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Markov Chains Monte Carlo (MCMC)
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Involutive MCMC*

Necessary condition:

3

random noise

previous point

dynamical system

next point

Orbital MCMC

*Kirill Neklyudov, Max Welling, Evgenii Egorov, and Dmitry Vetrov, 
"Involutive mcmc: a unifying framework." ICML, 2020.
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Involutive MCMC
Stochastic kernel:

We want to keep the target invariant:

Measure-preserving condition:
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Involutive function

Measure-preserving condition:

Trivial solution:

In other words:
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Auxiliary random variable

Extended target distribution:

Choose the auxiliary distribution:
● easy to sample
● easy to evaluate the density

For instance:

(like in HMC)
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Involutive MCMC

Algorithm

1. sample

2. propose

3. evaluate

4. accept
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0. initial point is 
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Involutive MCMC –> Orbital MCMC

Acceptance test: Dynamics:

Involutive MCMC

Orbital MCMC
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Involutive MCMC vs Orbital MCMC
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Involutive MCMC

Algorithm

1. sample

2. propose

3. evaluate

4. accept
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0. initial point is 

Orbital MCMC
For Involutive MCMC

For Orbital MCMC



Problems with the test
In general:

For periodic orbits:

Still T-1 evaluations per 1 sample
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Iterating on the same orbit
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Accepting the whole orbit

In the limit for a single orbit:

where:
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Application of a kernel:



Infinite orbits

Application of a kernel:

In the limit for a single orbit:
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Infinite orbits

The time-average on a single orbit:

Formula for weights:
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Example (HMC)
Orbital MC (periodic orbit) Orbital MC (infinite orbit)HMC (standard)
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Empirical Results for Hamiltonian Dynamics
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Synthetic (2-D) Synthetic (50-D) Bayesian logreg (25-D) Item-response (501-D)

*ChEES-HMC = Hoffman, M., Radul, A., Sountsov, P. 
“An adaptive-MCMC scheme for setting trajectory lengths in HMC.” AISTATS, 2021.

**Rec-HMC = Nishimura, A., Dunson, D. 
“Recycling intermediate steps to improve Hamiltonian Monte Carlo”. Bayesian Analysis, 2020.



Orbital MCMC (summary)

● Generalizes Involutive MCMC, which describes many MCMC methods
● Generalizes Metropolis-Hastings-Green test
● Allows for usage of any dynamical system for sampling
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Orbital MCMC (future directions)
● Optimal number of steps for a single orbit
● Examples with more complicated (chaotic/learnable) dynamical systems


