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and platform system (2-unit in picture).
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Figure 2. EHPC platform architecture. T-COM library is adopted for
intra-unit communication, and DDI library in the GAMESS packagefor
inter-unit communication.
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Figure 3. Tree-COM (T-COM) layered architecture. PUs can communicate only with
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Figure 4. Global counter in DDI library for dynamic load
balance. Each PC can access global counter allocated on
PC-0 asynchronously through nextval () function.
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0001 1if (parallel) broadcast (D[]}
0002 do IJ=0, Ni;-1 ({(screened)
0003 do KL=0, IJ

0006 end do
0007 end do
0008 if (parallel) all reduce(F[])

0004 survive = check schwarz(cs 1dx[IJ],
0005 if (survive) make fock(F[], D[], cs idx[IJ],

cs 1dx[KL])
cs 1dx[KL])

Figure 5. Pseudocode of Fock matrix construction. N,; is the number of screened contracted-shell-pair (CS-pair)
index, and an array of structure cs.idx[1J] stores pre-screened CS-pair indices and /(i ]ij) value corresponding
to screened index 1J. A Boolean function check_schwarz() examines Schwarz' inequality screening, and afunction
make_fock() constructs partial Fock matrix for CS-pair ij and kl onto an array F[]. D[] isan array of density matrix.
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Figure 7. (Glycine)s.

Table 1. Benchmark results on the EHPC platform system with 63 SH4 CPUs. Wfock
is the total elapsed time of Fock matrix constructions for 13 SCF cycles, and Wtotal
isthe total elapsed time of benchmark calculation.

Platform system (SH4, 200MHz) PC(Pentiumd4, 2.8GHz)

DLB SLB-1J SLB-IKL
Wfock /sec 44867 55953 48375 25175
Speedups /board  20.724  16.854 19.244
Speedups/chip 62562 50.143 57.909
Ratio 0993  0.79 0.919
Wtotal /sec 46595 57754 49956 2526.4
Speedups /board  19.987  16.353 18.664
Speedups/chip  60.152  48.530 56.105
Ratio 0955  0.770 0.891
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and Wtotal isthe total elapsed time of the benchmark calculation.
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Parallel Fock matrix construction algorithm for molecular orbital (MO) calculation specific computer
(Figure 1) has been developed. MO-specific computer consists of massive custom processors to calculate
two-electron integrals on the EHPC platform system (Figure 2), which have layered architecture (Figure
3). In order to obtain high parallelization efficiency for Fock matrix construction (Figure 5) on the layered
architecture, multi-level dynamic load balance scheme (Figure 6) is adopted to get better load balance and
to localize communications within a tree structure of Tree-Comm network API. Parallelized Fock matrix
construction routine was implemented into GAMESS ab initio program on EHPC platform system, which
uses SH4 processor instead of specia purpose LSI. Benchmark result on 63 worker SH4 processor system
shows extremely high parallelization efficiency (Table 1, Figure 8) on the platform system.

Keywords: EHPC(Embedded High Performance Computing), Molecular orbital calculation specific com-
puter, Multi-level dynamic load balance scheme, Parallel Fock matrix construction algorithm, Platform sys-
tem with layered architecture
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