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The First Principles Molecular Dynamics Software PHASE
on the Blue Gene/P

HARUKI IMAIT! and TAKAO MoORIYAMAT!

The IBM Blue Gene®/P system is the latest machine in the IBM Blue
Gene® family. One of its new functions makes it possible to share memory
among the 4 cores within a node. In this paper, we optimized PHASE, a first
principles molecular dynamics system for the Blue Gene/P. To improve single
node performance, we used cache blocking, modified the code to generate SIMD
instructions, and replaced the FFT library. To improve the scalability, we used
hybrid parallelization using MPI and OpenMP. As a result, we improved the
performance about 1.8-fold compared with the original code performance and
achieved good scalability with hybrid parallelization.
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Table 1 Feature comparison between the BG/L and BG/P systems.
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Frequency 700 MHz 850 MHz
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real(®) a, x(n), y(n)
call alignx(16, x(1))
call alignx(16, y(1)))
doi=1,n
y(@) = y(@) + a * x@)
end do
01 DAXPYOOO
Fig.1 DAXPY code.
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do bs=1, n, bsize
be=bs+bsize-1

dok=1,4

doi=1,4
t = tt() Loop A

do 1= bs, be<Loop for plain-waves>
v1@)=y1G) + al*s1(@)*ss(, t)
yv2(@)=y2(1) — a1*s21D)*ss(i, t)
end do
end do
. Loop B
do m =1, np <Loop Bl for wavefunctions>
a = x(m)
do 1=bs, be <LoopB2 for plain-waves>
Z(i, m, )= Z(i, m, 1)+ a*yl(i)
z(i, m, 2) = z(1, m, 2) + a*y2()
end do
end do

end do
end do
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Fig.3 Structure of a kernel code “Products of pseudo potential and wavefunctions”.
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Fig.4 Block size and the performance of “Products of pseudo potential and wavefunctions”.
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dom=1, np
a =x(m)
if (z(bs, m, 1) at 16 bytes boundary) then
if ( z(bs, m, 2) at 16 bytes boundary) then
call sub_align_ee(z(bs, m, 1), z(bs, m, 2),
y1(bs), y2(bs), a, be-bs+1)

else

endif
else
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Fig.5 Code for alignment check.
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Fig.6 Optimization results only for “Products of pseudo potential and wavefunctions” (Si512
128 procs).
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Fig.9 Scalability of Si512.
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