Are we entering the "Houdayer era” for spin glass simulations?
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Finding the minimum of a spin glass Hamiltonian is an NP-complete problem, but sampling from the
Boltzmann distribution at low temperatures seems not to be any easier. Indeed, while ground states were
computed on simple-cubic lattices with linear size L=14 already in 2001 [1], only in 2026 has it been
possible to equilibrate systems of similar or larger sizes at temperature T=0.2 0.21Tc (see the talk by
Claudio Chilin and Ref. [2]). The technical step forward that makes it possible to equilibrate at such a
low temperature is Houdayer’s cluster algorithm [3].

Houdayer’s cluster move provides a finite-temperature generalization of a genetic algorithm. It was
thought for many years to be useful only for simulations of the square lattice, although Ref. [4] suggested
that also simulations in space dimension D=3 could benefit from it. Indeed, we have recently found that
the cluster move produces a significant speed-up in a cubic geometry [2], and an orders-of-magnitude
dynamical acceleration on a rectangular right-prism geometry (see talk by Isidoro Gonzdlez-Adalid and
Ref. [5]).

The talk will discuss possible mechanisms underlying this significant performance difference, with
an emphasis in the geometry of the clusters. Some important tricks that boost performance when the
cluster’s geometry is unfavourable [2] will be described. Time permitting, we shall describe as well some
recent numerical experiments exploring the effectiveness of the cluster moves in other contexts (particu-
larly space dimensions other than D=3 and off-equilibrium simulations).
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