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A processor has been constructed using a ‘pipeline’
architecture to simulate many-body systems with
long-range forces. It has a speed equivalent to
120 megaflops, and the architecture can be readily
parallelized to make teraflop machines a feas-
ible possibility. The machine can be adapted to
study molecular dynamics, plasma dynamics and
astrophysical hydrodynamics with only minor
modifications.

(very-large-scale integration) chips. Our special-purpose com-
puter is constructed relatively easily using such chips. The prob-
lem is to develop an architecture that allows both ease of
construction and sufficient flexibility to simulate a wide variety
of physical systems. The N-body problem is in fact well suited
to these apparently conflicting demands. The simplicity is reflec-
ted in the computer’s cost effectiveness; our prototype machine
GRAPE-1 achieved a performance comparable to the CRAY-
XMP/1 at a cost 10,000 times lower.

The pipeline architecture
The N-body problem is described by the equation
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Short-range forces need be calculated only for pairs of parti-
cles lying within the sphere of the force’s effective range.
Moreover, the form of the force law depends on the problem
considered. Therefore, it is better calculated in the program-
mable host machine. To do this, however, we still have to identify
which particles are close neighbours. This involves constructing
a list of neighbour particles, which requires a calculation of
O(N?) operations. But the GRAPE hardware determines inter-
particle distances during the calculation of the long-range forces,
and can therefore generate such a list (with only small changes
to the GRAPE hardware) and send it to the host. We call such
a machine GRAPE(nl).
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Roughly every decade a new, lower priced computer class forms
based on a nhew programming platform, network, and interface
resulting in new usage and the establishment of a new indus-

try.
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