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Monte Carlo algorithms - basic notions.

Hard disks: From detailed balance to global balance and to
cluster algorithms.

Integration and Sampling: From Gaussians to Maxwell and
Boltzmann.

Cluster algorithms for spin models: Ising, XY, Spin glasses.



MOOC Statistical Mechanics: Algorithms and
Computations

see also: Werner Krauth Statistical Mechanics: Algorithms
and Computations (Oxford, 2006)



Ising model

spins σ = ±1
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2x2 Ising model
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Gray-code enumeration
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enumerate-ising.py



Partition function



Partition function



Computation of observables



Computation of observables



thermo-ising.py



Specific heat of Ising model on finite lattices

Tc =
2

log(1 +
√

2)
= 2.269...



Markov-chain sampling
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Markov-chain sampling



markov-ising.py



Configurations around Tc
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Cluster algorithm, probabilistic (Wolff, 1989)
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Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



Detailed balance (Metropolis-Hastings)



cluster-ising.py



Running cluster-ising.py



Metropolis algorithm (reminder)
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Heatbath algorithm

Acceptance probabilities = 1

Apply to subsystem
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heatbath-ising.py



Running heatbath-ising.py from all up



Running heatbath-ising.py from all down



final configuration ”up”

Propp & Wilson 1996



final configuration ”down”

Propp & Wilson 1996



Coupling in heatbath-ising.py



Conclusion

Concepts considered:

Enumeration (Counting / Listing)

Metropolis Markov-chain sampling

Cluster algorithm & a priori probabilities

Heat-bath algorithm

Coupling

Algorithms considered:

enumerate-ising.py (using Gray code)

thermo-ising.py (using density of states)

markov-ising.py (Metropolis algorithm)

cluster-ising.py (Wolff algorithm)

heat-bath-ising.py (and coupling)


