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ALGEBRAIC K-THEORY AND CONFIGURATION SPACES
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INTRODUCTION

THEapproximation theorem in stable homotopy states that for a connected space X, there is
an equivalence

o=s=x « U C(n,lPJoo)x~nxn/~
n~O

where C(n, 1PJ00)denotes the configuration space of n-tuples of distinct points in IPJOOand the
equivalence relation identifies

((Ui, ... , un)(xl, ... , *, ... , xn))~((Ul' ... , Ui' ... , un), (x., ... , *, ... , Xn))
i

Its importance lies in the fact that the right hand side of the above equivalence (which we will
briefly refer to as a configuration space model) is a much smaller space than the function
space on the left, and thus is much easier to deal with.

The second author noted that in the configuration space model, one can replace the X" by
spaces like BGln(R). For there is an obvious ~n action on BGln(R) and there are obvious
inclusions i~: BGln _ 1(R)-+ BGlnCR), 1sj s n which give sense to the equivalence relation
defining the configuration space model. A natural question thus poses itself: what is the
homotopy type of the resulting configuration space model

LI C(n, 1PJ00)X InBGln(R)/~?
n~O

An easy argument in invariant theory over (Ql shows that the rational homotopy type is the
same as that of Quillen's plus construction BGl(R) +. The second author conjectured that the
global homotopy types were also the same.

In this paper we verify a generalized form of this conjecture. We first consider a general
framework where the configuration space model makes sense and has a natural Eoo structure
(that is an H-space structure which is coherently associative and commutative, giving an
infinite loop space structure upon group completion). This is the notion of a permutative

'monoid: a graded space M *= LI Mn' together with symmetric group actions
n~O

~n X M n -+ M no injections i~: M n _ 1-+ M no 1sj s n, and direct sum operations EB: M m x M n-+
Mm+ n' all suitably compatible. (The example to keep in mind is, of course, M n =BGlnCR) or
more generally Mn=BEnd(An) where A is an object in a permutative category.)
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For such a permutative monoid M *' the operation of direct sum gives M * an Eoo
structure (but certainly not an infinite loop space structure since 1to(M*) is obviously not a
group, as it surjects onto the additive monoid of natural numbers). In the configuration space
model, if one replaces the configuration spaces C(n, 1P,l00) by C(n), the nth space of an Eoo
operad C one obtains an Eoo structure on a space equivalent to the configuration space
model. In most relevant examples, this structure is group complete and thus gives an infinite
loop structure on the configuration space model.

Our main theorem below relates the infinite loop space obtained by group completing
M * with that associated to the configuration space model of M *. We use the notation r to
denote any infinite loop space machine which converts Eoospaces into infinite loop spaces by
group completing them. By a theorem of May and Thomason [4], all such machines are
essentially equivalent.

THEOREM A. Assume that koo acts trivially on the homology of

(We take the direct limit of the Mn's with respect to the inclusions i~.)Then there is afibration
sequence of infinite loop spaces

rC~l C(n) x r."Mn/~ )~r(M*)~Z.

Thus the group completion of the configuration space model of M * is a collection of path
components of the group completion of M *. As we mentioned in the previous paragraph, the
configuration space model is frequently group complete, in which case the fibration sequence
simplifies to

U C(n)xr."Mn/~~r(M*)~Z.
n~O

In particular, if Mn=BEnd(An), A an object in a permutative category, we obtain that the
configuration space model is equivalent to the basepoint component of r(M*), i.e. Quillen's
plus construction, thus verifying the conjecture posed by the second author.

The outline of the paper is as follows. In Section 1 we introduce the notion of a
permutative monoid. By using a convenient choice of operad with C(n) =Ekn and the
homotopy theory of permutative categories we show that there is a fibration sequence of
infinite loop spaces

(0.1)

On the other hand, by applying the results of McDuff and Segal [2] we obtain, under the
hypothesis of Theorem A, a homotopy cartesian diagram

(0.2)

with splitting map
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Using (0.1) and (0.2) to analyze the infinite loop space cofiber of this map we obtain the
fibration sequence of Theorem A.

