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T. HOEFLER

The three L's in modern high-performance networking: low latency, 
low cost, low processing load

with support of M. Besta, S. Di Girolamo, K. Taranov@ SPCL  -- R. Grant, R. Birghtwell@ Sandia Natl. Labs
keynote at HiPINEB@ HPCA, Vienna, Austria in February 2017
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Key ideas:

άLǘΩǎ ǘƘŜ ŘƛŀƳŜǘŜǊΣ ǎǘǳǇƛŘέ

Lower diameter:
Ą Less cables traversed
Ą Less cables needed
Ą Less routers needed

Cost and energy savings:
Ą Up to 50% over Fat Tree
Ą Up to 33% over Dragonfly
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DESIGNINGA LOW-DIAMETERNETWORKTOPOLOGY
EXAMPLE: FULL-BANDWIDTHFATTREEVSHOFFMAN-SINGLETONGRAPH

diameter = 4

3-level fat tree:

[1] Hoffman, Alan J.; Singleton, Robert R. (1960),Moore graphs with diameter 2 and 3, IBM Journal of Research and Development

Slim Fly based on the
Hoffman-Singleton

Graph [1]:

diameter = 2
> ~50% fewer routers
> ~30% fewer cables

TSUBAME2.0
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Key method

Optimize towards the Moore 
Bound [1]: the upper bound on 
the number of vertices in a graph 
with given diameter Dand radix 
k.

LIMITSONLOW DIAMETERNETWORKTOPOLOGIES

ρ Ὧ
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[1] M. Miller, J. {ƛǊłƶ. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005. 12
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Example Slim Fly design for diameter= 2: MMS graphs [1]

THESLIM FLYPRINCIPLEςAPPROACHINGTHEMOOREBOUND!

[1] B. D. McKay, M. Miller, and J. {ƛǊłƶ. A note on large graphs of diameter two and given maximum degree. Journal of Combinatorial Theory, Series B, 74(1):110 ς118, 1998

A subgraph with
identical groups of routers

A subgraph with
identical groups of routers

CONNECTINGROUTERS: DIAMETER2
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THESLIM FLYPRINCIPLEςAPPROACHINGTHEMOOREBOUND!
CONNECTINGROUTERS: DIAMETER2

Groups form a fully-connected bipartite graph

MaciejBesta, TH: Slim Fly: A Cost Effective Low-Diameter Network Topology, Supercomputing 2014, SC14 14
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