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THE WHITEHEAD TYPE THEOREMS
IN COARSE SHAPE THEORY

NIKOLA KOCEIC BILAN anDp NIKICA UGLESIC
(communicated by Alexander Mishchenko)

Abstract

The analogues of Whitehead’s theorem in coarse shape the-
ory, i.e., in the pointed coarse pro-category pro*-HPoly and in
the pointed coarse shape category Sh{;, are proved. In other
words, if a pointed coarse shape morphism of finite shape dimen-
sional spaces induces isomorphisms (epimorphism, in the top
dimension) of the corresponding coarse k-dimensional homo-
topy pro-groups, then it is a pointed coarse shape isomorphism.

1. Introduction

The classical Whitehead theorem (Theorem 1 of [27]) is one of the few most impor-
tant theorems in algebraic topology, especially homotopy theory. It is not (except in
some special cases) a kind of a theorem that allows one to do something in an easier
or more efficient way. Its significance is much deeper since it relates rather different
mathematical branches: geometry (topology, especially homotopy theory) to algebra
(group theory). Namely, it proves that the main goal of the homotopy theory, i.e., the
homotopy type classification of locally nice spaces, via the homotopy equivalences,
can be achieved by purely algebraic tools. However, the range of application of the
Whitehead theorem is strictly limited to the class of all connected (pointed) spaces
having the homotopy types of CW-complexes. Thus, when the notion of shape was
introduced, i.e., when the homotopy theory was suitably generalized to the shape the-
ory (for all topological spaces), the great importance of an appropriate generalization
of the Whitehead theorem became obvious by itself.

The first step in the generalization of the Whitehead theorem to the shape theory
was made by M. Moszyniska [22], by proving an appropriate analogue for finite-
dimensional metric compacta. After that, she exhibited an analogous theorem for
movable pointed spaces [23]. S. Mardesi¢ proved the Whitehead theorem for topo-
logical spaces when a shape morphism is induced by a (continuous) map [15], as well
as a homological and cohomological version of the “Whitehead theorem” in shape
theory [16]. A slightly better result was obtained by K. Morita [20]. The full result
was first proved also by K. Morita [21]. Some cases with more general or special con-
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ditions were considered by several other authors: J. Dydak [1, 2, 3], J. Keesling [6],
D. A. Edwards and R. Geoghegan [4, 5], and some others. For instance, J. Dydak
generalized the Whitehead theorem by replacing dimension by shape dimension. All
the main results can be found in the book of S. Mardesi¢ and J. Segal [18, Chapter II,
Section 5).

The coarse shape theory was founded by the authors in [12]. Its roots reach [17]
and [7], where the problem of shape types of fibers of a shape fibration of metric
continua was considered and solved: They need not to be of the same shape type;
nevertheless, they all are of the same S-type [17] (and S*-type [19]). In [19] S.
Mardesi¢ and the second named author succeeded in characterizing the S*-type in
a category framework. So it was the starting point of the coarse shape theory for
compact metrizable spaces. However, a suitable generalization to all topological spaces
required an essential redefinition (characterization) of morphisms [12]. The coarse
shape theory enables a classification of topological spaces strictly coarser than the
shape type classification. Nevertheless, almost all important shape invariants are,
actually, the invariants of coarse shape. The category framework of the coarse shape
provides some new topological invariants (the coarse shape path connectedness [13])
and algebraic invariants (the coarse shape groups [11]).

In this paper, after naturally defining the notions of an m-equivalence of pro*-
HTop, and a coarse (shape) m-equivalence, we have generalized the Whitehead the-
orem to the coarse shape theory for topological spaces. In the realizing category
pro*-HPoly of the coarse shape category for pointed topological spaces (i.e., in the
standard pointed coarse pro-category), it reads as follows (see Theorem 4.1):

Let m € N, and let (X, 20) and (Y ,y,) be inverse systems of pointed connected
polyhedra (in HPoly) such that, for every X\ € A, dim X\ < m — 1, and, for every
peM,dimY, <m. If f*: (X,x0) = (Y,yq) is an m-equivalence of pro*-HPoly,
then f* is an isomorphism.

In the (pointed) coarse shape category Sh§, the statement is as follows (see The-
orem 4.3):

Let m € N, and let (X, x0) and (Y,yo) be connected pointed spaces satisfying sd
X<m—1and sd Y <m. If F*: (X,z9) = (Y,90) is a coarse m-equivalence of
Sh§, then F* is an isomorphism.

As a conclusion, roughly speaking, this paper shows that the classification of finite
shape dimensional spaces via the appropriate coarse shape equivalences is an algebraic
problem.

We also remind that the full analogue of the Hurewicz isomorphism theorem in the
coarse shape theory is already proved by the first named author ([10, Theorem 4.11];
compare the full shape analogue in [18, Theorem I11.4.1.1]). We believe that the results
and techniques of this paper could help in the further studying of some important
(algebraic) properties of spaces and mappings. However, since the technique is very
sophisticated the progress is rather slow. For instance, one is still searching for an
appropriate definition of the “coarse shape fibration” of topological spaces.
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2. Preliminaries

2.1. The coarse shape category and functor

By following [12], for every category pair (C,D), where D C C is a pro-reflective
subcategory, i.e., every C-object X admits a D-expansion p: X — X ([18, 1.2.1-3];
since [25], the term “dense” has been replaced by “pro-reflective”!), there exists an
abstract coarse shape category Shfcp)v which is constructed in the same general way
as the shape category Sh(c py. The difference is in the replacement of the ordinary
pro-category pro-D (the realizing category for Sh(c py) by the new “s-pro-category”
pro*-D,; termed the coarse pro-category.. The object class

Ob(Shicp,) = Ob(C),
while
Shiepy(X,Y) = pro*-D(X,Y)

(X and Y are D-expansions). In other words, a coarse shape morphism of X to Y,
denoted by F*: X — Y, is the equivalence class (f*) of an appropriate morphism
f 1 X =Y of pro*-D.

