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Case for Random Shortcut Topologies on
High-performance Computer Interconnects

MicHIHIRO KoiBucHI, ! HIROKI MATSUTANT, 2
HIDEHARU AMANO,2 D. FRANK Hsu® and HENRI CAsANOvA T4

As the scale of many-core parallel applications and high-performance computer systems in-
creases, the negative impact of communication latencies on performance becomes larger. It is
thus necessary to use low-latency topology based on high-radix switches in high-performance
computing systems. In this works, we explore to augment classical topologies with random
“shortcut” links. Given a topology of N switches with degree k, we content that random
shortcut links make it possible to drastically reduce the diameter close to log;, N, reduce the
average topological distance, improve topology expandability, and create a small-world effect
that improves robustness to faults. Graph analysis results show that adding random shortcut
links can improve diameter and average topological distance by up to a factor 8 when com-
pared to adding non-random shortcut links. Flit-level discrete simulation results show that
random shortcut links reduce latency by 35% and make it possible to achieve at least the
same throughput as existing non-random topologies, including hypercubes.
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Topology Diameter Avg. Top. Distance
(degree) min | max | min max
64-sw DLN(RST)(4) | 5 6 3.114 | 3.222
256-sw DLN(RST)(8) | 4 5 2.893 | 2.907
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