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Logistics

● Final projects
○ Final group confirmed next week

● Quiz0 due tomorrow
● HW0 due next Friday 



Studying internal representations
● Latent Planning Emerges with Scale // Transformers plan 

ahead
● Anthropic’s Emergent Introspective Awareness in Large 

Language Models // the model settles on its rhyme before 
writing toward a full line of verse

● Anthropic’s Verbalizable Representations Form a Global 
Workspace in Language Models // Models form a global 
workspace

● Anthropic’s Emotion Concepts and their Function in a Large 
Language Model // Models form emotional concepts before 
responding, which shape what they say

https://arxiv.org/pdf/2604.12493
https://arxiv.org/pdf/2601.01828
https://arxiv.org/pdf/2601.01828
https://arxiv.org/pdf/2607.15495
https://arxiv.org/pdf/2607.15495
https://arxiv.org/pdf/2604.07729
https://arxiv.org/pdf/2604.07729


Steering vectors



AI news







Where are we?



The development of modern LLMs

instruction 
following

creativity

factuality safety

code math

…

pretraining 

post-training
Supervised Fine-Tuning (SFT) / Reinforcement Learning (RL) 

one or more 
stages

w/ a language 
modeling objective



How to evaluate language models during pretraining?



Decoder-only Transformer 

thethe students opened their

students opened their laptops

Transformer decoder
(causal mask)

the architecture 
used in frontier 

LLMs
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Negative log likelihood (NLL) loss

logs to avoid 
numerical underflow



Negative log likelihood (NLL) 
loss (cont’d)



Cross-entropy





Cross-entropy loss

The loss models the 
distance between 
the system output 

and the gold output 
—lower is better



Perplexity



Perplexity (cont’d)



Backpropagation



The partial derivative of the loss function

The partial derivative of 
the loss function 𝐿 with 

respect to the 
parameter 𝑤 represents 

how much the loss 
changes as 𝑤 changes.



The gradient



the gradient points in 
the direction of the 

steepest increase in 
the loss

negative gradient

The gradient (cont’d)



The loss landscape of neural nets

https://www.cs.umd.edu/~tomg/project/
landscapes/

A convex function 
has at most one 

minimum; there are 
no local minima to 

get stuck in.

https://www.cs.umd.edu/~tomg/project/landscapes/
https://www.cs.umd.edu/~tomg/project/landscapes/


The loss landscape of neural nets (cont’d)

The loss for multi-layer neural 
networks is non-convex, and gradient 
descent may get stuck in local minima 

and never find the global optimum
https://www.cs.umd.edu/~tomg/project/

landscapes/

https://www.cs.umd.edu/~tomg/project/landscapes/
https://www.cs.umd.edu/~tomg/project/landscapes/


Gradient descent



Gradient descent (cont’d)





Backpropagation



Backpropagation (cont’d)
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Updating parameters



Hyperparameters of gradient descent

● Learning rate 
● Batch size
● …



Optimizer

● SGD (Stochastic gradient descent)
● Adam (Adaptive moment estimation)
● Muon (MomentUm Orthogonalized by Newton-Schulz)



Scaling model size unlocks new capabilities

From “PaLM: Scaling Language Modeling with Pathways” by Chowdhery et al. (2022)



Open-weight models are getting bigger

Image created by ChatGPT



Why do LLMs work so well? Pretraining = Massively multi-task 
learning?

https://www.jasonwei.net/blog/some-intuitions-about-large-language-models

https://www.jasonwei.net/blog/some-intuitions-about-large-language-models


Why do LLMs work so well? Pretraining = Massively multi-task 
learning? (cont’d)

https://www.jasonwei.net/blog/some-intuitions-about-large-language-models

https://www.jasonwei.net/blog/some-intuitions-about-large-language-models


Thank you!


