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Introduction

We work ove a field k. A differential graded algebra (dga for short) in this
paper is a graded k-algebra U =®,,,U, with differential 4 of degree —1. Given a
k-algebra R, it is well-known that there exists a free dga resolution £€:U — R

(Baues [2]). That is, U is a dga which is free as a graded algebra, € is a dga
map, and the sequence

d,y —24,.— 4,y —£5R>0

is exact. Such a resolution is thought of as a prolongation of a presentation of R
by generators and relations, and expected to contain lots of information about
homology of R. Although free dga’s frequently appear in homotopical algebra
such as [2], not much seems to be known about the structure of free dga
resolutions of algebras.

We study here a relationship between a free dga resolution of R and a free
bimodule resolution of the R-bimodule R. Let U be a dga which is free on a
graded space E, and €:U — R an augmentation map. We construct a complex
R® E® R of free R-bimodules with augmentation 0: R® E® R — Q,, where Q,
is the kernel of the multiplication map R® R— R. If € is a resolution, then so is
O (Proposition 1.2). The converse is true when R is a connected graded algebra
and U,e are taken to be compatible with the grading of R (Theorem 3).
Therefore, the verification of the exactness of &£:U — R reduces to that of
0:R®E®R— Q,, which is much easier.

Using this criterion, we give explicit free dga resolutions of Koszul algebras
and their generalizations.

NOTATION. For a graded module M =® M

n?

we write M, =®,_,M,. For a

n>0 i
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