In Section 2 we use the full strength of Theorem A to construct Volodin type
configuration space models for nBG1(R)+ and nA(X), where A(X) denotes Waldhausen's
algebraic K-theory of the space X. This model is used in [5J to prove a splitting theorem
(Theorem 3.6 of [5J) for nA(LX) when X is connected. In another paper we will show how
these models for nA(LX) can be used to verify Waldhausen's result that the "mystery"
homology theory vanishes: i.e., ,u(X) ~ * for all X, where

AS(X)~,u(X) x Q(X)

is Waldhausen's stabilization of A(X).

§1

We first establish some conventions concerning the symmetric groups. As usual,
Ln =Aut(o), 0 = {I, 2, ... , n}. We choose Ln to act on the right of 0, so that for a, 13ELn>af3:

n-s-n is ~iven by n~o!o. Let ii 0':""0 + 1, 1<i ~ n + 1 be the ordered inclusion which misses

j E0 + 1; then ij determines maps iJ: Ln-+Ln+ 1 and 11:;: Ln+ 1 -+Ln which are uniquely defined
by requiring that the diagrams

ij
)0+1

ij
)0+10 0

j 0 j '1(0) and j'M \ r

0 )0+1 0 "0+1
ij ijl:

commute for all 0" ELn>"E Ln+ 1 (here j" denotes the image of j En + 1 under the action of
"E Ln+ 1)' iJ is a homomorphism, while 1I:Jsatisfies the identity 1I:J(af3) = 1I:J(a) 1I:JAf3). Moreover,
7rJ iJ = id for each j.

Definition 1.1; A permutative monoid S,*= U S; is a graded set together with an
n~O

associative pairing 81 = {EBmn:SmX Sn-+Sm+n}' symmetric group actions Ln x Sn-+Sn written
as (O",s)-+/Ts, and distinguished elements e;ES;, i=O, 1, satisfying the following properties:

(PI) eo is the identity element with respect to 81.
(P2) If O"(m,n)ELm+n is the permutation which switches the blocks {1,2, ... , m},

{m+1, ... , m+n}cm+o, then O"(m,n)(x EBy)=(y 81 x) for all XESm, YESn.
(P3) If 0" ELm' "E Ln and 0" 81 "E Lm+ n is their block sum, then (/T@<)(x81 y) = /TX 81 <y for all

XESm, YESn·
(P4) So= {eo}
(P5) il: Sn-l-+Sn> given by il(x)=e1 81 x, is injective for all n.
(P6) If XESm, YESn and x 81 y=il(z) for some ZESm+n-1, then x=i~(w) for some

WESm-l'

A map of per mutative monoidsf USn-+ US~ is a collection of maps {J,,: Sn-+S~}n~o such
that I(e;) = e; for i = 0,1, In is Ln-equivariant for each n, and such that I preserves the sum
operation.
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Let (}jE~n denote the permutation (1,j) which sends (n-{I})cn to (n-U})cn, and
define ij: Sn-1--+Sn by ij(x)=qj(i~(x» for l~j~n. By definition and (P3) one has

1.2. ij("x)=iJ(O") (ij(x»

and
t(ij(x»=ijt(nJ(r)(x» for XESn-1, o"E~.-l and tE~ •.

The maps ij: S. -1--+ S. are analogous to stabilization maps. We will call an element YES •
•

reduced if Y¢ U ij(S._l) cz.S •. Properties (P5) and (P6) imply that any non-reduced element
j= 1

XES. satisfies the equation x = ij(y) for some unique reduced y ESmand iterated stabilization
map

Also, (P6) implies that x EBy is reduced if both x and yare reduced.

Definition 1.3. Let S* = US. be a permutative monoid. The configuration space of S*,
C(S*) is the simplicial set

where

and
«0"'0"1,0"'0"2'· .. ,0"·O"k+1),y)=«0"1,· .. , 0"k+1), "y) in (E~.)k x EnSn-

Here (E~.), denotes the homogeneous bar resolution of~", and i; is defined recursively by

i, =j, jm=jm-1 O"m-1 for 1<m~k+ 1.

(If s~m)is an m-simplicial permutative monoid, C(s~m»is the (m+ Ij-simplicial set formed by
choosing the simplicial direction of(E~.), to be independent of the m-simplicialdirections of
s~m)for each n, and making the above identifications degree-wise.)

Definition 1.4. The (unreduced) configuration category <;6'(S*)of a permutative monoid
S* has objects = S* = US •. If x ESm,YES. then there are no morphisms from x to y unless
m =n, in which case the morphisms are o"E~. such that y ="x. Composition is defined by
composing permutations. The reduced configuration category <j(S*) is then the full
subcategory of <;6'(S*)with obj (~(S*»= {xES*lx is reduced}.