A brief description of the coarse pro-category pro*-A”, for an arbitrary category
A, and the corresponding functor J: pro-A — pro*-A reads as follows. In the first
step we construct the category inv*-A by an essential enlarging of the morphism class
of inv-A. Given a pair of inverse systems in A, X = (Xx,pax, A), Y = (Y, quur, M),
a *-morphism (originally an S*-morphism [12]) of inverse systems, (f, f;): X =Y,
consists of a function f: M — A (the index function) and, for each p€ M, of a
sequence of A-morphisms f7: X,y — Y, n € N, satisfying a certain commutativity
condition. The composition of the x-morphisms and the identities are defined in the
most natural way. In the second step we define an appropriate equivalence relation
(on each morphism set inv*-A(X,Y)), (f, f;;) ~ (f', f*), which is compatible with
the category composition. Therefore, there exists the corresponding quotient category

pro*-A = (inv*-A)/ ().
Further, for every category A, there exists a (faithful) functor
J:pro-A — pro*-A

defined by J (X) = X and, for an f = [(f, £,)], J(f) = £* = [(f, f2)], where, for
every n €N, fj = f,, for all p€ M. (Such an (f, f} = f,) is called an induced
x-morphism.) Especially, for a pro-reflective subcategory D C C, there exists a faithful
functor J: pro-D — pro*-D described above. It induces a faithful functor

J: Sh(c,p) — Sh;(kaD)

(relating the shape and the coarse shape category), which keeps the objects fixed.

The most interesting (standard) example of the coarse shape category Shfc,D) =
Sh* is given by C = HTop (the homotopy category of topological spaces) and D =
HPol (the homotopy category of polyhedra) or D = HANR (the homotopy category
of ANR’s for metric spaces). In the special (sub)case of C = HeM (the homotopy
category of compact metrizable spaces) and D = HcPol (the homotopy category of
compact polyhedra) or D = HcANR (the homotopy category of compact ANR’s),
only the sequential expansions are required.
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Besides the standard (absolute) case Sh*, we shall also need the standard pointed
case Sh{ (C = HTopy, D = HPoly or HANR,, ).

2.2. The induced pro*-homotopy group functors

Let C = HTop,, D = HPoly, and K = Set, (the category of pointed sets) or K =
Grp (the category of groups). Then, by following Section 3 of [10], the k-th homotopy
group functor U = m: HPoly — Grp, k € {0} UN, (U = mp: HPoly — Setg), which
assigns the k-th homotopy group 7y, (P, po) (pointed set 7o (P, pg)) to every pointed
polyhedron (P, pg) and the homomorphism f = 7 (f) : (P,po) = (Q,qo) to each
H-map [f] : (P,po) — (@, qo), induces the functor

pro—U = pro—mny: Sho — pro—Grp (pro—U = pro—mg: Shy — pro—=Sety),

called the induced k-th pro-homotopy group functor on the pointed shape category, as
well as

pro*—U = pro*—mny: Shiy — pro*—Grp
(pro*—U = pro*—my: Sh{y — pro*—Sety)

called the induced k-th pro*-homotopy group functor on the pointed coarse shape
category into the coarse pro-category of groups (pointed sets, for k = 0). The func-
tor pro*-my is an extensions of pro-m, k € {0} UN, in the sense that (pro*-my)J =
J(pro-m) holds, where J and J are the corresponding embedding functors. An appli-
cation is demonstrated by Example 3.6 of [10].

3. me-equivalence of pro*-HTop,

We first define a coarse pro-analogue of an n-equivalence as follows (compare [24,
p. 404] and the introducing note above Theorem I11.5.2.1 of [18]).

Definition 3.1. Let m € N. A morphism f*: (X,x¢) = (Y,y,) of pro*-HTop, is
said to be an m-equivalence of pro*-HTop, if the induced morphism

(1) = Fro i (X 20) = (X, 20) = (Y, y0) = 71 (Y, Yo)

is an isomorphism of pro*-Sety for k = 0, an isomorphism of pro*-Grp for each k =
1,...,m — 1, and an epimorphism of pro*-Grp for k = m.

The next theorem is a full “x-analogue” of Theorem I11.5.3.1 of [18].

Theorem 3.2. Let m € N, and let (X, zo) = ((Xx,22),[pax],A) and (Y, y,) =
((Yx,yr), [@xn] s A) be inverse systems of pointed connected polyhedra (in HPoly) hav-
ing the same cofinite index set A. Let a morphism f*: (X, x0) = (Y,y,) of pro*-
HPoly admit a level representative (1a,[f{]). Then f* is an m-equivalence of pro*-
HTop, if and only if, for every A € A, there exist a N > X\ and an n € N such that,
for every m’ > n, there are a pair of pointed connected CW -complexes (Pf,,p’;,),
(QS\L/, qg\’/), an m-equivalence gg\’/: (Pf/,pgf/) — (ng/,q;l/) and maps p’i‘,: (P)\"/,pgfl) —
(kaau% pl)\n' :/ (){Xax/\’) — (P)tllapg\l/)} q;f/: ( 7)7\,/7qu') — (Y/\7y)\) and q;\nl:
(Y yn) = (Q% , g% ) such that the following diagram commutes up to homotopy
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(in HTop, ).

gxx

(Yx, ) (Ya,yn)
Proof. Let us first prove the sufficiency. Let m € N, and let (14, [f}]) : (X, 20) —
(Y,y,) be a level representative of f*. Suppose that, for every A € A, there exist a
A > Xand an n € N such that, for every n’ > n, there are a pair of pointed connected
CW-complexes (P{,pY), (@Y ,¢Y ), an m-equivalence g% : (PY ,p% ) — (Q% ,q¥ ),
and maps
pg\b : (P)tl 7p§ ) - (XAva)v P/A" : (XX’m)\’) - (P;\rl 7pK )7
g (@Y. ay ) > (Vuwn), ax s (Yv,yw) = (@) .} )
such that diagram (1) commutes in HTop,. We propose to prove that
f*: (X,ZB()) - (YvyO)
is an m-equivalence of pro*-HTop,. First, we are to verify that the induced homo-
morphisms
fz: Tk (Xv:BO) — Tk (Y>y0>
are isomorphisms of pro*-Setq, for k = 0, and of pro*-Grp, for k=1,...,m — 1. It is
sufficient to show that, for every k = 0,...,m — 1, the level representative (14, f};.) €
fr (of inv*-Seto; inv*-Grp) fulfills the condition of Theorem 6.1 of [12] (a “pro*-
analogue” of the well-known Morita lemma). Let A € A be an arbitrary index. By the
theorem assumption, there exist a A’ > X and an n € N such that, for every n’ > n,
diagram (1) commutes. Now, by operating the functor 73, on that diagram, it yields
the corresponding commutative diagram in pro*-Grp for 1 < k < m — 1 (in pro*-Setg
for k = 0), which consists of the induced homomorphisms

