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Background
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DiLoCo
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(Charles et al. 2025)

- Trains many models in parallel 
- Synchronize models after H steps
- Communication is reduced by a factor H
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DiLoCo’s biggest problem
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(Charles et al. 2025)

- M is the number of workers 
- Performance decreases as M increases
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Muon

5

(Jordan et al. 2024)

- (LEFT) Muon is a second order optimization algorithm
- Muon leverages NewtonShulz iteration to orthonormalize the gradient
- (RIGHT) Muon scales better than AdamW

(Moonshot AI 2025)
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Motivation

Should I use DiLoCo or MuLoCo or 
DP Muon?
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Batch Size
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Communication 
Cost

Batch size and communication cost are 
linked 

- Bigger batch = fewer communications
- within datacenter small batch=low comms cost because of fast 

interconnect
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Empirical 
study

8



Model scaling prescription
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- we use a 20 tokens per parameter (TPP) ratio
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Results
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MuLoCo outperforms DiLoCo in absolute 
performance
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- We pre-train 150M-3B at 20TPP
- Each datapoint is swept across batch size, LR, WD, OLR, ILR
- MuLoCo’s absolute performance is always better (expected)

…
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MuLoCo improves worker scaling
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- MuLoCo outperforms 
DiLoCo relative to 
their data-parallel 
baselines as the 
number of workers 
(K) increases.
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MuLoCo’s strong worker scaling is preseved 
at scale
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MuLoCo’s critical batch size is much larger 
than DiLoCo
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- Large batch sizes warrant cross datacenter training
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Conclusion
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Conclusion
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● MuLoCo scales better than DiLoCo as 
worker count increases.

● MuLoCo has a much larger critical batch 
size than DiLoCo, thus warranting 
cross-datacenter training.

● See out paper for more results!