LEMMA 1.5. (i) B~(S*) ~ U E~. x EnS.
n~O

Proof As S* is a set, both ~(S*) and <j(S*) are small categories. The isomorphism in (i) is
given on k-simplicies by

O'} (J2 u"
(x --+ Xl --+ x2 --+ ... --+ Xk)--+«I, 0"l' ... , O"k),x)

for XES•. Restricting to x such that x is reduced produces the isomorphism on k-simplicies

B~(S*)k ~ C(S*h. One easily verifies that these maps preserve simplicial structure. 0
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Remark 1.6. Since all morphisms in ~(S*) and ~(S*) are isomorphisms, choosing an
object in each isomorphism class yields equivalences of categories

~(S*) ~ U o; ~(S*) ~ U c; y reduced
xeS. yeS.

where G w C Ln denotes the 1-object category whose morphisms are the isotropy subgroup of
w (see, for example, [6J, §1).

LEMMA 1.7. (i) ~(S*) and ~(S*) are permutative categories.
(ii) There is an isomorphism of permutative categories

(iii) ffr: (permutative cateqoriesi=tinfinite loop spaces) is any infinite loop space machine
satisfying the M ay- Thomason axioms (which are unique by [4J) then r(~(S*» ~
Q(SO) x r(~(S*».

Proof By properties (Pl}-{P3), the operation EB = {EBmn: Sm X Sn--+Sm+n} and the block
sum operation EBI:= {EB;n: Lm x Ln--+Lm+n} define permutative structures on ~(S*) and
~(S*). By remark 1.6,it suffices to show how to uniquely decompose automorphisms in ~(S*)
into pairs of automorphisms in (ULn)X~(S*). For XESm let YxESm denote the unique
reduced element which stabilizes to x (Yx exists and is unique by (P5)). For aEGxcLm the
identity x=Gx implies (by (1.2) above) that

x = iHyx) = G(iHyx»= i}G(n~(a)yx);

thus yx=n~(a)yx (since the choice of Yx is unique) and i}=i}G' Without loss of generality, we
can assume that i} = (i~Y - m; then the equation ij = i}Gimplies that a preserves the image of
n - m in n under the standard inclusion. So a decomposes uniquely as a block sum
a=a' EB (nI)n-m(a), and (a', (niy-m) (a»E(Ln-m) x (Gy) is an automorphism in

(ULn) x (~(S*», proving (ii).Finally, r preserves products (up to homotopy) and rCIJo Ln)

~ Q(SO) which implies (iii). 0

The map ~(S*)-E. 'I&'(S*)given by p(x) =Yx and p(a) = n;(a) defines a functor. Given a map

of permutative monoidsf S* --+S~ the induced functor ~(S*) 'C~) ~(S~) does not in general

restrict to a functor ~(S*)--+~(S~), since fmay send reduced objects to unreduced objects.
However, by projecting to reduced objects, we can construct a functor ~(f) so that

commutes. One can check that this defines a functor from (permutative monoids) to
(permutative categories).
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LEMMA 1.8. There is a fibration sequence of infinite loop spaces:

which is natural with respect to maps of permutative mono ids, and unnaturally split.

Proof This is a restatement of lemma 1.7 (iii) above, since the functor

induces, after passing to classifying spaces, the quotient map

and this map is natural with respect to maps of permutative monoids. 0
We now extend the above to m-simplicial permutative monoids S<;:')=11s~m).Lemma 1.5

extends degree-wise in the obvious way. The following lemma extends the fibration sequence
oflemma 1.8 to simplicial permutative monoids; the analogous statement for m-simplicial
permutative monoids is exactly the same (as is the proof, which we omit).

