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•The sequential Monte Carlo: resampling step is critical to 
obtaining “good” samples. But this step makes 
parallelization harder.

•Entangled Monte Carlo: Scalable parallelization of 
sequential Monte Carlo, independent of the size of the 
particles.

• Name borrowed from “Quantum Entanglement” in 
Quantum mechanics.

Key idea: Reconstruct the particles using the particle genealogy.
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Sequential Monte Carlo & Particle genealogy
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The resampling stage induces 
the genealogy of the surviving 
particles.

components decreases by one at every step. More precisely, we will build each

rooted X-tree t by proposing a sequence of X-forests s1, s2, . . . , sR = t, where

an X-forest sr = {(ti, Xi)} is a collection of rooted Xi-trees ti such that the

disjoint union of leaves of the trees in the forest is equal to the original set of

leaves, �iXi = X. Note that with this specific construction, a forest of rank r

has |X|− r trees.

The sets of partial states considered in this Section are assumed to satisfy

the following three conditions:

1. The sets of partial states of different ranks should be disjoint, i.e. Sr∩Ss

for all r �= s (in phylogenetics, this holds since a forest with r trees cannot

be a forest with s trees when r �= s).

2. The set of partial state of smallest rank should have a single element

denoted by ⊥, S1 = {⊥} (in phylogenetics, ⊥ is the disconnected graph

on X).

3. The set of partial states of rank R should coincide with the target space,

SR = X (in phylogenetics, at rank R = |X|−1, forests have a single tree

and are members of the target space X ).

These conditions will be subsumed by the more general framework of Sec-

tion 4.5, but the more concrete conditions above help understanding the poset

framework.

In order to grow particles from one rank to the next, the user needs to

specify a proposal probability kernel ν+. Given an initial partial state s and

a set of destination partial states A, we denote the probability of proposing

an element in A from s by ν+
s (A). In the discrete case, we abuse the notation

14

Sampling stage of sequential 
Monte Carlo is “embarrassingly” 
parallelizable... over multiple 
processors.

Many particle genealogies die 
as a result of the resampling 
stage.
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Entangled Monte Carlo & Reconstruction
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Locally, each machine only needs to store 
the particles that it needs for the next stage.

Total of N particles in the 
simulation but each machine 
generates Nk particles allocated 
to it.

{The global view of the 
simulation is tracked by all 
machines.

The “compact” particles (blue) are 
implicitly stored in machine 1 to 
maintain the coherence of the global 
simulation.

Each compact particle stores its “stochastic 
map” and the pointer to its parent.
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Why it works?
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• The reconstruction rarely traces deep - 
Kingman’s coalescent theory.

• The reconstruction relies on the CPU 
cycles.

• The particle transmission relies on the 
network protocol.

• Experiments on Bayesian 
phylogenetics example.

• Scalable to arbitrary number of nodes 
when combined with distributed hash 
table to store the particle genealogy.

Conclusion: The particles are reconstructed rather than transmitted, which 
allows the network communication cost to be independent of the particle size. 
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