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ABSTRACT

Most large neural networks, including Large Language Models, are trained using adaptive
regularization methods such as Adam, which can be regarded as diagonally preconditioned
stochastic gradient descent. This diagonal preconditioner comes from a diagonal approximation of
the gradient outer product matrix. However, a recent open competition called "AlgoPerf: Training
Algorithms benchmark competition" revealed an intriguing discovery: a non-diagonal
preconditioning method called Shampoo, which uses a Kronecker product approximation of the
outer-product matrix, was found to be the best method on a varied suite of benchmark problems.
In this talk, I will introduce adaptive methods and show how Kroencker products can be used to
get a computationally efficient preconditioner. I will then discuss a general technique called
CASPR, which optimizes matrix-shaped parameters by finding preconditioners for each mode/axis
of the parameter and combines them using a Kronecker sum/product based approximation,
yielding Shampoo as a special case. Experimental results demonstrate that CASPR shows
improved training and generalization performance.
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