Pl e (PY L pY) = i (X, ), P s i (X, ) = me(PY, oY),
O QN L aN ) = e (Ya,un) s @k e (Y, yn) — m(Q% L gY ),
s me (X 2a) = (Vs yn) s fle: me (X, 2a) = e (Y, ),

Pk T (X, zar) = m (Xos 2a), v T (Y, ya) = mr (Y, yA)
and of the induced isomorphism

It TR(PY PN ) — m(QY gy )-
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Let us define, for every n’ > n, a homomorphism
Ry e (Yo, yn) = m (X, @)
by putting
hy = e (ghe) " k-

Then

FRRhy = Fepie(9he) T dlk = drgin(9he) T dlk = Bkdik = O
and

R e = PRe(95) T R Sk = PRk (930) T ONkPNE = PARPAE = Pank-
According to Theorem 6.1 of [12], this implies that fj, = [(1a, f{})] is an isomorphism,
for every k =0,...,m — 1. It remains to verify that

f;: Tm (vaO) _>7rm(YayO)

is an epimorphism of pro*-Grp. It is sufficient to show that the level representative
(1a, f322) € fr, fulfills condition (E-Grp) of (4.5) of [9]. Let A € A be an arbitrary
index. By assumption, there exist a A’ > X\ and an n € N such that, for every n’ > n,
diagram (1) commutes. Now, by operating the functor =, on that diagram, it yields
the corresponding gommgtati/ve diz%grarrll in p/m*—Grp which consists of the induc/ed
homomorphisms py,.,, PXys Qs xms S3ms FAims PANms @avm, and epimorphism gi, .
For a y € Im gx/m, there exists a y’ € m,, (Yo, ya) such that y = gaam (y'). Thus, it
holds that

/

Y= Gm@om (V) - (2)
Since
Gam: Tm (P PR ) = (@Y 1 a3 )
is an epimorphism, for qﬁ\% (y') € w,,L(Qf\‘l,qgfl) there exists a 3" € wm(P}f,, p’/{l) such
that ¢ (y') = g% (y"). Therefore, (2) implies that
Y= qg’rnqg\r;n (y/) = qg}mg;fm (y//) . (3)
Since f:\l;n}’%n = qgf;nggf;n, it follows, by (3), that y = f;f;npﬁ;n (y") . Thus, we infer that
y € Im f7' . Therefore, the x-morphism (14, f{,,,) € fr, satisfies condition (E) (E-Grp)

of (4.5) of [9], which implies that f is an epimorphism and, consequently, that
f*: (X, %) — (Y, *) is an m-equivalence of pro*-HTop,. O

In order to prove the necessity part of Theorem 3.2 we first want to define some
auxiliary objects and to establish several technical lemmata as follows.

Lemma 3.3. Let m € N, and let, for each i=1,...,m, p;: (X;—1,Ai—1,2i-1) —
(X, Ai,x;) be a map of pointed pairs of CW -comlexes such that Xq is connected and
the induced homomorphism m; (p;) : i (Xi—1, Ai—1,xi—1) = m (X;, Ay x;) is trivial.
Then the composite map pmpm—1---01: (Xo, Ao, o) = (Xm, Am, Tm) factors through
an m-connected pointed pair of CW -complezes (Q, P, pg) with Q and P connected.
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Proof. A polyhedral analogue of the above lemma is equivalent to Lemma 11.4.2.3 of
[18]. Further, by following the proof of that lemma, it is easy to verify that it remains
valid if we replace a pointed polyhedral pair with a pointed pair of CW-complexes
throughout. O

Let us recall that, for a given map f: (X,z9) — (Y,y0) of Topy, the reduced
mapping cylinder of f is the space (Zy, z) obtained by attaching X x I to Y by
the map (z,1) — f(z), x € X, and (zo,t) — f (z0) = yo, t € I. Its base point is
2o ={p(({zo} x I) U{yo})}, where p: (X x I)UY — Z; denotes the corresponding
projection. The restriction map

J=plY: (Yyo) = (Zf,20) (i =p| (X x0): (X,20) = (Z,20))

is an embedding which is called the canonical embedding onto upper (lower) base of
(Z#,20). Further, the pointed homotopy class [j] is an isomorphism of HTop,, and it
holds that

A =[] (4)

Let us recall that the wedge of a given family of pointed spaces (Xo, o)y 4 is the
pointed space

\/ (Xas@a) = ( |_| (Xa,za))/( |_| {za})

acA a€A a€A

obtained by identifying all the base points x, in the disjoint union of spaces X,
a € A, endowed with the weak topology. We denote the natural embedding of the
pointed space (Xa, o) into the wedge by

1Y (X o) — \/ (Xas o), foreach ac A.
a€cA

For a given family
(fa: (Xou J}a) — (Ya yO))aeA

of maps, there exists the unique map

f=V r V Xaza) = (Yi0)

acA acA

such that fi1* = f¢, for every a € A. Further, for a given family
(pa: (X(x; xa) — (X(;, x:y))aEA

of maps, there exists the unique map

b= \/ p: \/ (Xasza) = \/ (X4 7a)

acA acA a€cA

of the wedges such that pt® = J/“p®, for every a € A.



110 NIKOLA KOCEIC BILAN anp NIKICA UGLESIC

Let (Z¢, zo) be the reduced mapping cylinder of a map
f: \/ (Xa7$a) - (Kyo)u

acA
and let

i\ (Xasza) = (Z5,20)
acA
be the canonical embedding onto lower base of (Zy, z). Then, for every a € A, the
composite map

=0 (Xa,za) = (Z5,20)

is an embedding, which is called the canonical embedding of (Xa,xa) into lower base
of (Zy,zy). Consequently, (Xq,zq) can be regarded as the subspace of (Zy, zp).

Lemma 3.4. Let (f™), f™: (Xn,zn) = (Y,y0), be a sequence of cellular mappings of
pointed CW -complexes, whereY is connected, and let (Zy, z9) be the reduced mapping
cylinder of the map

F=Vr\V Knwn) = V).
neN neN
If j: (Y,y0) = (Z¢, 20) and i™: (Xy,20) = (Z¢, 20) , 0 € N, are the canonical embed-
dings onto upper and into lower base of (Zy, zy) , respectively, then

(i) (Zf,z20) is a connected CW -complex;
(11) (Xn,xn) is the subcomplex of (Zy, z0), for every n € N; and
(1) [§][f™] = [i"] in HTop,, for every n € N.

