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Bandwidth = — %
Latency = log; N
Radix =k
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2010 18th IEEE Symposium on High Performance Interconnects

The PERCS High-Performance Interconnect

Baba Arimilli *, Ravi Arimilli *, Vicente Chung *, Scott Clark *. Wolfgang Denzel 1, Ben Drerup *. Torsten Hoefler 1
Jody Joyner *, Jerry Lewis *, Jian Li T, Nan Ni * and Ram Rajamony

* IBM Systems and Technology Group, 11501 Burnet Road, Au:

in, TX 78758

T IBM Research (Austin, Zurich), 11501 Burnet Road, Austin, TX 78758
¥ Blue Waters Directorate, NCSA, University of Ninois at Urbana-Champaign, Urbana, IL 61801
E-mail: arimilli@us.ibm.com, rajamony@ us.ibm.com, htor@ illinois.edu

Abstract—The PERCS system was designed by IBM in re-
sponse to a DARPA challenge that called for a high-productivity
high-performance computing system. A major innovation in the
PERCS design is the network that is built using Hub chips that
are integrated into the compute nodes. Each Hub chip is about
580 mm” in size, has over 3700 signal VOs, and is packaged
in a module that also contains L.GA-attached optical electronic
devices.

The Hub module implements five types of high-bandwidth
interconnects with multiple links that are fully-connected with a
high-performance internal crossbar switch. These links provide
over 9 Thits/second of raw bandwidth and are used to construct
a fwo-leve . 3 g iens o

bandwidths do mnot scale accordingly. For instance, while
High Performance Linpack performance [5], [10] shows a
steady improvement over time, interconnect-intensive met-
rics such as G-RandomAccess and G-FFTE [5] show very
little improvement.

The challenge of building a high-performance, highly
productive, multi-Petaflop system forced us to recognize
early on that the entire infrastructure had to e along with
the microprocessor’s capabilities. A significant component
of our scaling solution is a new switchless interconnect with
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Lower diameter:

A Less cables traversed
A Less cables needed
A Less routers needed

Cost and energy savings:
A Up to 50% over Fat Tree
A Up to 33% over Dragonfly
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EXAMPLEFULEBANDWIDTHATTREE/SHOFFMANSNGLETONRAPH

3-level fat tree:

diameter = 4

Slim Fly based on the
Hoffman-Singleton
Graph [1]:

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

[1] Hoffman, Alan J.; Singleton, Robert R. (198@pre graphs with diameter 2 and BM Journal of Research and Development
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x Key method

Optimize towards the Moore
Bound[1]: the upper bound on
the number of vertices a graph
with givendiameter Dandradix
K.

DO p Q@ QQ p

QQ p E

[1] M. Miller, 3{ A NMJoare graphs and beyond: A survey of the degree/diameter problem, Electronic Jou@aintfinatorics2005.
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CONNECTINROUTERIDAMETER
ExampleSlim Flydesign fordiameter= 2:MMS graphg1]

A subgraph with A subgraph with
identical groups of routers identical groups of routers
I .
A B B

=

[1] B. D. McKay, M. Miller, and{JA N& nmte on large graphs of diameter two and given maximum degree. Journal of Combinatorial Theory, Series B, 74(B), 1993
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((Mﬂﬁmm NN

Groups form a fulhconnected bipartite graph

MaciejBesta TH: Slim Fly: A Cost Effective Hoameter Network Topology, Supercomputing 2014, SC14 14
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