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Structure

Core concepts: What are generative models? Why do we care? Why is it
non-trivial?

Variational Autoencoders (VAES)

Score matching/Diffusion
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Structure

Core concepts: What are generative models? Why do we care? Why is it
non-trivial?
Variational Autoencoders (VAES)
Score matching/Diffusion
We will focus on the continuous setting!
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Structure

Core concepts: What are generative models? Why do we care? Why is it
non-trivial?

Variational Autoencoders (VAES)

Score matching/Diffusion

Things we won’t cover: GANs, Energy models, GFlowNets, Normalising Flows,
Flow matching, Stochastic Interpolants, CRPS, etc
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What are Generative models?

We want to learn a distribution p(x) with a neural network pg(X) so that we can
sample from it x [pd(:)
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What are Generative models?

We want to learn a distribution p(x) with a neural network pg(x) so that we can
sample from it x [Cpgd(+)

What information do we have to learn p(x)?

How might we use pg(x)?
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Two broad classes

m Access to a reward R and we want to sample x CZER™, e.g., crystals
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Two broad classes

m Access to a reward R and we want to sample x R e.g., crystals
y

m Access to a large dataset of {x; | x; [p(})} also sometimes written as
Pdata(X), €.9., ERAS
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How to use pg(x)?

Unconditional generation

Simply sampling x [pd(.) is rarely interesting! We want to be more specific:
conditional generation x [pd(:|y)
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How to use pg(x)?

Three example use cases of p(x]y) in weather forecasting:
Forecasting—y is the current atmosphere state, x is the future state

~

Initial Conditions Forecast time Forecast

Created by Sara Hahner
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How to use pg(x)?

Three example use cases of p(x]y) in weather forecasting:
Forecasting—y is the current atmosphere state, x is the future state
Downscaling—y is the low resolution state, x is the high-resolution state

———
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Taken from Rampal et al.’!

"Neelesh Rampal et al. “Enhancing Regional Climate Downscaling through Advances in Machine Learning”. In: Artificial Intelligence for the
Earth Systems (2024).
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