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Recap

• Diffusion models 



Diffusion models

• The essential idea is to destroy the structure systematically and 
slowly in data distribution through iterative forward diffusion 
process. 

• We then reverse diffusion process that restores structure in data, 
yielding a highly flexible and tractable generative model of data.



Denoising Diffusion Models

Denoising diffusion models consist of two processes:
- Forward diffusion process that gradually adds noise to input
- Reverse denoising process that learns to generate data by 

denoising 



Forward Diffusion Process
• The formal definition of the forward process in T steps: 



Reverse Diffusion Process
• Formal definition of forward and reverse processes in T steps:



Implementation Architectures
• Diffusion models often use U-Net architectures with ResNet 

blocks and self-attention layers



Intuition/Math Forward process

• Refer class notes



https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Intuition/Math Reverse process

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Intuition/Math Reverse process

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf
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Intuition/Math Reverse process

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf
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Intuition/Math Reverse process

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Generative Process

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Updated ELBO

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Updated ELBO

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Loss Formulation

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Diffusion models- Training and Inference

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Intuition/Math Reverse process

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf

https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Comparison of DDGM, VAE, and Flows



Books and lecture notes

Deep Generative Modeling    
        
     Generative AI & LLMs · Fall 
2026
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https://vlanc-lab.github.io/mu-nlp-course/deep_generative_modeling.pdf
https://vlanc-lab.github.io/mu-nlp-course/teachings/fall-2026/
https://vlanc-lab.github.io/mu-nlp-course/teachings/fall-2026/
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