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Thermodynamic computing is an emerging paradigm in which computations are performed by physical
systems evolving under stochastic dynamics. A prototypical example is solving a linear system Ax = b,
where one considers a collection of harmonic oscillators, encodes the matrix A in the all-to-all couplings
and the vector b as a constant force, and obtains the solution = A~'b from the mean of the equilibrium
distribution of the oscillators’ displacements. More generally, various linear algebra operations can be im-
plemented by such physical systems whose equilibrium statistics encode the solution [1]. Importantly, this
paradigm is not merely theoretical: thermodynamic computing hardware has recently been implemented
using noisy LC circuits, establishing its feasibility and opening the door to potentially energy-efficient
alternatives to digital computing [2].

A central challenge in this framework is that computation time is governed by thermalization dynam-
ics. In practice, the time required to reach equilibrium, set by the slowest relaxation modes, constitutes
a major bottleneck. This raises the question of whether anomalous thermalization phenomena, such
as the Mpemba effect [3], where certain initial conditions lead to faster relaxation, can be exploited to
accelerate computation. In this context, speeding up thermalization corresponds directly to accelerating
the underlying algorithm.

In this talk, based on [4], I develop a hybrid digital-thermodynamic framework that leverages this
idea. I consider thermodynamic computing schemes in which the thermalization dynamics are governed
by overdamped Langevin equations. In standard implementations, the oscillators are typically initialized
in their equilibrium position, which leads to slow convergence due to long-lived relaxation modes. Instead,
I propose to digitally optimize the initialization by exploiting partial spectral information of the problem
instance. Concretely, given a matrix, I compute a small number of low-lying eigenpairs and use them
to construct initial conditions orthogonal to the slowest Fokker-Planck modes, thereby suppressing the
dominant relaxation bottlenecks, as illustrated schematically in the accompanying figure.
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