BEAST: a framework for interior eigenvalue problems
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Large scale solution of interior eigenproblems
Incorporates several subspace-iterative algorithms

+ Parallelism

+ Algorithmic improvements (adaptivity, locking, etc.)

» Developed within ESSEX project for exascale eigensolvers
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BEAST overview

Y =XR

Solve Ax = B\x
forall A € [A,A]

Input:

> Large, sparse
matrix pair
(A,B), A
hermitian, B
HPD

> Approx. #EV in
A, 2], mo

» Initial random
block vectors

BEAST-P

Parallelized over
columns of Y

BEAST-C

Parallelized
solution of linear
systems

BEAST-M

Parallelized like
BEAST-C

Orthogonalize

ing an iterative framework for interior eigenproblems

» Solve reduced
eigenproblem
directly

Get full-size
eigenvectors

Compute
residuals

opt. Switch
BEAST-M to
BEAST-C
(BEAST-M*)

opt. Decide
whether to switch
precisions

m for fast, scalable matrix operations




How to build your subspace

N .
Polynomial U= a;AY
Approximation =1 .
BEAST.P Many block matrix-vector products

Standard eigenproblem only

U= ij(sz A)"'BY

FEAST- i=
BEASST_'C(}:/IDG Very effectlve filter
Must solve ill-conditioned block linear
systems
N
Uy = Z%C (z;B—A)"'BY
SSM-type =1
BEAST-M U = [0y, .. Ui 1]

Solve ill-conditioned block linear systems
Lower cost for constrained subspace size
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Using mixed precision
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10°

= Double
=== Mixed
O Single |]
¢{ Double

&12345678912345671 2 3 4 5
BEAST iteration

» Start in single precision, switch to double after reaching
threshold

» Roughly same number of iterations required to reach
desired accuracy threshold
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Switching BEAST type

Graph16M 7 Topi1M

I Building U [ Building U | |
[ Other | [ Other

200 F

» BEAST-M*: switch from BEAST-M to BEAST-C if
convergence stalls

» Faster due to fewer overall right hand sides in linear solves

framework for interi



