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Preview
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Xander Steenbrugge created the amazing Voyage through Time video 
below using stable diffusion with the input prompts shown in the figure.

https://twitter.com/xsteenbrugge


Recap
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From https://lilianweng.github.io/



Diffusion Model
§ Stochastic autoencoder (encoder introduces noise and decoder 

denoises the data)
§ Generates better data than variational autoencoders
§ Easier to train than generative adversarial networks and does not suffer from 

mode collapse
§ Special type of stochastic flow that is not restricted to invertible 

transformations
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Forward Diffusion Process
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From Steins (medium.com)



Stochastic Transformation

§ Recall the reparameterization trick:
§ When 𝑥 ∼ 𝑃 𝑥 = 𝑁(𝑥|𝜇, 𝜎!)

then 𝑥 = 𝜎𝜖 + 𝜇 where 𝜖 ∼ 𝑁(𝜖|0,1)

§ Since 𝑞 𝒙! 𝒙!"# = 𝑁 𝒙! 1 − 𝛽!𝒙!"#, 𝛽!𝑰
Then 𝒙! = 1 − 𝛽!𝒙!"# + 𝛽!𝝐 where 𝝐 ∼ 𝑁(𝝐|𝟎, 𝑰)
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Stochastic Transformation
§ We can speed up the noise process by computing 𝑥! in one step:

𝒙! = 2𝛼!𝒙$ + 1 − 2𝛼!𝝐

where 𝝐 ∼ 𝑁 𝝐 𝟎, 𝟏
2𝛼! = ∏%&#

! 𝛼% and 𝛼% = 1 − 𝛽%
See https://medium.com/@steinsfu/diffusion-model-clearly-explained-cd331bd41166 for derivation

§ In the limit, 𝒙' is a random vector from an isotropic Gaussian 

lim!→' 𝒙! = 2𝛼'𝒙$ + 1 − 2𝛼'𝝐 = 𝝐 since 2𝛼' → 0
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https://medium.com/@steinsfu/diffusion-model-clearly-explained-cd331bd41166


Reverse Denoising Process

§ Forward factorization: 𝑞 𝒙", 𝒙#, … , 𝒙$ = 𝑞 𝒙" ∏%&#
$ 𝑞(𝒙%|𝒙%'#)

§ Reverse factorization: 𝑞 𝒙", 𝒙#, … , 𝒙$ = ∏%&#
$ 𝑞(𝒙%'#|𝒙%) 𝑞 𝒙$

§ Since joint distribution is Gaussian then 𝑞(𝒙!"#|𝒙!) is also Gaussian

§ 𝑞 𝒙!"# 𝒙𝒕 = 𝑁(𝒙!"#| 0𝜇!(𝒙!, 𝑡), 𝜎!𝑰)
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𝑞(𝑥!"#|𝑥!)
. . . . . .

From Steins (medium.com)



Reverse Conditional Gaussian
§ The reverse conditional 𝑞 𝒙%'# 𝒙% = 𝑁(𝒙%'#| 4𝜇%(𝒙𝒕, 𝑡), 𝜎%𝑰) does not have a closed 

form, but Ho, Jain and Abbeel (2020) derived the following approximation for 4𝜇%:

4𝜇% 𝒙%, 𝑡 ≈
1
𝛼%

𝒙% −
1 − 𝛼%
1 − :𝛼%

𝝐%

where 𝝐% = 𝑁(𝝐|𝟎, 𝑰) is the noise introduced at step 𝑡

§ We do not know 𝝐%, but we can train a neural network 𝜖.(𝒙%, 𝑡) to approximate it:

Minimize 𝐿(𝜃) = 𝝐% − 𝜖. 𝒙%, 𝑡 !
!
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Training Algorithm
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Repeat
§ 𝒙" ∼ 𝑞 𝒙𝟎
§ 𝑡 ∼ 𝑢𝑛𝑖𝑓𝑜𝑟𝑚 1,… , 𝑇
§ 𝝐 ∼ 𝑁 𝟎, 𝑰
§ 𝒙% = :𝛼%𝒙" + 1 − :𝛼%𝝐

§ 𝜽 ← 𝜽 + 𝜂∇𝜽 𝜖 − 𝜖. 𝒙%, 𝑡 !
!

Until convergence



Training Algorithm
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From Steins (medium.com)



UNet
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Special type of 
fully convolutional 
neural network

From Cai, Wu and Chen 2022



Data Generation Algorithm
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§ 𝒙6 ∼ 𝑁(𝒙|𝟎, 𝑰)
§ For 𝑡 = 𝑇,… , 1 do

§ 𝝐 ∼ 𝑁(𝝐|𝟎, 𝑰) if 𝑡 > 1, else 𝝐 = 𝟎

§ 𝒙%'# =
#
1!

𝒙% −
#'1!
#'21!

𝜖. 𝒙𝒕, 𝑡 + 𝜎%𝝐

§ Return 𝒙$



Data Generation Algorithm
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. . .
From Steins (medium.com)

𝜎!



Results
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Ho, Jain and Abbeel (2020)



Latent Diffusion Model (a.k.a. Stable Diffusion)
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§ Rombach, Blattman et al., 2022
§ Speed up: performing	the diffusion	in	a	low	dimensional	latent	space
§ Conditional generation: condition denoising on text, images, etc.

From Steins (medium.com)



Full Architecture
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From Steins (medium.com)



Results
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§ Rombach, Blattman et al., 2022


