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Recap: Forward Diffusion Process Lecture #15



Recap: Reverse Denoising Process Lecture #15



Recap: Training and Sampling Lecture #15



Applications Lecture #15

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

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

tion.

– 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!



Conditional Diffusion Models:
Include Condition as Input to Reverse Process Lecture #15



Classifier-Guided Conditional Diffusion Models:
Using the Gradient of a Trained Classifier as Guidance Lecture #15

• For class-conditional modeling of p(xt|c), train an extra classifier p(c|xt).

• Mix its gradient with the diffusion/score model during sampling.

Score Model Classifier Gradient



Classifier-Guided Conditional Diffusion Models:
Using the Gradient of a Trained Classifier as Guidance Lecture #15

Score Model Classifier Gradient

• Sample with a modified score: ∇xt
[log p(xt|c) + ω log p(c|xt)].

• Approximate samples from the distribution p̃(xt|c) ∝ p(xt|c)p(c|xt)ω.



Classifier-Free Conditional Diffusion Models:
Guidance by Bayes’ Rule on Conditional Diffusion Models Lecture #15



Classifier-Free Conditional Diffusion Models:
Trade-Off for Sample Quality and Sample Diversity Lecture #15



GLIDE, OpenAI
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CLIP Guidance: What is a CLIP Model?
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− log
exp(f(xi) · g(ci)/τ)∑
k
exp(f(xi) · g(ck)/τ)



CLIP Guidance: What is a CLIP Model?
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∇xt
[log p(xt|c) + ω log p(c|xt)]

= ∇xt

⎡
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⎝log p(c|xt)− log p(c)
︸ ︷︷ ︸

CLIP Model
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= ∇xt
[log p(xt|c) + ωf(xt) · g(c)]



GLIDE, OpenAI
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DALL·E 2, OpenAI Lecture #15



DALL·E 2 Model Components Lecture #15



DALL·E 2 Model Components:
Prior Model
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DALL·E 2 Model Components:
Decoder Model Lecture #15



DALL·E 2: Image Variations Lecture #15



DALL·E 2: Image Interpolation Lecture #15



DALL·E 2: Text Diffs Lecture #15

• Change the image CLIP embedding towards the difference of the text CLIP embeddings of two prompts.

• Decoder latent is kept constant.



Imagen: Google Research Lecture #15



Imagen: Google Research Lecture #15



Imagen: Google Research Lecture #15

“A cute hand-knitted koala wearing a sweater with
“CVPR” written on it.”



Imagen Key Components Lecture #15



Imagen Key Observations Lecture #15



Imagen Evaluations Lecture #15



Imagen Evaluations Lecture #15



Applications Lecture #15

• 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, seg-

mentation, adversarial robustness.

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

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



Super-Resolution via Repeated Refinement Lecture #15



Super-Resolution via Repeated Refinement Lecture #15



Image-to-Image Translation:
Palette: Image-to-Image Diffusion Models
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Image-to-Image Translation:
Palette: Image-to-Image Diffusion Models
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Semantic Segmentation: Label-Efficient Semantic 
Segmentation with Diffusion Models
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Semantic Segmentation: Label-Efficient Semantic 
Segmentation with Diffusion Models



Adversarial Robustness:
Diffusion Models for Adversarial Purification
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Adversarial Robustness:
Diffusion Models for Adversarial Purification
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Open Problems
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Based on:

• Kreis, Gao & Vahdat, Tutorial on Denoising Diffusion-based Generative Modeling: Foundations
and Applications, CVPR 2022.
https://cvpr2022-tutorial-diffusion-models.github.io/

Newer tutorial:

• Song, Meng & Vahdat, Denoising Diffusion Models: A Generative Learning Big Bang, CVPR
2023.
https://cvpr2023-tutorial-diffusion-models.github.io/
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