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Offline Error Bounds for the Reduced Basis Method
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Error quantification is of vital importance in reduced-basis modeling. A reduced model is only
useful if it matches the high-dimensional model to within some tolerance. Even before it is time to
evaluate the error in a simulation, the reduced-basis method uses a posteriori error bounds to build
the model in an intelligent manner.

Reduced-basis models are most often generated iteratively using the greedy algorithm [3]. Each
time the basis needs to be expanded, the low-dimensional solution uy(x) and the a posteriori error
bound An (i) are calculated for all parameters p in some =, which is a finite subset of the parameter
domain D. The basis is then enhanced using the high-dimensional solution u(uy+1) associated with

the parameter defined by

[IN11 = arg max M
pez Jlun(pll

The greedy algorithm guarantees that the relative error is small for all ¢ € E. In practice, it is
expected that if = is sufficently large and properly distributed, then the relative error will also be small
everywhere in D. For u € D\ Z the only way to verify that a tolerance has been met is to use a
posteriori error bounds. The difficulty is in dealing with error bounds that do not meet the tolerance:
either precomputed basis elements must be added to the basis [2| or new basis elements need to be
computed.

In real-time problems, which have been mentioned by many authors as possible applications of
reduced-basis modeling [1, 2|, solutions are needed quickly and there is often no time to rerun simula-
tions with additional basis elements.

In this talk we propose a solution to this problem. The idea is to prove that the error will be
sufficiently small for all 4 € D. That cannot be achieved with traditional a posteriori error bounds,
but we present new error bounds that make it possible. We also demonstrate these ideas with numerical
results for some example problems.
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