LEMMA 1.9. Let S~) = {[k] --+S*k} be a simplicial permutative monoid. Then there is a
natural fibration sequence of infinite loop spaces:

Proof The connective delooping of the fibration in lemma 1.8 produces for each k ~ 0 a
fibration BQ(SO)--+Br(~(S*k))--+Br(~(S*k)). This yields a simplicial sequence which at each
level is a fibration with connected base. By ([9], Prop. 6.3) one gets a fibration

BQ(SO)--+I[k] --+ Br(~(S*k))I--+I[k] --+ Br(~(S*k))1

after passing to geometric realization. The loop space functor commutes with geometric
realization for simplicial fibrations which are level-wise connected, so looping this fibration
yields the desired result. 0

We now can state and prove Theorem A in the context of m-simplicial permutative
monoids:

THEOREM A'. Let s~m) be an m-simplicial permutative monoid. If 1~(s~m»)1is group-
complete, then r(1~(S<;:'»)1)~ 1~(s~m»)I.Furthermore, if Loo acts trivially on the homology of

IS~)I =!i!!!. Is~m)l,then r(s~m»)~ g: x lC(s~m»)1where r(s~m») is the I'-space whose underlying
n

space is r(l)= 11Is~m)l.
n~O

Proof By definition, r(~(s~m»)) is the group-completion of B~(S<;:'»)up to homotopy, and
so the first statement follows by Lemma 1.5 (ii) for m-simplicial s~m) after passing to

realization. Also, r(l~(s<;:'»)I)is weakly equivalent to the group completion of 11 ELn x !:nIS~)I,
n~O

where the monoid structure is induced by block sum. Now suppose that Looacts trivially on
H*(IS~)I). Then a homotopy co-limit argument shows that the inclusion IS~)I--+lqs~m»)1
induces an isomorphism on Ho and hence no. Since Iqs~»)1 is group-complete, no(IS~)1)is a
group, with the group structure induced by the block-sum operation on S<;:').Since the action
ofLoois trivial on H o(lS~)I), it is trivial on no(lS~)I); by property (P2) this implies no(lS~)1)is an
abelian group.
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Let e* EHo(s~m)) be the element in homology corresponding to [elm)] EniS~), e~m))where
e!m)Es\m) is given as in definition 1.1 for i=O, 1. Note that since an m-simplicial monoid
preserves all the structure, the elements elm) are m-simplicial l-element sets with trivial
simplicial structure, and so correspond naturally to points in Is~m)l.Now since Loo acts
trivially on H *(IS~)I),it follows that for any iterated Pontrjagin product Xl * ... *x, E
H*(ls~m)I),there exists an integer ¢(n) such that

Xl * ... * Xn * (e*)<p(n)=xu(l)* ... * xu(n) * (e*)<p(n)

for any (J ELn' This in turn implies that for any multiplicative subset M c no(ls~m)l),the
localized Pontrjagin ring H *(IS~)I)[M - 1] can be constructed by right fractions ([2], p. 279).
The result of proposition 1 of [2] now applies to show that there is an isomorphism of
Pontrjagin rings

H*(ls~m)1)[no(s~m))-l] ~ H*(nB(ls~m)l)).

Moreover, the argument in proposition 2 of [2] yields an equivalence H *(IS~)I)[e; 1] ~
H *(~ x IS~)I) of Pontrjagin rings. But no(~ x Is~m)1)= ~ x no(IS~)I) is a group. Since the
second isomorphism is induced on the level of spaces by the maps Is~m)I-4IS~)I,n ~ 0, it
follows that there are isomorphisms

H*(IS~)IHno(s~m))-l] ~ H*(~x Is(m)IHno(s(m))-l]~ H*(~x IS~)I)

and so the resulting map ~ x IS~)I-4nB(S~)) induces an isomorphism of Pontrjagin rings
H *(~ x IS~)I)~ H *(nB(s~m))). This implies that there is a homotopy-equivalence ~ x IS~)I+
~ nB(s~m)), where the "plus" construction is done on each path component of IS~)I.Again,
the triviality of the action of Loo on no(lS~)1) implies that there is an isomorphism
no(lS~)I)~ no(ELoo x 1:",IS~)I);exactly the same arguments as above now apply to show that
there is an isomorphism of Pontrjagin rings'

H *(~ x (ELoo x 1:.,1S~)1))~ H *(l1ELn x dS~m)l)[e; 1] ~

H*(ilELn x 1:"ls~m)1)enol] ~ H*(nB(ilELn x ds~m)l))

and hence a weak equivalence

z x (EL X Is(m)I)+~ nB(ilEL x Is(m)l)
00 I:CQ 00 - n 1:" n .