Proof. Since \/ (X,,x,) is a pointed CW-complex (Corollary 2.5.9 of [14]) and
neN
since f: 'V (Xn,zn) — (Y, 90) is a cellular mapping, it follows, by Corollaries 2.5.12
neN
and 2.5.9 of [14], that (Zy,z) is a pointed CW-complex which admits a CW-

decomposition having (X,,,z,) as its subcomplex, for every n € N. Since Y is
(pointed) homotopy equivalent (isomorphic in HTopg) to Zy, it follows that Zy is
connected. Finally, by (4), one obtains that

UL = G L) = B ) = ] O
Proof of Theorem 3.2 (necessity). Let m € N, and let f*: (X, z¢) = (Y,y,) be an
m-equivalence of pro*-HTop, having a level representative (14, [f{]) . Since the index

set A is cofinite, we may apply Lemma 1 of [8] to obtain, for every A € A, an integer
ny € N such that, for every M < X\ and every n > ny, it holds that

[fX] Al = [anallfR] (5)
in HPoly . Moreover, one can achieve that
oy K My, (6)

for every X < A. For every A € A, let

(x2,29) =\ (X3,2%)
neN
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denote the wedge of the family (sequence) of pointed polyhedra (X7,z%), n € N,

(X, za), n = ny

{zr},zyn), n<ny.

(XX, %) = { (7)

Let p%, = va;LX: (X9, 2%,) = (X9,2%), where p%,, = pan|XP: (X3, 2%) —
ne

(X3, %),

Notice that (X¥,z%) and (Yi,yx), for all A € A and n € N, are pointed CW-
complexes with obvious CW-decompositions. For every A € A and every n € N, let
us choose a cellular map f7: (X, zx) — (Y, yx) of the pointed CTW-complexes rep-
resenting the (pointed) homotopy class [f¥]: (Xx,zx) = (Ya,ya) (cellular approx-
imation theorem—Theorem 8.5. of [14]). Let (Zy, zx) denote the reduced mapping
cylinder of the map

neN neN
for every A € A. For every A\ and every n, let
ix: (XX,2X) = (Zx,20) (Uar (Yaun) = (Za,20))
be the canonical embedding into lower (onto upper) base of (Zy, z), and let
i\ = \/ Zi\l (Xf\),xg) — (Z,\,Z)\)
neN
denote the canonical embedding onto lower base of (Zy, zy). O

Claim 3.5. (Z), 2)) is a connected CW -complex having (X3, z%) for its subcomplez,
and it holds that [j\] [f{] = [i}], for every n > ny and every X € A.

Proof. Since, for every A € A, f{ is a cellular map, the restriction

f;\%: (XA7:I;>\)_>(Y)\)y/\)a fOI"I’L}n/\
const. = x: ({zx},zx) = Y, yn), for n <mny,

RIXX = { (8)

is a cellular map as well, for every n € N. Lemma 3.4 implies the first part of the
claim. Further, since it holds [j:] [f¥|X¥] = [¢%] in HTop,, for all X and n, the claim
follows by (8) and (4). O

Claim 3.6. For every related pair A < X', there exists a map
savi (2w, zn) = (Zx,20)

such that the following diagram strictly commutes (in Topg ).

0.0 Pl 0 .0
(XX a%) ——— (X%, 2%)

SAN

(Zx, ) (Zxrs2ar) 9)
Ja ‘j,\'
q ’
(Yx,un) Y (Yar,un)
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Therefore, the map syx can be considered as a map
. 0 .0 0,0
SAN - (Z)\/,X)\/,.’E)\/) — (ZA,X)\,I’)\)

of pointed pairs of CW -complezes such that sx/| XY, = pY,,. Furthermore, whenever
needed, we may consider sy to be

57;\’)\’ : (Zk'vxfl’vx?\l’) - (Zz\vX;L,mg\L) y T2 Ny
the map of pointed pairs of CW -complexes such that
S| XN = san [ XD =pav: (X, oar) — (X, ),
for every n = ny.

Proof. Notice that

n D (Xa, zx) = (Xn, ), for n > ny
Py = o (10)
const. = *: ({zx},zxn) = (Xa,2zx), forn <ny.
By (5), (6), (7), (8), and (10), one obtains
"] [ /3] [pax], forn = ny
[ 3] = { A
*, for n < my
and
n n [Q)\)\’][fn’]a for n Z Ny
[ L3I XR ] = { A
*, for n < ny,
which imply that
[F 5] = [ow][fu]X%], forall A< )\ and n € N.
Consequently, the following diagram homotopically commutes (in HTop,).
P
(x9,49) (X9,23,)
i ¢
(Yx;yn) P (Y, yn)
Then, the claim follows by Lemma I1.5.1.3 of [18]. O

Claim 3.7. (Z, z9) = ((Zx, zx) s [san] s A) is an inverse system in HTop,,.
Proof. By Lemma I1.5.1.3 of [18] and diagram (9), it follows that

[sax] [saar] ] = [l laan] [gnar] = [a] [aaar] = [saa] [iar]

in HTop, . Since jx: (Yx,yr) = (Zx, zx) is the canonical embedding onto upper base
of (Zx, zx), [ja] is an isomorphism of HTop, (a pointed homotopy equivalence), for
every A € A. Consequently, for all A < X < N\, it holds that

[saxn] [Sarar] = [saar] - O
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Claim 3.8. (1a,[l}]) : (X, x0) = (Z, 2z0) is a level x-morphism, where, for every A
and every n, the map 5 : (Xx,xx) = (2, z) is defined by the following rule:
n {z}f (X7, 2%) = (Zx,20), forn>=mny

(11)

Ly =
const. = %, forn < njy.

Proof. By (9) and (10), for every related pair A < A" and every n > ny/, one infers
that

] [1%] = [ i ] X3 2 (0] [0 1 X5 ] = (i3] 3] ‘2 [33] o]

which means that, for every m > ny/, the following diagram commutes in HTop,
(moreover, strictly, i.e., in T'opg).

