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Figure 1. Flow diagram of self-consistent field
calculation in the CP method
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Table 1. Percentage of 3D FFT in the CP calculation

Count of Atoms 8 64 216
Count of Eigenstates 16 128 432
Count of Plane-Waves 123 739 2517

Count of FFT Taps 168 328 648
Wall-clock time for one SD 0.37 73 2724
iteration[sec]

3D FFT Percentage 60.6 84.8 88.0
Orthogonalization Percentage 1.7 5.6 5.9
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Ex. Array Size:256 X 256 X 256 , Device: 256MB SO-DIMM

Real/lmaginary
Z-index Y-index X-index

|76548210765432107654321|0|R»’|I

|7l6ls]4al3]|7]l6|5|al3]7]6|5]al3]2]1]0]2]1]0]l2]1|0]|r|

) Rowf/Bank Address Column Address

SDRAM Command Sequence Time Chart

address |OR| 01| 1R| 11| 2r] 21 [3r] 31 |4r] 4i[5R| 51 [6r] 61 [7R] 7i lorloi] | | | | ot
Read/Write without auto precharge NOP
ReadMvrite with auto precharge Row Active (RAS)} command
Note:
Burst Length : 2

3 + 1 bit column address = 16 word (pseudo) block ReadAVrite for each scan axis

Effective Rate of Memory Bus Band Width: 16/18 = 89%

Figure 2. Pseudo Burst Transaction for 3D Array
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Figure 3. Butterfly Core
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Figure 6. FFT logic
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Figure 7. FFT area for the CP methods
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Figure 10. Speed up of the CP code by the FPGA boards

Table 2. 3D FFT performance of general purpose CPU and FPGA chip in msec.

Number of Taps 64x 64x 64 | 128x 128x 128 | 256 x 256 x 256

FFTW on Xeon @2.4GHz FFT only 24 291 4542
Charge Density 60 546 6043
Gradient Vector 88 848 9900

3D FFT Logic on FPGA Chip | FFT only 25 205 1834
Charge Density 28 228 2002
Gradient Vector 52 432 3836

3D FFT Logic on FPGA Board | FFT only 51 459
Charge Density 57 500
Gradient Vector 13 108 959
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The execution time of Car-Parrinello based first principles calculation is dominated by 3D FFTs of
electronic-state vectors. To accelerate these parts, the authors developed 3D-FFT logic, and implemented
it on an FPGA board with four FPGA devices. The single board performs FFTs 10 times faster than a Xeon
2.4GHz processor. The speed up is about 50 times under the same power supply. With these two FPGA
boards, we could accelerate the CP calculations 10 times faster than those on a Xeon 2.4GHz processor. For
further acceleration of the CP codes, we propose a dynamic reconfigurable FPGA where both 3D-FFT and
Gram-Schmidt orthogonalizations are performed.

Keywords: Car-Parrinello method, First principles calculation, Plane-wave expansion, FFT, Gram-Schmidt
orthogonalization, Special-purpose computer, Reconfigurable, FPGA
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