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Abstract

Muny physical and engineering systeras are spatially distributed, described oy partial
differential eqnatious, and hence characterized by a very large or infnite number of degrees
of freedom. Sinalation of suea processes can be prolibitively exoenaive, and even i tle
simulation con be performed, the results may be difficult o interpret and exploit. T is
therefore important to develop techniques to accurately reduce the governing equations
(and high-dimensional data sets resulting from them, or from experizerts) to forts whick
ure tnore ensily sisiclated and understood.  Suech accurate, low-dimensional models of
distributed systems can also he used in conjunction with traditional lucar of ot uew
rontrol methodolopies.

‘There are many observaticns aud thecretical rosults uggesting that this reduction gosl
5 attatuable oo namber of iuteresting cases, Many finid fows aud spatially distrititexd
chemideally eracting svstens, for exnmple, show bebavior chavacteriatie of systemns with ouly
n few degrees of fieedom {low-cimensional attractors, universal routes to chaotie dvianies)
even though the processes are formally modeled by infinite ditnensionsl svstemns (PDEs).
Rigovous results exist for many of these models showing that the long-term dynamics
arc indeed governed by a finite number of “determining modes.” Axn mportant fucst of
the rigorous theory is the idea of the Approximate Inertial Maifold PAIM ). An ATM is &
finite-dimensional, sinooth, exponentially attracting menifold which conrains the loug-time
dynamics of the PDE. The dynamics on shis surface are described by a finite number of
ordinary differential equations (an Inertial Forun). The practical question we address bere
15 how these results can be exploited to determine the important degress of freadom, and
how to efficiently w.odel the long-term dyuamics of the PDEs, We discuse computational
tools for this task and present some illustrative examples from applications.

Oue of the approaches we use ia based on the approxization of Inertial Manifolds,
and the subsequent construction of reduced Gulerkin schemes on these manifolds (so-
called noulinear Galerkin sclieines). Several such approximations are discussed, along with

ssues regardiug their implementation. They are illustrated using amplitucle equations for
wterfacial instabilities.
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