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The challenge for talks about Artificial Intelligence

This is all hype, 
nothing will 

come of it, why 
would I care?

Are we all 
gonna die?

I can't fathom how 
dramatically 

GPT-6 will change 
the world.

I haven't been 
keeping abreast 
of this weird new 

field, what's 
going on?

I'm using ML for my physics 
research. What should I set 
the 𝛽2 hyperparameter in my 

AdamW optimizer to for 
optimal stability?

ChatGPT is really 
cool and people who 
work on it are cool, 

tell us your story
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2012 2014 2018 20202016 2022
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Google Search

AI Research at OpenAI
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world-changing
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You are not alone
Learning Rate of OpenAI Five over one weekend 

 OpenAI Five (OpenAI, 2019; https://arxiv.org/abs/1912.06680)
Quotes are made up because we didn't record the originals. But I was there, it was *basically* like this.

Perhaps LR is too 
high for it to learn 

fine-grained 
features...

Hmm, that didn't help, 
let's put it back

Wait I know! 
Let's lower it 

*slowly*!

Oops I made a bug, 
now it's literally zero.

Let's just go back to 
before we started 
screwing with it.

No, no, guys, we have 
to try lowering it *even 

more slowly*

Hmm, in one of the thousand 
random self-play games in the last 

minute, I saw it make a dumb 
mistake. Clearly this LR is too low!

Oh it just made the 
same mistake again, I 

guess it was fine. Undo!

Hey I just checked the 
code, somehow it's 

zero again.

One more try at 
lowering it slowly?

Stop making 
it zero!

https://arxiv.org/abs/1912.06680
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Three True, Trivial Statements

1. The future could be way better, or way worse, than the present.
2. We have control over the future.
3. So let's make it good.
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Outline

1. The six different talks
2. Pace of progress in compute
3. GPT-4
4. GPT-4 Demos
5. From Alchemy to Science

Bonus slides

● Speculation on the future
● Spherical Cow of how Machine Learning works
● The alignment problem
● The OpenAI Five (Dota 2) project



Part 2: The Pace of Progress in Compute



AI: What have we been doing recently?

Building enormous machines

That cost billions of dollars

To explore the unknown

... as we have for centuries



Timeline of major high energy colliders

1970 1980 2000 20101990 2020
Data from wikipedia, plotted by hand
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Timeline of major high energy colliders + AI models

1970 1980 2000 20101990 2020
https://arxiv.org/pdf/2202.05924.pdf, 

https://medium.com/aiguys/chinchilla-training-compute-optimal-large-language-models-a922a0d9eebb, 

10 GeV

100 GeV

1 TeV

10 TeV

PEP

LEP
SPS

Tevatron

LHC

RHIC

AlexNet

Training 
flops

1020

1019

1018

1021

1022

Xception

ResNet

OpenAI5

AlphaGo

https://arxiv.org/pdf/2202.05924.pdf
https://medium.com/aiguys/chinchilla-training-compute-optimal-large-language-models-a922a0d9eebb


Engineering and Exploration

Key Question: 

● Is the engineering working?
● It's easy to build useless tools
● Are they producing real progress



Intelligence ~ Compute ???

Building a big collider is not easy...

But it's also not sufficient.

Need to verify we get scientific results 
from experiments.

Training a model on 1023 flops is not easy...

But it's also not sufficient.

Need to verify we get more intelligent models.

Rest of this talk = Two ways to convince ourselves:

● Part 4: GPT-4 Demos
● Part 5: Scaling Laws



Part 3: GPT-4



Generative Pretrained Transformer (GPT)

GPT-4: https://arxiv.org/abs/2303.08774



GPT-4's goal: Model the full distribution of human text

Autoregressive language model: 
f: text so far → probability distribution of next word



Deep Learning (Spherical Cow View)

Previous text T

GPT-4

giant blob of parameters 𝜃

f(𝜃; T)

Prob dist of next word, p(w)

Gradient Descent

1. Initialize randomly
2. Sample some data from the internet
3. Measure L = distance btwn GPT-4 output 

distribution and data distribution
4. Calculate gradient g=dL/d𝜃
5. Update 𝜃 proportional to g 
6. Repeat



But where is the magic?
(Answer #1)

≠



Full model of the distribution of human language: so what?

Ads for tractors

Bad fanfiction

Good fanfiction
Crackpot 
physics 
blogs

Spambots

Arxiv
Public 
textbooks

The Complete works 
of Shakespeare

Average

Model the Average = Bad

Model the Distribution = ???



