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MotivationMotivation
TeraTera--scale highscale high--performance computing performance computing 
has enabled scientists to tackle very has enabled scientists to tackle very 
large and computationally challenging large and computationally challenging 
problemsproblems
–– DataData--intensive, I/Ointensive, I/O--intensive, and energy intensive, and energy 
consumingconsuming

To cope with larger problems and data To cope with larger problems and data 
sizes, models and applications need to sizes, models and applications need to 
be dynamic in naturebe dynamic in nature
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*Source: Terascale Data Management, LLNL.

I/O is bottleneckI/O is bottleneck



10/22/200510/22/2005 LCPC 2005LCPC 2005 55

Energy Consumption?Energy Consumption?
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*Source: Mike Rosenfield, ACEED, February 2003.
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Related WorkRelated Work
Academic/industryAcademic/industry--based dynamic compilersbased dynamic compilers
–– Dynamo, DAISY, PIN, Dynamo, DAISY, PIN, DyCDyC, , ……
All efforts focused on enhancing the All efforts focused on enhancing the 
performance, i.e., their goal is to reduce the performance, i.e., their goal is to reduce the 
execution cyclesexecution cycles
Recently, dynamic voltage/frequency scaling Recently, dynamic voltage/frequency scaling 
technique proposed using dynamic compilation technique proposed using dynamic compilation 
--> focused on reducing processor> focused on reducing processor’’s energy s energy 
consumption [MICROconsumption [MICRO--38]38]
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Our GoalOur Goal
To capture highTo capture high--level dynamic behaviors level dynamic behaviors 
in the I/Oin the I/O--intensive applications using intensive applications using 
dynamic compilersdynamic compilers
Propose a dynamic compilation Propose a dynamic compilation 
framework for I/Oframework for I/O--intensive intensive 
applicationsapplications
–– Dynamic compiler/linker, metadata manager, Dynamic compiler/linker, metadata manager, 
highhigh--level I/O library, and layout managerlevel I/O library, and layout manager
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Why Dynamic Compilation?Why Dynamic Compilation?
Dynamic compilation exploits runDynamic compilation exploits run--time time 
state to generate code that is specific state to generate code that is specific 
to runto run--time behaviortime behavior
LargeLarge--scale scientific applications scale scientific applications 
exhibit the changes in data access exhibit the changes in data access 
patternspatterns
–– Simulation runs, postSimulation runs, post--processing, and processing, and 
analysisanalysis

–– Large quantities of data are generated and Large quantities of data are generated and 
frequent data layout changes occurfrequent data layout changes occur
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Application CodesApplication Codes
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Framework overviewFramework overview
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Dynamic Compiler/linkerDynamic Compiler/linker
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Optimization RulesOptimization Rules

PrestagingPrestagingPREPRE
SubfilingSubfilingSUBSUB

Collective I/OCollective I/OCIOCIO

Data PurgingData PurgingDPDP
Data MigrationData MigrationDMDM
Setting Striping UnitSetting Striping UnitSSUSSU
Replacement Policy SelectionReplacement Policy SelectionPOLPOL
StridedStrided PrefetchingPrefetchingSTDSTD
Sequential Sequential PrefetchingPrefetchingSPSP
MultiMulti--collective I/Ocollective I/OMCIOMCIO

OptimizationOptimizationOpt ruleOpt rule
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Optimization RulesOptimization Rules
Collective I/O (CIO)Collective I/O (CIO)
–– Invoked if access pattern of the data is Invoked if access pattern of the data is 
different from its storage pattern, and different from its storage pattern, and 
multiple processors are used to access the multiple processors are used to access the 
datadata

SubfilingSubfiling (SUB)(SUB)
–– Invoked if a small Invoked if a small subregionsubregion of a file is of a file is 
accessed with high temporal localityaccessed with high temporal locality
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Example: CIOExample: CIO
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Experiment Experiment –– application codesapplication codes
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Simulation parametersSimulation parameters
Parallel processors: total 16Parallel processors: total 16
–– 1.8 GHz with 2MB 41.8 GHz with 2MB 4--way setway set--associative cache, 1GB associative cache, 1GB 
main memorymain memory

–– Energy consumption measured using Energy consumption measured using WattchWattch
[ISCA[ISCA’’00]00]

Parallel disksParallel disks
–– 8*18GB disks with low8*18GB disks with low--power mode (spinpower mode (spin--down)down)
–– TPM disk power model [ISCATPM disk power model [ISCA’’03]03]
Interconnect Interconnect 
–– 2D mesh2D mesh
–– InfinibandInfiniband switch/link power model [ISLPEDswitch/link power model [ISLPED’’03]03]
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Architecture ConsideredArchitecture Considered
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Normalized Energy ConsumptionNormalized Energy Consumption
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Breakdown of Dynamic Breakdown of Dynamic 
Compilation EnergyCompilation Energy

Dynamic Compiler Dynamic Linker
Performance Tracer Steering Unit
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Sensitivity Analysis Sensitivity Analysis ––
# of processors# of processors
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ConclusionConclusion
Proposed a dynamic compilation Proposed a dynamic compilation 
framework for I/Oframework for I/O--intensive intensive 
applications applications 
–– Composed of four componentsComposed of four components
–– Employ a set of I/O optimizationsEmploy a set of I/O optimizations
Reduce energy consumption of I/OReduce energy consumption of I/O--
intensive applicationsintensive applications
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