
CONTEMPORARY 
MATHEMATICS 

202 

Operads: Proceedings 
of Renaissance Conferences 

Special Session and International Conference on 
Moduli Spaces, Operads, and Representation Theory/ 

Operads and Homotopy Algebra 
March 1995 I May-June 1995 

Hartford, Connecticut /Luminy, France 

Jean-Louis Loday 
James D. Stasheft 

Alexander A. Voronov 
Editors 



Selected Titles in This Series 

202 Jean-Louis Loday, James D. Stasheff, and Alexander A. Voronov, Editors, Operads: 
Proceedings of Renaissance Conferences, 1997 

201 J. R. Quine and Peter Sarnak, Editors, Extremal Riemann surfaces, 1997 
200 F. Dias, J.-M. Ghidaglia, and J.-C. Saut, Editors, Mathematical problems in the theory of 

water waves, 1996 
199 G. Banaszak, W. Gajda, and P. Krason, Editors, Algebraic K-theory, 1996 
198 Donald G. Saari and Zhihong Xia, Editors, Hamiltonian dynamics and celestial mechanics, 

1996 
197 J. E. Bonin, J. G. Oxley, and B. Servatius, Editors, Matroid theory, 1996 
196 David Bao, Shiing-shen Chern, and Zhongmin Shen, Editors, Finsler geometry, 1996 
195 Warren Dicks and Enric Ventura, The group fixed by a family of injective endomorphisms 

of a free group, 1996 
194 Seok-Jin Kang, Myung-Hwan Kim, and Insok Lee, Editors, Lie algebras and their 

representations, 1996 
193 Chongying Dong and Geoffrey Mason, Editors, Moonshine, the Monster, and related 

topics, 1996 
192 Tomek Bartoszynski and Marion Scheepers, Editors, Set theory, 1995 
191 Thong Ton-That, Kenneth I. Gross, Donald St, P. Richards, and Paul J. Sally, Jr., Editors, 

Representation theory and harmonic analysis, 1995 
190 Mourad E. H. Ismail, M. Zuhair Nashed, Ahmed I. Zayed, and Ahmed F. Ghaleb, Editors, 

Mathematical analysis, wavelets, and signal processing, 1995 
189 S. A.M. Marcantognini, G. A. Mendoza, M.D. Moran, A. Octavio, and W. 0. Urbina, Editors, 

Harmonic analysis and operator theory, 1995 
188 Alejandro Adem, R. James Milgram, and Douglas C. Ravenel, Editors, Homotopy theory 

and its applications, 1995 
187 G. W. Brumfiel and H. M. Hilden, SL(2) representations of finitely presented groups, 

1995 
186 Shreeram S. Abhyankar, Walter Feit, Michael D. Fried, Yasutaka Ihara, and Helmut 

Voelklein, Editors, Recent developments in the inverse Galois problem, 1995 
185 Ralll E. Curto, Ronald G. Douglas, Joel D. Pincus, and Norberto Salinas, Editors, 

Multivariable operator theory, 1995 
184 L. A. Bokut', A. I. Kostrikin, and S. S. Kutateladze, Editors, Second International 

Conference on Algebra, 1995 
183 William C. Connett, Marc-Olivier Gebuhrer, and Alan L. Schwartz, Editors, Applications 

of hypergroups and related measure algebras, 1995 
182 Selman Akbulut, Editor, Real algebraic geometry and topology, 1995 
181 Mila Cenkl and Haynes Miller, Editors, The Cech Centennial, 1995 
180 David E. Keyes and Jinchao Xu, Editors, Domain decomposition methods in scientific 

and engineering computing, 1994 
179 Yoshiaki Maeda, Hideki Omoro, and Alan Weinstein, Editors, Symplectic geometry and 

quantization, 1994 
178 Helene Barcelo and Gil Kalai, Editors, Jerusalem Combinatorics '93, 1994 
177 Simon Gindikin, Roe Goodman, Frederick P. Greenleaf, and Paul J. Sally, Jr., Editors, 

Representation theory and analysis on homogeneous spaces, 1994 
176 David Ballard, Foundational aspects of "non" standard mathematics, 1994 
175 Paul J. Sally, Jr., Moshe Flato, James Lepowsky, Nicolai Reshetikhin, and Gregg J. 

Zuckerman, Editors, Mathematical aspects of conformal and topological field theories 
and quantum groups, 1994 

174 Nancy Childress and John W. Jones, Editors, Arithmetic geometry, 1994 

(Continued in the back of this publication) 

http://dx.doi.org/10.1090/conm/202



Operads: Proceedings 
of Renaissance Conferences 



CoNTEMPORARY 
MATHEMATICS 

202 

Operads: Proceedings 
of Renaissance Conferences 

Special Session and International Conference on 
Moduli Spaces, Operads, and Representation Theory/ 

Operads and Homotopy Algebra 
March 1995 I May-June 1995 

Hartford, Connecticut /Luminy, France 

Jean-Louis Loday 
James D. Stasheff 

Alexander A. Voronov 
Editors 

American Mathematical Society 
Providence, Rhode Island 



Editorial Board 

Dennis DeTurck, managing editor 
Andy Magid Michael Vogelius 
Clark Robinson Peter M. Winkler 

This volume features proceedings from the special session "Moduli spaces, operads, 
and representation theory" held at Hartford, CT, on March 4-5, 1995, and at a confer-
ence "Operades et algebre homotopique" held at the Centre International de Rencontres 
Mathematiques at Luminy, France, May 29-June 2, 1995. 

