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Fig. 4. Charge distance (integral |ρin − ρout|) as function of the number of scf-iter-
ations for Sb2S3 using full or iterative diagonalization (with 150, 216 or 361 eigen-
values). The hatched region indicates the typically desired convergence criterion.

99 atoms/cell. Since this is a magnetic and metallic system, 8 k-points and a
spin-polarized calculation (i.e. 16 different eigenvalue problems per scf-cycle)
had to be performed. The basis set size Nbas = 16900 (real matrix elements)
is so large, that we could not run this example on a single cpu, but the basic
timings will be given for 4 cpus (cluster of AMD dual-core opterons with in-
finiband network). For the iterative diagonalization we used 950 eigenvalues
(about 600 are occupied) and virtually no scf-convergence degradation was
found. As evident from Table 3, the time spent in calculating ρ and veff is al-
most negligible, but 70 % of the time is spent during full diagonalization. The
iterative scheme is more than ten times faster and thus only 25 % of the time
is spent on the diagonalization. Overall the time of an scf cycle can be reduced
by a factor of three. Still the cpu time in particular for the setup of H and
S is so large that further parallelization is desirable and in Fig. 5 the scaling
of setup and diagonalization of this eigenvalue problem up to 64 cpus is pre-
sented. It should be noted that these measurements were done under full-load
conditions of the machine, which leads to some irregularities in the reported
timings. The setup of the matrix elements is split into a spherical part (Hsph,
Ssph), which takes about 2/3 of the total setup time and a non-spherical part
(Hnsp and Snsp). Hsph, Ssph scales perfectly as it has basically no communica-
tion and also no sequential part. The calculation of the non-spherical matrix
elements Hnsp and Snsp still scales very well, but as one cannot avoid some se-
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task time (s)

ρ, veff 125

H,S 1080

full diag. 2850

iter. diag (950 ǫi) 250

one scf cycle (full diag.) 64050

one scf cycle (iter. diag. 950 ǫi ) 22450

Table 3
Timings on 4-processors of different parts (see text) of the calculations for a 3x3
super-cell of a h-BN/Ni(111) surface model with 99 atoms/cell (Nbas = 16900). The
scf-timings assume 16 k-points.

quential steps, decreasing efficiency is to be expected for more cpus. For up to
32 cpus the iterative diagonalization scales slightly better than full diagonal-
ization (matrix-matrix multiplication vs. solution of eigenvalue problem), but
then the overhead of the network based I/O and problems due to the stacked
infiniband switch degrades the performance. Nevertheless, even for 64 cpus
the iterative diagonalization is 10 times faster than full diagonalization and
comparable to the setup of Hsph, Ssph and Hnsp and Snsp, respectively. The effi-
ciency (speedup / number of processors) of the full (iterative) diagonalization
is 63 (75) % for 32 processors and 47 (43) % for 64 processors.

5 Conclusions

When one needs to solve the KS equations self-consistently, one has to solve
a sequence of closely related generalized eigenvalue problems thus an iterative
solution could lead to a significant speed-up. We propose a new preconditioner
for the blocked Davidson method to solve efficiently generalized eigenvalue
problems also for the case of non-diagonally dominant matrices. Commonly
the inverse of the diagonal of (H − ϑjS) is used as preconditioner, but we
use the inverse of (H − λ̄S) for a fixed value λ̄ instead. The algorithm has
been implemented in both, a sequential and a parallel version of our WIEN2k
code and we demonstrate that it leads to a fast, stable and efficient scheme.
In addition the new iterative scheme should show better scaling properties
than the full diagonalization, at least as long as network I/O does not limit
its performance. Most importantly, the approximate solution of the eigenvalue
problem does not affect the solution of the self-consistent-field problem (i.e.
the number of scf iterations) provided a sufficient number of states is included.

This scheme has already been tested on an everyday basis by the large WIEN2k
community [11] for several month and allowed us to increase the size of a ma-
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Fig. 5. Speedup of various parts of the eigenvalue problem with the number of
processors for a 3x3 super-cell of a h-BN/Ni(111) surface model with 99 atoms/cell
(Nbas = 16900).

terials science problem by a factor of up to two. Recently we could solve a
big nanoscience problem with more than 1100 atoms/unit cell [6,16], which is
metallic and contains many transition metal atoms.
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