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Softmax gating

Noisy top-k gating

Gating is trained using simple backpropagation

(unlike Bengio et al 2015 who use RL to learn a boolean gating function)



Balancing Expert Utilization
Problem: large weights for the same few experts

• Define the importance of an expert relative to a batch of training examples to 
be the batchwise sum of the gate values for that expert.


• Let X be the number of training examples


• Let CV be the Coefficient of Variation Experiments show that 
gate values naturally 
diversify



Balancing Expert Utilization
Problem: experts receive different number of training examples

• Define the load of an expert to be the number of examples assigned to it.


• We want equal number of training examples across all experts


• Define P(x, i) as the probability that G(x)_i is nonzero.
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Mixture of Experts (MoE) for LLMs



Mixture of Experts (MoE) for LLMs
Better effective FLOPs per token prediction in causal LMs



Mixture of Experts
• GPT-4 architecture has not been confirmed but rumored to be MoE


• Mistral open sourced MoE models but did not release training details


• Deepseek V3 released many details about training large MoE models

Sasha Rush slides 2025

https://simons.berkeley.edu/sites/default/files/2025-02/Sasha%20Rush%20LLM25-1%20Slides.pdf
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Deepseek MoE

Sasha Rush slides 2025

• #Total parameters = 671B


• #Activated parameters = 37B


• Different layers exhibit expert specialization

https://simons.berkeley.edu/sites/default/files/2025-02/Sasha%20Rush%20LLM25-1%20Slides.pdf


Extra Slides
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PaLM: model architecture



PaLM: model architecture



PaLM: model architecture



PaLM: model hyperparameters



PaLM: training data



PaLM: Pathways data parallelism


