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Parallelization and Performance Evaluation of Fragment
Molecular Orbital Method Program ABINIT-MP

TOSHIYUKI SATO,! YUTAKA AKIYAMA,22 TATSUYA NAKANO,3
Masami UEBAYASTH and KAzuo KITAURATS

We have developed a new parallelized molecular orbital program called ABINIT-MP. In
order to achieve ab initio MO calculation of biological macromolecules like proteins, ABINIT-
MP combines a new fast calculation method and a large-scale parallelization technique. The
program employs Kitaura’s fragment molecular orbital method (1999). With the pair approx-
imation, calculation is reduced from O(N%) to O(N?) where N is bases sizes at the problem.
Efficient parallelization of the method has been done on ABINIT-MP. With ABINIT-MP we
can calculate the total energy and charge density of an actin binding protein (PDB 1VII, 36
amino acids) within only 6120 seconds (on Hitachi SR2201 150 MHz) using 193 processors in
parallel. A water cluster with 995 HoO molecules is calculated using 249 processors, showing
very high parallel efficiency of 78%. The research results of ABINIT-MP are available on the
WWW server (http://hse.nihs.go.jp/abinitmp/).
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Fig.1 Flowchart of fragment molecular orbital method.
We obtain fragment charge density and use it to
calculate fragment pair process.
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Fig.2 Simple parallelization of fragment loops. It is possi-

ble to parallelize fragment loops (do i=1, nf) where
nf is number of fragments, for integration and SCF
calculations.
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Table 1 Elapsed time and speedup ratio for calculation
of Poly Gly (N = 8) with each number of pro-
cessors. It is effective to use until 9 processors
to calculate for fragment loops and 36 processors
to calculate for fragment pair loops, respectively,
because of number of this target model’s frag-
ments and fragment pairs.

PUO 1 3 9 36
Elapsed timel 0 0O 2239.1 924.7 427.7 212.6
Speedup ratio (1.0) 2.4 5.2 10.5
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Fig.3 Elapsed times for calculation of water cluster (N =

103) with each number of processors. It is ineffec-
tive to calculate using data division method with
more than 16 processors, although it is effective
to calculate using semi-direct SCF method if many
processors were used.
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Table 2 Elapsed times (sec) for calculation of Poly Gly
(N = 20). np shows the number of parallelization
of inner fragment calculation and PUs shows the
number of total used processors. Then PUs/np
means number of parallelization of fragment and
fragment pair loops. The bold numbers indicate
the calculation times that used large memory (see
text for details). X indicates that calculation can-

not perform because of memory shortage.
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Table 3 Elapsed times (sec) for calculation of Poly Ala
(N = 20). np and PUs are identical with Table
2. It cannot perform the case that np = 2 and
PUs/np = 1, etc. because this calculation model

is larger than the case of Poly Gly.
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Fig.4 Elapsed times for calculation of water clusters (N =
995,471,103, 48) using semi-direct SCF method
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Fig.6 Elapsed times for calculation of poly peptides (N =
20) with each number of processors. Results of
semi-direct SCF method are shown for reference
data. Data division method with parallelization of

inner procedures shows better performances.
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Fig.7 Speedup ratios for calculation of poly peptides
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Fig.8 Load balancing for fragment pair loops. To avoid
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half of all calculation time.
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