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High Speed Calculation for Solid Molecular Dynamics on Vector Processors

KEeEN’IcHI ITAKURA,t MITSUO YOKOKAWA,' DAISHI SHIMIZU,t
HAJIME KiMIZUKAT and HIDEO KABURAKI!

The Earth Simulator which is under development has 640 processor nodes and its peak
performance is 40 Tflop/s. Each node has 8 vector processors, each of which has 8 Gflop/s
peak performance, and 16GByte shared main memory. In this study, we have evaluated
performance of solid molecular dynamics simulation on an SMP node of the Earth Simulator.

In molecular dynamics simulation, each particle is influenced by all particles within a cut-off
region and the representation of these pairs of particles is made by a matrix. Two matrix
representations, compressed row form and jagged diagonal form, are considered for vector-
ization. The jagged diagonal form is better than the compressed row form in performance
on a vector processor for the force calculation of every pairs, because the vector length of
the former is longer than that of the latter. However, computational cost for converting the
normal matrix form to the jagged diagonal form is quite expensive and the total performance
in using the jagged diagonal form is low. with the jagged diagonal form is obtained. Speedup
by parallelization with the compressed row form is 2.4 to 2.7 with 8 vector processors.
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Interconnection Network (Single-stage full crossbar switch : 16GB/s x 2)
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do i =1, nx
do k = i_str(i), i_str(i+1)-1
f= (@) +w(@)) * uk) + v(k)
fx = £ * dx(k)
fy = £ * dy(k)
fz = £ * dz(k)
fxb(i) = fxb(i) - fx
fyb(i) = fyb(i) - fy
fzb(i) = fzb(i) - fz
pb(i) = pb(i) + t(k)
fxb(j_list(k)) = fxb(j_list(k)) + fx
fyb(j_list(k)) = fyb(j_list(k)) + fy
fzb(j_list(k)) fzb(j_list(k)) + fz
pb(j_list(k)) = pb(j_list(k)) + t(k)
end do
enddo
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doi=1, nl
do j=1, j_str(i+l)-j_str(i)
k = j+jstr(i)-1
jj = jj_list(k)
ii= sorttable(j)
f = (w@id+w(3j)) * ulk) + v2(k)
fx = f * dx2(k)
fy = £ * dy2(k)
fz = £ *x dz2(k)
fxb(ii) = fxb(ii) - fx
fyb(ii) = fyb(ii) - fy
fzb(ii) = fzb(ii) - fz
pb(ii) = pb(ii) + t(k)
end do
enddo
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