Full model of the distribution of human language: so what?

Prove or disprove the 
following lemma:

...
Git commit #467
Comment: Finally found that horrible bug 
in the routing logic!

====Codebase before====

[code]

==== Diff ====

...

As good as the best human expert at every knowledge task.

● Research assistant
● Software engineer
● Data scientist

This data.csv file is really messy and has 
lots of invalid entries. Here's the script 
I wrote to fix it.

...

Also, I found a really cool correlation! 
As you can see,
...



Full model of the distribution of human language: so what?

A novel sonnet of Shakespeare, 
discovered in 2024, is likely authentic, 
experts say. Without further ado:

*Sonnet 155*
...

How I came upon the proof 
of the Riemann Hypothesis

By Terry Tao, 2024

Part 1
...

As good as the best human expert at every knowledge task.



GPT-4

GPT-4: not yet a full model of 
the distribution of human text.

But it is incredibly smart

SAT English 710/800

SAT Math 700/800

GRE Verbal 169/170

GRE Math 163/170

AP Physics 2 4/5

AP Calculus BC 4/5

AP Biology 5/5
https://openai.com/research/gpt-4 

Source has many additional test results^

https://openai.com/research/gpt-4


Part 4: GPT-4 demos





General Physics 203 (prob 1)
Answer Key: -1.09e3 J



General Physics 203 (prob 1) ✅
Answer Key: -1.09e3 J



General Physics 203 (prob 5) ✅
Answer Key: 2.89e4 J



General Physics 203 (prob 4) ✅
Answer Key: 0.333



General Physics 203 Homework 5
1 ✅

2 ✅

3 ✅

4 ✅

5 ✅

6 ✅

7 ✅

8 ✅

9 ✅

10 ❌
(N=1)



General Physics 203 (prob 10) ❌
Answer Key: 919 J



Honors Physics 1 (prob 1)
Answer Key: 8L/3



Honors Physics 1 (prob 1)
Answer Key: 8L/3

❌



Honors Physics 1 (prob 2)
Answer Key: R/3



Honors Physics 1 (prob 2) ✅
Answer Key: R/3



Honors Physics 1 (prob 3)
Answer Key:



Honors Physics 1 (prob 3) ❌
??

Answer Key:



Physics 385 (prob 1)
[No Answer Key]



Physics 385 (prob 1)
[No Answer Key]

[...]

❌



Rutgers Physics Problem Sets Eval

1 ✅

2 ✅

3 ✅

4 ✅

5 ✅

6 ✅

7 ✅

8 ✅

9 ✅

10 ❌ [N=1]

Physics 203 Honors Physics I
1 ❌

2 ✅

3 ??

4 ❌

Phys 385
1 ❌

2 N/A*

3 ✅**

GPT4 ~ mediocre student

*Refers to a previous homework problem.
**No answer key, but looked right to me.

(3/5)

(1/5)(0/5)

(0/5)



What about something harder?





Reminder: 2019 (GPT-2)

openai.com/research/better-language-models



Reminder: 2012 

AlexNet achieves 84.7% accuracy on image classification



1023

1024

GPT-3
Chinchilla

PaLM

AlphaZero

GPT-2

Timeline of major AI models

2012 2014 2018 20202016 2022

AlexNet

Training 
flops

1020

1019

1018

1021

Xception

ResNet

OpenAI5

AlphaGo

GPT-4
(2023)

"It missed the factor 
of cos(𝜃)."

"Can't even do RG 
calculations without 
Mathematica!"



GPT-4 Capabilities Summary

True, But Not The Key Point
GPT-4 is pretty cool, does well on high school exams

The Key Point
d(intelligence)/d(years) is insane and is not slowing down.
Don't ask about how today's models will change the world in ten years.
Ask how how models ten years more powerful will change the world.

How will GPT-6 
do on AP exams?

What tests will we 
be giving GPT-6?



Part 5: From Alchemy To Science



Scaling Laws (2019)

Measure flops

Measure performance

See if there's a pattern

https://arxiv.org/pdf/2001.08361.pdf

Intelligence ~ Compute?



Scaling Laws

https://arxiv.org/pdf/2001.08361.pdf



Scaling Laws: Why is this hard?

Models

Controls
compute

loss
True underlying law
If you miss the wrong dial



Chinchilla (2023)

Compute used     =     model size    x    dataset size

https://arxiv.org/pdf/2203.15556.pdf

Original Scaling Laws had an important dial set wrong

Original X X 1

Chinchilla X √X √X



GPT-4

GPT-4: not yet a full model of the distribution of human text

It was fundamentally a science experiment targeting a single question:

Can we get the model of 
flops -> intelligence to 
extrapolate well to this 
enormous flops level?



