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Taxonomy of GMs Lecture #13
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Recap: Forward Diffusion Process Lecture #13



Recap: Reverse Denoising Process Lecture #13



Recap: Training and Sampling Lecture #13



Forward Diffusion Process Limit

https://arxiv.org/abs/2011.13456 
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Forward Diffusion Process as an SDE

https://arxiv.org/abs/2011.13456 
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Forward Diffusion Process as an SDE
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Denoising Score Matching

https://ieeexplore.ieee.org/document/6795935
https://arxiv.org/abs/1907.05600 
https://arxiv.org/abs/2011.13456  
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The Generative Learning Trilemma Lecture #13



How to Accelerate Diffusion Models Lecture #13



Advanced Forward Process Lecture #13



Variational Diffusion Models: Learnable Diffusion 
Process
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Variational Diffusion Models:  
New Parametrization of Training Objectives

Kingma et al., “Variational diffusion models”, NeurIPS 2021.
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Variational Diffusion Models:  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Variational Diffusion Models:  
SOTA Likelihood Estimation

Kingma et al., “Variational diffusion models”, NeurIPS 2021.
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Variational Diffusion Models:  
SOTA Likelihood Estimation

Kingma et al., “Variational diffusion models”, NeurIPS 2021.
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Advanced Reverse Process: Approximating transition 
probabilities with more complicated distributions Lecture #13



Advanced Reverse Process: Normal Assumption in 
Denoising Distribution Holds Only for Small Step
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Denoising Diffusion GANs: 
Approximating Reverse Process by Conditional GANs
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Advanced Modeling: Latent Space Modeling
Lecture 
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Latent-Space Diffusion Models: 
Variational Autoencoder + Score-Based Prior Lecture 

#15
HY-673

Lecture #13



Latent-Space Diffusion Models: 
Variational Autoencoder + Score-Based Prior
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Latent-Space Diffusion Models: 
Variational Autoencoder + Score-Based Prior
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Applications Lecture #13

• There are many successful applications of diffusion models (in constantly grow-
ing numbers):

– Image generation, text-to-image generation, controllable generation.

– Image editing, image-to-image translation, super-resolution, segmentation,
adversarial robustness.

– Discrete models, 3D generation, medical imaging, video synthesis.

• Key enabler by diffusion models: Perform high-resolution conditional genera-
tion!



High Resolution Conditional Generation:  
Impressive Text-to-Image Conditional Diffusion Models 
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High Resolution Conditional Generation:  
Impressive Super-Resolution & Colorization Diffusion Models
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High Resolution Conditional Generation:  
Impressive Panorama Generation Diffusion Models Lecture #13



Conditional Diffusion Models: 
Include Condition as Input to Reverse Process Lecture #13



Classifier-Guided Conditional Diffusion Models: 
Using the Gradient of a Trained Classifier as Guidance

Score Model Classifier Gradient
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Classifier-Free Conditional Diffusion Models: 
Guidance by Bayes’ Rule on Conditional Diffusion Models Lecture #13



Classifier-Free Conditional Diffusion Models: 
Trade-Off for Sample Quality and Sample Diversity
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