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Table 1. Detail of three clusters on AIST Super Cluster

Cluster CPU #proc(node) Memory
(GB/node)

P32 Opteron 2048(1024) 6
(model 246,
2.0GHz)

M64 Itanium2 512(128) 16

(1.3GHz)

F32 Xeon 536(256) 4

(3.06GHz)
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Figure 1. Structure of Lysozyme with 713 H,0 (<3.5 A)
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Table 2. E-time of FMO-MO calculation for Lysozyme
and 2096 H, 0O system

CPU #proc E-time

FMO Calc. Opteron® 128 1.7h
Fock Matrix Gen. Opteron® 256 3.9h
Eigen Value & Vector

Cholesky decomposition+

Householder-bisec Opteron? 1 4.1h

Sakurai-Sugiura Xeon ? 1 44.5m
Xeon® 128  1.9m

a0pteron :model 246, 2.0GHz, ®Xeon :3.06GHz

Table 3. E-time of FMO-MO calculation for a model
DNA system

CPU #proc E-time

FMO Calc. Opteron® 640  19.7m
Fock Matrix Gen. Opteron® 256  30.7m
Eigen Value & Vector

Sakurai-Sugiura Opteron? 16 5.7m

&0pteron :model 246, 2.0GHz
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(d)HOMO-LUMO of Lysozyme with 2096 H,0 (<10.0
0)

Figure 2. HOMO-LUMO of Lysozyme with H,O
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Figure 3. HOMO-LUMO of model DNA
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Figure 4. MO energy level close to HOMO-LUMO re-
gion. (a) Lysozyme, (b) Lysozyme with 365 H,O (<3.5
A), (¢) Lysozyme with 713 H,0 (<5.0 A), (d) Lysozyme
with 2096 H,0 (<10.0 A)
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We have been developing a computational tool to obtain the molecular orbitals for large molecules such
as proteins and molecular clusters without excessive calculation costs. In our method, the entire Fock matrix
is generated using density matrix obtained from the fragment molecular orbital method, which is applicable
to large systems and suitable for parallel processing. To solve the large scale generalized eigenproblem, we
use the Sakurai-Sugiura method. This method solves several liner equations which have large granularity
and is well suited to master-worker type execution. It is sufficient for parallel processing on computers of
distributed memory parallel architecture. The method is favorable for calculation of only a small number
of eigenvalues and corresponding eigenvectors of a large scale matrix. Our method has high parallelization
efficiency and the communication cost is negligible to the total calculation costs. Thus, this is one of the right
applications for using Grid technology.

Elapsed times to obtain MOs close to HOMO-LUMO of Lysozyme (129 amino-acid residues and solvent
molecules, total 8258 atoms) with FMO/HF/STO-3G (20758 basis functions)) and model DNA (40 A-T base
pairs, total 2636 atoms with FMO/HF/STO-3G (10108 basis functions)) are less than about 5 hours and 1
hour, respectively, on only 128 Dual Opteron cluster. OThe position of HOMO and LUMO in the Lysozyme
and water cluster case is strongly dependent on distribution and the number of solvent water molecules.
Careful treatment for solvent molecules is required to have consistent results. In the case of model DNA,
HOMO and LUMO are located at the center and the terminal of the DNA chain, respectively.

Keywords: Fragment Molecular Orbital method, Large scale molecule, Parallel processing, Lysozyme,
Model DNA
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