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I N T R O D U C T I O N 

Ce volume rassemble les contributions écrites des participants aux 

Journées qui se sont tenues au C.I.R.M. de Luminy du 1er au 5 juin 1982. 

L'organisation de ces Journées est le fruit d'une amitié scientifique, 

née à Louvain en 1980... avec la synthèse des points de vue covariant et contra-

variant en homotopie rationnelle ! L'année suivante à Bonn, les "Stockholmiens" 

sont venus apporter leurs préoccupations et convaincre les topologues qu'elles 

ressemblaient étonnement aux leurs. 

A Luminy, les quelque soixante topologues et algébristes présents 

ont parlé le même langage : d'ailleurs, deux de leurs maîtres communs étaient là 

pour les y encourager, Henri CARTAN et Jean-Louis KOSZUL. 

Les séances du matin étaient réservées à des conférences de synthèse, 

"commandées" à leurs auteurs par les organisateurs . Les séances de l'après-midi 

ont été consacrées à des séries d'exposés des participants et ont été animées par 

Jean-Louis KOSZUL, Willy ME1ER, Jan-Erik ROOS et Michel ZISMAN. 

Sur le plan matériel, l'organisation de ces Journées dans le cadre 

exceptionnel du C.I.R.M. a été possible grâce à un soutien financier important de 

l'Etablissement Public Régional Provence-Alpes-Cote d'Azur, ainsi que de la 

Société Mathématique de France (R.C.P. 365), de l'U.E.R. de Mathématiques de Lille 

et du Département de Mathématiques de Nice, auquel il convient d'ajouter le Conseil 

Scientifique du C.I.R.M. qui nous a accordé le tarif de pension préférentiel. 

Les organisateurs tiennent à exprimer leur gratitude à tous ceux qui 

ont contribué au succès de ces Journées, en particulier, au Secrétariat Scienti

fique de l'U.E.R. de Mathématiques de Lille I qui a assuré une grande partie de 

la dactylographie de ce volume. 
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R E S U M E S DES CONFERENCES DE SYNTHESES 

AVRAMOV, Luchezar - Local Algebra and Rational Homotopy. 

Outline of the construction of a functor, from commutative DG rings 
with divided powers to graded Lie algebras, whose properties are similar to the 
rational homotopy of finite CW complexes. Applications to the determination 
of the rate of growth of Betti numbers of local rings, and to the determination 
of the rational homotopy Lie algebra of a formal manifold in terms of the one of 
the punctured manifold. 

BAUES, Hans Joachim - The chain* on the loop* and A-dimeni» to not homotopy type*. 

The connection of the chain complex of the universal covering with 
the chain algebra of the loop space is studied. This chain algebra is used as a 
classifying invariant for the 4-dimensional homotopy types. 

BURGHELEA,Dan - Rational homotopy theoiy, gtioup action* and algebraic K-theoiy 
o{ topological Apace*. 

One reports on some applications of the algebraic methods of rational 
homotopy theory and minimal model theory to the rational homotopy theory of 
G-spaces (G-discrete, mostly infinite) and to the computation of the rational 
algebraic K-theory of 1-connected topological spaces. 

CHEN, Kuo-Tsai - Loop Space* and Vi^enentlal Vonm*. 

This is a brief account of path space differential forms, called 
iterated path integrals, and their topological and geometrical significance. 

FELIX, Yves - Vohmal and ^-{onmal Apace*. 

Summary and synthesis of the theory of formal and TT-formal spaces : 
Définitionand properties, obstructions to formality and study of spaces with 
Poincaré duality are the three main aspects of this lecture. 

HALPERIN, Stephen - The *tA.uctuAe o{ TT̂ (fìS) . 

For a simply connected space, S, the Samelson product makes 7T̂ (fiS)0Q 
into a graded connected Lie algebra, and a theorem of Quillen shows that 
all graded connected Lie algebras/Q arise this way. If S has finite category 
then serious restrictions are imposed on this Lie algebra - in particular if it 
is infinite dimensional then it cannot be solvable and it grows exponentially. 

