Xa Pgrg ,A} be an AP-resolution of X.
Definition 4. We say that p is approximatively movable provided that
for each a € A and for each U € Cov(Xa), there exists ana; ¢ A with

ag 2 @ such that for each a, ¢ A with a, z a, there exists a map r :

1 1

Xa—? Xa satisfying ( palar’ > Py a) £ U

0 1 0
We show the followirig> property of approlenative movability.

Proposition 2. The property of approximative movability does not

depend on AP-resolutions.
Proof. Letp:X—>X and q= {qb, be€B} :X— Y = {Yb, qb,b,
B } be AP-resolutions of a space X. We assume that p is approximatively

is
movable. We show that g also approximatively movable.
N

Take any b € B and any covering U of Yb. Let U

1 be a covering of
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Y, with st(gl) < U. By (R2) there exists a g, € Cov(Yb) with U, ¢ Uy

satisfying the property of (R2) for q and Hl' By (R2) there exists a \_72

& Cov(Yb) with V, ¢ U, satisfying the property of (R2) for p and p_l. Let

2 = =1

Qg be a covering of Y with st(_[_]_3) £ U, and st(p_3) $V,. By (R1) for p,

there exist ana € A and amap h : Xa -—->Yb such that

Since p is approximatively movable, there exists an a, € A with al 2> a

1

satisfying the property of Definition 4 for a and h._l(gs). By (Rl) for q ,

there exist a b,&€Bwith b, 2 b and amap k : ¥, —— X_  such that
1 1 » bl' a)

).

HA

-~ (hp, - L

@ (kqy > 0p, ) U

10
From (2) we have that

(3)  Chpy akqbl > o) ¢ Use

1
From (1) and (3) we have that

U,

N

(4) ( hp_ _ka Q. .G )
a2 by > “bybby’

2 b, such that

By choosing of U, and (4), there exists an b, € B with b 1

2 2
(5) (hp, kq 9, ) s Uy
a,a " "byby ,, b0 -1

We show that b2 is the required one. Take any b'e€ B with b' 2z b.

By (Rl), there exist an-a' € A with a' 2 a and a map m: Xa, — Yb'

such that.

L.

(6) (mpa' > qb' ) < qb'b_ 3

From (6) we have that
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(1) (apumyr > 9 )€ Uy
From (1) and (7), we have that

)

(8> (qbybmp hpa'apav é y_g'

al 5

such that

By choosing of V,, there exists an a" ¢ A with a"2 a', ay

9 ( U, 1P hp

alg! a'g 3 2

By choosing of a5 there exists a map r: Xa ——9»Xa" such that

1
-1
(10) ( panaf s pala) é h (93)-

From (10) we have that

U

(11) <« hpanar s hpa a) L3

1

Hn

From (11) we have that

¢ U

(12)  (hp_y rkq hp, ko . ) ¢ U, $ U,
a'a b2b1 ? ala b2b1 . 3 1

From (9) we have that
(]—3) (qb!bmpaﬂayrkqb2bl s hpa"arkqbgbl) g _[_J_l'

From (5), (12) and (13) we have that
(14) ( qbvbmpaﬂavrkqb b > qb b) g .Q'
271 2
(14) means that mp_,,_,rka, : Y ——> Y, satisfies the condition of
aa b2b1 b2 b
'Definition 4 for g . Hence g is also approximatively movable. This
completes the proof of Proposition 2.

By Proposition 2 we may define the following:

Definition 5. A space X 1s approximatively movable provided that

any AP-resolution of X is approximatively movable.
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Proposition 3. The notion of approximative movability is a

topological invariant property.

This Proposition follows from the fact: Let h : X —Y be a
homeomorhism. ILet p = {pa :tach z Y —> Y Dbe an AP-resolution of Y.

Then ph = ]fpah :aeA}: X— Y forms an AP-resolution of X.

Proposition 4. Every approximative polyhedron is approximatively
movable.
This Proposition follows from the fact: The rudimentary AP-resolution

of an approximative polyhedron satisfies the condition of Definition b,

4. Approximative movability and aproximatively internmal movability
for compact metric spaces. In this section we show the following
relations among them.

Theorem 2. Let X be a compact metric space. Then X is approximatively

movable if and only if it is approximatively internally movable.

By Theorems 1 and 2 we have that

Corollary 1. Let X be a compact metric space. Then X is an
~approximative polyhedron if and only if it is approximatively movable.

Proof of Theorem 2. First we assume that X is approximatively

internally movable. Then X is an approximative polyhedron by Theorem 1.

Therefore, by Proposition 4 it is approximatively movable.

Next, we assume that X is approximatively movable. Since X is
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compact metric, we may assume that X is a closed subset of the Hilbert cube

Q. Let | -§ Vi R pij’ N '% = X be an inverse sequence of compact ANRS in Q

S .3 . . . .
such that Vi 2 Vi+1 and pij' /'i —> VJ. are inclusion maps for each i

00
and for 1 2 j with f\Vi
W=t

X. Let p; ¢ X —9Vi be the incusion map for

each i. Then p = fpi} : X — X forms an inverse limit. Hence by

.

Theorem 8 of Mardesié [4] p forms an AP-resolution of X.
We show that p is approximatively internally movable. Since X is
approximatively movable,. without of generality, we may assume that for

‘s . . R
each 12 2, there exist maps r, Vi >Vi +1 such that

(1) d(vr'i(y) , y) < (]./2)i—l for each y ¢ Vi'

=

Here d means a metric on Q. Take any n € N and any real number t > 0.

Let n, be an integer such that n

0

o > nand (1/2)% < t/4. Put hy =

= — Vj+ for each j 2 no+l. From (1) we have

1 R S RN 1

0

that for j 2 k 3 no+1, and for each y € Vrl +1
; 0 it

(2) Ay (),B) g Aty (),h; (3)) + dlhy 1 (30,0 ,(3)) +...

=

cees F d(hk

R OB e DI S G Vo) LR ¢ V) L SO ¢ V) LR S e Vo e

=

(2) means that ? hJ. tjz n0+1} forms a Cauchy sequence, and hence h =

+1 — Q 1s a continous map. However, since
0

hk(y) € V4 for each k, h(y) = 1im hk(y) 13

= 1im 'ghj H n0+1} :Vr1

Vk +1 for each k, that is,

()
h(y) € _,‘Q'Vk =X for each y ¢ Vn0+l' Then h : Vno+l — X.

From (1) we have that
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(3) d(hj(y),y) < d(hj(y),hj_l(y)) + d(hj_l(y),hj_z(y)) + ...

A

(1209 L (12972 5 L+ 20 < (2)0 .

Hna

.+ d(hno+l(y),y)

Since (1/2)™0 < t/U, from (3) we have that

) a(h(y),y) < t for éach y € Vho+l'

That is,

(5) d(p h(y), p (y)) < tforeachy eV,

no+l,n O+l
(5) means that p satisfies the condition of Definition 2, that is, p is

approximatively internally movable. Hence X is approximatively internally

movable. This completes the proof of Theorem 2.
We state the following Proposition without proof.( see [¢]).
Proposition 5. There exists a compact space X which is

approximatively movable, but not approximatively internally movable.
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