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Overview : Application-Algorithm-Architecture co-design

a common concept in the current computational physics

Apolication Materials research
PP " with electronic structure

[Algorithm . Numerical linear algebra ]

: _from top-class supercomputers
[Archltecture " to small (personal) computers




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

Benchmark with upto 100M atoms( < Si: (1 26nm)3region)
( Hoshi et al.,JPCM24, 165502(2012) JPSJ 82, 023710 (2013); JPSCP. 1, 016004 (2014) )

aCP :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)
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[ ELSES, our electronic-structure calculation code _]

Benchmark with upto 100M atoms( < Si: (1 26nm)3region)
( Hoshi et al.,JPCM24, 165502(2012) JPSJ 82, 023710 (2013); JPSCP. 1, 016004 (2014) )

aPF _.amourphous-like coniugated polvmer, polv-(9.9 dioctil-fluorene),

| Methodology

* Oringinal linear-algebraic order-N algorithms
with generalized shifted linear equations

O
Q
g * Applicable both to metals and insulators
=| *Modelled (TB-type real-space) systems based on @b initio calc.,
2| +Options: * DFT-derived charge-self-consistent formulation
o * van-der-Waals correction

10 10
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Basic equations

.
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Generalized eigen-value (GEV) equation wavefunction
formulation
Hy, = e Sys
H, S : Hermitian, S: positive definite (S = 1) J
—K
r uryl
-y ns
7 & — Ek
( v : , , , ) . E—
Generalized shifted linear (GSL) equations the propagation
Green's) function
(ZS T H)ZB =b ( z:complex energy ) ( formu)lation

non-Hermitian

—» +=0Gb
with G = (28 — H) ™! : the Green’s function

J
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