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Development of an Eigensolver for dense matrices on the K-computer
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The demand of eigenvalue calculation becomes strongerr with the advent of a high perfor-
mance computer. The matrix size to be diagonalized is also becoming large. At the present,
fully diagonalization for a thousand-dimensional real symmetric matrix is being attained to
a second aorder. Furthermore, it is possible to diagonalize fully a one-million-dimensional
real symmetric matrix within a realistic CPU time. A big change for quality of calculation is
strongly expected by use of a peta-scale supercomputer like the K-computer. In this talk, the
outline of the eigenvalue solver project, which begins from the Earth Simulator and results in
the K-computer, and the latest result are presented.

1. 0000

g0o0oooooo0o0O 100GFLoPS o O0OOnOn
00,00000 10PFLOPSODOOCOOOOOO
goboooooobo.ooooboooooooooo
goooooooobboooobooooo,ooonon
gooooogon 1o00~10000000,000000
goboooooboooob.ooooooooooon
goboooooooboooobooo,oboo0ooonn
gooobobooooooooobooocooooooon
goboooooooooooobooo.

goooboooooooooboooooooooon
obooooooo. boboboooobooboooon
0000000000000 ScaLAPACKOOOO.
ScaLAPACK O 19950 00000,0000000
goooooooobobooooooooboo. oo,
ooo000 GpeGPUDOOOOODOOOOOOOO
go.o0o0o0oooboboooboooooooooon
oo0ooo0O0000ooooooooooo GeUd
O0o00ooOoooOooooOoO. ScaLAPACK OO

f100000000000000000
Graduate School of Informatics and Engineering, the
University of Electro-Communications

12 CREST JST

4

goboooooboocoobooooobbooooon
goodo. ooooo,ooooooocobooooon
goooooo.

2. ES: 0J000000D00O0O0O0ODO

SC98 0 O Gordon Bell finalist 0 0 OO ScaLA-
PACKDODOOODDOOOOOY. ASCI-Red O
0000 4000000000000 684GFLOPS
0D0O00000.0000000000000000
ooooao.

00000000000,000,200200000
00000 (ES)000000D, ESO ScaLAPACK
000000000000000000000000,
00000000000 000000000000
0000000000000 00000000000
00 Eigen00D0O00O00O00O0O0%. 000000
0000000000000 00000000000
0000, MPI+000000+000000000
0DO000O00000O0O0DOoO0.

3. T2K: 00000000000000D0

gobooooooooobooooooooooon
goboooooooboooobo,b0bo0b0o0000D0n

(© 2012 Information Processing Society of Japan



2012
High Performance Computing Symposium 2012

01 T2KOOO0O 640000000000000000
10240 20480 40960 81920

8.880 36.85 195.7 1146
.403 776 1.17 1.59

oooo (O)
00 (TFLOPS)

000000000000000000000000
00000.100000000000000000
0000000000000,ESO00000000O0
00000000000000,000000000
0.0000000000000000000,000
00000000000,000000000000
0000000000000O0.

00000000000000000000000
0000O00000.000,0000000000
00000000000000000000. 000,
0000000000000000000000, 0
000000000000000000000000
ooooooog®dy,

010 T2K00000 640000000000
0000000000000000000.0000
PC(Intel Core i5 2.67GHz) 00, 10000000
0218000000000,0000000 1000
0000000. 00000,0000000000
0000000000000000.

00,000,00000000000000000
000000000000000000000000
0,DPLASMA® 00000000O000000OO0
00000000000000000000000.

4. K: 0JOOOOOODOOOOoOoDoo

gobooooobooooboo10oboo0ooono, o
0,0000000000000D0DO. T2KOOO0O
gobooooooobo,bcooboocobooooon
O0000o0ooooooooo. sc20110000
000000000 RSDFTY 0000000000
gooooooboooo. bog,00b0b00oDon
goooboooooooooooboooooooon
goooooo. 20120 100000,000000
gobooo,00boo0oboobocoobocobooooonn
ob. 00,00000000000000000A0
oo0oUo0o0 (oooooooo)ooo,oUoo
ooboooooooooon.

TKO000000000000o000000o00
ooooobooooobooooboooooboobo 2000.
00000 2%0000000000000000
goooo. O0obO s800oooooooooboon
23.6*4608=108,748 [GFLOPS|U0O0O. 0OOODO

43

HPCS2012

2012/1/25
02 KOOODOODOOOOODOOOOOO
0oooo oDOooo 0oo/CPU 0000
N ooo (0) (GFLOPS) (%)

151,448
240,768
382,464

288
1152
4608

1085.6
1287.1
1713.7

37.0
31.3
23.6

29.0
24.5
18.4

OO0 108TFLOPSOO0O0OOOOOOOOOOOO
ugb. 0o 1o0oooooooooooboo, oo
goooooooooooooboooooooon
gooobooooooooobooocooooooon
goboooooooooooooo.

5. 0 0O O

ESO0O T2K,000000000000CCO00
gobooooooobooooboboobooooo,bo
goboooooobooooboooooboooo. oo
gooboooooooooooooooooooon
oo.

00 000000 EgenODOOOOOOODOOD
gobooooooob,bocooboocoooooon
0.00000000000000000 EigenOO
doooooooooooooooooooooo,
gobooooooooooobooooooboon.

g o 0O o

1) Sears, M.P., et al.: Application of a high
performance parallel eigensolver to electronic
structure calculations, SC98, 1998.

2) Yamada, S., et al.: High-Performance Com-
puting for Exact Numerical Approaches to
Quantum Many-Body Problems on the Earth
Simulator, SC06, 2006.

3) 0000:T2KO0000000000000O0
oo0,000D0000oobooD oooooo
O00oooogogoogg, Vol 11, No. 6, 2009.

4) Imamura, T., et al: Development of a
High Performance Eigensolver on the Peta-
Scale Next Generation Supercomputer System,
Progress in Nuclear Science and Technology,
the Atomic Energy Society of Japan, 2011 (to
appear).

5) Bosilca, G., et al.: Distibuted Dense Numer-
ical Linear Algebra Algorithms on massively
parallel architectures: DPLASMA, Univ. of
Tennessee Comput. Sci. Tech. Rep., UT-CS-10-
660, 2010.

6) Hasegawa, Y., et al.: First-principles calcula-
tions of electron states of a silicon nanowire
with 100,000 atoms on the K computer, SC11,

(© 2012 Information Processing Society of Japan



2012 HPCS2012
High Performance Computing Symposium 2012 2012/1/25

2011.

44 (© 2012 Information Processing Society of Japan