There is a map of fibration sequences

where F is the fibre after the plus construction. The triviality of the action of Looon H *(IS~)I)
implies by a standard spectral sequence comparison argument that the map I induces an
isomorphism in homology. By property (P2) and (P5), the action ofLoofixes the image of elm)
in S~), so the top fibration and hence the bottom admit sections. It follows that

(ELoo x 1:",IS~)I)+~(BLoo)+ x F ~(BLoo)+ x IS~)I",

s
since the section (BLoo) +~(ELoo x 1:",IS~)I)+is a section of H-spaces. Now the m-simplicial

analogue of lemma 1.8 (see lemma 1.9) yields a fibration sequence Q(SO)-4r(~(S~)))-4
r(~(S~))) which is natural with respect to infinite loop maps out of Q(SO).Such maps identify



416 Z. Fiedorowiczand C. Ogle

with maps out of So, and this identifies the fibration sequence oflemma 1.8with the fibration
sequence

Thus
IS~)I+~Ic(S~»)1 and so r(S~»)~~xIS~)I+~~xlc(S~»)I+,

proving the Theorem. o
To illustrate Theorem A, we note that if U p~m)is an m-simplicial permutative category,

n"O

then U BP~m) is an (m + Ij-simplicial permutative monoid and BP~) =!i!!l BP~m) is
n~O n

connected. It follows that

COROLLARY B. ro(up~»)~rC(UBP~m»)I, where r=Segal's machine on m-simplicial
permutative categories, and r0 denotes the path component of the identity. 0

It is worth remarking that a more general statement than Theorem A applies where one
does not assume that Ic(s(m»)1is group-complete. However, this more general case does not as
yet have any applications not covered by Theorem A.

§2

We apply Theorem A to construct configuration-spaces for O.K(~) and QA(X) where
A(X) denotes Waldhausen's K-Theory of X.

Thus if a is a partial ordering of n={1,2, ... , n}, a subgroup Tn(R)cGLn(R) is a-
ex

triangular if 9;j = 0 for i 1::j and gii= 1, for all 9 E Tn(R). If Tn(R) is a-triangular, it will be

written as T~(R). One can form the union of classifying spaces UBT~(R)c BGL.(R), where
IX

the (non-empty) union is taken over all partial orderings a of n. These are well-defined
simplicial subsets of BGL.(R) for each n.

Definition 2.1. V(GL., R) is the pullback of the diagram

EGLn(R)

!UBT~(R)-+BGLn(R)
IX

V(GL., R) = ( V ET~(R)'g }s a union of contactible right coset spaces ET~(R) which are
geGL.(R)

simplicial subsets of the bar resolution of GLn(R). Thus UV(GL., R)c UEGL.(R) is a well-
defined simplicial subset of the simplicial permutative monoid UEGLn(R).

PROPOSITION 2.2. The permutative monoid structure on U EGLn(R) restricts to one on
U VGLn(R).

Proof The simplicial permutative monoid structure on U EGLn(R) is induced by the
degree-wise extension of the permutative monoid structure on U GLn(R). This structure is
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induced by the block sum operation EIJ, ElJmn: GLm(R) x GLn(R)-+GLm+n(R), the conjugation
action of Ln on GLn(R) and e1 = ide R" = GL,(R). As the subset U VGLn(R) is closed under
the degree-wise extension of this structure, it is a simplicial permutative submonoid of
U EGLn(R). 0

LEMMA 2.3. There are weak equivalences OK(R) ~ IV(GL, R)I ~ IC(U V(GLn, R))I, where
C(U V(GL., R)) is the (hi-simplicial) configuration space oiU V(GL., R).

Proof The equivalence OK(R) ~ IV(GL, R)I is proved in [8], where V(GL, R)=

!!!!l V(GL., R). The action ofLoo on IV(GL, R)I is trivial up to homotopy, as it corresponds to
n

the restriction of the action of GL(R) on OK(R) via conjugation, which is trivial up to
homotopy. In particular, Looacts trivially on H *(1 V(GL, R)I). For each n, there is a fibration

sequence with section V(GL., R)~ELn x ~n V(GL., R)-+BLm and so in induces an

( isomorphism on no and Ho for all n. Moreover, all ofthe distinct stabilization maps V(GLn-1,

R)! V(GLn, R) 1 ~j~n are conjugate to the standard one i~by conjugation by an element of