PN

(X, z2) (X, wa)
iy i (12)
SAN
(Zx,22) (Zxs2x)
It follows that
[san ] [eX] = [eX] [pan]
for every pair A < ) and every n > ny. O

Claim 3.9. j* = [(1a, [j%])] : (Y,yo) — (Z,2¢) is an isomorphism of pro*-HTop,
where jy¥ = jx, for every A and all n.

Proof. By (9) (the lower rectangle of the diagram), we infer that

(1a, [5R]) = (Y, y0) = (Z, 20)
is the yielded *-morphism. Since [j}]: (Yx,yx) = (Zx,2)) is an isomorphism of
HTopy, it follows, by Corollary 6.3. of [12], that j* is an isomorphism. O
Claim 3.10. ¢* = [(14, [t}])] is an m-equivalence of pro*-HPoly.

Proof. By Claim 3.5 one infers that
(1a, [GR]) (Lo, [FX]) ~ (1as [eX])

and, consequently, that
3 = =[(Aa [R])]
in pro*-HTop,. Therefore,
o (37) mk (f7) = i (¢F)
in pro*-Grp (pro*-Sety, for k = 0) holds. Since 7" is an isomorphism and f* is an
m-equivalence of pro*-HPoly, one infers that ¢}, = 7} (¢*) is an isomorphism of pro*-

Grp (pro*-Sety), for k=1,...,m — 1 (k = 0), and an epimorphism of pro*-Grp, for
k = m. Thus, ¢* is an m-equivalence of pro*-HPoly. O
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Claim 3.11. There exist functions o.,m: A — A and e, A — N such that, for every
A € A and every n = e, (N), it holds that

Imsyg, (A),m CImef . (13)

There exist functions pr: A — A and €: A = N such that, for every A € A and
every n = €x (), there exists a homomorphism

Wk Tk (Zop (3 Zon(n)) = Tk (X, )
that makes the following diagram commutative (in Sety, Grp).

Pror(N),k

T (X, ) < T (X (0 Tior (V)
3y

YNk l ¢ l”ékw,k (14)

Tk (ZA, Z)\) D ——( (Zapk()\)a Zgok()\))

S)\ka ()‘)1k

Proof. Since ¢}, : 7 (X, o) = Tm (Z, 29) is an epimorphism, and since, for every
kE=0,....,m—1,¢: 7 (X,x0) = 7 (Z, 20) is an isomorphism, there exist, accord-
ing to condition (E-Grp) of 4.5 of [9] and Theorem 6.1 of [12], the functions ¢}, and
e and homomorphisms AY, such that (13) and (14) hold. O

Claim 3.12. For every related pair A < X, for every n > ny and for every k € N,
the following diagram has exact columns and commutes in Grp (Setg).

DAN k
i (Xa, ) = T (Xa, za)
Nk Uk
SAN k
Tk (Zx, 20) = Tk (2, 2xr)
“K,k “f\t/,k
Sn
n n AA/’k‘ n n
Tk (Z)\,X)\,Z')\) T (Z)\/7X)\/,x)\/) (15)
N, Ny
DAN k—1
Th—1 (Xx, 2\) ~————— Tp—1 (Xn, 2x)
LN ko1 U k-1

SAN k—1
Th—1 (Zx, 20) ~————— M1 (Zx, 2\)

where kY : (Zx, 2, 2x) = (Zx, XY, x%) denotes the inclusion map and
Ny, = O (23, X3, 28) = (Zx, XY, 2%) = (X, 20) = (X}, 2%)
is the boundary homomorphism (pointed function).
Proof. By (11) and (7), for every A € A and every n > njy, the map
i (X, oa) = (XX, 23) = (2, 22)

is an inclusion. Therefore, it induces a long exact sequence of homotopy groups, i.e.,
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for every k € N, every A € A, and every n > ny, the exact sequence in Grp (Sety):

o
T (Xn, 22) -5 71 (2, 22)

n .
W ¢ 1

oy Nk
— T (ZA,XQ,.IK) ifﬂ'k_l (X)\,.Z‘)\) Ay Th_1 (Z)UZ,\). (16)
Since, by Claim 3.6, we may consider sy,

87/\1X: (Z/\’an\l’amg’)—)(Z)\aX;\lvxSL)v n}n,\/,

as the map of pointed pairs of CW-complexes that induces the mapping of exact
sequences (16) . Therefore, for every n > ny ((6) also implies that n > ny) and every
k € N, the diagram (15) commutes in Grp (Sety). O

Claim 3.13. Given a A € A, there exists a finite sequence of indices A\, € A, k =
0,...,m, such that

Am =A< A1 < KA < A1 <000 < ),
and there exists a finite sequence of integers n'®), k=1,... m, such that
0= nenn =T (Bones) T X3, 0%, ) = m(Za,, X3y, 2h,) (17)
is the trivial homomorphism, for every n > n*) and every k =1,...,m.
Proof. Put A, = A. We use Claim 3.11 to define
A = @m (Am)y Am—1=¢m-1(\;,), and

™) = max {Em M) sem—1 (AL) ,n,\mfl} )

nl
Then, by (14) and (15), for every n > n("™)| the following diagram, having exact

columns, commutes.

PrxnA, m PX Am—1,m

Tm (X,\m,*) - Tm (X)\;n,*) - Tm (XAm717*)
L’:\Lm’m L’S\l;n,’m Lgm,l,m
' SN, m SX Am—1,m
Tm (kaa *) Tm (Z ) *) Tm (ka,la *)
"it\bm ,m “?'m ,m ’i?m,l ,m
' SKNL)\, \m S, Am—1,m
Wm(ZAva;\Lmv*) = Wm(ZMnJX;\l’m?*) — ”Tm(ZAm—mX;\Lm_lv*)
7 7 7
Amm AL, m Am—1m
' DAL m—1 ' DN A1 m—1
Tm—1 (X, , %) ~———"—— 1 (XA;H, *) 4/2— Tm—1 (X,\m,la*)
7
n n /\’/n m n
EXnom—1 bxi m—1 . U1 ym—1
4
SAmAL m—1 S Am_1,m—1
Tm—1 (Z)\m7*) <—m Tm—1 (Zk(m’ *) = Tm—1 (Z)\m—l ’ *)
(18)

Let us check, by chasing diagram (18), that

n . n n n n
At Tm(Dxs XX, 52X ) = (2, XX 2R )
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is trivial, for every n > n("™. Let n > n(™), and let

n
X)\

m—1"

