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Density-matrix representation
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Exploit the short range of the DM:

�(r; r0)! 0 as
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� P�� sparse
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i.e. imposing:

�(r; r0) = 0 when
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Basis functions
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Truncating the basis set

� In principle, Ecut determines the maximum angular momentum component `cut

� In practice, we truncate the basis set by introducing a second parameter `max:

Æ to reduce the basis set size / (`max + 1)2

Æ to reduce the computational cost

Æ as in Gaussian and LCAO type basis sets

Æ to avoid over-completeness

β

α
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Kinetic energy preconditioning

� Gradient is dominated by high kinetic energy basis functions

� Use a preconditioner to compensate

� Preconditioned gradient is:

G�
i = (S + T=�)��H��x
�

i � "ix
�

i

� Cannot use \diagonal" approximation

with spherical-waves

� Adjustable parameter �

can be optimized automatically

� For more information see:

C. K. Gan, P. D. Haynes and M. C. Payne, Comput. Phys. Commun. 134 33 (2001).
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Real-space grids

Represent the localized functions f��(r)g by their values at points on a regular grid:

��(r) =

X
KLM

CKLM;�DKLM(r)

where CKLM;� = 0 if rKLM does not lie inside the sphere of ��

αφ

simulation cell

delta function centre
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Potential energy curve of LiH

� Norm-conserving pseudopotentials

� Kinetic energy cuto�: 40 Ry

� NGWF radii of 6.0 and 8.0 a0

� Local Density Approximation
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