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Measured by Norm



where    is the dimension, and it can be extremely large

Introduction

Adaptive Moment Estimation with Decoupled Weight Decay (AdamW)

•The default optimizer for training 

large language models

•However, its convergence 

behavior is not well-understood

Consider nonconvex optimization problem



and                     for all iterates. It can be considered to be analogous to the 

following optimal convergence rate of SGD

Contributions

We prove the following convergence rate for AdamW measured by     norm

in the ideal case of  



Assumptions

•Smoothness: 

•Unbiased estimator: 

•Coordinate-wise bounded noise variance: 

Denoting                        , we have



Suppose that the three assumptions hold. Define                                          with 

any constant                . Let

Then for AdamW, we have                    for all                           and 

Specially, when                         , we have

and accordingly 

Theorem 



Discussions

Optimality of Our Convergence Rate

•Optimal with respect to                                 

•We have empirically confirmed                                              on real deep neural networks 

training, demonstrating that our rate can be considered to be analogous to the optimal 

convergence rate of SGD

•Jiang et al . [COLT2025] established the                                       lower bound for SGD 

when measuring the gradients by     norm. This lower bound precisely aligns with our 

convergence rate when                                   



Discussions

Illustration of for AdamW over epochs/steps. The gradient norm ratio shows , and             ,       , and        

, respectively.



Discussions

Reasonable Weight Decay Parameter

•We require                                    

• In modern deep neural networks, the dimension    is extremely large, making

almost certainly exceed 0.01, which is the default setting of    in PyTorch

•In our experiments, we observe                                                              and 

, resulting in                       and      , respectively

•We empirically show that large values of     exceeding a certain threshold may cause 

AdamW neither to converge to the minimum solution nor to a KKT point 



Discussions

we set                                                                                                  with         , and 

test                                             . We observe that AdamW fails to converge to      when

.   



Illustration of small     over epochs/steps. The magnitude     is approximated by                      for AdamW without taking expectation, 

and                  ,             , and             , respectively.

Discussions

Small     Setting

•We set                                      , which remains small due to extremely large and 

modest     

•We empirically show that                       and         in our experiments



Thanks for listening！


