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Mathematics 
of Diffusion

CVPR 2025

https://lilianweng.github.io/posts/2021-07-11-diffusion-models/

Forward

Backward
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Conditional probabilities are 

Ornstein Uhlenbeck process

From Wikipedia – Wiener process
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Andrej Markov: Image from Wikimedia commons

Markov Property: 
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. . .

. . .

Inversion of a Markov Chain

Joint probability of a Markov chain can be written as
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Write probabilities in two ways

So

More exactly
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Form of the inverse conditional probabilities – approximation 
when 

Mean learnt by training

Variance approximately same as 
forward variance.

How do we find the backward conditional mean?
(learning)

15

16



11/06/2025

9

17

18



11/06/2025

10

Algorithm
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The solution
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Computing the way back.  

Ito process

Continuous Stochastic Processes
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How does a probability 
distribution evolve with time?
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Drift but no diffusion

Oil floating on a slowly moving 
stream.  How does the density of 
oil at a given point in the stream 
change?
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Wiener Process: no drift
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Focker-Planck Equations

Describe the evolution of the probability p(x, t) of a point 
at time t, undergoing a diffusion process.

Pure diffusion
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Runge-Kutta method
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Failure cases – always 
something that will go 

wrong.
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