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MOTIVATION

Scientific problemsequire more performance
X ¢ KrégUirésincreased parallelism

X ¢ KrégQirésincreased number of processing
elements (PES)

X ¢ KréqQirésa tlghtly-coupled Iarer network
On-chip
Onnode
Off-chip

A Supercomputing is at the foreont of scalable
VSUG2NLl Ay O6F1Fd aC2NXd

Torsten Hoefler | Slide2 of 46



fi 'f{';; —

HIGH PERFORI\/IANCNETWORKIN?:‘-

Important parameters:
OYVRLIRAYU (GeLIS SLYTFAYA.
¢2L2f 238 O6CI0 ¢NBSX | @&l
w2dziAy3 az2zRS 6adGdlFiArAo0oxr
We focus on (for now):
InfiniBand(easily available, tools are open source)

Routing(the most important variable at scale)
IB spec mandates static routihg ﬁ
Arbitrary Topologiegnext slide) |

|NFINIBAND

TRADE ASSOCIATION
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WHYARBITRARYOPOLOGIES

Many networks grow over time or fulfill more
than one purpose
Fat Trees and Butterflies are hard to grow
Torinetworks may have undesirable properties
IB supports arbitrary topologies!
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expensive topologies do not guarantee high bandwidth
deterministic oblivious routing cannot reach full bandwidth!
4SS #FftAllYydiQa t26SNJ 62dzyR
random routing is asymptotically optimal but looses locality (see later)

- - -~ -

InfiniBand routing:
deterministic oblivious, destinatichased, simple
linear forwarding table (LFT) at each switch
lid mask control (LMC) enables multiple addresses per port

Hoefleret al.: Multistage Switches are not Crossbars: Effects of Static Routing #Pétighmance Networks
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BUT |\/|YVEN DOFSAID Q b)I\I-BLOCKINS

"1 (down) | (to 9+10) (o 11+12)
1 (down) 8 port 3 (down) 8 port
2 (down) |l 13 (down) 4 (down) [FULESET1S (down)

8 (down)

5 (down) 1,9,13 (up)

- 2,10,14 (up) \/

1,5,9 (up)

3,11,15 (up)

C 3,7,11 (up)
N » 14, 10 (Up crossbar crossbar u
6,10,14 (up) crossbar 4,12,16 (up)

9..12

A1.4A 57.8

13 Y 16

A Two communicationsA 6, 4A 14
A Full bisection bandwidth network
A No full bandwidth observed!
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35 T, Bandwidth =3 1 7000 CHiCSupercomputer:

& 2 Aslightly aged but reflects routing
@ = . .
> < A566 nodes, full bisection IB faee
s 2 Ano endpoint congestion!
> 2 Aeffective Bisection Bandwidth: 0.699
;
o o 8000 : e — :
Nno congestion ==je—
7000 |- congestion: 1 === Penes
congestion:g ----- a ------
L j i i i i i i \ 0 - 6000 - conges !Oni ::I:'m ,:I,:,
0 1 2 3 4 5 6 7 8 9 10 11 § 5000 cgggggﬁ};‘;ﬁg o
Congesition Factor >3
. % 4000
Microbenchmarks £ 3000
. [+
(yet to be seen in Lower Bound! @ 2000
' : X 1000
practice) (~GigESpeed) 0 e
0.001 0.01 0.1 1 10 100 1000 10000

R e al It>/’> Datasize (kiB)
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OpenSM(IB) routing algorithms:

MINHORfinds minimal paths, balances number of routes
local at each switch)

UPDNuses Up*/Down* turncontrol, limits choice but routes
contain no credit loops)

F TREHat-tree optimized routing, no credit loops)

DORdimension order routing for-ary n-cubes, might
generate credit loops)

LASHuses DOR apd pre’\aks creldiops with virtual lanes) )
Li0Qa Of SOSNI AT &2dz KI O

But beware if you add or remove one link!

T. Hoefler, T. Schneider and_AmsdalneOptlmlzed Routing for Largecale InfiniBand Networks
fﬂ___;___ﬁ_,_. — . ,ff--——"'
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EFFECTIVBISECTIOIEBAN DWIDTH

A measure for global network performance

Considers routing! Can be measured with a benchmark!
More realistic then bisection bandwidth!

Effective Bisection Bandwid{eBB Benchmark

Divide network into equal partitions A and B
() combinations

Find one peer in B for each node in A
L1 pairings

Huge number of patterns
Statistics converge fast (~1000 measurements)

Implemented inNetgaugéeBB(download and try!)

Hoefleret aI Multlstage SWltches are not Crossbars: Effects of Static Routing +I?(Hfgkmance Networks -
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ORCS A WBBS ULATOR

Routes large number of randoaBBpatterns
Count maximum congestion of each
Statistical analysis
Verified on Chic:

Other systems

Ranger 3908 Full 57.5%
Atlas 1142 Full 55.6%
Thunderbird 4390 Y 40.6%

Schneider, Hoefldcumsdaine ORCS: An Oblivious Routing Congestion Simulator
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