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where    is the matrix parameter with dimension 

Introduction

AdamW-style Shampoo

•An effective implementation of the 

classical Shampoo

•Won the AlgoPerf neural network 

training algorithm competition

•However, its convergence 

behavior is not well-understood

Consider nonconvex optimization problem



and                     for all iterates (           denotes the spectral norm). It can be 

considered to be analogous to the following optimal convergence rate of SGD

Contributions

We prove the following convergence rate for AdamW-style Shampoo measured 

by nuclear norm

in the ideal case of                                                                   and balanced      

and    . 



Assumptions

•Smoothness: 

•Unbiased estimator: 

•Bounded row-wise and column-wise second central moment matrices: 

From the third assumption, it readily follows that



Suppose that the three assumptions and conditions                   and  

hold for some          . Define                                            with any                . Let

Then for AdamW-style Shampoo, we have                    for all                           and 

In the worst case, when          , we have                                                       

Theorem 

with any being the hyperparameter to make small in practice,

Furthermore, when          , we have                                                   



Discussions

Optimality of Our Convergence Rate

•Optimal with respect to                                   .                                 

•Analogous to the optimal convergence rate of SGD in the ideal case of

and balanced       and    . 

Unifying two-sided and one-sided preconditioning

•A unified treatment of two-sided (                   ) and one-sided 

(                            or                          ) preconditioning.

• Intuitively, the left preconditioning             captures correlations within each column of      , 

while the right preconditioning             captures correlations within each row of      . Two-

sided preconditioning                     combines these advantages and captures correlations 

within both rows and columns of      . 



Discussions

AdamW-style Shampoo v.s. AdamW

•Convergence rate of AdamW:

while ensuring                   , , where    is the dimension.

•AdamW-style Shampoo can be interpreted as achieving theoretical behavior analogous to 

AdamW, but in the space of singular values. 



Discussions

AdamW-style Shampoo v.s. Muon

•Let                 be the compact SVD of       . From the identities 

the update                       can be written equivalently as

•In an informal sense,       ,      , and       can be interpreted as approximations to the first 

moment matrix          , the row-wise second raw moment matrix                 and the column-

wise second raw moment matrix                 , respectively.

•The quantities                            and                             can be therefore regarded as the 

row-wise and column-wise signal-to-total-energy ratio (STR) matrices, respectively. 

•AdamW-style Shampoo can be viewed as an STR preconditioned variant of Muon. This 

relationship is analogous to that between AdamW and SignSGD

and



Thanks for reading！


