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Multiscale reduced-order modeling
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∗ Centre Internacional de Mètodes Numèrics en Enginyeria (CIMNE), Technical University of
Catalonia, Edificio C1, Campus Norte, Jordi Girona 1-3, Barcelona 08034, Spain

† Escola Superior d’Enginyeries Industrial, Aeroespacial iAudiovisual de Terrassa,
C/ Colom, 11, Terrassa 08222, Spain

‡ E.T.S. d’Enginyers de Camins, Canals i Ports, Technical University of Catalonia,
Edificio C1, Campus Norte, Jordi Girona 1-3,

Barcelona 08034, Spain

ABSTRACT

Hierarchical multiscale approaches(such as the multiscale finite element method) are based
on the general principle ofdivide-and-conquer: the original domain is divided into smaller
regions; then, if possible, these regions are further subdivided into smaller pieces, and so on
until arriving at the deepest level of the hierarchy, at which no more partitioning is possible,
and recourse to experimentally derived relationships is tobe made. Yet the actual feature that
distinguishes a hierarchical multiscale model from a standardrecursivedomain decomposition
approach is the introduction ofsimplifying assumptions, in either (or both) the equations that
govern theinteractionbetween contiguous domains at each scale, or/and, in the equations that
govern the behavior of each domain under external actions.

In the “classical” physical modeling paradigm, simplifying assumptions are usually derived
from empirical observations and then introduced in the formulation of the governing equations
after arduous analytical manipulations. Needless to say, this task requires, aside from a solid
theoretical background in the corresponding discipline, agood dose of inspiration and creativ-
ity. Fortunately, introducing “physical insight-based” simplifications is not the only way of
removing unnecessary complexity from a given computational model, multiscale or otherwise.
In recent years, there has been a resurgence of interest in the so-calledmodel-order reduction
techniques. The goal of this presentation is to elucidate how these techniques can be harnessed
to systematically simplify a given multiscale hierarchical model. A classical composite lam-
inate structural problem is used to convey the flavor of the proposed model order reduction
strategy. The reader interested in plunging into the formalisms of the approach is referred to
References [1] and [2].
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