
Deep Learning for Computing 
Convergence Rates of Markov Chains

NeurIPS 2024 Spotlight

Yanlin Qu, Jose Blanchet, Peter Glynn
Stanford University



Example of a Markov Chain
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What is the percentage of sunny days in the long run?



Importance of Convergence Analysis
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Reliability? Efficiency?



Convergence Analysis: Old and New
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Drift & Contraction, Hairer et al. (2011) Contractive Drift (CD), Qu et al. (2023)

Hairer, M., Mattingly, J. C. & Scheutzow, M. (2011), Asymptotic coupling and a general form of Harris’ theorem with applications to 
stochastic delay equations, Probability Theory and Related Fields 149(1), 223–259.
Qu, Y., Blanchet, J. & Glynn, P. (2023), Computable bounds on convergence of Markov chains in Wasserstein distance, arXiv:2308.10341.



From Pen and Paper to Deep Learning
Q, Blanchet, Glynn (2024)



Contractive Drift Equation (CDE)
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Why do we introduce CDE?
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Raissi, M., Perdikaris, P. & Karniadakis, G. E. (2019), Physics-informed neural networks: A deep learning framework for solving forward 
and inverse problems involving nonlinear partial differential equations, Journal of Computational Physics 378, 686–707.



Deep Contractive Drift Calculator (DCDC)
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A Realistic SGD Example
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A Realistic SGD Example
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Takeaway
DCDC is just a start, the start of computational Markov chain convergence analysis.
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Thank you

https://quyanlin.github.io/

https://quyanlin.github.io/

