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Left — The simulation of homogeneous isotropic turbulence is
one of the most challenging benchmarks for computational
fluid dynamics. Here, we show results of a 2048/stem,
computed with a fast multipole vortex method on 2048 GPUs.
This simulation achieved 0.5 petaflop/s on Tsubame 2.0.
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Below — Scaling on a massively parallel CPU systems is also
excellent. The plot shows MPI weak scaling (with SIMD within
each core) from 1 to 32,768 processes, and timing breakdown
of the different kernels, tree construction and communications.
The test uses 10 miilion points per process, and results in 72%
parallel efficiency on 32 thousand processes (Kraken system).

What's new? An open source FMM
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Method: Multipole-based, hierarchical O 564 Tl3 4008 32768
There are two common variants: treecodes and FMMs. procs
Both use tree data structures to cluster ‘source particles’ S
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Multipole expansions are used to represent the effect of reecode & FIMV — _ — Local Essential Tree on other processes Besides the results shown above, strong scaling runs on
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Features: Parallel, multi-GPU, with auto-tuning (did we say open source?) The same calculation using FETW on 2048 CPU cores of >
We developed a novel treecode-FMM hybrid algorithm Further iterations consist of popping a pair of cells from Above — The flow of the vortex method caluclation using parallel FMM, where the domain is partitioned by the same machine obtains 27% parallel efficinecy on 2048 O
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and GPU-capable. valid or not. If not, a new pair is pushed to the stack. .
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push root pair : S - S = S = . .
t0 stack : * O X (@) All the codes developed in our group are free (like free beer) and open source.
- - ! .V To download them, follow the links from our group website: U
' ' : calculate oush caloulate http:/barbagroup.bu.edu
interaction to interaction
stack Also on the website are up-to-date bibliographic references, and papers for
download. Please visit!




