Accepted Manuscript ———

Scalable domain decomposition solvers for stochastic PDEs in high Computer
performance computing "'“:::,',,':
mechanics

Ajit Desai, Mohammad Khalil, Chris Pettit, Dominique Poirel, and
et engineering

Abhijit Sarkar

PII: S0045-7825(16)31305-6

DOI: https://doi.org/10.1016/j.cma.2017.09.006

Reference: CMA 11600

To appear in:  Comput. Methods Appl. Mech. Engrg.

Received date: 15 October 2016
Revised date: 26 August 2017
Accepted date: 6 September 2017

Please cite this article as: A. Desai, M. Khalil, C. Pettit, D. Poirel, A. Sarkar, Scalable domain
decomposition solvers for stochastic PDEs in high performance computing, Comput. Methods
Appl. Mech. Engrg. (2017), https://doi.org/10.1016/j.cma.2017.09.006

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cma.2017.09.006

Scalable Domain Decomposition Solvers for Stochastic PDEs
in High Performance Computing

Ajit Desai®, Mohammad Khalil®, Chris Pettit®, Dominique Poirel?, Abhijit
Sarkar®*

®Department of Civil and Environmental Engineering, Carleton University, Ottawa, Ontario,
Canada
bSandia National Laboratories, Livermore, California, United States
¢Department of Aerospace Engineering, United States Naval Academy, Annapolis, Maryland,
United States
¢ Department of Mechanical and Aerospace Engineering, Royal Military College of Canada,
Kingston, Ontario, Canada

Abstract

Stochastic spectral finite element models of practical engineering systems may
involve solutions of linear systems or linearized systems for non-linear problems
with billions of unknowns. For stochastic modeling, it is therefore essential to
design robust, parallel and scalable algorithms that can efficiently utilize high-
performance computing to tackle such large-scale systems. Domain decomposi-
tion based iterative solvers can handle such systems. Although these algorithms
exhibit excellent scalabilities, significant algorithmic and implementational chal-
lenges exist to extend them to solve extreme-scale stochastic systems using emerg-
ing computing platforms. Intrusive polynomial chaos expansion based domain de-
composition algorithms are extended here to concurrently handle high resolution
in both spatial and stochastic domains using an in-house implementation. Sparse
iterative solvers with efficient preconditioners are employed to solve the resulting
global and subdomain level local systems through multi-level iterative solvers.
Parallel sparse matrix-vector operations are used to reduce the floating-point op-
erations and memory requirements. Numerical and parallel scalabilities of these
algorithms are presented for the diffusion equation having spatially varying diffu-
sion coefficient modeled by a non-Gaussian stochastic process. Scalability of the
solvers with respect to the number of random variables is also investigated.

Keywords:

Schur complement, Parallel preconditioner, Balancing domain decomposition by
constraints, Dual-primal finite element tearing and interconnect method,
Polynomial chaos expansion, Coarse grid

Preprint submitted to Journal of Computer Methods in Applied Mechanics and EngineeringSeptember 7, 2017



ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


https://isiarticles.com/article/126954

