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Motivation 

Science data increasing both in volume and in value 

¥  Higher instrument performance 

¥  Increased capacity for discovery 

¥  Analyses previously not possible 

Data enables discovery 

¥  Scientists must actually be able to work with the data 
−  Data has to get to analysis resources 
−  Results have to get to people 

−  People have to share results 

¥  Obstacles exist in many current infrastructures 

Science increasingly depends on networks for success 
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The Science Data Explosion 
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Data Explosion is Occurring Everywhere 

   Genomics 
¥  Sequencer data volume increasing 12x over the next 3 years 

¥  Sequencer cost decreasing by 10x over same time period 

   High Energy Physics 
¥  LHC experiments produce & distribute petabytes of data/year 

¥  Peak data rates increase 3-5x over 5 years 

   Light Sources 
¥  Detector data rate increase: super-MooreÕs Law 

¥  Data volumes rendering previous operational models obsolete 
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The Data Mobility Trifecta:  
ESnetÕs ÒScience DMZÓ Model 
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Dedicated 
Systems for 

Data Transfer 

Network 
Architecture 

Performance 
Testing & 

Measurement 

Data Transfer Node 
¥  High performance 
¥  Configured for data 

transfer 
¥  Proper tools 

Science DMZ 
¥  Dedicated location for 

DTN  
¥  Easy to deploy - no 

need to redesign the 
whole network 

¥  Additional info:  
http://fasterdata.es.net/ 

perfSONAR             
¥  Enables fault isolation 
¥  Verify correct operation 
¥  Widely deployed in 

ESnet and other 
networks, as well as 
sites and facilities 
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Key Enhancements Ð Data Mobility 

Common challenge across disciplines 

¥  Gating factor for data intensive science 

¥  Not the only part of data intensive science Ð not even the 
most important part 

¥  However, without data mobility data intensive science is 
hard 

We need to move data Ð how can we do so consistently well? 

¥  Dedicated data transfer systems 

¥  Proper toolset 

This doesnÕt happen by accident Ð must be done deliberately 
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Key Enhancements Ð Test and Measurement 

Data mobility requires a clean network 

¥  Packet loss is a performance killer 

¥  Present in many networks Ð if you havenÕt verified your network is 
clean, it is probably dirty 

¥  A network with packet loss cannot be used for data intensive 
science 

Test and measurement is by far the best way to clean up a network 

¥  Visibility into performance problems 

¥  Ability to tap community resources (large perfSONAR 
deployments exist and are available) 

You canÕt fix what you canÕt find 

You canÕt find what you canÕt see 
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Success Stories Ð Light Sources 

Experiment at Advanced Light Source at LBNL 

Need: transfer data to collaborators at University of 
Western Ontario 

¥  Collaboration to develop parallel analysis code 

Problem: Poor data transfer performance 

Some discussion of virtual circuits to provision around 
performance problems, but no testing had been done 
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Success Stories Ð Light Sources 

Fixes Ð Data transfer server 

¥  Running old enough operating system that modern stack tuning 
capabilities were not present 

¥  Upgraded OS so that modern stack features (autotuning and 
congestion control algorithms) were available 

¥  Tune TCP stack 

Fixes Ð Network 
−  Packet loss due to failing line card in site network 
−  Tracked down source of loss with perfSONAR 

Result Ð collaboration able to proceed due to enhancements 

Note: in this case, a virtual circuit would have optimized the wrong thing 
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Success Stories Ð Climate Science 

Need: Replication of large-scale climate data sets 

¥  Multiple centers on multiple continents (US, Europe, 
Australia, Japan) 

¥  Centers need to send and receive data (not just a fan-
out problem) 

Problem: 

¥  Poor data transfer performance 
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Success Stories Ð Climate Science 

Different fixes for different sites 

¥  Some just needed tuning 

¥  Others had packet loss 

Test and measurement were critical 

¥  Big difference in time zones 

¥  Typical initial assertion by most entities is that their stuff is fine 
−  Finger-pointing in some cases 
−  It is only through test and measurement that this can be 

resolved 

The easy one Ð tests from ESnet I/O test servers 

¥  http://fasterdata.es.net/fasterdata/esnet-io-testers/ 

¥  Enabled tuning of remote data transfer infrastructure 
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Success Stories Ð Climate Science 

More difficult case: manual TCP tuning 
¥  Some systems do not have modern TCP stack features such as 

autotuning 
¥  Successful data transfers require application-level TCP tuning 
−  E.g. GridFTP 
−  However, the OS has to let you do it 

¥  Upper limit on TCP window size increased from defaults 

Still harder: long-distance packet loss 

¥  This case was made much more difficult because of lack of 
enhancement of infrastructure 

¥  Test and measurement not present 
¥  Long, drawn-out troubleshooting process 

¥  Issue finally identified 
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Common Threads 

Two common threads exist in all these examples 

Dedicated data transfer systems 

¥  Ability to tune properly for WAN transfer is key 

¥  Default config is not adequate 

Test and measurement (perfSONAR or at least bwctl/iperf) 

¥  Ability to locate problems is critical 

¥  Very hard to find problems by only looking at the ends 

¥  Cases where measurement had not been deployed were much 
harder 
−  First you have to convince people to deploy it 
−  This can be hard to do Ð found hardware, found cycles 
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Wrap-Up 

Data intensive science is what we are all going to be working on for the 
next decade (at least) 

Key enhancements bring successes within reach 

¥  Test and measurement 

¥  Data mobility 

Just-in-time deployment of these capabilities is sub-optimal 

¥  If it already works, itÕs a useful tool 

¥  If it needs to be deployed and tested before it works, itÕs a barrier 
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Questions? 

Thanks! 

Eli Dart - dart@es.net 

http://www.es.net/ 

http://fasterdata.es.net/ 