T € T (2 x% ) (the 3rd row and the 3rd column of diagram (18)).

m—17
Since the 3rd column of diagram (18) is exact, it follows that
L;Lm_l,m—la;rfm_lm (:E) = 07
and, consequently,
hg\linm—lbg\lm_l,m—lagm_lm (.’E) = 0.
Then, by commutativity of diagram (18), one infers that
ag‘LinmS’rAlin)‘mfl m (x) = 07
and, consequently, that
S’S\linkm,fl,m (l') S keI‘ (93\1;”7711
The exactness of the 2nd column of diagram (18) implies that
sg\llinkm,l,m (x) € Im ’%S\L;n,m
Therefore, there exists an
&' € T (Zx .2y ) (the 2nd row and the 2nd column of (18))
such that
K;\l’m,m (2) = 3,\/ Am,m (@) - (19)
Since n = e, (M), it follows, by (13), that
SAm AL ,m (I/) € Im L;\Lm,m'
Then, by the exactness of the 1st column of (18), it follows that
H’:\L"“,,ns/\”l)\;”,m (J’J) = O
The commutativity of diagram (18) implies that
SN AL mBNL m (z") =0.
Finally, by (19), it follows that

SSL )\/ S’S\Ll )\ _1m(13):0.

Therefore, the homomorphism s¥ , is trivial. Hereby, we have proved (17) in the
case m = 1. If m > 1, suppose that for anl € N, I < m — 1, we have already proven
the existence of 1nd1ces MMeEMNE=L...m—1, =2 > /\m_1 > A\m, and integers

n®), k=1+1,...,m, such that, for every k € {I+1,...,m} and every n > n*),
0= S”Alk)\k_lﬁk : ﬂ—k(Z)\k,—17X;\lk,_17‘r§k_1) — ﬂ—k(ZAk7X;\Lk7X;\Ik)

is the trivial homomorphism. In order to prove (17), it is sufficient to prove the
existence of an index A\;_1, \j_1 > A; and an integer n® such that

n . n n n n
5)\[)@,1 1 ﬂ-l(ZAl—17X)\l,17xA1,1) - ﬂl(ZAHX)\l’Z')\l)

is trivial, for every n > n(. Let us choose A =1 (N) and N—1 = @11 (A]), and let
n® = max {e; (), €11 (\}) ,nr,_, } . Then, by (14) and (15), for every n > n(l), the
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following diagram, having exact columns, is commutative.

117

DX DXyl
1 1AL—1)5
(X, %) = T (X, %) = T (Xa_ys%)
hn
L "zl L L
Arl PN Ar—1,l
Uy (Z)\l,*) - WZ(ZA;,*) - i (ZAL—l?*)
S SAIN—1,
n n n
Rl Rl OVERY
ST ’ Sn/
PV AjAi—1,l
n % n 1 n
iy (ZM’XAN*) WZ(ZA;,XA;7*) TI'Z(Z,\FI,X)\FN*) (20)
1 U3 1
a}\ll a/\gl a}\lfll
DAy i-1 DA l-1
-1 (X, %) T (X, %) ~————m1 (Xn,_,, %)
hn
n n /l///\] n
Lx,i-1 Ixi—1 Lxi_q,1-1
-1 (Zx, %) m—1(Zx;, %) Ti—1 (Zx_y, %)
SAA -1 SAIN_1,l—1

Let n > n® and let
xem(Zxn_,, XN, _,,zy,_,) (the 3rd row and the 3rd column of diagram (20)).

Since the 3rd column of diagram (20) is exact, it follows that

8, 1—10%, 1 (x) =0,
and, consequently, that

hggquzl,l,l—laf\ll,lz (z) =0.
Then, by commutativity of diagram (20), one infers that
Rsain_,1 () =0,

which implies that

S A1l (x) € ker 2
The exactness of the 2nd column of diagram (20) implies that

Sy (7) € Im kY, ;.

Therefore, there exists an 2’ € m(Z);, z)) (the 2nd row and the 2nd column of (20))
such that

W0 () = STy (@) (21)
By the exactness of the 1st column of (20), it follows that

n n n A
KY, 1t 5 (27) = 0.
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Now, since diagram (20) commutes, it follows that

n !/
VR EPVPIN () =0,
which implies that
n n AN
SALIFA L (') =0.

This, along with (21), implies that sf\‘M;’ls;\L;/\FI , () = 0. Therefore, we may conclude
that s} ,, | ; = 0. This completes the proof of the claim. O

Proof of necessity (continuation). For an arbitrary X, let A, =A< A1 < -+
<M< 1 <<V =) and n(l), o 7n(m) be as in Claim 3.13. Then, for every
n' > n = max {n(k) |k=1,... 7m} , the homomorphism SK;AIC—I . s trivial, k=
1,...,m. Consequently, by Lemma 3.3, the map

’ ’ ’ ’ ’ ’ ’ ’
n — n n n . n n n n
8)\)\/_S)\m)\m—l...S)\k/\k—l-..s)\l)\()' (Z)\/,X)\/,x)\/)_)(Z)”X)\ ,X)\)

factors through an m-connected pointed pair of CW-complexes ( Sfl, P;L/, p’AL/), such
that QQLI and P}f/ are connected. Then there exist maps

QY PY L pY ) = (Zx, XY, 2Y), and

! ! ! ’
o (o, XY = QY PY )

such that S;\l;\, = Tﬁlrf\"/.

Let pi : (PP, ph) — (X, 2%) and p* : (X3, X)) — (PP, pY’) be the restric-
tion maps pi =% [P and pi ="' | X}, respectively, and let g} : (PP, p}) <
( ;‘/, qf\‘/) be the inclusion map. Notice that gf\L' is an m-equivalence (since
(QQL/, Pf/ , pgf/) is m~connected). Then the following diagram homotopically commutes
(moreover, strictly, in Topg).

’ ’ !’ !
(3, a3) (x5, a)
R &

-/é ,4
!/ !
(P m)

! ’ o
iy lgf i
7 !

(Q’i NI )

\

. P

& 4%
n/
S
AN

(Zx, z) (Zxr,zxr)

Since n’ > ny (= ny), one infers, by (7) and Claim 3.6, that the following diagram
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homotopically commutes (moreover, strictly, in T'opp).

in/ n’ -n’

Pl
\Y
Ly
Y
\

S ’
(Zx,2)) N (Zxr, zar)

By using the previous diagram, equality (11) and the lower rectangle of diagram (13),
one concludes that the following diagram commutes up to homotopy (in HTop).

