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Figure 1. MOEnNgine, a special purpose machine for accelerating molecular

orbital calculations.
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|2) Compute one-electron integrals( OEIi
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3) Compute two-electron integrals(TEI), (I1J,KL)
and make Fock matrix
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Figure 2. Typical flow charts for an ab initio molecular orbital calculation.

Table 1. Computing times in eeach SCF calculation step for some peptide molecules(sec).

G GA GAQ GAQM GAQMY
Number of dimensions 55 110 207 316 427
Initial guess 0.1 0.7 4.4 15.0 43.7
One-Electron Integral 0.1 0.5 2.3 7.8 14.4

Two-Electron Integral  21.9 268.5 2241.3 10994.7 32624.7
and Fock Matrix (96.9%) (98.8%) (99.1%) (99.4%) (99.4%)

Diagonalization 0.1 1.0 6.9 28.4 103.3
Properties 0.1 0.5 2.8 9.7 24.2
Others 0.3 0.6 3.0 9.5 25.1
Total 22.6 271.8 2260.7 11065.1 32835.4

G: Gly, GA:Gly-Ala, GAQ: Gly-Ala-GIn, GAQM: Gly-Ala-GIn-Met, GAQMY: Gly-Ala-
GIn-Met-Tyr
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Figure 3. Index-driven Fock matrix algorithm
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Figure 9. Cutoff scheme in Lysozyme molecule.
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We are now developing a special purpose machine for accelerating ab initio molecular or-
bital calculations, MOENgine, a parallel architecture with small local distributed memories. This
machine enables low-cost and high-performance molecular orbital calculations. MOEngine has
such small memories, several megabytes, for each processor that all the matrix elements cannot
be put on each memory. Conventional Fock matrix construction algorithms cannot be applied for
MOEnNgine, and a new parallel distributed algorithm is required in which matrix element data are
transferred between a host machine and each processor whenever it is necessary. Then, we devel-
oped a novel algorithm for large-scale Fock matrix generation with small local distributed memory
parallel architecture. In this paper, we give a detailed explanation of “cutoff’, and descrive the
relationship between the “cutoff” and a Fock matrix generation algorithm for small distributed
memory. In such an algorithm, “matrix element cutoff” which cooperates with the integral cutoff
is indispensable for the decrease of the amount of data transfer. We have also investigated how
much integral cutoff is done in large molecules. The ratio of the cutoff-survival basis number to
the original basis number is less than 10%, and the survival basis number becomes nearly con-
stant. This means that, in large molecules, the number of effective electron repulsion integrals
decreases remarkably and is proportional to the ordBiPof

Keywords: Distributed Memory Parallel Computer, Ab Initio Molecular Orbital Calculation,
Fock Matrix Generation, Integral Cutoff

J. Chem. Software, Vol. 6, No. 3 (2000)



