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An introduction to generative flow models
From flow matching to diffusion



Neural networks and generative AI

Stable diffusion XL Chroma Diffusion CCSP

 Image generation  Protein modelling  Robotics
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Questions

1. What should be the form of      and     ?


2. How to train a neural network,     , to approximate     ?


3. How can we extend to stochastic dynamics?

pt ut

utuθ
t



ptProbability path

Constructing a probability path
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Objective fn: ℒ(θ) = 𝔼x∼pt,t[ | |uθ
t (x) − utarget

t (x) | |2 ]
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Training a neural network with  
gradient descent

Neural network: 

Target velocity field:
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Parameter update: θτ+1 = θτ −η∇θℒ(θτ) ℒ(θ*)



Flow matching



Diffusion

Biroli et al. 2025



Generative models show biases

Memorisation of data samples Mode collapse

Gu et al. 2025 TMLR Qin et al. 2023, CVPR

These models are in principle expressive enough to learn the right data features.
This is a bias coming from the learning dynamics.



An operator view of gradient flow








