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L2 norm in GPT2s/OWT training with AdamW
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Reformulating Regularization

Optimization objective with L2-regularization:

Regularization as an inequality-constrained optimization problem:
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The augmented Lagrangian method

Our inequality-constrained optimization problem

is addressed by an augmented Lagrangian update

4



Constrained Parameter Regularization  |  Jörg Franke 

AdamCPR

Our inequality-constrained optimization problem

is addressed by an augmented Lagrangian update
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● Kappa-K
○ Set the upper bound to the same value for all parameter matrices. 
○
○ Hyperparameter: global upper bound

● Kappa-WS
○ Train the model for a specific number of warm start (WS) steps and then set the upper bound.
○
○ Hyperparameter: warm start steps

● Kappa-IP (inflection point)
○ Use the first inflection point of the regularization to warm start each upper bound individually.
○
○ Hyperparameter: -

Initialization techniques for the Upper Bound
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Set upper bound on inflection point
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Constrained parameter regularization
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GPT2/OWT pretraining

Perplexity (↓) ± std across three random seeds of GPT2s and GPT2m trained on OpenWebText with AdamW (left) 
and AdamCPR with Kappa-IP (middle) and AdamCPR with Kappa-WS (right). 

We use a learning rate warm-up of 5k steps. 
The CPR with the hyperparameter-free strategy Kappa-IP outperforms weight decay.
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GPT2/OWT pretraining
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DeiT/ImageNet pretraining

Comparison of AdamW and AdamCPR in a DeiT vision transformer pertaining on ImageNet. We train a
small (22M parameters) and a base model (86M) with different regularization parameters.
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Conclusion

● CPR regularizes each parameter matrix individual 
● CPR is a robust and efficient alternative to weight decay
● AdamCPR needs no additional or less hyperparameters than AdamW
● AdamCPR outperforms AdamW in various experiments. 

arxiv.org/abs/2311.09058 github.com/automl/CPR
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