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in terms of the renormalization group
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What is Muon ?:  Momentum Update Orthogonalization
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For each layer, 
    form the momentum
    the standard W update

Orthogonalized,
    all eigenvalues are one
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WeightWatcher:  open-source, open-science

https://weightwatcher.ai 115K+ downloads;  1000 stars
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Theory-based:  Layer Quality metrics

(2025)HTSR SETOL(2021)
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How is Muon related:  to Renormalization Group ?
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Trivial: fixes the gauge of the RG flow

non-Trivial: the RG fixed point

What does this mean ?
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Why w|w works ? Fix Point Equation
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HTSR Theory:  5+1 Phases of Training

Implicit Self-Regularization in Deep Neural Networks: Evidence from Random Matrix Theory and Implications for Learning

Charles H. Martin, Michael W. Mahoney; JMLR 22(165):1−73, 2021.
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Why w|w works ?  Renormalization Group (RG) theory

Let H be the Hamiltonian for the Quality
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Volume Preserving or Scale-Invariant Transformation

W X

SETOL: SemiEmpirical Theory of (Deep) Learning

Charles H. Martin & Christopher Hinrichs  (arxiv, 2025).
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ERG Condition:  non-Trivial & Trivial solutions
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Trivial: fixes the gauge of the RG flow

non-Trivial: the RG fixed point
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New Principle of Ideal Learning:  
Wilson Exact Renormalization Group (ERG) Condition
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Non-Trivial Solution to ERG Trace-Log Condition =2
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Muon:  Removes Redundant RG Directions
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Muon removes the dilation subgroup in the RG flow

Unrestricted flow allows dilations

The update lives in the tangent space of the flow
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Muon:  Removes Redundant RG Directions
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Muon:  Removes Redundant Directions
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Critical Slowing Down
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WeightWatcher:  open-source, open-science

We are looking for early adopters and collaborators

https://weightwatcher.ai 175K+ downloads;  17K+ stars
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