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HPC Interconnection Networks with Short-length Cabling and
Variable Topology using Free Space Optical Links

MICHIHIRO KOIBUCHI, ! IKKI FUJIWARA," YOHEI HASEGAWA, 2
YoicHl HASHIMOTO, HIROKI MATSUTANI and HIDEHARU AMANOT

As supercomputers become large, interconnection networks face two problems to be re-
solved: (1) reduce the aggregate cable length, e.g. over two thousands meters in a machine
room, and (2) design a network topology optimized to various communication patterns of
parallel applications. In this work, to mitigate two problems, (i) we use free space optical
communication at free space between the ceiling and top of cabinets in order to reduce the
aggregate cabling length, and (ii) updating source-destination pairs of free space optical links
enables to statically optimize the network topology to communication patterns of parallel
applications, and we evaluate such an interconnection network. Evaluation results show that
when using free space optics on 10GBASE-LR Ethernet, performance and quality of their links
are maintained by at least 10 meters. Optical cables are usually placed along the Manhattan
distance in machine room layout, whereas free space optics directly send light along the Euclid
distance; delay of a free space optical link decreases by up to 53% compared with that of an
optical cable. The analysis results illustrate that the average cable length is reduced down by
up to 52% by using free space optical cables from a cabinet to seven cabinets in 8,192-switch
hypercube topologies.
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