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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
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Issues with Ethology

Ethology - Science of animal 
behavior
ÅTreat LLMs as monkeys

ÅObserve how they behave 
in different environments
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1. Studying a specific model т learnings may not 
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2. Data leaks т no control over the training data
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Question: Was Sachin Tendulkar born in an even year?

Incorrectly Correctly

C: ÑőĲШůŸĬĲũШĦċŰќƣШ
extract the birth 
year of Sachin

D: ~ŸĬĲũШĬŸĲƚŰќƣШ
ťŰŸƽШƽőċƣШљĲƻĲŰњШ
means

E: Model can 
extract birth year, 
knows what is 
ĲƻĲŰЯШƚƣŔũũШĦċŰќƣШ
answer

A: Model infers 
ŉƖŸůШљ1973 is 
oddњШċŰĬШљSachin 
was born in 
1973њ

B: Pretraining data 
directly  contains the 
information that 
љÉċĦőŔŰШƽċƚШĤŸƖŰШŔŰШ
ĲƻĲŰШǃĲċƖњ

9ΝаШůŸĬĲũШĬŔĬŰќƣШ
ƚĲĲШÉċĦőŔŰќƚШ
biography during 
training

9ΞаШШůŸĬĲũШĬŔĬŰќƣШ
finetune enough 
to extract 
birthdays

C3: model can 
extract b'days of 
Sehwag but not 
Sachin

Part 3.1: Knowledge Storage and Extraction
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Issues with Ethology

Ethology - Science of animal 
behavior
ÅTreat LLMs as monkeys

ÅObserve how they behave 
in different environments

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
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Physics of Language Models
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/


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Physics of Language Models
1. ?ĲĦŸůƓŸƚĲШљŔŰƣĲũũŔŊĲŰĦĲњШŔŰƣŸШ

multiple building blocks
(Structure / Knowledge / Reasoning )

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/


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Question: Was Sachin Tendulkar born in an even year?

Incorrectly Correctly

C: ÑőĲШůŸĬĲũШĦċŰќƣШ
extract the birth 
year of Sachin

D: ~ŸĬĲũШĬŸĲƚŰќƣШ
ťŰŸƽШƽőċƣШљevenњШ
means

E: Model can 
extract birth year, 
knows what is 
ĲƻĲŰЯШƚƣŔũũШĦċŰќƣШ
answer

A: Model infers 
ŉƖŸůШљ1973 is 
oddњШċŰĬШљSachin 
was born in 
1973њ

B: Pretraining data 
directly  contains the 
information that 
љÉċĦőŔŰШƽċƚШĤŸƖŰШŔŰШ
ĲƻĲŰШǃĲċƖњ

9ΝаШůŸĬĲũШĬŔĬŰќƣШ
ƚĲĲШÉċĦőŔŰќƚШ
biography during 
training

9ΞаШШůŸĬĲũШĬŔĬŰќƣШ
finetune enough 
to extract 
birthdays

C3: model can 
extract b'days of 
Sehwag but not 
Sachin

Part 3.1: Knowledge Storage and Extraction

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/


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

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/


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Analogy with History of Science

Ethology - Science of 
animal behavior

Geocentrism
 (BC 400-200)

Computational / 
Statistical 
learning theories

 ĲƽƣŸŰќƚШxċƽƚ
(1687)

uĲƓũĲƖќƚШũċƽƚ
(1609-1619)

ÑǃĦőŸШ7ƖċőĲќƚШ
observatory data

(1577-1597)

Physics of Language Models
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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

Based on these founding 
principles, Allen-Zhu et al. divide 
their study into 3 parts т 

ÅPart 3 т Knowledge

ÅPart 2 т Reasoning

ÅPart 1 т Language structure
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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
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Physics of Language Models:
Part 3, Knowledge

Zeyuan Allen-Zhu (Meta) Yuanzhi Li (MBZUAI)
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How do language models memorize knowledge during training, and extract it later 
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After pretraining a language model on the biography dataset, can the model be 
ŉŔŰĲƣƨŰĲĬЮƣŸЮċŰƚƽĲƖЮƕƨĲƚƣŔŸŰƚЮũŔťĲЮџìőĲƖĲЮŔƚЮƣőĲЮĤŔƖƣőЮĦŔƣǃЮŸŉЮѕŰċůĲЮіѠеЮċŰĬЮŔŉЮƚŸеЮ

how does the model achieve so?

BioS

BioR
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-  GPT2 т 100/300 Mn params
-  QAr  = 0.8
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