
AlphaDecay: Module-wise Weight Decay for Heavy-

Tailed Balancing in LLMs

All popular optimizers use uniform weight 

decay—does a better configuration exist for 

LLMs?

Research Question AlphaDecay is plug-and-play, task-agnostic, 

optimizer-agnostic, and nearly cost-free.

Larger weight decay for higher PL_Alpha_hill

More heavier-tailed, Lower Weight Decay!

Method: AlphaDecay

λ: eigenvalues of the correlation matrix

k: the lower cutoff for PL fitting

Power law distribution ,

Spectral propertie:

Rationale 
Modules display distinct spectral characteristics

— attention layers are heavier-tailed, while 

MLP layers are lighter-tailed.

Results
AlphaDecay benefits training, yielding lower 

perplexity (22.55 < 23.14).

Balance works?
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AlphaDecay balances spectra and improves performance.

Spectrum Balanced

• Zero-shot performance

• Finetuning tasks

• Across architectures and datasets

• Pre-training with AdamW

• AlphaDecay cost


