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Deep Learning

Diffusion Models

• Diffusion models take their inspiration from the principles of non-
equilibrium thermodynamics

• Diffusion models use a Markov chain to gradually introduce noise into 
data, then learn to reverse this process to recreate the desired data 
from the noise.
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Variational Autoencoder

Image: Eugenia Anello
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Diffusion Models

Image: Arash Vahdat
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Diffusion Models
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Diffusion Models vs VAE
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Diffusion Models vs VAE
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Diffusion Models vs VAE
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Denoising Diffusion Probabilistic Models (DDPMs)
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The Forwards Encoder Process in DDPMs
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Joint Distribution over Latent States in DDPMs
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Joint Distribution over Latent States in DDPMs
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A Tractable Reverse Target

The network uses the noisy state and timestep. The clean observation supplies the target.
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The Training Goal: Matching the Means
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Computing the Target Mean: Gaussian Product
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Computing the Target Mean: Completing the Square
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The Target Mean: Final Form
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Learning the Mean by Predicting Noise
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The Simplified Training Objective
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Generating the Network Input Directly
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Training a DDPM
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Sampling from a DDPM
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The Generative Model and Its Likelihood
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Deep Learning

DDPM vs VAE

• In VAE
• Observed variable 𝑥

• Hidden Variable 𝑧
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Deep Learning

DDPM vs VAE

• In VAE
• Observed variable 𝑥
• Hidden Variable 𝑧

• In DDPM 
• Observed variable 𝑥0
• Hidden variable 𝑥1, 𝑥2, … 𝑥𝑇
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Objective Functions in VAEs vs. DDPMs
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Objective Functions in VAEs vs. DDPMs
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Variational Lower Bounds in VAEs vs. DDPMs
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Variational Lower Bounds in VAEs vs. DDPMs
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Variational Lower Bound 
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Variational Lower Bound 
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Variational Lower Bound 
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Variational Lower Bound 
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Variational Lower Bound 
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Variational Lower Bound 
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Deep Learning

Interpreting the Expanded ELBO
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Rewriting the Forward Transition
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The Forward Markov Property
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Bayes' Rule with the Clean Observation
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Deep Learning

Substituting into the ELBO
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Deep Learning

The Telescoping Sum
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Deep Learning

The Negative ELBO
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Deep Learning

The Three Terms in the Negative ELBO
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The Final Step Is Also Mean Matching
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Reconstruction Becomes Noise Prediction

Deep Learning Ali Ghodsi 927


	Slide 875: Lecture 15
	Slide 876: Diffusion Models
	Slide 877
	Slide 878: Variational Autoencoder
	Slide 879: Diffusion Models
	Slide 880: Diffusion Models
	Slide 881: Diffusion Models vs VAE
	Slide 882: Diffusion Models vs VAE
	Slide 883: Diffusion Models vs VAE
	Slide 884: Denoising Diffusion Probabilistic Models (DDPMs)
	Slide 885: The Forwards Encoder Process in DDPMs
	Slide 886: Joint Distribution over Latent States in DDPMs
	Slide 887: Joint Distribution over Latent States in DDPMs
	Slide 888
	Slide 889
	Slide 890
	Slide 891
	Slide 892
	Slide 893
	Slide 894
	Slide 895
	Slide 896
	Slide 897
	Slide 898
	Slide 899
	Slide 900: DDPM vs VAE
	Slide 901: DDPM vs VAE
	Slide 902: Objective Functions in VAEs vs. DDPMs
	Slide 903: Objective Functions in VAEs vs. DDPMs
	Slide 904
	Slide 905
	Slide 906: Variational Lower Bound 
	Slide 907: Variational Lower Bound 
	Slide 908: Variational Lower Bound 
	Slide 909: Variational Lower Bound 
	Slide 910: Variational Lower Bound 
	Slide 911: Variational Lower Bound 
	Slide 912
	Slide 913
	Slide 914
	Slide 915
	Slide 916
	Slide 917
	Slide 918
	Slide 919
	Slide 920
	Slide 921
	Slide 922
	Slide 923
	Slide 924
	Slide 925
	Slide 926
	Slide 927

