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In this work, we aim to develop a data-driven method for reducing the dimensionality of solution families for
parametric partial differential equations (PDEs). Model reduction methods are used to approximate a manifold
of functions M from a (high-dimensional) Hilbert space X by a low-dimensional space or manifold. We have
recently proposed in [1] a novel approach, that by using samples from M, aims at constructing a low-dimensional
approximation manifold

M, = {D(a) = Zai%‘ + Z fila)pi : a = (a;)ier € RI},
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where the set I is of cardinal n, I UT¢ = {1,..., N}, and the functions ¢1, ..., ey form a basis of some linear
space Xy, obtained by applying PCA on samples from M, or using greedy algorithms. Each approximation
function f; is taken as a composition of polynomial maps. The proposed method relies on an adaptive strategy
to construct the index sets I, I¢ and functions (f;);csc, based on a prescribed relative precision and Lipschitz
norm of the decoder D : RY — X. We will detail how the approximation manifold M,, is constructed. Moreover,
we will define a notion of Lipschitz regularity of M related to X,, := span{yp; : i € I'} and show that the quality
of M,, can further be improved by constructing an optimal space X,, in terms of stability.

We will then validate the effectiveness of our approach through numerical experiments, and benchmark it
against other state-of-the-art methods.
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