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Dissecting a Transformer:
Other Components



Other Variations

• Normalizations

• Activations, FFN

• Hyperparameters that matter/don’t matter

• Stability Tricks

2



3



• Warmup in Post-LN
• learning rate starts at a very 

low value (often zero or near-
zero) and increases linearly or 
exponentially to the target 
maximum learning rate over 
the first few thousand 
iterations or percentage of 
total training steps

• Needed to control early 
gradients, calculate 
momentum more accurately, 
prevent exploding gradients
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Pre-LN vs Post-LN

• Pre-LN: Reduces the need for warmup

• Well-behaved gradients → better training
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Pre-LN vs Post-LN

• Original stated benefit: removing warmup

• Today: stability and therefore larger LR for large networks6



Sandwich
Norm

• Double 
norm/Peri-LN
• Ensures both 

inputs and 
outputs are 
well behaved

• Gradients 
even more 
well-behaved

• Stabler 
training7



Manifold-Constrained HyperConnections

• mHC = increase expressiveness of residual stream but 
• constrain the mixing matrices to a manifold so signal propagation remains stable.8



Form of Normalization

• Once Pre-LN became 
standard practice, 
practitioners realized that 
models needed more scale 
control, less centering.
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Why RMSNorm?

• Modern Explanation
• Fewer operations (no mean)

• Fewer parameters (no bias term to store)

• Does this make sense?
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Expts: RMSNorm vs LayerNorm

• Narang et al 2020
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Bias Terms
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Attention Residuals

• Residual Learning (h = x in figure)

• Issues
• Hidden states grow in magnitude as depth increases

• Early-layer information gets diluted

• Later layers must “shout louder” (produce larger outputs) 
to matter

• The model mixes everything without control
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Previous Solution

• Highway Networks

• Key Issue
• Information lost during aggregation cannot be recovered in deeper layers

• Solution?
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Proposed Solution

• Attention Residuals (Full)

• Some layers get high importance

• Some layers are almost ignored

• The selection changes dynamically per input

• Issues
• Need for storage during inference

• Need for additional communication during training (e.g., layers split 
across GPUs)
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Block Attention Residuals

• Split layers into blocks

• Intra-block residual
• Standard residual stream within a block

• Inter-block attention
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Results
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Normalization: Summary
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Other Variations

• Normalizations

• Activations, FFN

• Hyperparameters that matter/don’t matter

• Stability Tricks
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Activations

• A large set of activations
• ReLU, GeLU, Swish, ELU, GLU, GeGLU, ReGLU, SeLU, SwiGLU, LiGLU…

• Which ones do people use? Do they matter?
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Gated Linear Units
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Gated Linear Units
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Expts: GLUs

• Shazeer 2020
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Expts

• Narang et al 2020
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Why GLU?
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Serial vs Parallel Models
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Summary

• Pre vs Post Norm
• Pre is a clear winner

• Layer vs RMSNorm
• RMSNorm has better compute

• Activations
• *GLUs, but small differences

• Serial vs Parallel
• Parallel has a compute improvement
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Other Variations

• Normalizations

• Activations, FFN

• Hyperparameters that matter/don’t matter

• Stability Tricks
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Hyperparameters (Typical)
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Consensus Hyperparameter #1

•                                                                                                                   T5
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Expts: [Kaplan 2020]
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Consensus Hyperparameter #2 
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Aspect Ratio

• Should my model be 
deep or wide? Aspect 
ratio: dmodel/nlayer

• sweet spot: ~128
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Typical Vocabulary Sizes

• Monolingual models: 30k-50k

• Multilingual models: 100k-250k
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Dropout or Other Regularizations
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In Practice

• Early days: lots of dropout

• These days: dropout out of fashion

• Weight Decay (of 0.1) continues to be important
• Implemented in AdamW optimizer (~L2 regularization)
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Why Weight Decay LLMs?
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Summary
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Other Variations

• Normalizations

• Activations, FFN

• Hyperparameters that matter/don’t matter

• Stability Tricks
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Stability Tricks 
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Cause of Stability Issues
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Main Culprit

• Softmax
• Exponential (numerically less well behaved)

• Division by zero

• Where are softmaxes
• Last layer (pre-generate)

• MHA
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Z-Loss: Denominator Near 1

44



Attention Softmax Stability: QK Norm
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Non-

linearity
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