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Design and Optimization of Two-level Particle-mesh Algorithm Based on Fixed-point Compression
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Abstract Large-scale N-body simulation is of great significance for the study of modern physical cosmology. One of the most
popular N-body simulation algorithms is particle-mesh (PM). However, the PM-based algorithms cost considerable amounts of
memory,which becomes the bottleneck to scale the N-body simulations in the modern supercomputer. Therefore, this paper pro-
poses to use fixed-point compression to reduce memory footprints per N-body particle to only 6 bytes,nearly an order of magni-
tude lower than the traditional PM-based algorithms. This paper implements the two-level particlee-mesh algorithm with fixed-
point compression and optimizes it with mixed-precision computation and communication optimizations. These optimizations sig-
nificantly reduce the performance loss caused by fixed-point compression. The proportion of compression and decompression in
the total time of the program reduces from 21% to 8% and achieves up to 2. 3 times speedup on computing hotspots which make
the algorithm maintain high efficiency and scalability with low memory consumption.
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