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High-Performance Small-Scale Simulation
of Star Clusters Evolution on Cray XD1

KEIGO NITADORI,* JUNICHIRO MAKINO' and GEORGE ABE!t

In this paper, we describe the implimentation and performance of N-body simulation code
for a star cluster with 64 k stars on a Cray XD1 system with 400 dual-core Opteron processors.
There have been many reports on the parallelization of astrophysical N-body simulations. For
parallel implementations on more than a few tens of processors, performance was usually mea-
sured for very large number of particles. For example, all previous entries for the Gordon-Bell
prizes used at least 700k particles. The reason for this preference of large numbers of parti-
cles is the parallel efficiency. It is very difficult to achieve high performance on large parallel
machines, if the number of particles is small. However, for many scientifically important prob-
lems the calculation cost scales as O(N3-3), and it is very important to use large machines
for relatively small number of particles. We achieved 2.03 Tflops, or 57.7% of the theoretical
peak performance, using a direct O(N?) calculation with the individual timestep algorithm,
on 64k particles. The best efficiency previously reported on similar calculation with 64 K or
smaller number of particles is 7.8% (9 Gflops) on Cray T3E-900 with 128 processors. Our
implementation is based on highly scalable two-dimensional parallelization scheme, and low-
latency communication network of Cray XD1 turned out to be essential to achieve this level
of performance.
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Fig.1 Improved 2D algorithm for processor array of (a,b) = (3,4). Circles denote positions, half-toned

and filled square denote partial and full forces, respectively. (a) 7, 3 and 9 active particles are found

in columns 1, 2 and 3. (b) Each processor in one column decides which particles to handle. (c)

Horizontal broadcast of the positions. (d) Force calculation. (e) Summation of the partial forces.

Completed forces are sent back to the original locations. (f) Vertical broadcast of the forces.
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Fig.2 Making the balanced vertical distribution of active

particles of Fig. 1 (b). 7, 3 and 9 active particles are
found in columns 1, 2 and 3 (left), and 5, 5, 5 and
4 active particles are assigned to row 1, 2, 3 and
4 (right). Note that the distribution can be fixed
after all numbers of active particles in each column
are known.
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Fig.3 The evolution of the star cluster. Only the heavy
particles are plotted.
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(bottom) for N-body unit time.
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Fig.5 Performance per peak (top) and performance in

Gflops (bottom) for the number of processors, for
N=16k (triangle) and N=64k (circle). The dot-
ted line indicates the ideal linear speedup. Multiple
symbols for the same values of N and p are results
for different processor geometries. The performance
per peak is almost equivalent to the parallel effi-
ciency.
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