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Computation of the von Neumann entropy of large
matrices via trace estimation and rational Krylov

methods
In this talk I will consider the approximate computation of the von Neumann entropy of a large density matrix
A (i.e., a symmetric positive semidefinite matrix with unit trace), defined as trace(f(A)), where f(z) =
−z log(z), which is an important task in several fields, such as quantum information theory and network
science.
The approximation of trace(f(A)) can be reduced to the computation of a certain number of quadratic forms
xT f(A)x and matrix vector products f(A)x, using either a probing method based on graph colorings [1] or a
stochastic trace estimator [2]; in turn, these quantities can be efficiently approximated using polynomial and
rational Krylov subspace methods [3].
After introducing these techniques, I will present some error bounds and heuristics for the special case of the
von Neumann entropy, obtained by exploiting an integral expression of the entropy function. The analysis
leads to algorithms that, given an input tolerance ϵ, aim to compute an approximation of the entropy with
relative accuracy ϵ, using either theoretical bounds or heuristic estimates as stopping criteria.
The methods are tested on several density matrices from network theory to demonstrate their effectiveness.
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