(X)\,IZ')\) PN (X)\/ CC)\/)

A/
(Yx, ) & (Yar,un)
Finally, let us put [qﬁf/] = [jA]_l[T”/}: (Q';fl,q;f/) — (Y, yn) and

5] =[5 T0in]: (Yvsyn) = (@R, d}).

Then, by (22), it follows that diagram (1) commutes up to homotopy (in HTop,),
which, finally, completes the proof of necessity part of Theorem 3.2 as well. O

Theorem 3.14. Let (X, xq) and (Y,y,) be inverse systems of pointed connected
polyhedra (in HPoly) over the same cofinite index set A. Let m € N, and let f*:
(X,x0) = (Y,yy) be an m-equivalence of pro*-HPoly C pro*-HTop, which admits
a level representative (14,[fY]). Then, for every X\ € A, there exist a X' > X and an
n € N such that, for every n’ > n, the following conditions are satisfied:
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(i) For every map s: (R,7) — (Yx,yx) of pointed connected polyhedra, with
dim R < m, there exists a map k™ : (R,7) = (Xx,zx) such that the following
diagram commutes up to homotopy (in HPolp).

’
n

(X, x)) (R,T)
e s (23)
(Yx, ) ny (Yar,ya)

(i) If k,K': (R,r) = (Xx,zx) is a pair of maps of pointed connected polyhedra
such that dim R < m —1 and [f3][k] = [fU][K'], then [pax] [k] = [pax] K] in
HPOlo.

In order to prove the above theorem, we need the following lemma, which is an
immediate consequence of Corollary 7.6.23 and Theorem 7.6.22 of [24].

Lemma 3.15. Let m € N and let f: (P,p) — (Q,q) be an m-equivalence of pointed
spaces. Then we have the following:

(i) For every pointed map h: (R,r) — (Q,q), where R is a connected CW -complex
having dim R < m, there exists a pointed map l: (R,r) — (P,p) such that
/][l = [B] in HTop,.

(i) If ,I': (R,r) — (P,p) are pointed maps, where R is a connected CW -complex
having dim R < m — 1, such that [f][l] = [f][I'] in HTop,, then [[] =[] in
HTop,.

Proof of Theorem 3.14. Assume that an f*: (X,xo) — (Y, y,) is an m-equivalence
of pro*-HPoly. Let A € A. Let a A’ > X and an n € N be chosen as in Theorem 3.2.
Then, by the same theorem, for every n’ > n, there exist a pair of pointed connected
CW-complexes (P{,pY ), (Q%, ¢V ), an m-equivalence g% : (Py ,p% ) — (QF ,q¥ ),
and maps p} : (PY,p% ) — (Xx, @), Py 0 (X, 2oa) = (PY,P% ), @) = (Q% ,q) ) —
(Ya,yn), and ¢3* = (Y, yn) = (Q% ,¢% ) such that diagram (1) homotopically com-
mutes (in HTop). Let s: (R,7) = (Y, ya) be a map of pointed connected polyhe-
dra with dim R < m. According to Lemma 3.15(7), for h = ¢ s, there exists a map
I: (R,7) — (P{,py) such that
[9x 111 = [h] = [q5 ][]

in HTop,. Then

[ax 193 1 [1]

which, by diagram (1), implies that
R = [aan] [s] -

Now, for k= pﬁ/l, one infers that diagram (23) commutes, which completes the
proof of (i). To prove (ii), suppose that k, k": (R,r) = (X, zx) are maps of pointed

I
)
>
=N
>3
3
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connected polyhedra, with dim R < m — 1, such that

L [R) = [£3] [K] (24)
in HPoly . Let us put
I=pkand ' = p" k. (25)
Then
3 11 = [ 1] - (26)

Namely, by (24), it holds that

(a3 13T K] = a8 VAV K1),
which, by diagram (1), implies that

g3 15T [k = 198 110X )

in HTop,,, and (26) follows. By considering (26) and applying Lemma 3.15 (4i), we
get

=[] (27)
Then, by (25) and (27), it follows that
XTIk = PR 11 = 311 = R 105 (K]
Now, by diagram (1), one infers that
[Pax] (K] = [pax] [K]
in HPoly, which completes the proof of (ii) . O

[pX

4. The coarse shape analogue of the Whitehead theorem

Theorem 4.1. Let m € N, and let (X,zo) = ((Xx,22),[pax],A) and (Y,y,) =
(Yo ypn) , [quu], M) be inverse systems of pointed connected polyhedra (in HPoly)
such that, for every A€ A, dim X <m —1, and, for every p€ M, dimY, < m.
Then f*: (X,zo) — (Y,y,) is an m-equivalence of pro*-HPoly if and only if f*
is an isomorphism.

Proof. Clearly, we only need to prove the necessity part. Let f*: (X, zo) — (Y, y,)
be an m-equivalence of pro*-HPoly. According to Theorem 3.27. of [12], there exist
inverse systems

(X' zp) = (X7, 23), [pl] . N)  and

(YlvyB) = ((Yy/?y/u) ) [q/w/’LN)

in HPoly having the same cofinite index set N, a morphism f*: (X', z}) — (Y, y))
of pro*-HPoly admitting a level representative, and isomorphisms *: (X, xg) —
(X', z}) and 3*: (Y,y,) — (Y, y}) such that j*f* = fi*. Therefore, f* is an
m-equivalence (isomorphism) of pro*-HPoly if and only if f* is an m-equivalence
(isomorphism) of pro*-HPoly. Hence, it is sufficient to prove that f”* is an isomor-
phism. By following the proof of Theorem 3.27 of [12], one readily sees that the
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inverse systems X’ and Y’ consist of the same objects (terms and bonding mor-
phisms) as inverse systems X and Y, and, especially, that dim X, < m —1 and
dimY, < m hold for every v € N. Let ([1n,[f/"]) be a level representative of the
morphism f"*. For every related pair v < v/ in N, let 3 (v,v’) € N denote an inte-
ger such that [f/*'][p’,.] = ¢\, ][f], for every n’ > B (v,1). We propose to prove
that the level x-morphism (1, [f/"]) fulfills the condition of Theorem 6.1 of [12]. Let
v € N. Since f" is an m-equivalence of pro*-HPoly, there exist, by Theorem 3.14, a
V' > vand an n; = n(v) € N, such that, for every n’ > nq, properties (i) and (i7) of
the same theorem hold. Further, by applying the same theorem on v/, we obtain a
V" > v and an ny = n (') such that, for every n’ > ng, properties (i) and (i) of the
same theorem hold. Put n = max {ny,ns, 8 (v,v'),8 (', v")}.

