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ÅThis talk covers material from the LSAP position paper: 
ïIoan Raicu, Pete Beckman, Ian Foster. ñMaking a Case for 

Distributed File Systems at Exascaleò, ACM Workshop on Large-

scale System and Application Performance (LSAP), 2011 

ÅWhich is based on my NSF CAREER award (2011-2015): 
ïIoan Raicu, Arthur Barney Maccabe, Marc Snir, Rob Ross, Mike 

Wilde, Kamil Iskra, Jacob Furst, Mary Cummane. ñAvoiding Achillesô 

Heel in Exascale Computing with Distributed File Systemsò, NSF OCI 

CAREER Award #1054974 
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Pat Helland, Microsoft, The Irresistible Forces Meet the Movable 

Objects, November 9th, 2007 

ÅToday (2011): Multicore Computing 

ïO(10) cores commodity architectures 

ïO(100) cores proprietary architectures 

ïO(1000) GPU hardware threads 

ÅNear future (~2018): Manycore Computing 

ï~1000 cores/threads commodity architectures 
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ÅToday (2011): Petascale Computing 

ïO(10K) nodes 

ïO(100K) cores 

ÅNear future (~2018): Exascale Computing 

ï~1M nodes (100X)  

ï~1B processor-cores/threads (10000X) 

 

http://www.top500.org/lists/2010/11/performance_development
http://www.top500.org/lists/2010/11/performance_development
http://www.top500.org/lists/2010/11/performance_development
http://www.top500.org/


ÅRelatively new paradigmé 3~4 years old 

ÅAmazon in 2009 
ï40K servers split over 6 zones 

Å320K-cores, 320K disks 

Å$100M costs + $12M/year in energy costs 

ÅRevenues about $250M/year 
Å http://www.siliconvalleywatcher.com/mt/archives/2009/10/meausuring_amaz.php  

ÅAmazon in 2018 
ïWill likely look similar to exascale computing 

Å100K~1M nodes, ~1B-cores, ~1M disks 

Å$100M~$200M costs + $10M~$20M/year in energy 

ÅRevenues 100X~1000X of what they are today 9 
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ÅPower efficiency 
ïWill limit the number of cores on a chip (Manycore) 

ïWill limit the number of nodes in cluster (Exascale and 

Cloud) 

ïWill dictate a significant part of the cost of ownership 

ÅProgramming models/languages 
ïAutomatic parallelization 

ïThreads, MPI, workflow systems, etc 

ïFunctional, imperative 

ïLanguages vs. Middleware 
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ÅBottlenecks in scarce resources 
ïStorage (Exascale and Clouds) 

ïMemory (Manycore) 

ÅReliability 
ïHow to keep systems operational in face of failures 

ïCheckpointing (Exascale) 

ïNode-level replication enabled by virtualization 

(Exascale and Clouds) 

ïHardware redundancy and hardware error correction 

(Manycore) 
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ÅSegregated storage and compute 

ïNFS, GPFS, PVFS, Lustre, Panasas 

ïBatch-scheduled systems: Clusters, Grids, and 

Supercomputers 

ïProgramming paradigm: HPC, MTC, and HTC 

ÅCo-located storage and compute 

ïHDFS, GFS 

ïData centers at Google, Yahoo, and others 

ïProgramming paradigm: MapReduce 

ïOthers from academia: Sector, MosaStore, Chirp 
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ÅMTTF is likely to decrease with system size 

ÅSupport for data intensive applications/operations 

ïFueled by more complex questions, larger datasets, 

and the many-core computing era 

ïHPC: OS booting, application loading, check-pointing 

ïHTC: Inter-process communication 

ïMTC: Metadata intensive workloads, inter-process 

communication 
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ÅCompute 

ï1M nodes, with ~1K threads/cores per node 

ÅNetworking 

ïN-dimensional torus 

ïMeshes 

ÅStorage 

ïSANs with spinning disks will replace todayôs tape 

ïSANs with SSDs might exist, replacing todayôs 

spinning disk SANs 

ïSSDs might exist at every node 
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ÅProgramming paradigms 

ïHPC is dominated by MPI today 

ïWill MPI scale another 4 orders of magnitude? 

ïMTC has better scaling properties (due to its 

asynchronous nature) 

ÅNetwork topology must be used in job 

management, data management, compilers, etc 

ÅStorage systems will need to become more 

distributed to scale 
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