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Abstract

A remarkable connection has been established for 2-spin systems, including the Ising and
hard-core models, showing that the computational complexity of approximating the partition
function for graphs with maximum degree ∆ undergoes a phase transition that coincides with
the statistical physics uniqueness/non-uniqueness phase transition on the infinite ∆-regular tree.
Despite this clear picture for 2-spin systems, there is little known for multi-spin systems. We
present an analog of the above inapproximability results for multi-spin systems. We prove that,
unless NP = RP , for any antiferromagnetic spin system, there is no FPRAS for the partition
function of ∆-regular graphs when the dominant semi-translation invariant Gibbs measures on
the infinite ∆-regular tree are not translation invariant and are permutation symmetric of each
other. Our results apply to the antiferromagnetic Potts model (even q) and colorings problem
(even k), which are the multi-spin systems of particular interest. Our proof relies on a simple
and generic analysis of the second moment for any spin system. As a consequence we get
concentration results for any spin system in which one can analyze the first moment. We also
present a tool for simplifying the associated first moment calculations by relating it to the stable
fixed points for the tree recursions.
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