Predictable Scaling of GPT-4

https://openai.com/research/gpt-4



Conclusion: should you believe the hype?

1. The hype about GPT-4 itself, the current model?
It's a middling physics student. Impressive? 🤷

2. Scaling up compute has produced predictable results 
so far (with a lot of work); it may well continue.

3. This is our generation's collider program.
It's hard to fathom what is coming next.

???? ?
???



Bonus Slides



Bonus Slides Section: 
What's coming



The Recipe So Far

$$$ Invested Build a 
supercomputer Train a model

Intelligence =
flops

$

$

model

capability

flops

Hardware

x x

Investment Scaling
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GPT-3
Chinchilla

PaLM

AlphaZero

GPT-2

SPEAR

ISR

1970 1980 2000 20101990 2020

10 GeV

100 GeV

1 TeV

10 TeV

PEP

LEP
SPS

Tevatron

LHC

RHIC

AlexNet

Training 
flops

1020

1019

1018

1021

1022

Xception

ResNet

OpenAI5

AlphaGo

flops/model

Reasons it could stop

1. Moore's Law ends
2. Investment ends

Both reasons plausible 
but far from guaranteed



The Recipe So Far

$$$ Invested Build a 
supercomputer Train a model

Intelligence =
flops

$

$

model

capability

flops

Hardware

x x

Investment Scaling



Do we keep getting more intelligence by pouring in more flops?

?
?

?

? ?

?
?

?



Bonus Slides Section: 
Other / mishmash



But where is the magic?
(Answer #2) N → ∞

Emergent theories at large 
N are nothing new.

Intelligence is no exception.

p = mv

Previous text T

f(𝜃; T)

Prob dist of next word, p(w)

????



ChatGPT is 
going to change 

the world!

Let's not get ahead of ourselves...





Bonus Slides Section: 
Important Plots



Moore's Law

Source

https://ourworldindata.org/moores-law


Another reference for flops vs time

Source

1 Latest GPU * 1 day

https://forum.effectivealtruism.org/posts/BHPxe8YuuJ4SZWAF3/what-is-compute-transformative-ai-and-compute-1-4


The future is going to be weird

https://www.openphilanthropy.org/research/modeling-the-human-trajectory



Bonus Slides Section: 
Machine Learning For Physicists 101



Gradient Descent

L(𝜃)

Goal = find 
local min

𝜃
0

𝜃
1

𝚫𝜃 = dL/d𝜃



Requirements:

1. Want a function f: X→Y
2. Have some functional to assess quality L[f]

Functional Gradient Descent

Functional Gradient Descent:

1. Start with f0
2. Measure 𝛅L/𝛅f
3. Update: f1 = f0 - 𝛼(𝛅L/𝛅f)
4. Repeat. A lot.



Key Insight: EVERYTHING is functional gradient descent

Requirements:

1. Want a function f: X→Y
2. Have some functional to assess quality L[f]

CAT

The orcs’ response 
was a deafening 
onslaught of claws, 
claws, and claws; ...



Requirements:

1. Want a function f: X→Y
2. Have some functional to assess quality L[f]

Functional Gradient Descent

Functional Gradient Descent:

1. Start with f0
2. Measure 𝛅L/𝛅f
3. Update: f1 = f0 - 𝛼(𝛅L/𝛅f)
4. Repeat. A lot.



Language Modeling

Requirements for Machine Learning:

1. Want a function f: X→Y
2. Have some functional to assess quality L[f]

X

Autoregressive language model: 
f: text so far → probability distribution of next word

Quality: Distance between model distribution and true 
distribution. (KL Divergence.)



Estimating KL Divergence

Estimate KL by:

1. Sample from true distribution
2. Measure log(model dist)
3. Average over samples

True Distribution
Model Distribution

All we need = huge number of 
independent samples from the 
distribution of all human text

Luckily, humans have been 
compiling exactly this 1983

The Internet



Language Modeling
Requirements for Machine Learning:

1. Want a function f: X→Y
2. Have some functional to assess quality L[f]

Quality: Distance between model distribution and true 
distribution. (KL Divergence.)

Unbiased estimator of L: 

1. Sample docs from internet
2. Calculate log(q) for each word
3. Average

Autoregressive language model: 
f: text so far → probability distribution of next word



Bonus Slides Section: 
The Alignment Problem



The Alignment Problem: Two Critical Tasks

We must solve both!

