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Pros  -- 
Å Everyone can do theory!
Å Easy to study large models
Å Can derive interesting insights т CoT, 
љthinkњШĲƣĦЮШ

Cons --
Å Too subjective, less rigorous
Å  may lead to false claims

Theory
Computational / Statistical 
learning theories
ÅVC dimension 

ÅPAC Learnability Theorem 

ÅGeneralization error bounds

Ethology - Science of animal 
behavior
ÅTreat LLMs as monkeys

ÅObserve how they behave 
in different environments

Slide credit - https://www.youtube.com/watch?v=YSHzKmEianc&t=2765s

Pros  -- Rigorous, theorems

Cons:  
ÅToo hard to understand, even by 
ĲǂƓĲƖƣƚШв

ÅToo idealistic assumptions
ÅCan analyze only shallow networks
ÅTheory rarely connect with practice

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://www.youtube.com/watch?v=YSHzKmEianc&t=2765s
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Issues with Ethology

1. Studying a specific model т learnings may not 
generalize to other LLMs

2. Data leaks т no control over the training data
3. Black box testing т no revelation of inner 

mechanics
4. Success / Failure attribution т 

Is failure due to
1. Lack of knowledge or ability to extract knowledge ?
2. Lack of ability to reason over the knowledge ? 
Is success due to
1. Cheating т pre-train data directly contains the 

compound fact
2. Ability of the model to extract and logically infer

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Alternative to Ethology?
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Physics of Language Models
1. ?ĲĦŸůƓŸƚĲШљŔŰƣĲũũŔŊĲŰĦĲњШŔŰƣŸШ

multiple building blocks
(Structure / Knowledge / Reasoning )

2. Study in controlled, idealized 
environment
(control data, avoid data leaks)

3. Highly repeatable experiments
(user 100M-size models, derive 
universal laws)

4. Probing techniques to see the inner 
workings

Ethology - Science of 
animal behavior

Computational / 
Statistical 
learning theories
ÅVC dimension 

ÅPAC Learnability 
Theorem 

ÅGeneralization 
error bounds

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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ÅProject page

ÅYoutube Channel  https://www.youtube.com/@Zeyuan-AllenZhu

Å2024 ICML tutorial 

ÅDedicated Online Talks on each part

Slides credit ш (Almost) all slides are taken from the 
Youtube videos

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
-%20https:/physics.allen-zhu.com/home
-%20https:/physics.allen-zhu.com/home
https://www.youtube.com/@Zeyuan-AllenZhu
https://www.youtube.com/@Zeyuan-AllenZhu
https://www.youtube.com/@Zeyuan-AllenZhu
https://www.youtube.com/@Zeyuan-AllenZhu
https://www.youtube.com/@Zeyuan-AllenZhu
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Physics of Language Models:
Part 3, Knowledge

Zeyuan Allen-Zhu (Meta) Yuanzhi Li (MBZUAI)
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Physics of Language Models: Part 3.2 т Knowledge 
Manipulation
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Physics of Language Models: Part 3.2 т Knowledge 
Manipulation

Even proprietary models like GPT-4 
fails to respond to knowledge 

manipulation questions

With CoT, however, GPT-4 can answer 
them correctly
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Control Setup т Training Data
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Knowledge Partial and Dual Retrieval
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Knowledge Classification & Comparison
Used modular arithmetic with 
p = 2, 6, 12
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Knowledge Inverse Search
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Knowledge Inverse Search
Data augmentation used in 
reverse search
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How to Quantify Knowledge

N-exposure vs N-
passes

Each knowledge 
tuple can be present 
in multiple times in a 
single-pass of the 
dataset.
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Knowledge Capacity of LLMs

In a 1000-exposure setup

Attention layers can store 
knowledge
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Knowledge Capacity of LLMs т Quantized LLMs
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Knowledge Capacity of LLMs т MoE vs. Dense
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Knowledge Capacity of LLMs т Effect of Junk Data 
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Physics of Language Models:
Part 2, Reasoning
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Dataset for Checking Reasoning
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