
Trustworthy AI Systems

-- Generative Modeling (Part II)

Instructor: Guangjing Wang
guangjingwang@usf.edu
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Last Lecture
• Generative Adversarial Network

• Deep Convolutional GAN
• Conditional GAN
• CycleGAN

• Neural Style Transfer
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This Lecture

• Variational Autoencoders

• Diffusion Models
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Autoencoder
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Application of Autoencoder
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The Limitation of Autoencoder
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Variational Autoencoders 
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Variational Autoencoders 
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Variational Autoencoders: Intractability 
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Variational Autoencoders
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Math trick: Taking expectation wrt. z (using encoder network)

We want to maximize 
the data likelihood

KL measures how one probability 
distribution P is different from a second, Q.

https://en.wikipedia.org/wiki/Probability_distribution
https://en.wikipedia.org/wiki/Probability_distribution


Variational Autoencoders

9/10/25 CAI 6605 Trustworthy AI Systems 11



Reparameterization in VAE
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• Generate NEW: Sampling is required to model 
the probabilistic nature of latent space.

• This sampling operation introduce 
stochasticity and therefore cannot be 
differentiated.

• Backpropagation relies on computing 
gradients of deterministic (i.e., non-random) 
operations.



Variational Autoencoders
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Variational Autoencoders
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Variational Autoencoders: Generating Data
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Variational Autoencoders: Generating Data! 
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Take a Break
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https://www.youtube.com/watch?v=H6ZXujE1qBA



Diffusion
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Idea: Estimating and analyzing small step sizes are more tractable/easier 
than a single step from random noise to the learned distribution 

Convert a well-known and simple base distribution (like a Gaussian) to the 
target (data) distribution iteratively, with small step sizes, via a Markov chain



Forward Diffusion Process
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Forward Diffusion Process
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Reparameterization trick:



Reverse Diffusion Process
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The goal of a diffusion model is to learn the reverse denoising 
process to iteratively undo the forward process



Distribution in Reverse Process
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Loss Function
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Training and Sampling
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U-Net Problem
• Operating in the input space is very computationally expensive

• Generate Low-Resolution + Upsample
• Generate in Latent Space
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Stable Diffusion
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High-Resolution Image Synthesis with Latent Diffusion Models (CVPR 2022) 
https://ommer-lab.com/research/latent-diffusion-models/



Optional Content
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Guided/Conditioned Diffusion
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How to Control Diffusion Models? 

• Explicit conditioning

• Classifier guidance

• Classifier-free guidance
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Explicit conditioning

9/10/25 CAI 6605 Trustworthy AI Systems 30

Use an Image-Text dataset



Classifier Guidance

9/10/25 CAI 6605 Trustworthy AI Systems 31

Score function for the joint distribution:

Given a Gaussian distribution of x



Classifier Guidance
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Problems with Classifier Guidance
• Need to fine-tune or re-train a classifier on noisy data to ensure 

the classification accuracy on noisy samples. 
• Need a pre-trained classification model 

• What if we want to use any text prompt as input?
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Classifier Free Guidance
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Classifier Free Guidance
• A conditional diffusion model is trained on pair data (x, y), where the 

conditioning information y get discarded at random
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From classifier-guided 
modified score



Classifier Free Guidance: Text2Image
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References
• https://www.eecs.umich.edu/courses/eecs442-

ahowens/fa23/slides/lec11-diffusion.pdf

• https://lilianweng.github.io/posts/2021-07-11-diffusion-models/

• https://cs231n.stanford.edu/slides/2024/lecture_13.pdf 
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