1991 Mathematics Subject Classification. Primary 08A05, 17 Axx; Secondary 16880, 
17B69, 18Gxx, 55Pxx, 55Sxx, 81 T40. 

Library of Congress Cataloging-in-Publication Data 

Operads : proceedings of renaissance conferences / Jean-Louis Loday, James D. Stasheff, Alexan-
der A. Voronov, editors. 

p. cm.-(Contemporary mathematics, ISSN 0271-4132 ; 202) 
"Special session and international conference on moduli spaces, operads, and representa-

tion theory/operads and homotopy algebra, March 1995/May-June 1995, Hartford, Connecti-
cut/Luminy, France." 

Includes bibliographical references and index. 
ISBN 0-8218-0513-4 (alk. paper) 
1. Ordered algebraic structures-Congresses. 2. Moduli theory-Congresses. 3. Represen-

tations of algebras--Congresses. I. Loday, Jean-Louis. II. Stasheff, James D. III. Voronov, 
Alexander A. IV. Series: Contemporary mathematics (American Mathematical Society) ; v. 202. 
QA172.064 1997 
5121.2-dc21 96-37049 

CIP 

Copying and reprinting. Material in this book may be reproduced by any means for educational 
and scientific purposes without fee or permission with the exception of reproduction by services 
that collect fees for delivery of documents and provided that the customary acknowledgment of the 
source is given. This consent does not extend to other kinds of copying for general distribution, for 
advertising or promotional purposes, or for resale. Requests for permission for commercial use of 
material should be addressed to the Assistant to the Publisher, American Mathematical Society, 
P. 0. Box 6248, Providence, Rhode Island 02940-6248. Requests can also be made by e-mail to 
reprint-permission@ams.org. 

Excluded from these provisions is material in articles for which the author holds copyright. In 
such cases, requests for permission to usc or reprint should be addressed directly to the author(s). 
(Copyright ownership is indicated in the notice in the lower right-hand corner of the first page of 
each article.) 

© 1997 by the American Mathematical Society. All rights reserved. 
The American Mathematical Society retains all rights 

except those granted to the United States Government. 
Printed in the United States of America. 

§ The paper used in this book is acid-free and falls within the guidelines 
established to ensure permanence and durability. 

10 9 8 7 6 5 4 3 2 1 02 01 00 99 98 97 



Contents 

Preface ix 

Definitions: operads, algebras and modules 
J.P. MAY 1 

The pre-history of operads 
JIM STASHEFF 9 

Operads, algebras, and modules 
J.P. MAY 15 

Relating the associahedron and the permutohedron 
ANDY TONKS 33 

Combinatorial models for real configuration spaces and En-operads 
CLEMENS BERGER 37 

From operads to 'physically' inspired theories 
JIM STASHEFF 53 

Operades des algebres ( k + 1 )-aires 
ALLAHTAN VICTOR GNEDBAYE 83 

Coproduct and cogroups in the category of graded dual Leibniz algebras 
JEAN-MICHEL 0UDOM 115 

Cohomology of monoids in monoidal categories 
HANS-JOACHIM BAUES, MAMUKA JIBLADZE, AND ANDY TONKS 137 

Distributive laws, bialgebras, and cohomology 
THOMAS F. Fox AND MARTIN MARKL 167 

Deformations of algebras over a quadratic operad 
DAVID BALAVOINE 207 

Q-rings and the homology of the symmetric groups 
TERRENCE P. BISSON AND ANDRE JOYAL 235 

Operadic tensor products and smash products 
J. P. MAY 287 

Homotopy Gerstenhaber algebras and topological field theory 
TAKASHI KIMURA, ALEXANDER A. VORONOV, AND GREGG J. 
ZUCKERMAN 305 

vii 



viii CONTENTS 

Intertwining operator algebras, genus-zero modular functors, and genus-zero 
conformal field theories 
YI-ZHI HUANG 335 -Modular functor and representation theory of sl2 at a rational level 
BORIS FEIGIN AND FEODOR MALIKOV 357 

Quantum generalized cohomology 
JACK MORAVA 407 

Non-commutative reciprocity laws associated to finite groups 
J.-1. BRYLINSKI AND D. A. MCLAUGHLIN 421 

Index 439 



Preface 

"Operads" are mathematical devices which model many sorts of algebras (such 
as associative, commutative, Lie, Poisson, alternative, Leibniz, etc., including those 
defined up to homotopy, such as A00-algebras). The notion of an operad appeared 
in the seventies in algebraic topology (J. Stasheff, J. P. May, J. M. Boardman, 
R. M. Vogt), but there has been a renaissance of this theory due to the discov-
ery of relationships with graph cohomology, Koszul duality, representation theory, 
combinatorics, cyclic cohomology, moduli spaces, knot theory, and quantum field 
theory. 

This renaissance was recognized at a special session "Moduli spaces, operads, 
and representation theory" of the AMS meeting at Hartford, CT, on March 4-5, 
1995, and at a conference "Operades et algebre homotopique" held at the Centre 
International de Rencontres Mathematiques at Luminy, France, from May 29 to 
June 2, 1995. Both meetings drew a diverse group of researchers, as we hope these 
proceedings reflect, though not all the speakers are represented here. 

We have arranged the contributions so as to emphasize certain themes around 
which the renaissance of operads took place: homotopy algebra, algebraic topology, 
polyhedra and combinatorics, and applications to physics. We begin the collection 
with two short papers which drop out of this classification. The first one is the 
paper "Definitions: operads, algebras and modules" by Peter May, which recalls 
basic notions of operad theory. The other paper, "The pre-history of operads", by 
one of us describes how operads had been used before they were created. 

Jean-Louis Loday, Jim Stasheff, and Alexander A. Voronov 
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