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Figure 1. Hardware configuration of the four units system.
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Figure 2. The EHPC board and the debugging view.

Figure 3. Front view of the four EHPC units system.
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Table 1. Wall-clock time for one SCF iteration on one PC and on four PCs in sec.

1PC Number of Sample points

8192 16384 32768

Spherical potential generation 1 0
Matrix Elements generation 276 552 1166
Diagonarization 14 14 13
Density reconstruction 3 3
Total 294 570 1182
4PC Number of Sample points

8192 16384 32768

Spherical potential generation 1 1
Matrix Elements generation 72 139 277
Diagonarization 13 14 13
Density reconstruction 4 3
Total 89 158 294
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Table 2. Wall-clock time for one SCF iteration on one EHPC Unit in sec.

1UNIT

Number of Sample points

8192 16382 32762

Spherical potential generation
Matrix Elements generation
Diagonarization

Density reconstruction

Total

1 0
24 48
13 13

3 3
4 64

Table 3. Wall-clock time of matrix elements generation in sec.

Matrix Element Generation

Number of Sample points

8192 16384 32768

1PC
2PC
3PC
4PC

276 552 1166

139 276 552
93 185 370
72 139 277

Matrix Element Generation

Number of Sample points

8192 16384 32768

IUNIT
2UNIT
SUNIT
4UNIT

12 24 48
7 13 24
5 9 16
5 7 13
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Table 4. Speed up of 1-4 PC’s and 1-4 units.

No.PC 8192 16384 32768

1 1 1 1

2 1.985 2 2.112

3 2.967 2983 3.151

4 3.833 3971 4.209
No.Unit 8192 16384 32768

1 1 1 1

2 1.714 1.846 2

3 24 2.666 3

4 24 3428 3.692
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Table 5. Cost /performance of EHPC and SR8000/64.

Computer EHPC SR8000/64
(99th of Top500
in Nov., 2002)

Processors 112 512

Peak GFlops 224 512

Elec. Power(KW) 2 212

Volume(m?3) 0.79 27.7
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Development of a Special Purpose Parallel Computer,
Embedded High Performance Computer (EHPC)
for the First Principles DV Xo Calculations
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We developed a special purpose parallel computer: Embedded High Performance Computer (EHPC) for
the first principle DV Xa calculations, which realizes super high performance and cost-down for large scale
first principle material simulation.

An EHPC unit consists of one host-board (Pentium 111 400MHZz) and 7 acceleration-boards. Four general
purpose processors (SH4 200MHz) are equipped on a board. The EHPC unit has 28 processors connected to
each other by Compact PCI-bus.

The step of matrix elements generation where more than 90% computation time is required was efficiently
parallelized on the system. In the case of SizgBgHs3 cluster, the special purpose computer with four EHPC
units is almost 100 times faster than a lone Pentium 11 processor. Super-linear speed up has been observed
at the matrix elements generation step.

Keywords: First principles DV X calculation, Special purpose computer, Super-linear speed up, PC-cluster
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