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Motivation

● LayerNorm is a non-linearity that makes mechanistic interpretability harder
● LayerNorm may not be essential for inference



Key results

● LayerNorm is removed from GPT-2 Small to XL
● Performance of LN-free models closely matches the original
● LN-free models have interesting properties wrt mechanistic interpretability



LayerNorm definition



LayerNorm removal

● Linearize LN by freezing the standard deviation
● While fine-tuning on original training data (OWT)
● Gradual schedule to maintain CE loss



LayerNorm removal

GPT-2 transformer block GPT-2 transformer



LayerNorm removal



LayerNorm removal

● EMA of
● Auxiliary loss to push standard deviations closer to the average
● Split QK and V LayerNorm removal



Evaluation on CE loss



Evaluation on standard benchmarks



Mechanistic interpretability analysis

● First-position token no longer special
● Confidence neurons stop working
● Direct Logit Attribution gives direct effect
● Attribution patching error shows no improvement



First-position tokens no longer special



Confidence neurons inactive

● Confidence neuron mean 
ablation no longer impacts CE 
loss in LN-free models

 



Direct logit attribution gives direct effect

● DLA approximates direct effect of component in residual stream
● LayerNorm removal makes approximation exact as measured by Mean 

Absolute Error over 1000 examples.



Attribution patching is no more accurate 

● Scalable approximation
● LN-free models do not 

improve attribution 
patching accuracy



Conclusion

● GPT-2 does not need LayerNorm at Inference Time
● You are welcome to try our models in your experiments
● Follow up work

○ Does removal generalize beyond GPT-2 XL (and Pythia)?
○ Why are LN-free models overconfident?
○ What are the causes of instability during removal?

● Speak to us at the poster session Thu, Apr 23 11:15am - 1:45pm PDT
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