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Abstract

Evaluating the forward solution operator for parametric partial differen-
tial equations (PDEs) typically involves solving large linear systems, making
the process computationally expensive. Operator surrogates aim to provide a
computationally efficient approximation to these parameter-to-solution opera-
tors. This is particularly beneficial in applications requiring many evaluations
of the forward map, such as uncertainty quantification (UQ) or optimization.

Mathematically, operator surrogates provide approximations of mappings
between infinite dimensional spaces. We analyze an encoder-decoder framework,
where the input and output function spaces are parametrized using coefficient
sequences of admissable representation systems. The goal then becomes to ap-
proximate a coefficient-to-coefficient map, which can be realized using various
approximation tools. In the present work we focus on low-rank tensor repre-
sentation using the tensor-train (TT) format. This format allows for efficient
storage, evaluation and basic linear algebra as long as the tensor ranks remain
low. Its structure also allows for efficient quadrature, useful e.g. in UQ appli-
cations. We show approximation rates with regards to the storage complexity
of such TT surrogates for certain holomorphic maps by providing rank bounds.
Additionally, we present benchmark results comparing the TT surrogate to a
range of other operator surrogate methods applied to a parametric diffusion
problem with varying input smoothness.



