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Lecture Plan

22/17/2026

• Flow-based generative models
o Normalizing Flows



Flow-based generative models

• A flow-based generative models are constructed by a sequence of 
invertible transformations.
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Flow based generative models
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Normalizing flows
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Normalizing flows learn an invertible mapping f: X→Z, where X is our data distribution and Z is a chosen 

latent-distribution.
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Normalizing 
flows
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https://deeplearning.cs.cmu.edu/F23/document/slides/lec23.diffusion.pdf


Why Normalizing Flows?
• NFs optimize the exact log-likelihood of the data, log(pX)

• VAEs optimize the ___________________

• GANs ____________________________

• NFs infer exact latent-variable values z, which are useful for downstream tasks

• The VAE infers a distribution over ___________ values

• GANs _________________________________

• Potential for memory savings, with NFs gradient computations scaling constant 
to their depth

• Both VAE’s and GAN’s gradient computations scale ________to their depth

• NFs require only an encoder to be learned

• VAEs require _______________________________

• GANs require ______________________________
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Why Normalizing Flows?

• NFs optimize the exact log-likelihood of the data, log(pX)

• VAEs optimize the lower bound (ELBO)

• GANs learn to fool a discriminator network

• NFs infer exact latent-variable values z, which are useful for downstream tasks

• The VAE infers a distribution over latent-variable values

• GANs do not have a latent-distribution

• Potential for memory savings, with NFs gradient computations scaling constant 
to their depth

• Both VAE’s and GAN’s gradient computations scale linearly to their depth

• NFs require only an encoder to be learned

• VAEs require encoder and decoder networks

• GANs require generative and discriminative networks
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How to ensure that we can reverse?

• Use invertible mapping
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Bijective function

• Normalizing flows require:

• f: X→Z

to be bijective because:
o You must go forward (data → latent)

o You must go backward (latent → data)
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Linear algebra basics

• Jacobian

• Change of variables
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Jacobian Matrix
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Source: flow_based_deep_generative_models_report.pdf

https://hermandong.com/pdf/flow_based_deep_generative_models_report.pdf


Jacobian matrix
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Change of variables theorm
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Source: flow_based_deep_generative_models_report.pdf

https://hermandong.com/pdf/flow_based_deep_generative_models_report.pdf


Intuition/Math
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Math and Code

• Going with the Flow: An Introduction to Normalizing Flows | Brennan 
Gebotys
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https://gebob19.github.io/normalizing-flows/


Implementation
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Tutorial 9: Normalizing Flows for Image Modeling — PyTorch Lightning 2.6.1 documentation

https://lightning.ai/docs/pytorch/stable/notebooks/course_UvA-DL/09-normalizing-flows.html
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Downside of NFs

• The requirements of invertibility and efficient Jacobian calculations 
restrict model architecture

• NFs generative results are still behind VAEs and GANs
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Books and lecture notes

Deep Generative Modeling GitHub

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/