HUSEMOLLER,Dale - loop* *pace* decompo*itlon* In the theory o{ exponent*. 

A review of the recent work of Cohen, Moore and Neisendorfer on exponents 
of homotopy groups, and more generally on the order of the identity map in the 
group of homotopy classes of self-maps of some loop spaces and suspensions : the 
determination of this order follows from loop spaces decompositions ; emphasis is 
laid on the two basic techniques used to achieve such decompositions : graded Lie 
algebras in characteristic p and mod p-Hurewicz homomorphisms. 
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HOMOTOPIE ALGÉBRIQUE ET ALGÈBRE LOCALE 

TANRE Daniel - Fibrations and classifying spaces. 

First, we place briefly the classifying spaces in their original topo
logical and algebraic frame. Then, we construct two algebraic models of a Serre 
fibration in the category of differential graded Lie algebras. The first allow the 
computation of the Eilenberg Moore spectral sequence from the descending central 
series. The second provides an algebraic model of the universal fibration for fibra-
tions with fixed fiber, rediscovering Schlessinger Stashef's classifying space. 
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RESUMES DES COMMUNICATIONS 

ALLDAY, Christopher and HALPERIN, Steve - SudULlvan-de. Rkam the.on.lj foA Aatlonal 
Ale.xande.A-Spanl.eA cohomology. 
The Sullivan-de Rham-Alexander-Spanier algebra and its homotopy are 

defined. Two theorems are stated including a version of the Grivel-Halperin-
Thomas theorem concerning minimal models in a Hurewicz fibration. 
AVRAMOV, Luchezar, HALPERIN, Stephen - On the. StAuctaAP of the, Homotopy Lie. 

AlgehAa of a Local Ring, 
The homotopy Lie algebra of a local ring R is not nilpotent and 

vanishes (at most) in finitely many positive degrees, unless R is a complete 
intersection. 
B0GVARD Rikard - Some. e.leme.ntoAy Aesults on the. co homology of gnaded Lie, 

alge.bn.ao. 
Here, I characterize solvable graded Lie algebras of finite global 

dimension, and prove an analogue of SerreTs theorem on virtual and ordinary 
global dimension of torsion free groups. 
BROWN, Ronald - Non-abeJtian cohomology and the. homotopy classification of maps. 

Let C be a crossed complex (a generalisation of chain complex and of 
crossed module). Let X be a CW-complex. We define cohomology H^(X;C) and a 
classifying space BC and prove Qc,Bc] z H^CXjC). This generalises a number of 
classical homotopy classification theorems to the non-simply connected case. 
CENKL, Bohumil, PORTER, Richard - Klge.bn.alc Cate.gonA.eJi and the. Homotopy The.on,y 

of some. CW. Comple.xeJ>. 
The category of s.c. spaces whose cohomology satisfies the c-r condi

tion is equivalent to a homotopy theory of commutative algebras over the integers. 
* 

For H finite dimensional, an example illustrates how to compute the set of 
homotopy types with cohomology H* as the orbits of a matrix group acting on a 
lattice in a finite dimensional variety. 
FELIX, Yves - L.S. Cate.goAy and Invariant e. 

The purpose of this paper is to exhibit explicitely an example of a 
space whose rational L.S. category is infinite and whose invariant e is two. 
e is the length of Eoo in the Milnor-Moore spectral sequence 

H^X;^) 
Tor (Q;Q) ••> H (X;<Q). 

FELIX, Yves and LOFWALL, clas - SUA le. nayon de. conveAgmce. de. la senle. de. 
VolncoKé des anrnaux to coax gnadues. 
For a graded local ring of embedding dimension at least p+1 it is 

proved that the radius of convergence of the Poincaré series of the ring is at 
most 2" 1 / p. 
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HOMOTOPIE ALGÉBRIQUE ET ALGÈBRE LOCALE 

GOLASINSKI,Marek - Some nemank* on the national homotopy type o{ diagnam* 
and neduced K . 

o 
For a discrete group G by I is denoted the full subcategory of 

G-Set determined by G/H as H varies over all subgroups of G. A generali
zation of Sullivan's theorem on the rational homotopy equivalence of the functors 
category I SS on the one hand and I DGA on the other, where SS denotes the cate
gory of simplicial sets and DGA - the category of differential graded Q-algebras 
is considered. Moreover, it is proved that for a finite group G and a finite 

%G 0 
G-simplicial set X the functor K Q (X) is representable if k is a field 

Ok 
such that x(k)||G|. 
GRIVEL Pierre-Paul - Algebraic {ibn.ation* with a given {iben. 

