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Learning Goals…



1. See beautiful math



2. See impactful math



3. Review concepts



What would it take for you to invent diffusion?
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Review



+

Artificial Neurons



Deep Learning

…

Layer x Layer h Layer 



Demonstration

https://web.archive.org/web/20211117115916/https://www.cs.ryerson.ca/~aharley/vis/conv/



Deep Learning Code
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Build model

Train model



Training our Classifier was fun!
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Types of Machine Learning Tasks
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Muli-Class

Classification
Regression

Reinforcement 

Learning
Generation
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End Review
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I am curious…



How Does This Work?



Classification is easy, but sampling is hard?

Goal: write an algorithm that can generate hand drawn 

number 8s

Challenge: can you come up with a 
(hacky, brute force) way to 
generate images if I give you a 
working classifier?



Random Walks
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The "brownian" parameter is a number in the range 

0..100 inclusive. When brownian is 20, that means there 

is a 20% chance that each sand will randomly try to 

move one square left or right each turn.



Random Walks -> Trillion Dollars
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Black-Sholes Equation is based off thinking of stocks as random walks



DNA Mutation Clocks
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Diffusion in Physics!
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Many cool problems related to 

random walks…



Today’s mystery: Can you infer 

where you came from?



Random Walks
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X0 = 30 0.01



Random Walks
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X0 = 30 0.01

Warmup: What is the distribution of 

X1 ?



Random Walks
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What is the probability distribution of X100?

You observe X101 = 10 

What is the probability density of X100?

X0 = 30 0.01



Random Walks
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You observe X1 = 0.3 

What is the probability density of X0?

X0 ~ Beta(2, 7) 0.01

x0

x1

P(X0 = x0 , X1 = x1 ) 



To the course reader! 
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This One Strange Fact
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x0

x1

P(X0 = x | X1 = 0.3) 

x

P(X0 = x0 , X1 = x1 ) P(X0 = x ) 

x



This One Strange Fact: Generalizes

30https://probabilitycoders.stanford.edu/fall25/diffusion



This One Strange Fact: Generalizes (if σ is small)

31https://probabilitycoders.stanford.edu/fall25/diffusion



Diffusion Critical Fact

32https://probabilitycoders.stanford.edu/fall25/diffusion

If

Then

This holds regardless of the prior distribution of Xt

This must be a small 
known value

This value is unknown. Must 
figure it out



TLDR: We just need a neural 

network that can predict the mean 

of the previous timestep (and we 

get a backwards process we can 

sample from)



I generated this 8s this morning!

34

How?



Take Your Images on a Walk!
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Goal: Learn how to remove noise!
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We Need a Neural Network that Denoises

37

Used KL divergence to 
show you just need to 

predict the squared 
error



Learning the mean is all we need!

38https://probabilitycoders.stanford.edu/fall25/diffusion

Now you have a 
distribution for the 

reverse process

This is the mean of the 
posterior gaussian



Inside the Neural Network
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Sample at time t+1

Sample at time t 

Neural Network

Means at time t 



We learn how to remove noise!
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Training a Neural Network
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Trained for 20 mins. Works fine!
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History at Stanford: Original Diffusion Paper
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Nov 2015
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History at Stanford: Original Diffusion Paper



How do you use text to guide the 

generation of images?



What are people doing in Diffusion today?
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Nov 2015

Can you use a 
classifier to guide 
generation of an 

image?  



Can you Generate Contrasting Cases?
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48

History at Stanford: Original Diffusion Paper

How do you protect intellectual 
property? This isn’t how humans 

are “inspired” by other artists!



Impact of AI is Really Wild!
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On Wed!



Second: Another practice problem



Which One Is Poisson?



Which one is Poisson? Justify with Math…

Same number of points…
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Which one is Poisson? Sampling Solution

True rate = 7 points per unit size

Theory Observed (for both)

Squares that are 1x1
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Which one is Poisson? Sampling Solution

Theory Observed (for right)

Bonus, calculate the KL divergence between these two distributions

True rate = 7 points per unit size

Squares that are .01 x .01
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Which one is Poisson? Nearest Neighbor Distance

Let R be the distance to the nearest neighbor of a point

Let X be the number of points in radius R. 

R

nearest 

neighbor

<
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Which one is Poisson? Nearest Neighbor Distance

Theory and picture on the left: Picture on the right:



On Wed!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Deep Learning Code
	Slide 12: Training our Classifier was fun!
	Slide 13: Types of Machine Learning Tasks
	Slide 14
	Slide 15
	Slide 16: How Does This Work?
	Slide 17: Classification is easy, but sampling is hard?
	Slide 18: Random Walks
	Slide 19: Random Walks -> Trillion Dollars
	Slide 20: DNA Mutation Clocks
	Slide 21: Diffusion in Physics!
	Slide 22
	Slide 23
	Slide 24: Random Walks
	Slide 25: Random Walks
	Slide 26: Random Walks
	Slide 27: Random Walks
	Slide 28: To the course reader! 
	Slide 29: This One Strange Fact
	Slide 30: This One Strange Fact: Generalizes
	Slide 31: This One Strange Fact: Generalizes (if σ is small)
	Slide 32: Diffusion Critical Fact
	Slide 33
	Slide 34: I generated this 8s this morning!
	Slide 35: Take Your Images on a Walk!
	Slide 36: Goal: Learn how to remove noise!
	Slide 37: We Need a Neural Network that Denoises
	Slide 38: Learning the mean is all we need!
	Slide 39: Inside the Neural Network
	Slide 40: We learn how to remove noise!
	Slide 41: Training a Neural Network
	Slide 42: Trained for 20 mins. Works fine!
	Slide 43: History at Stanford: Original Diffusion Paper
	Slide 44: History at Stanford: Original Diffusion Paper
	Slide 45
	Slide 46: What are people doing in Diffusion today?
	Slide 47: Can you Generate Contrasting Cases?
	Slide 48: History at Stanford: Original Diffusion Paper
	Slide 49: Impact of AI is Really Wild!
	Slide 51
	Slide 52
	Slide 53
	Slide 54: Which one is Poisson? Justify with Math…
	Slide 55: Which one is Poisson? Sampling Solution
	Slide 56: Which one is Poisson? Sampling Solution
	Slide 57: Which one is Poisson? Nearest Neighbor Distance
	Slide 58: Which one is Poisson? Nearest Neighbor Distance
	Slide 59

