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Everything Must Scale with Compute 
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•  Scaling 100%/yr given disk realities is hard 
•  Disk BW @ 20%/yr, IO/s @ 5%/yr 
•  Storage problem renews itself each year 
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•  PETASCALE DATA STORAGE INSTITUTE 06-11 
•  3 universities, 5 labs, G. Gibson, CMU, PI 
•  Enabling HEC storage to meet SciDAC needs 

•  SciDAC @ Petascale storage issues 
•  Community building: ie. PDSW @ SCxy 
•  APIs & standards: ie., Parallel NFS, POSIX 
•  Failure data collection, analysis: ie., cfdr.usenix.org 
•  Performance trace collection & benchmark publication 
•  IT automation applied to HEC systems & problems 
•  Novel mechanisms for core (esp. metadata, wide area) 
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Annual PDSI Sponsored Workshops 
•  SC08: PDSW, Mon Nov 17, 8-5 

                             open mic avail 
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Failure Data Collection 
•  Los Alamos root cause logs 

•  22 clusters & 5,000 nodes 
•  covers 9 years & continues 
•  cfdr.usenix.org publishes this 

and many other failure datasets 
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Projections: More Failures 
•  Con’t top500.org 2X annually 

•  1 PF Roadrunner in 2008 (May 26) 

•  Cycle time flat, but more of them 
•  Moore’s law: 2X cores/chip in 18 mos 

•  # sockets, 1/MTTI = failure rate up 25%-50% per year 
•  Optimistic 0.1 failures per year per socket (vs. historic 0.25) 
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Checkpointing Failure Tolerance in Trouble 
•  Periodic (p) pause to checkpoint (t) 

•  On failure, roll back & restart 

•  Balanced systems 
•  disk speed tracks FLOPS & mem size,  

so checkpoint capture (t) is constant time 
•  1 – AppUtilization = t/p + p/(2*MTTI)  

      p2 = 2*t*MTTI 

•  but dropping MTTI  
kills app utilization! 
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Bolster HEC Fault Tolerance 
•  More storage bandwidth 

•  disk speed 1.2X/yr 
–  # disks +67%/y  

just for balance ! 
•  to also counter MTTI 

–  # disks +130%/yr ! 
•  poor appetite for the cost 

•  Compress checkpoints 
•  plenty of cycles available 
•  smaller fraction of memory 

each year 
–  25-50% smaller / yr 
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Different Approaches 
•  Dedicated checkpoint device (ie., PSC Zest) 

•  Stage checkpoint through fast memory 
•  Cost of dedicated memory large fraction of total 
•  Cheaper memory (flash?) now bandwidth limited 

•  Classic enterprise process pairs duplication 
•  Flat 50% efficiency cost, plus message duplication 
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Tools for Understanding IO in Apps 

sourceforge.net/projects/libsysio 
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Datasets: File Statistics 



Garth Gibson, 10/23/2008 www.pdsi-scidac.org 12    Garth Gibson, 03/26/08 www.pdl.cmu.edu & www.pdsi-scidac.org 12 

pNFS: Scalable NFS Standard & Code Soon 

•  Open source & competitive offerings! 
•  NetApp, Sun, IBM, EMC, Panasas …. 
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Metadata: Subindexing by Names 
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Metadata: Huge Directories (PVFS, FUSE) 
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•  No synchronization & 
consistency bottlenecks 
•  Servers only keep local “view”, 

no shared state 

•  Eliminate serialization 
•  All servers grow  

directory independently,   
in parallel, without any  
co-ordinator 
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