We study the algebraic account of the Dold-LashofTtheorem on the homo
topy classification of fibrations. 
HALPERIN, Stephen - Space* u)ho*e national homology and Ve Rham cohomology axe 

both {inite dimensional. 

If a simply connected space S satisfies the hypotheses of the title 

let n be the top integer for which Hn(S;Q) ̂  0. It was known that 
2n-l 
) dim TT.(S)0Q^1 ; the case when equality holds is analyzed. We also show 

i=n+1 1 

* n 

that dim H (S;Q)<2 , and derive a formula for the Lefschetz number of a map. 

HAEFLIGER,Andre - The homology o{ nilpotent Lie gnoup* made du>cnete. 
As a consequence of Malcev theory, we note that the reduced integral 

homology of a simply connected nilpotent Lie group (considered as a discrete 
group) is isomorphic to the homology of its Lie algebra considered as an algebra 
over the rationnals. 
HOPKINS Michael J. - Vonmulation* o{ cocategoKy and the iterated *uu*pen*ion. 

In this note, I will present new formulations of category and cocategory 
closer in spirit to the origininal definition of category. 

JACOBSON, Calle - On local {lot homomon.phij>m* and the Voneda Ext-algebn.a 
o{ the {ibxe. 

Let A -> B be a flat homomorphism of local rings with fibre B. M Andre 
-6 9 

has shown P.(z).P13(z) = P_(z).(l-z) ^ with 6 0 = edim A + edim B - edim B, if A D D L 
there are no "special variables" of B of degree > 2. We show that a "special 
variable" of B corresponds to a central element of the graded Lie algebra under
lying the Yoneda Ext-algebra of B. We also show that the centre of this Lie 
algebra is concentrated in degrees 1 and 2 if B is "Golod-attached", which proves 
the formula in this case. 

LEGRAND Andre - TT̂  and d^. 

Let a bundle X -* E -> V with TTj (V) not zero. Beside the monodromy 
of local systems H^(X) or ^(X) associated to E and which appear in E2-terms 
of Serre spectral sequence (or generalized Shih spectral sequence, [l7|) the diffe
rential d̂  of these spectral sequences bring us Tr^(V) actions on H^(X) or 

TT^(X). We explain here these actions. 
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RÉSUMÉS DES COMMUNICATIONS 

LEMAIRE, J.M. - SUA le. type, d'nomo to pie. AatlonneZle, des e^paceA de. Ganéa. 
Ganéa has defined a sequence of fibrations p R : X(n) X such that the 

L.S. category of the space X is < n iff p R has a homotopy section. Halperin 
and Felix showed that X(n) has the rational homotopy type of the wedge of X [n] 
and a wedge of spheres, where a DGA model of X[n] is the quotient of the DGA 
model of X by the n+l-st power of the augmentation ideal. We show that x[nl 
rationally is again a wedge of a space X<n> and spheres, a DGL model of X<n> 
being the n-th term in the filtered DGL model of X. This yields a characteri
zation of rational L.S. category in terms of DGL models. 
LOFWALL, Clas - A change, of Kings the.0Aem fox locai. Kings. 

The notion of the (homotopy) Lie algebra of a local ring is extended to 
differential graded algebras by means of derivations of the acyclic closure. In 
an appendix it is proved that the definition coincide with one made by Avramov. 
The notion is used to prove the existence of an exact sequence of Lie algebras 
connected to an arbitrary homomorphism of local rings. The characteristic of the 
residue field is supposed to be zero. The situation in positive characteristic 
has later been fully explored by Avramov. 
LOFWALL, Clas - On the. centAe, of gxade.d Lie. algebras. 

