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[Application : electronic state calculation]

!

[Algorithm: numerical linear algebra ]

!

from supercomputers
to personal computers

EArchitecture :

\_




Overview

| Application-Algotirhm-Architecture co-design
SHLNTA T T EZ DB EDE T LI A%

. . . . 4
Tutorial : What is electronic state calculation ? (*) An electronic ‘wave’

— (a) quantum-mechanical ‘wave’ theory (wave function)
for electrons in materials of Benzene (CgHe)
(b) basics of quantum material simulations
— effective Schrodinger equation
— generalized Hermitian eigen-value problem
(as a typical numerical problem)

( )

A . energy for each electron (‘eigen energy’)
y - shape of electrnic ‘wave’ (‘wavefunction’)(*)
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( Theory and methodology ]

(1) One of our novel linear-algebraic solvers
— multiple Arnoldi algorithm(*) for generalized shifted linear eq.

( )

— the use of multiple Krylov subspaces of

where

(*)T. Hoshi, S. Yamamoto, T. Fujiwara, T. Sogabe, S.-L. Zhang,
J. Phys.: Condens. Matter 24, 165502 (2012)

(2) HPC issues on the K computer
— Balance operation, communication and memory costs

(3) Other details
» Applicable both to metals and insulators
-Modelled (TB-type) systems, based on ab initio calculation
* A DFT-derived charge-self-consistent formulation (optional)



Result http://www.elses.jp
[ ELSES, our electronic-structure calculation code _]

Hoshi et al.,JPSJ 82, 023710 (2013); Hoshi et al., Preprint (http://arxiv.org/abs/1307.3218)

Benchmark with upto 100M atoms( < Si: (1 26nm)3region)

aPF :amourphous-like conjugated polymer, poly-(9,9 dioctil-fluorene),
NCCS: sp2-sp3 nano composite carbon solid

4 N
(a) Order-N scaling (b) Parallel efficiency (strong scaling)
5 on the K computer ( ~all nodes)
10 103
8 aPF S (full—core caIc.)
(V) Q
< 10% 2 NCCS
E ()
3103 2
= S 100M at
L s (w/ a oms)
2 10!
101 05 100 107 108 104 10° 100
Number of atoms N Number of CPU cores P
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D Amourphous-like conjugated polymer
(poly-(9,9 dioctyl fluorene)

r

helical gold nanowire

’
L=12nm

) lonic liquid (PP13-TFSI) .

.

~N

Li™ diffusion
in solids
(Nishino et al.)

silicon brittle fracture

sp2-sp3 nano-composite carbon solid
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( for nano-polycrystalline diamond )
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B/ BEREAVEY R BREOEFHERE S )
(*)Irifune et al., Nature 421, 599 (2003); (**) Hoshi et al.,JPSJ 82, 023710 (2013)
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EES

{ MERS LIS DS 5 5 B BRI ]
s N
T —RHER
—>REEDKRRERTITH T — 2 %=
472 )L LTRR(~10032R7T)
: ELSES matrix library :
http://www.elses.jp/matrix/
-J—FHA
=135V JVIN—DEU(=Z) 77TV
: Eigen Test (a YREE) : http://www.damp.tottori-u.ac.jp/~hoshi/eigen_test/
B FE B ESEIRIRIEICK S Y )L/ \—(hybrid solver)*
—(BITHNV IVIN=B7 A T« 7 )+HERITHNV IVIN=B7 1A T« 77)
N y,

*l|: NEREBERIRE; D. Lee, T. Miyata, T. Sogabe, T. Hoshi, S.-L. Zhang,

EASIAM, 2013; to appear in Japan J. Indust. Appl. Math.
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Hoshi et al., J. Phys.: Condens. Matter 24, 165502 (2012)

[ Overview of multiple Arnoldi method (2/2) j
Why multiple subspace ?
— Exact reproduction of physical conservation laws within the subspace
Def.: density matrix , \
in the fully-filled limit (FFL) : Ex. with
(6) 78 |
( :subspace eigen vectors) §
: : : © q+0
Def.: Projected physical quantity - — D)
in the FFL ; (7) o 17F ]
: arbitrary real-symmetric matrix > . 0 =y
(ex. : the case of energy ) L%’ =
Theorem: 26 |
If , then 0 50 100
. Subspace dimension (p+q) |

Note : (9)
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Basic equations

.

r

Generalized eigen-value (GEV) equation

H, § : Hermitian, S: positive definite (S = /)

—

wavefunction
formulation

J

A .
( v k . . : ) : S
Generalized shifted linear (GSL) equations the propagation
(Green’s) function
( z:complex energy ) formulation
\./W\/:\./
non-Hermitian
—>
\ with : the Green’s function )