Ln. It follows that the natural inclusion of co ends IV(GL, R)I=(U V(GLn, R)/-)-+UELn
x~n V(GLn, R)/-)=C(U V(GLm R)) induces an isomorphism on Ho and hence no. As

noO V(GL, R)I) = K1(R) is a group (with group structure induced by simplicial block sum in
UV(GLmR)) it follows that IC(U V(GLmR))1 is group-complete. Theorem A now applies,
yielding a weak equivalence

o
In [10], Waldhausen defines the algebraic K-theory of a space X (for connected X) as

follows: for each n,k~O, H~(GX)=AutGx(VnSk /\ GX +) where GX is the Kan loop group

of X (by space we mean simplicial set). Suspension defines a map H~(GX)!+H~+ l(GX)

and H.(GX) = lim H~(GX); Hn(GX) is group-like and Waldhausen defines A(X)=-y-

r(u BHn(GX)) = the F'-space with underlying space U IBHn(GX)I·
n~O n~O
In [5], a Volodin-ty~e model for OA(X) is constructed. Given a partial ordering a, one has

a suitable notion of an o-triangular monoid M~(GX) c Hn(GX), corresponding to
rx-triangular "matrices" in H.(GX).

As for discrete rings, one can form U BM~(GX) c BH.(GX) and
a

V(HmGX)=( V EM~(GX).g) c EH.(GX);
geHn(GX)

V(Hm GX) is the pull-back of

EHn(GX)

1UBM~( GX)-+ BH.( GX).
a

The following Theorem is proved in section 1 of [5].
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THEOREM 2.4. There is a weak equivalence IV(H, GX)I ~OA(X)for connected X, natural in

X, where V(H, GX)=!!!!l.V(HmGX). For X=LY, the simplicial monoid equivalence J(Y)~
n

GLY induces an equivalence IV(H, J (y))1 ~ OA(LY) natural in Yfor connected Y, where J( Y)

is the simplicial James monoid on Y.
As a corollary, Theorem A applies to yield

o

COROLLARY 2.5. There are equivalences of infinite loop spaces

IC(l1 V(Hm G(X)))I ~ OA(X)

natural in X for connected X.

Proof 11 V(Hm GX) is a bi-simplicial permutative monoid via the simplicial permutative
monoid structure on l1Hn(GX), induced by the wedge-sum maps Hn(GX) x Hm(GX)-+
Hn+m(GX) and the natural action of Ln on Hn(GX) for each n. The rest of the proof follows
exactly as in the proof of lemma 2.3 by the above Theorem, with an extra simplicial
dimension occuring throughout. 0

Remark 2.6. There is a close relationship between the Volodin model for OA(X) and
Waldhausen's expansion space E(X) ([10], §3);this is not surprising as E(X) ~ OWhcomb(X)
and there is a natural map OA(X)-+ Whcomb(X).

Acknowledgement-We would like to take this opportunity to thank Graeme Segal for his careful reading of our
manuscript, suggesting a number of improvements, as well as pointing out an alternative topological line of prooffor
TheoremA.

REFERENCES

1. F. COHEN, P. MAY and L. TAYLOR: Splittings of certain spaces CX. Math. Proc. Camb. Phil. Soc. 84 (1978).
2. D. McDuFF and G. SEGAL:Homology fibrations and the "group completion" theorem. Invent. Math. 31 (1976),

279-284.
3. P. MAY: The Geometry of Iterated Loop Spaces. Lecture Notes in Mathematics, Volume 271. Springer,

New York (1972).
4. P. MAY and B. THOMASON: Uniqueness of infinite loop-space machines. Topology 17 (1978), 205-224.
5. C. OGLE: Models for A(X) and stable homotopy theory. Preprint 1986.
6. D. QUILLEN: Higher Algebraic K-Theory I. Lecture Notes in Mathematics, Volume 341, Springer, New York

(1973).
7. G. SEGAL: Categories and cohomology theories. Topology 13 (1974),293-312.
8. A. SUSLIN: On the equivalence of K-theories. Comm. A/g. 9 (1981), 1559-1566.
9. F. WALDHAUSEN:Algebraic K-theory of generalized free products, Part I. Ann. Math. 108 (1978),135-204.

10. F. WALDHAUSEN;Algebraic K-theory of topological spaces. I. Proc. Symp. Pure Math. 32, Part I, A.M.S. (1978),
35-60.

Department of Mathematics
Ohio State University
231 West 18th Avenue
Columbus, OH 43210-1174
U.S.A.

\