The (homotopy) Lie algebra of a class of local rings is proved to have 
trivial centre. As an application it is proved that the deviations for local 
rings with the cube of the maximal ideal equal to zero are strictly positive 
unless the ring is a complete intersection. 
PAP AD IMA, Stephan - Poincaré duality algebras and the. Aatlonal classification 

of dlffeAznllable. manifolds. 
We give a way of classifying Poincaré duality algebras over Q and 

then indicate how it leads to the classification of the Q-types of closed manifolds 
in some intrinsic formal cases. 
p ROUT E Alain - VeAS an 1/p-le.mme. de, Hlxsch. 

We try to construct a Hirsch lemma, as the one used by Sullivan in his 
rational minimal model theory, but with Z/p coefficients. Our starting point 
is Brown's twisted Eilenberg-Zilber theorem. In our tentative to reduce the 
twisted tensor product to a minimal form, we are led to introduce A(°°)-structures 
on homology. 
PUPPE, Volker, P A Smith-the,ory via de, formations. 

Methods from deformation theory of algebraic structures (cochain complexes, 
associative algebras, Lie algebras) are used to study the relationship between al
gebraic invariants attached to a topological space on which a group acts and those 
attached to the fixed point set of that action. 
SBAI, Mohamed - Rational cocate.gory of a topological space.. 

We give a dual definition in the sense of Eckmann-Hilton of the Félix-
Halperin definition for rational category. 
SHIBATA, Katsuyuki - SuJUU.\)an-Qullle,n mlxe.d type. model for flbratlons and the, 

Wae.fU.geA model. foA the. Ge.lfand-Tuks cohomology. 
A graded Lie algebra of certain type over a differential graded algebra 

can be used as an algebraic model for a fibration, so that the model for the space 
of sections can be well-described. Application to the Gelfand-Fuks cohomology is 
stated. 
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HOMOTOPIE ALGÉBRIQUE ET ALGÈBRE LOCALE 

SHIGA, Hiroo - Rational homotopy type* o{ co{ibnation*. 

We show that a cofiber of a map between formal spaces is a formal space, 
if the map is formal and the source of the map is a finite complex. 

THOMAS", Jean-Claude - Lie algebra o{ derivation* and {ibnation. 

We show how the composition of two fibrations yields a Lie algebra of 
derivations, linked to the classifying algebra in the sense of Sullivan. In the 
particular case of the free paths fibration of a space S, this construction 
gives us a Quillen model of S. 

TRIANTAFILLOU, Georgia - An algebraic model {on G-homotopy type*. 

Let G be a finite group and let X be a G-CW-complex. In earlier 
work we constructed an equivariant minimal model wj^ f°r X which is a gene
ralization of Sullivan's minimal model and classifies G-rational homotopy types. 
In this paper we use ^ x to classify (integral) G-homotopy types of G-CW-

complexes up to finite ambiguity. For this purpose we prove that aut (X ) (the 
G u 

group of G-homotopy classes of G-self homotopy equivalence of a rationalization 
X_ of X) is an algebraic Q-matrix group and that aut (X) is commensurable 
0 G 
to an arithmetic subgroup of aut (X ). 

G U 
UNSOLD, Hans Michael - Topological minimal algebna and Sullivan Ve Rham 

equivalence. 
We prove the existence of functors M and G inducing an equivalence 

of homotopy categories 
M : H^QSj) • Ho(Minj) : G 

where <QŜ  denote the category of 1 reduced rational simplicial sets and Min̂  

denote the category of 1-connected minimal topological algebras over Q. 

VIGUE-POIRRIER, Micheline - On the gnoooth o{ the Betti numben* o{ the {nee loop* 
*pace. 

We recall some theorems proved by the author about the growth of the 
Betti numbers of the free loop space, and their applications in geometry. We 

s 1 

prove, by elementary methods, that the sequence of Betti numbers of X (where 

X = V S , r ̂  2, m > l ) grows exponentially. 
i=l 
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