Algebraic Topology (topics course) Spring 2010

Course Information

Instructor: John E. Harper

Email: john.edward.harper@gmail.com
Web: http://sma.epfl.ch/ harper/
Office: BCH 5115 (Batiment BCH)
Lecture: Friday 8:15-10, MAA 331

Exercises: Friday 1:15-3, MAA 331
Office hours: Monday 4-5, BCH 5115

Welcome. This course is intended for masters students and serious undergradu-
ates. We will develop in detail some of Quillen’s spectacular results on the interac-
tions between homotopy theory and algebra. In particular, we will study Quillen’s
derived abelianization notion of homology, with an emphasis on the André-Quillen
homology of commutative algebras.

Underlying Quillen’s arguments is a homotopy-theoretic framework to build and
control resolutions in non-abelian contexts. The theory is completely flexible and
has applications in both geometric and algebraic contexts, such as to the study of
the rational homotopy theory of topological spaces, to be treated in this course if
time permits.

Objective. Your objective in this course is to learn the basics of homotopy theory
in the context of model categories, and to understand in detail some of the inter-
actions between homotopy theory and algebra. In particular, to study in detail
Quillen’s notion of homology of commutative algebras in terms of derived abelian-
ization. This includes the development of a good understanding of the following:

e construction of the homotopy (or derived) category of a model category

e construction and calculation of (left and right) derived functors

e classical examples of (left and right) derived functors

e homotopy limits and homotopy colimits (homotopy gluing constructions)

e homotopy theory of several geometric and algebraic examples: spaces, G-
spaces, chain complexes, simplicial groups, simplicial modules, and simpli-
cial commutative algebras

e resolutions in homotopy theory

e derived abelianization in several geometric and algebraic contexts

e basic properties of André-Quillen homology

e Quillen’s results on the rational homotopy theory of spaces (if time permits)

References. The required references for this course are the papers [1, 3, 5] and
the suggested references are [2, 4]. The book [6] provides a concise introduction to
several algebraic and geometric topics relevant to this course.
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