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Plan: Generative models
• Energy based models
• Sampling: Metropolis-Hastings and Langevin dynamics
• Digression: statistical physics, variational principle, free energy
• Encoder-Decoder Architecture
• PCA
• Variational Auto Encoder
• Normalizing Flow
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Move to whiteboard – see notes



Langevin dynamics
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Move to whiteboard – see notes



Water Ice

Lower energy

Higher temperature / entropy



Ising model



Principle of least action



Two views of physical systems

𝑠!"# = 𝑠! + 𝑓(𝑠!)

𝑑𝑠
𝑑𝑡
= f

ℒ: Potential energy𝑓:ℝ$ → ℝ$

Principle of least action:

𝑓 = −∇ℒ

𝑠 minimizes ∑! ℒ 𝑠!"# − ℒ 𝑠! %

”Local”: State progresses from time 𝑡
to 𝑡 + 1 based on local forces

”Global”: System minimizes a global 
objective




