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® Background

® Eigenproblem is one of essential numerical problems for several numerical simulations. Its accuracy, however, is not well-assured in
many conventional numerical computations.

® Basic Linear Algebra Subprograms (BLAS) is a frequently used to perform linear algebra computations. Ensuring the accuracy of the
computational results of BLAS operations is a still crucial problem now. Even in solving linear equations using LAPACK is also a typical
example, because LAPACK is rich in BLAS operations, especially matrix-matrix multiplication (MMM) operations for solving linear
equations.

® We focus on the following three topics:
(1) Developing an accuracy assured numerical libraries for eigenproblems;
(2) Development of high-performance implementation and AT technology for the developed accuracy assured numerical libraries;
(3) Discussing an extension for non-liner problems based on obtained knowledge of accuracy assured algorithms.

® Main Contributors
Prof. Katagiri: high-performance implementation of Osaki method for recent multicore CPUs, and applying auto-tuning technologies.
Prof. Hwang: Non-linear algorithms for actual engineering problems.

Dr. Marques: Algorithms and implementations for eigenproblem.

Prof. Nakajima: Sparse iterative algorithms for liner equation solvers, such as parallel preconditioners.

Prof. Ogita: Iterative refinement algorithm to assure accuracy of real symmetric eigenproblem.

Prof. Ohshima: GPGPU implementations.

Prof. Ozaki: Accurate MMM algorithm (Ozaki method)

Prof. Wang: Eigenvalue algorithms for actual engineering problems.

® Research Plan

® The Year 3 (FY2021):

1. Topic 1: Establishing high-performance implementation for
UNC-HPC libraries based on the Year 2-Topic 1. (CPU and GPU)

® Prediction of execution time by AT in each GPU&CPU 2. Topic 2: Developing accuracy assured libraries for real

. ) . . symmetric eigenproblem based on the Year 2-Topic 2. (CPU)
implementation in Ozaki Method (DHPMM—F) 3. Topic 3: Discussing extension to non-linear problems based on

Execution on the Supercomputer “Flow”(N=2000) The Year 2-Topic 3. (CPU)
4. Topic 4: Prototyping and developing AT based on the Year 2-
Topics 1 and 2. (CPU and GPU)

® Predicted Time [s.] by proposed AT method

| CPU&GPU Implementation Candidates

Sparcity 5 § 7 8 9 1 @ . .
T T BT Evaluation result‘for-an accuracy assured library
0456 1803 0250 0513 0471 for real symmetric eigenproblem (N=214)
152 S L) Il Eva. A] Supercomputer “Flow” (Type | Subsystem
41901 0197 1082 0490 0228 0470 [ ] Sup P (Typ ystem)
%8| 0196 0750 i) 0 0014 0575 0074 0075 0092 0376 terations o esut of pssyevd by
® Relative Errors Between Predicted Time n =2 4 Nodes Pdsyevd | Pssyevd Ogita-Aishima method.

and Measured Time (Double) | (Single)

' CPU&GPU Impleme

Sty | 1 2 3 4 5 & 1 8 4 .
0] -29% -37% 065 99 1108 508 -04% -716% -107%  -11% max(|D; = ;|| 8916 19e-06| 27e-09) 22e09| 5912
D -26% 21%  25% 5% -62%  -69%  33%  -46%  -62%  -09%
B -36%  -40%  29% -100% -60% _159%  A8% -73% -102% -1.0%
o -29% 3% 110%  -T6%  33%  115%  72%  5i% 418 -09% % = Z|//0x1 26e-12| 26e03| 25e03| 14e05| 5906

9B -36% 16  112% -16% 178 384 11%  -36%  -03%  -0%
[Eva. B] Oakforest-PACKS

0t iter, 1%iter. 2 jter,

time [s] 5.5e+01| 3.2e+01| 3.9e+01| 4.6e+01| 5.3e+01

median(|D; - D; /1) 00e400| 3.1e-07| 4de-ll| 33e-1l  87e-16

We made a prototyping for an accuracy assured library Iterations o result of pssyevd by
. . . N 14 Pdsyevd | Pssyevd Ogita-Aishimamethod

for real symmetric eigenproblem with Ogita-Aishima n= 2" 64 Nodes (Couble) | (single) :
method. Ohiter. | 1ftiter. | 2"iter

The results indicates that developed library with Ogita- time 5] 770401| 65e+01| 73e+01| 8.1et01| 8.8e+01
Aishima methgd es‘tabllshes speed.up 'Eo pds‘yevd routine max(|0; — B0, sset6l 12006| 78009 78e03| e5els
(double precision) in LAPACK by using iteration. : =

In addition, the accuracy for the developed library is mecian((D;~Di/Di) | 00es00| 17e7) 30ell 20ell) 15elf
superior to pssyevd routine (single precision) in LAPACK. X = | /11 26e12|  21e-03| 20003 9806 3.7e06

B  criseruEmiRnm ARTRRA B0 RIUL

JapanyHigh{BerformancelComputing and Networking plus Large:scale Data Analyzing and Information Systems : 20214675 8H-9H

FoSA Ut




