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Goal
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33% traffic reduction on 
oversubscribed links

+60% performance on Leonardo

+80% on LUMI 

+2x on MareNostrum5
+5x on Fugaku

Reduce rank distance to 

reduce usage of oversubscribed links

Do not make assumptions

on topology or node allocation
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Butterflies
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Bine Butterflies
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Bine vs Binomial



Bine vs. Binomial Trees/Butterflies: Leonardo

From 16 to 2,048 nodes, from 32 B to 512 MiB
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Bine vs. Binomial Trees/Butterflies: Leonardo
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Bine vs all (including Binomial)



Comparison with State-of-the-art Algorithms
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https://danieledesensi.github.iodesensi@di.uniroma1.it

Traffic reduction on oversubscribed links 
and performance improvements

Paper

Source Code

Leonardo/LUMI/MN5 Fugaku

Important to optimize
communication locality

Bine trees have shorter modulo distance
than standard binomial trees

+60% performance on Leonardo

+80% on LUMI 

+2x on MareNostrum5
+5x on Fugaku

Optimizations for Torus 

Networks

Hierarchical Multi-GPU 

Design and Evaluation

Additional Content

Correctness Proofs
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