
Operads

Brief description: Operads, cooperads, the bar construction for operads and the cobar
construction for cooperads. Koszul duality for (co)operads, homotopy algebras.

Prerequisites: Math 224, Math 227A, Math 246A

• Triples, algebras over triples, polynomial functors, operads, algebras over operads.

• Examples of linear operads: operad of commutative algebras, Lie algebras, and asso-
ciative algebras.

• Cotriples, cooperads, coalgebras over cooperads. Examples.

• Free (co)algebras over linear (co)operads. Derivations.

• The (co)bar construction for linear (co)operads.

• Coalgebras over the bar construction. Dual description for the cobar construction.

• Twisting cochains. The adjunction between the categories of algebras and coalgebras.

• Koszul duality. Koszul operads.

• Ginzburg-Kapranov criterion of koszulity.

• Examples of Koszul operads: Lie, Comm, Assoc.

• Homotopy algebras.

The course is based on the following texts:
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Final project.

I will list 5-7 original research papers on operads and their applications. Each student will
have to choose one of the papers read it and write a one-page review. This review should
describe the results of the paper and what the student learnt from this paper. Several
students may choose the same paper. In fact all students may choose the same paper. But
they have to write the reviews independently.

Justification. This is a beautiful quickly developing subject of algebra. It has interesting
applications in algebraic topology, Lie theory and geometry.
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