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Monte Carlo

Understanding the Brain
“You’d think this is crazy because engineers are 
always fighting to reduce the noise in their 
circuits, and yet here’s the best computing 
machine in the universe—and it looks utterly 
random,” Alex Pouget, associate professor of 
brain and cognitive sciences at the University of 
Rochester.

“We’ve known for several years that at the 
behavioral level, we’re ‘Bayes optimal,’  meaning 
we are excellent at taking various bits of 
probability information, weighing their relative 
worth, and coming to a good conclusion quickly,” 
…“But we’ve always been at a loss to explain how 
our brains are able to conduct such complex 
Bayesian computations so easily.”
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History of the Monte Carlo method:
The bomb and ENIAC



History of the Monte Carlo method

Integrals in Probabilistic Inference



Monte Carlo Integration
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Monte Carlo Integration

Density, measure and distribution



Lebesgue integral

Approximating distributions



Asymptotic behavior of Monte Carlo



Importance Sampling

Normalized Importance Sampling



Normalized Importance Sampling

What is the best proposal?



What is the best proposal?

Example: Logistic Regression
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Markov Chain Monte Carlo
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Markov Chain Monte Carlo

MCMC: Metropolis-Hastings



MCMC: Metropolis-Hastings

MCMC: Choosing the Right Proposal



MCMC: Theory
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Extending MH to directed probabilistic 
graphical models
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Gibbs Sampling



Gibbs Sampling

Gibbs Sampling For Graphical models



MH is a Building Block

Collapsing and Blocking



Hidden: binary variables

Restricted Boltzmann Machines
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A joint configuration (v,h) of the
binary visible and hidden units has
an energy given by

Visible: e.g. 4 image pixels

V1 V4

Auxiliary Variable Samplers



Hybrid (Hamiltonian) Monte Carlo
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HMC for Bayesian NNs 

[Radford Neal – Hastie, Friedman & Tibshirani]


