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MOTIVATION 

Á Scientific problems require more performance 

Á Χ ǿƘƛŎƘ requires increased parallelism 

Á Χ ǿƘƛŎƘ requires increased number of processing 
elements (PEs) 

Á Χ ǿƘƛŎƘ requires a tightly-coupled larger network 
Á On-chip 

Á On-node 

Á Off-chip 

Á Ą Supercomputing is at the fore-front of scalable  
ƴŜǘǿƻǊƪƛƴƎ όŀƪŀΦ άCƻǊƳǳƭŀ м ƻŦ bŜǘǿƻǊƪƛƴƎέύ 
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HIGH PERFORMANCE NETWORKING? 

ÁImportant parameters: 
Á9ƴŘǇƻƛƴǘ ǘȅǇŜ όLƴŦƛƴƛ.ŀƴŘ όL.ύΣ 9ǘƘŜǊƴŜǘΣ ¢hC¦Σ Χύ 

Á¢ƻǇƻƭƻƎȅ όCŀǘ ¢ǊŜŜΣ IȅǇŜǊŎǳōŜΣ .ǳǘǘŜǊŦƭȅ ǾŀǊƛŀƴǘǎΣ Χύ 

ÁwƻǳǘƛƴƎ aƻŘŜ όǎǘŀǘƛŎΣ ŘȅƴŀƳƛŎΣ ŀŘŀǇǘƛǾŜΣ Χύ 

ÁWe focus on (for now): 
ÁInfiniBand (easily available, tools are open source) 

ÁRouting (the most important variable at scale) 
ÁIB spec mandates static routing L 

ÁArbitrary Topologies (next slide) 
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WHY ARBITRARY TOPOLOGIES? 
ÁMany networks grow over time or fulfill more 

than one purpose 

ÁFat Trees and Butterflies are hard to grow 

ÁTori networks may have undesirable properties 

ÁIB supports arbitrary topologies! 

ÁHybrid networks exist: 
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FORGET FULL BISECTION BANDWIDTH L 

Áexpensive topologies do not guarantee high bandwidth 

Ádeterministic oblivious routing cannot reach full bandwidth! 
ÁǎŜŜ ±ŀƭƛŀƴǘΩǎ ƭƻǿŜǊ ōƻǳƴŘ 

Á random routing is asymptotically optimal but looses locality (see later) 

 

 

 

Á InfiniBand routing: 
Ádeterministic oblivious, destination-based, simple 

Á linear forwarding table (LFT) at each switch 

Á lid mask control (LMC) enables multiple addresses per port 
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BUT MY VENDOR SAID άbON-BLOCKINGέ 

 

 

 

 

 

ÁTwo communications 1Ą6, 4Ą14 

ÁFull bisection bandwidth network 

ÁNo full bandwidth observed! 
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SO HOW BAD IS CONGESTION? 
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Lower Bound! 
(~ GigE Speed) 

Reality? 

CHiC Supercomputer: 
Å slightly aged but reflects routing 
Å 566 nodes, full bisection IB fat-tree 
Å no endpoint congestion! 
Å effective Bisection Bandwidth: 0.699 

Microbenchmarks 
(yet to be seen in 

practice) 

Hoefler et al.: Multistage Switches are not Crossbars: Effects of Static Routing in High-Performance Networks 
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BUT I HAVE A CLEVER SUBNET MANAGER!  

ÁOpenSM  (IB) routing algorithms: 
ÁMINHOP (finds minimal paths, balances number of routes 

local at each switch) 

ÁUPDN (uses Up*/Down* turn-control, limits choice but routes 
contain no credit loops) 

ÁFTREE (fat-tree optimized routing, no credit loops) 

ÁDOR (dimension order routing for k-ary n-cubes, might 
generate credit loops) 

ÁLASH (uses DOR and breaks credit-loops with virtual lanes)  

ÁLǘΩǎ ŎƭŜǾŜǊ ƛŦ ȅƻǳ ƘŀǾŜ ŀ Cŀǘ ¢ǊŜŜ ƻǊ ŀ ¢ƻǊǳǎ 
ÁBut beware if you add or remove one link! 
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EFFECTIVE BISECTION BANDWIDTH 

ÁA measure for global network performance 
ÁConsiders routing! Can be measured with a benchmark! 

ÁMore realistic then bisection bandwidth! 

ÁEffective Bisection Bandwidth (eBB) Benchmark 
ÁDivide network into equal partitions A and B 
Á         combinations 

ÁFind one peer in B for each node in A 
Á         pairings 

ÁHuge number of patterns 
Á Statistics converge fast (~1000 measurements) 

Á Implemented in Netgauge/eBB (download and try!) 
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ORCS ς A ROUTING EBB SIMULATOR  

ÁRoutes large number of random eBB patterns 

ÁCount maximum congestion of each 

ÁStatistical analysis 

ÁVerified on Chic: 

ÁOther systems 
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Schneider, Hoefler, Lumsdaine : ORCS: An Oblivious Routing Congestion Simulator 

Computer Nnodes FBB eBB 

Ranger 3908 Full 57.5% 

Atlas 1142 Full 55.6% 

Thunderbird 4390 ½ 40.6% 
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