Let us prove that, for every n’ > n, there exist a pointed map h” : Y.,y —
(X],x!) such that

v

LR ) = [d0) (1)
and
L) = [Pl (2)

in HPoly hold. Since n’ > ne and dimY},, < m, by applying Theorem 3.14 (i) to the
pointed map

s=1ly, : (Rr)= Yl yn)— (Yl yn)

(of pointed connected polyhedra), one obtains a map k™ : (Y., y,.) = (X, ')
such that

P IE™ ] = [q),0] (3)
in HPoly. Let
R =l k" (Y %) — (X)), %). (4)

Then, since n’ > 3 (v,v'), it follows that

w11 (4) ' n' n/1rin’1 (3)
e 1 = (£ 1 6™ ] = [an L0 TR ] = (au] [ghn] = [g0]
in HPoly, which proves (1) . Further, since n’ > 8 (v/,v"), it holds that

/n’]

o 1 Pur] = (@] (£ ]-

Hence, by (3), it follows that

L ] = L 1R L) (5)

in HPoly. Now, let us define maps k,k": (R,r) — (X, ,2/,) of pointed connected
polyhedra by putting (R, r) = (X, ) and

k == ply/u//, k/ == kn/fln/. (6)

vt

Since (5) implies that [f7'][k] = [f%'] [k'] holds, and since dim X', <m —1, by

v
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applying Theorem 3.14 (i7), it follows that

[pL K] = [Pl ] (K] (7)
Finally, by (6), (7), and (4), one obtains

©) () ©) n' @ rpnppem
o] = o] (K] = (0L K] = [P R 10) = I 10,
which proves (2). Hereby, we have proven that the level *-morphism (1, [f,?]) fulfills

the condition of Theorem 6.1 of [12]. Consequently, by the same theorem, it follows
that f* is an isomorphism. O

Definition 4.2. Let m € N, and let F*: (X, 29) — (Y, yo0) be a pointed coarse shape
morphism (of Sh). Then F* is said to be a coarse (shape) m-equivalence if the
induced morphism

Ey = pro®-mp,(F*): pro*-mi(X, xo) = pro-mi(X, zo) — pro-mi(Y, yo)
= pro*-me(Y, yo)

is an isomorphism of pro*-Set, for k = 0, an isomorphism of pro*-Grp for k =1, ...,
m — 1, and an epimorphism of pro*-Grp for k = m.

Observe that, in comparison to Definition 3.1, such an F™* is a coarse m-equivalence
if and only if there exists a (equivalently, every) representative f*: (X, zo) — (Y, yo)
in pro*-HPoly which is an m-equivalence of pro*-HPoly. Namely, for every k, the
induced morphism Fj} is represented by an

Fr=m(f7): mi(X o) = mi (X, o) = mr (Y, y) = 7 (Y, yo)-

This shows that Definition 4.2 is correct.

Recall that a space X has the shape dimension sd X < n if it admits an HPol-
expansion p = ([px]): X — X = (X, [pax], A) such that, for every A € A, the (cov-
ering) dimension dim X < n. Finally, we can state a full coarse shape analogue of
the Whitehead theorem as follows.

Theorem 4.3. Let m € N, let (X, xq) and (Y,yo) be connected pointed spaces satis-
fyingsd X <m —1andsdY <m, and let F*: (X, z0) — (Y, y0) be a pointed coarse
shape morphism (of Sh). Then F* is a coarse m-equivalence if and only if F* is an
isomorphism.

Proof. The necessity part only needs a proof. According to the relevant facts of [18,
Chap. L., Sec. 5] (see also Theorem 2.1 of [13]), there exists a pair of HPolg-expansions

p = ([pA]): (X,20) = (X, @0) = (Xx, 22), [PAx], A),
q=([q.]): Yy90) = (Y, y0) = (Vs ) [ ], M)

such that dim Xy < m — 1, for every A € A, and dimY,, < m, for every u € M. Since
X and Y are connected, we may assume that all X and Y, are connected as well
(see Remark 11.4.1.1 of [18]). Consider a representative f*: (X, z¢) — (Y, y,) of F*.
Since F'* is a coarse m-equivalence (of Shj), the representative f* is an m-equivalence
of pro*-HPoly. Then, by Theorem 4.1, f* is an isomorphism of pro*-HPolg. This
means that F'* is an isomorphism of Shg. O
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Remark 4.4. Similarly to the shape case [18, the definitions below Theorem 1.5.2.10],
one can define a weak equivalence f*: (X,zq) = (Y,y,) of pro*-HTop, to be
an m-equivalence of pro*-HTop, for every m € N. Further, a weak coarse shape
equivalence is a coarse shape morphism F*: (X,z9) = (Y,y0) of Sh§ which is a
coarse (shape) m-equivalence for all m, i.e., it induces isomorphisms pro*-my, (F*) for
all k. However, as in the shape case, the co-dimensional Whitehead-type theorems
fail in pro*-HPoly and Sh{. Namely, Adams’ example, which yields a counterexample
(see Example 11.5.2.1 of [18]), works in the coarse shape theory as well.

Remark 4.5. Example 7.2 of [12] may be also considered as an application of Theorem
4.1 in a very special case. Namely, since X and Y consist of the polyhedral terms
X; and Y; having dim X; = dimY; = 2, ¢,j € N, the proof reduces to the verification
that the considered morphism f* = [(1y,[f]'])]: X — Y is a 2-equivalence of pro*-
HPoly. Further, since all the terms are compact connected abelian groups (2-tori), the
appearing homotopy classes are represented by unique homomorphisms. Finally, since
only the fundamental group of the 2-torus is not trivial, the proof further reduces to
the verification that

T () = F": wi(X, @) = Zx — Ly = m1(Y, yo)

is an isomorphism of pro*-Grp, which was done in 7.2 of [12].
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