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Denoising Diffusion Models
Lecture #14

HY-673

https://arxiv.org/abs/2105.05233 https://arxiv.org/abs/2106.15282 
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Image Super-resolution

Successful applications - SR3 Mode

https://arxiv.org/abs/2104.07636
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Text-to-Image Generation

https://arxiv.org/abs/2204.06125 https://arxiv.org/abs/2205.11487
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Denoising Diffusion Models

https://arxiv.org/abs/2011.13456 
https://arxiv.org/abs/2006.11239 
https://arxiv.org/abs/1503.03585 
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Forward Diffusion Process Lecture #13



Diffusion Kernel Lecture #13



What happens to a distribution in 
the forward diffusion?
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Generative Learning by Denoising Lecture #13



Reverse Denoising Process Lecture #13



Learning Denoising Model

L = Eq

[

DKL(q(xT|x0)||p(xT))
︸ ︷︷ ︸

LT

+
∑

t>1

DKL(q(xt−1|xt,x0)||pθ(xt−1|xt))
︸ ︷︷ ︸

Lt−1

− log pθ(x0|x1)
︸ ︷︷ ︸

Lθ

]

.

Sohl-Dickstein et al. ICML 2015: https://arxiv.org/abs/1503.03585
Ho et al. NeurlPs 2020: ttps://arxiv.org/abs/2006.11239 
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Parameterizing the Denoising Model

µθ(xt, t) =
1

√

1− βt

(

xt −
βt

√

1− ᾱt

ϵθ(xt, t)

)

https://arxiv.org/abs/2006.11239
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Training Objective Weighting

https://arxiv.org/abs/2204.00227
https://arxiv.org/abs/2006.11239  
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Summary

Algorithm 1 Training
1: repeat
2: x0 ∼ q(x0) = pdata(x0)
3: t ∼ Uniform(1, . . . ,T)
4: ϵ ∼ N (0, I)
5: Take gradient descent step on

∇θ||ϵ− ϵθ(
√
ᾱtx0 +

√
1− ᾱtϵ, t)||2

6: until converged

Lecture #13



Implementation Considerations

https://arxiv.org/abs/2105.05233 
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Diffusion Parameters

https://arxiv.org/abs/2107.00630
https://arxiv.org/abs/2102.09672 https://arxiv.org/abs/2201.06503 
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What happens to an image in the 
forward diffusion process?

F(xt) =
√
ᾱtF(x0) +

√

(1− ᾱt)F(ϵ)
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Content-Detail Tradeoff Lecture #13



Connection to VAEs

https://arxiv.org/abs/2007.03898 
https://arxiv.org/abs/1602.02282 
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Summary

https://arxiv.org/abs/2206.00364  
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