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Abstract

The construction, analysis, and application of reduced-basis methods for uncertainty
quantification problems involving nonlocal diffusion problems with random input data
is the subject of this work. Because of the lack of sparsity of discretized nonlocal models
relative to analogous local partial differential equation models, the need for reduced-order
modeling is much more acute in the nonlocal setting. In this effort, we develop reduced-
basis approximations for nonlocal diffusion equations with affine random coefficients. Ef-
ficiency estimates of the proposed greedy reduced-basis methods are provided. Numerical
examples are used to illustrate the effect varying various model parameters have on the
efficiency and accuracy of the reduced-basis method relative to sparse-grid interpolation
using the full finite element method. It is shown that the proposed reduced-basis approach
can indeed provide substantial savings over standard sparse-grid methods.
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1. Introduction

In classical local models, interactions only occur due to contact and are described by
partial differential equations (PDEs). However, in many settings (e.g., continuum mechan-
ics [1, 2], image processing [3–6], fractional dynamics and diffusion [7], machine learning
[8], and graph theory [9]), interactions are intrinsically nonlocal. Here, “nonlocal” refers
to spatial interactions between points separated by . For example, in solid mechanics, the
strain energy density at a point x can depend on points in a neighborhood of x having

IThis material is based upon work supported in part by the U.S. Air Force of Scientific Research
under grants 1854-V521-12 and FA9550-15-1-0001; the U.S. Defense Advanced Research Projects Agency,
Defense Sciences Office under contract and award HR0011619523 and 1868-A017-15; the U.S. Department
of Energy, Office of Science, Office of Advanced Scientific Computing Research, Applied Mathematics
program under contracts and awards ERKJ259, ERKJE45, DE-SC0009324, and DE-SC0010678; and by
the Laboratory Directed Research and Development program at the Oak Ridge National Laboratory,
which is operated by UT-Battelle, LLC., for the U.S. Department of Energy under contract DE-AC05-
00OR22725.

Preprint submitted to Elsevier December 8, 2016



Download English Version:

https://daneshyari.com/en/article/4964126

Download Persian Version:

https://daneshyari.com/article/4964126

Daneshyari.com

https://daneshyari.com/en/article/4964126
https://daneshyari.com/article/4964126
https://daneshyari.com

