
LLM Scaling Laws



Hello

- Who am I?
- I’m Thom Foster
- 3rd year PhD student with Jakob Foerster
- Been at Meta for the last year building AI Research Agents

- What’s my connection to LLM scaling?
- My research is on training LLMs in the ‘infinite compute, limited data’ regime
- In this setting the primary importance is ‘what you train on’ not how









What is a power law?

Y = a x ^ k

log(y) 

= log(ax^k) 

= log(a) + log(x^k) 

= log(a) + klog(x) -> straight line on log scale





What is the experiment they’re doing here?



The quick brown fox jumped

Transformer

t1 t2 t3 t4 t5

p(t2 | t1) p(t3|t2,t1) p(t4|t3,...) p(t5|t4,...) p(t6|t5,...)

Log p(t2 | t1) Log p(t3|t2,t1) Log p(t4|t3,...) Log p(t5|t4,...)Loss = Avg( , , , )

Cross entropy loss: Just becomes the log 
probability of the 
dataset



Reminder of transformer shapes

N layers





Scale over shape



Scale over Data



Beginnings of transfer learning



Optimal Batch Size



Optimal Batch Size



Convergence is inefficient



(Aside) Chinchilla



What did Kaplan do wrong?

Kaplan:

1. Fixed model size, increased data, observed diminishing returns
2. Fixed data size, increase params, observed slower diminishing returns
3. Fixed both model and data, observed optimal batch size and compute 

From (1) and (2) he concluded that you should scale params more than data. But 
in doing this you are inherently using more compute!

What he didn’t do:

- Fixed compute: Compared optimal ratio of model size to dataset size 



(Aside) Chinchilla



Data Constrained Models









Why have model sizes slowed?



Why have model sizes slowed?



Why have model sizes slowed?

- We stopped knowing how big frontier models are
- Mixture of Expert models emerged
- We maxxed out the amount of pre-training data
- Post-training emerged
- There is a new optimisation metric: Cost of Inference
- Test time scaling



Practicalities

- We almost always start from a pretrained model
- We almost always are data constrained
- Bigger models adapt faster to new data
- We are constrained by maximum concurrent GPU mem, not so much by total 

FLOPS

-> Choose the largest model that you can fit into VRAM and do at least 4 epochs. 

If you are lucky enough that 4 epochs and a big model takes > a few days to train, 
start doing scaling experiments :) Chances are you’d be better filtering your data



Future

- What does scaling look like for RLVR?


