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10-nm-scale molecular dynamics simulation
by linear-scaling electronic-structure calculation

-

T. Hoshi and T. Fujiwara,

lDepartment of Applied Physics, University of Tokyo.
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1, Methods and test calculations
benchmark (upto 107 atoms)
Cu(bulk), C(liquid), Si(bulk)
2, Application : Si cleavage process
(a) agreement to experiments
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Order—N methods 1n OpenMX

Divide—conquer (DC) method

W. Yang, PRL 66, 1438 (1991)

Recursion method

PRB 64, 195126 (2001)

A unified method

Krylov subspace &% cond—-mat/0509291



Basic idea behind three O(N) methods
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Assumption
TDOS can be approximated by the sum of
LDOS of the central atom in each cluster.

TDOS(E) ~ ¥ LDOS,(E)



A unified approach — DC and recursion —

The DC method

the robustness originates in

fixing the spanned space (no flucuation)

direct diagonalization (no source of round—off error)

The recursion method

the rapid convergence originates in

a Krylov subspace generated by the Lanczos algorithm

the instability originates in

a flucuation of the spanned space
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Magnetoelectric effect: TOMnO,

T. Kimura et al., Nature 426, 55 (2003)
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Collaborative Computational Projects : hip://www.ccp.ac.uk/

The Collaborative Computational Projects (CCPs), assist universities in developing,
maintaining and distributing computer programs and promoting the best
computational methods. They are funded by the UK's EPSRC, PPARC and
BBSRC Research Councils. Each focuses on a specific area of research.

CCPL1 - The electronic structure of molecules

CCP2 - Continuum states of atoms and molecules

CCP3 - Simulation of physical and electronic properties of surfaces and interfaces
CCP4 - Protein crystallography

CCP5 - Computer simulation of condensed phases

CCP6 - Molecular quantum dynamics

CCP9 - Computational studies of the electronic structure of solids
CCP11 - Biosequence and structure analysis

CCP12 - High Performance Computing in Engineering

CCP13 - Fibre and polymer diffraction

CCP14 - Powder and small molecule single crystal diffraction
CCPN - A collaborative computing project for the NMR community



