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Motivating Example

Shared file system facilitates communication and
synchronization between coupled applications

Distributed file systems in wide-area environments?
LAN file systems have shortcomings
WAN file systems not widely deployed
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Motivating Example

Grid Virtual File System (GVFS)

Virtualization, user-level proxy, unmodified kernel NFS
Cross-domain user identity mapping
Performance, security, consistency, reliability enhancements

Dynamic, independent, application-tailored GVFS sessions

_ SWAN|

LSU

AADCIRCJ

VIMS
Coastal surge coupled modeling

v UNTVERSITY OF

A( zl S Advanced Computing and Information Systems laboratory EIFLORIDA 4
I



Motivating Example

How to manage Grid data sessions
Creation, cleanup, isolation, customization ...

WSRF-based data management services
Interoperability, flexibility, state management

| i f\f\\\
CH3D . GVFS Session1 - SWAN \
UFL ,ﬁ WAN - LSU
S
R Y
¥ ___»G‘Qsi‘

AADCIRCJ

VIMS
Coastal surge coupled modeling

v UNTVERSITY OF

A( zl S Advanced Computing and Information Systems laboratory EDET ORIDA 5
I



Overview

Goal:

Seamless and high-performance data provision for
applications in Grid environments

Challenges:

Application transparency for Grid-enabling of a wide
range of applications

Application-tailored enhancements on performance
and reliability for diverse application needs

Contributions:
WSRF-based data management services
Enabling of application-tailored grid data sessions
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Outline

Introduction

Data Access: Application-Tailored Sessions

Control: Data Management Services

Evaluation

Summary
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Architecture
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Proxy-based data sessions
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Application-Tailored Data Sessions

Grid data access

Implicit: GVFS proxy RPC interception
® Partial file transfer, block-based disk caching

® Configurable cache parameters:
¢ Capacity, associativity, read/write, write-through/-back

® Security mechanisms
¢ Session-key authentication, encrypted data channel

Explicit: GridFTP/SFTP
® Full file transfer, file-based disk caching
® Data accessible through GVFS interface

Cache consistency models
Fault tolerance techniques
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Cache Consistency Models

Per-session customization
Overlaid upon native NFS client

polling mechanism kernel NFS
Reconfigurable at run-time clieny RPCS 10
System RPCs ¢
. . . calls s to sefver
Suitable for various scenarios |
APP Proxy

Single-client sessions:
® Aggressive read/write caching

with write delay m

Multiple-client sessions:
® Relaxed polling-based model
¢ Strong callback-based model user
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Fault Tolerance

Copy-on-write file system
Fail-over client failures

Buffers data modifications on kernel — \FS

local stable storage clien 11101;%1803

Application checkpointed with System

file system changes consistently calls W%
APP \

Session redirection
Fail-over server failures
Fault detected by RPC timeout

Subsequent requests redirected
to replica server

Proxy remaps file handles
transparently from kernel

user
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Data Management Services

Service oriented middleware
Creation, customization, management of sessions
File System Service (FSS)
Data Scheduler Service (DSS)
Data Replication Service (DRS)

Built using WS-Resource Framework
Interoperability and state management

Implemented with Perl-based WSRF::Lite

WS-Addressing, WS-ResourceProperties, WS-
Resourcelifetime, WS-BaseFaults, WS-Security etc.
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File System Service (FSS)

Management of GVFS proxies

Customization
Defined in a configuration file

Represented as WS-Resource
Property

Reconfiguration:

By signaling proxy to reload
configuration file

Monitoring:
By signaling proxy to report
accumulated statistics
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Configuration File

base path
session_key

acache_enabled
dcache_enabled

wb_enabled
inval_enabled
acache_size
acache_asso
acache_banks
dcache_size
dcache_asso
dcache_banks
inval_min
inval_max

/home/cache
XXYYZZ
1

1

1

1

65536

8

128
1048576
16

512

3

60
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Data Scheduler Service (DSS)

Manages Grid data sessions
Interacting with client- and server-side FSS

Session information

® Represented as WS-Resource Property
¢ Stored in MySQL database

Resolves conflicts when scheduling a session
If another session accesses with write caching
® Forces it to write back and disable write caching

If another session has exclusive access
® Denies the new session request
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Data Replication Service (DRS)

Manages data replication

Replica information represented as WS-Resource
Property, stored in MySQL database

Interacts with DSS for replication and recovery
Replication: requests a session for data transfer
Recovery: provides replica information to client FSS

Supports various consistency schemes
Uses COW to avoid propagation of writes
Active-style or primary-based
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7’

’
»

Service “«
AY
e.g. In-VIGO~,
\ N\

\

N\

\
\
\
\

Compute server

A( fl S Advanced Computing and Information Systems laboratory
I

Data Scheduler Service (DSS)
Session management

File System Service (FSS)
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Data Replication Service (DRS)
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Outline

Introduction

Architecture

Summary
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Weak Consistency: Experiment |

—4&— NFS —— GVFS ——LOCAL

Benchmark:

NanoMOS (MATLAB-based 2-
D n-MOSFET simulator)

Scenario:

Software accessed by WAN
users and updated by local
administrator:

(a) Major: entire MATLAB
(b) Minor: one MATLAB toolbox

NFS vs. GVFS

Observation:

With warm disk cache GVFS

® Filters substantial kernel issued
consistency checks

® Delivers performance close to
local disk

1 2 3 4 5 6 7 8
Execution Iterations
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Weak Consistency: Experiment Il

Benchmark:

CH1D (coupled hydrodynamics
simulation and post-processing)

Scenario:
Real-time data accumulated on-
site, and processed off-site

¢ 30 new inputs available before
each run of data processing

NFS vs. GVFS

Observation:
As input dataset grows overhead
caused by consistency checks:

® Grows linearly in native NFS,
¢ Stays constant in GVFS
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Checkpointing and Recovery

Application:

Gaussian (computational chemistry tool)

Scenario:

Client (a virtual machine) is checkpointed, continues to
execute and later fails

The program changes the state of the file server irreversibly
— by deleting temporary files after the checkpointing

Observation:

When the VM is resumed to the checkpoint:
® Native NFS: stale file handle error; program aborts
® GVFS with COW: program recovered successfully
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Error Detection and Data Redirection

Application:

SPECseis96 (seismic data processing)

Scenario:
File server fails during the program’s execution

Observation:
Upon native NFS: program fails (aborts or hangs)
Upon GVFS and data replica:
® Proxy detected the error after a RPC timeout

® The data request is redirected to the replica within 5 seconds
® Program continues successfully and is unaware of the failure
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Summary

Problem: Application-transparent and
application-tailored Grid data access

Solution: WSRF-based data management
services for application-tailored Grid file
system sessions

Evidence: Experiments based on scientific
application execution demonstrate good
performance and fault tolerance of GVFS
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Related Work

Grid data management approaches
GASS, GridFTP
® Explicit transfer via middleware or use of specialized API

Condor, BAD-FS

®* On-demand remote data access by interception of system call
® Control caching, consistency and fault tolerance to middleware

LegionFS, Avaki’'s Data Grid Access Servers
® Access of Grid data based on NFS

WSRF-based Grid middleware

Globus Toolkit 4 based data management middleware
WSRF.NET based (remote job execution grid)
WSRF::Lite based (WEDS)
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Future Work

Extensive evaluation and performance
tuning of service-based middleware

Use of application profiling to assist the
customization of Grid data sessions

Fine grained replication management and
load balancing schemes

UNIVERSITY OF

A( fl S Advanced Computing and Information Systems laboratory FLORIDA 27
I

.:'"'z-a‘.
""..;'-'-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