New Technology Dangers
● Job loss / displacement
● Misinformation
● Cybersecurity
● Exacerbating inequality
● Misuse / abuse
● ...

AI-specific Existential Dangers
● Everyone dies
● Humans lose control of the 

future



Remember the LHC black holes?

We have never lived in a setting 
where human preferences, 

collectively, are not the strongest 
optimization force in the world.

Only failed analogy in the talk.

Literal existential danger from 
AI is a serious concern.



Timescales

Each timescale has its own 
appropriate description.

Slower timescales:

● approximately frozen

Faster timescales:

● [in equilibrium] averaged
● [out of equilibrium] ???



What if faster timescales are out of equilibrium?

TODO: Picture of bird in tree being cut down False Vacuum Decay



What does it mean to be out of equilibrium?

Out-of-equilibrium system: system that tends towards microstates 
with certain properties over microstates with opposite properties

Optimization force



Powerful Optimizers in Our World

System Timescale "Goal"

Thermodynamics 1010 years Entropy

Evolution 107 years Fitness

Humanity 101 years Flourishing (?)



I see that I have to increase entropy?

Evolution

Thermodynamics

Yes. No matter what.

Ok but what's this term about 𝛥E?

Evolution

Thermodynamics

Open systems can't last forever. 
The universe is a closed system.

I found a planet with a giant beam of 
light shining on it for billions of years.

Evolution

Thermodynamics

Sure, I guess ...

High fitness
Low entropy



Humanity is the best rules lawyer in the universe

Humanity's recipe for success:

1. Decide what we want.
2. Prove it's impossible.
3. Deeply understand the proof
4. Use a loophole in the proof 

to achieve our goal anyway 



I see on page 2 of The Rules that I 
have to increase entropy?

Humanity

Thermodynamics
Yes. No matter what.

Also, by the way, I notice on page 497 
that it says Mr Evolution left a bunch of 

lumps of black goop deep underground.

Humanity

Thermodynamics
True. It would be 
hard to get them.

But in principle, we could?

Humanity

Thermodynamics
Yes. And then what?

We're allowed to set the black goop on 
fire, right?

Humanity

Thermodynamics
Uh, I guess so...

High flourishing
Low entropy



The Rules say that large chunks of 
metal fall down, right?

Humanity

Gravity
Yes....

Also, by the way, I notice on page 233 
this stuff about air pressure.

Humanity

Gravity
Yes....

So imagine if, just hypothetically, I had a 
large piece of metal that happened to be 

slanted just right and travelling super fast?

Humanity

Gravity
Uh, I guess so...



People die a lot of infected wounds

Humanity

Evolution

Yeah, well, bacteria have you beat pretty 
well there on genetic fitness. Also I don't 
really care because wounded people are 
less likely to raise healthy children

Separate question: we're allowed to eat 
mold, right?

Humanity

Evolution
Yes. Almost all mold 
is pretty bad for you.

Almost all, hmm. It says here on page 5007 
of the setting description that if I go to this 

one old brick building in scotland, a rare 
kind of mold grows there named "penicillin".

Humanity

Evolution
Uh, I guess so...

https://phe.rockefeller.edu/publication/death-human-environment-united-states-20th-century/



Powerful Optimizers in Our World

System Timescale "Goal"

Thermodynamics 1010 years Entropy

Evolution 107 years Fitness

Humanity 101 years Flourishing (?)

More 
inevitable

Better 
rules-lawyer

AGI 10-1 years ???

What happens if we are no longer the shortest-timescale 
out-of-equilibrium force in our world?



Bonus Slides Section: 
The Dota 2 Project



AlphaZero (Deepmind, 2017)

The plan (2018 edition)

1. Teach agents to act/plan/learn 
in small environments
a. Board games

2. Move to bigger environments
a. Video games
b. Small robotic environments

3. Move to the real world

You Are 
Here



Video Games

Halfway between board games and real world.

● Partial information about environment
● Continuous observation and action spaces
● Long time-horizon planning

Why Dota 2?

● Large player base
● High-stakes e-sports
● Runs on Linux



Reinforcement Learning

https://towardsdatascience.com/reinforcement-learning-101-e24b50e1d292



Large Scale Distributed Reinforcement Learning



Alchemy and guesswork

 OpenAI Five (OpenAI, 2019; https://arxiv.org/abs/1912.06680)


