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Summary This work concerns the Proper Generalized Decompositi@D)Rvhich is used to solve problems defined over the time-
space domain and which are possibly nonlinear. The prolilesmahich is addressed herein is the use of the PGD in a tpaees
multiscale strategy developed in the framework of the LATéthod. This strategy is a mixed, multilevel domain decositfum
method which leads to resolutions both on the refined schéerfticroscale) and on the coarse scale (the macroscaleyesitect

to time as well as space. In previous works, the PGD techrtigisebeen applied to approximate the fields defined at the sciai®
only, allowing to reduce significantly the computationatiahe storage costs of the strategy. The purpose of this veotdx €xtend
the PGD approximation to the macroscale in order to decrbh@s€PU cost of the homogenized operator introduced to ectelthe
convergence of the iterative algorithm.

INTRODUCTION

Numerical simulation has been playing an increasingly irtgpu role in science and engineering. However, when dgalin
with high-fidelity models, the number of degrees of freedan tead to systems so large that direct techniques are
inapplicable. Model reduction techniques constitute digieht way to circumvent this difficulty by seeking the sadurt

of a problem in a reduced-order basis (ROB), whose dimensionuch lower than the original vector space. A posteriori
methods usually consist in defining this ROB by the decontjposof the solution of a surrogate model relevant to the
initial model (see e.g. [1, 2, 3, 4, 5]). A priori methods &l a different path by building progressively an approxienat
separated representation of the solution, without assyarg basis (see e.g. [6, 7, 8, 9, 10]).

This work focusses on the Proper Generalized DecompogiB&D) which belongs to the second family and is used
herein to solve problems defined over the time-space domdiwhich are possibly nonlinear. For solving such problems,
the PGD, originally introduced as the “radial loading apgmuation” in [11], consists in seeking a separated timeespa
representation of the unknowns and the iterative LATIN rodtis used to generate the approximation by successive
enrichments [12]. At a particular iteration, the ROB whidstbeen already formed is first used to compute a reduced-
order model (ROM) and find a new approximation of the solutilfrihe quality of this approximation is not sufficient,
the ROB is enriched by determining a new functional prodsatg a greedy algorithm. The PGD has been applied for
solving many types of problems in the context of the LATIN hwoat and allowed to decrease the CPU cost drastically.

A MULTISCALE APPROACH

A multiscale computational strategy involving homogetia both in time and in space has been presented in [13]
and enhanced in [14] to solve efficiently structural mecbsupiroblems. This strategy is a mixed, multilevel domain
decomposition method which leads to resolutions both omefieed scale (the microscale) and on the coarse scale (the
macroscale) with respect to time as well as space. The probtethe microscale is solved using the iterative LATIN
solver while the purpose of the macroresolutions is to &cat the convergence of this iterative algorithm. In [14, 1

the PGD technique has been used to approximate the fieldedetfithe microscale which allowed to reduce significantly
the computational and the storage costs of the strategy.

EXTENSION OF THE MODEL REDUCTION TECHNIQUESTO THE MACROPROBLEM

The purpose of this work is to extend the PGD approximatidhéanacroscale. The macroresolutions are defined through
the construction of a homogenized operator which maps tteeapart of the displacement fields to the macropart of the
forces at the interfaces. This operator depends on the tié¢hee space variables but also on the macroquantities. As it
changes at each iteration of the LATIN algorithm, it constien can be CPU expensive, as well as the resolution of the
macroproblem. Then, we propose herein to apply the PGD tggtio the construction of the homogenized operator by
considering as coordinates, not only the space and the tini@bles, but also the macroquantities.

First numerical examples show that introducing this newaximation does not affect the convergence of the stratagy b
allows a significant decrease of the computational cost.ektension to more general problems is under investigation.
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