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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
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[ ELSES, our electronic-structure calculation code _]

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

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

. aPF :amourphous-like coniuaated polvmer. polv-(9.9 dioctil-fluorene),
| Methodology
* Oringinal linear-algebraic order-N algorithms
with generalized shifted linear equations
g
g * Applicable both to metals and insulators
=| *Modelled (TB-type) systems, based on ab initio calc.,
2| *A DFT-derived charge-self-consistent formulation (optional)
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helical gold nanowire
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sp2-sp3 nano-composite carbon solid
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( Classification of matrix solvers

~

Krylov (iterative) solvers
- for sparce matrices
* basics of O(N) calc.
- ‘projection’ strategy

-
Direct solvers
- for dense matrices,

» O(N3) calc

* ‘transformation’ strategy

\.

ex. Conjugate Gradient
(CG) algorithm

r

‘projection’ on the Krylov subspace of

n=2

=

n : subspace dimension (iteration number)

n=3

£,
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Novel linear algebraic algorithms

[1] Teng et al., PRB 83, 165103 (2011); [2] Hoshi et al, JPCM 24, 165502 (2012).
[3] Sogabe JCP 231,5669 (2012); [4] Yamashita et al,, Trans. JSIAM 21, 241 (2011).

— |terative (Krylov subspace) solvers for generalized shifted linear equation

A UAVAVAVYVE
non-hermitian

Mathematical
principles Solver

glLanczos, gArnoldi,

mArnodi, Arnoldi (M:W:G)

gsCOCG,
gsQMR

Galerkin Principle

Collinear Residual

cf. older theories (cases with S=I)
Takayama et al., JPSJ73, 1519 (2004); Takayama et al. PRB 73, 165108(2006);
Sogabe et al. ETNA31, 126 (2008)



[Physics papers with shifted Krylov subspace and the collinear residual theorem ]

(1) (@) A. Frommer, Computing 70, 87 (2003) [ Original paper]
(b) J. C.R. Bloch, T. Breu, A. Frommer, et al., Comp. Phys. Comm. 181, 1378 (2010)
— QCD
(2) R. Takayama, T. Hoshi, T. Sogabe, S.-L. Zhang, and T. Fujiwara, PRB 73, 165108 (2006).
— large-scale electronic structure calculation [present work]
(3) S. Yamamoto, T. Fujiwara, and Y. Hatsugai, PRB 76, 165114 (2007);
S.Yamamoto, T. Sogabe, T. Hoshi, S.-L. Zhang and T. Fujiwara, JPSJ 77,114713 (2008).
— many-body electron [full-Cl type, multi-orbital extended Hubbard model, LaSrNiO]
(4) T. Mizusaki, K Kaneko, M. Honma, T. Sakurai, PRC 82, 024310 (2010)
— Shell-model calculation
(5) F. Giustino, M. L. Cohen, and S. G. Louie, PRB 81, 115105 (2010)
— GW method with the self-consistent Sternheimer equation
(6) TRIRR. —FERE KMe—& B AL BRYIEF =, 2012434,
— TDDFT(linear response)
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(iv) 22 = 7R
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( (IR ZEMEEE +Arnoldi(M, W, G)iE)
IEES - T Lee, Miyata, Sogabe, Hoshi, S.-L. Ziang, JJIAM 30, 625 (2013);

EASIAM, Indonesia, June. 2013.
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(i) I—FH5 Shinaoka, Hoshi, Fujiwara, J. Phys. Soc. Jon. 77,114712 (2008)
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(iii) SIRE(T —2)HE Takahashi, Hirota, Yamamoto, ALGORITMY 2012, 151(2012).
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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 )






