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IntroductionIntroduction
Grid presents a continuously changing Grid presents a continuously changing 
environmentenvironment
Data intensive applications are being run Data intensive applications are being run 
on the gridon the grid
Data intensive applications have two Data intensive applications have two 
partsparts
–– Data placement partData placement part
–– Computation partComputation part



RunRun--time Adaptation of Grid Data Placement Jobstime Adaptation of Grid Data Placement Jobs 33

Data PlacementData Placement

Stage in data

Stage out data

Compute
Data placement

Data placement encompasses data transfer, staging, 
replication, data positioning, space allocation and de-allocation 

A Data Intensive Application
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ProblemsProblems

Insufficient automationInsufficient automation
–– FailuresFailures
–– No tuning No tuning –– tuningtuning is difficult !is difficult !
Lack of adaptation to changing Lack of adaptation to changing 
environmentenvironment
–– Failure of one protocol while others are Failure of one protocol while others are 

functioningfunctioning
–– Changing network characteristicsChanging network characteristics
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Current ApproachCurrent Approach

FedexFedex
Hand tuningHand tuning
Network Weather ServiceNetwork Weather Service
–– Not useful for highNot useful for high--bandwidth, highbandwidth, high--

latency networkslatency networks
TCP AutoTCP Auto--tuningtuning
–– 1616--bit windows size and window scale option bit windows size and window scale option 

limitationslimitations
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Our ApproachOur Approach
Full automationFull automation
Continuously monitor environment Continuously monitor environment 
characteristicscharacteristics
Perform tuning whenever Perform tuning whenever 
characteristics changecharacteristics change
Ability to dynamically and automatically Ability to dynamically and automatically 
choose an appropriate protocol choose an appropriate protocol 
Ability to switch to alternate protocol Ability to switch to alternate protocol 
incase of failureincase of failure



RunRun--time Adaptation of Grid Data Placement Jobstime Adaptation of Grid Data Placement Jobs 77

Memory 
Profiler

Disk 
Profiler

Network 
Profiler

Network 
Profiler

Disk 
Profiler

Memory 
Profiler
Monitoring 
Infrastructure    
@ Host 2

Tuning                      
Infra-

structure

Monitoring 
Infrastructure    
@ Host 1

Network 
Parameters

Data 
Placement 
Scheduler

Disk 
Parameters

Memory 
Parameters

Disk 
Parameters

Memory 
Parameters

Data Transfer 
Parameters

The Big PictureThe Big Picture



RunRun--time Adaptation of Grid Data Placement Jobstime Adaptation of Grid Data Placement Jobs 88

Monitoring 
Infrastructure    
@ Host 2

Tuning                      
Infra-

structure

Memory 
Profiler

Disk 
Profiler

Network 
Profiler

Network 
Profiler

Disk 
Profiler

Memory 
Profiler

Monitoring 
Infrastructure    
@ Host 1

Network 
Parameters

Data 
Placement 
Scheduler

Disk 
Parameters

Memory 
Parameters

Disk 
Parameters

Memory 
Parameters

Data Transfer 
Parameters

The Big PictureThe Big Picture



RunRun--time Adaptation of Grid Data Placement Jobstime Adaptation of Grid Data Placement Jobs 99

ProfilersProfilers

Memory ProfilerMemory Profiler
–– Optimal memory blockOptimal memory block--size and incremental blocksize and incremental block--

sizesize
Disk ProfilerDisk Profiler
–– Optimal disk blockOptimal disk block--size and incremental blocksize and incremental block--sizesize

Network ProfilerNetwork Profiler
–– Determines bandwidth, latency and the number of Determines bandwidth, latency and the number of 

hops between a given pair of hostshops between a given pair of hosts
–– Uses Uses pathratepathrate, , traceroutetraceroute and and diskrouterdiskrouter

bandwidth test toolbandwidth test tool
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Parameter TunerParameter Tuner

Generates optimal parameters for data Generates optimal parameters for data 
transfer between a given pair of hoststransfer between a given pair of hosts
Calculates TCP buffer size as the Calculates TCP buffer size as the 
bandwidthbandwidth--delay productdelay product
Calculates the optimal disk buffer size Calculates the optimal disk buffer size 
based on TCP buffer sizebased on TCP buffer size
Uses a heuristic to calculate the number Uses a heuristic to calculate the number 
of of tcptcp streamsstreams

No of streams =  1+ No of hops with latency > 10msNo of streams =  1+ No of hops with latency > 10ms
Rounded to an even numberRounded to an even number
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Data Placement SchedulerData Placement Scheduler

Data placement is a realData placement is a real--jobjob
A metaA meta--scheduler (e.g. scheduler (e.g. DAGManDAGMan) is used ) is used 
to coto co--ordinate data placement and ordinate data placement and 
computationcomputation
Sample data placement jobSample data placement job
[ [ 
dap_typedap_type = = ““transfertransfer”” ;;
src_urlsrc_url = = ““diskrouter://slic04.sdsc.edu/s/s1diskrouter://slic04.sdsc.edu/s/s1”” ;;
dest_urldest_url==““diskrouter://quest2.ncsa.uiuc.edu/d/d1diskrouter://quest2.ncsa.uiuc.edu/d/d1””; ; 
]]
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Data Placement SchedulerData Placement Scheduler
Used Stork, a prototype data placement Used Stork, a prototype data placement 
schedulerscheduler
Tuned parameters are fed to StorkTuned parameters are fed to Stork
Stork uses the tuned parameters to Stork uses the tuned parameters to 
adapt data placement jobsadapt data placement jobs
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ImplementationImplementation
Profilers are run as remote batch jobs Profilers are run as remote batch jobs 
on respective hostson respective hosts
Parameter tuner is also a batch job Parameter tuner is also a batch job 
An instance of parameter tuner is run An instance of parameter tuner is run 
for every pair of nodes involved in data for every pair of nodes involved in data 
transfertransfer
Monitoring and tuning infrastructure is Monitoring and tuning infrastructure is 
coordinated by coordinated by DAGManDAGMan
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ScalabilityScalability
There is no centralized serverThere is no centralized server
Parameter tuner can be run on any Parameter tuner can be run on any 
computation resourcecomputation resource
Profiler data is 100s of bytes per hostProfiler data is 100s of bytes per host
There can be multiple data placement There can be multiple data placement 
schedulersschedulers
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ScalabilityScalability
There is no centralized serverThere is no centralized server
Parameter tuner can be run on any Parameter tuner can be run on any 
computation resourcecomputation resource
Profiler data is 100s of bytes per hostProfiler data is 100s of bytes per host
There can be multiple data placement There can be multiple data placement 
schedulersschedulers
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Dynamic Protocol SelectionDynamic Protocol Selection

Determines the protocols available on Determines the protocols available on 
the different hoststhe different hosts
Creates a list of hosts and protocols in Creates a list of hosts and protocols in 
ClassAdClassAd formatformat

e.g. e.g. 
[ hostname=“quest2.ncsa.uiuc.edu” ;
protocols=“diskrouter,gridftp,ftp” ]

[ hostname=“nostos.cs.wisc.edu” ;
protocols=“gridftp,ftp,http” ]
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Dynamic Protocol SelectionDynamic Protocol Selection
[ 
dap_type = “transfer” ;
src_url = “any://slic04.sdsc.edu/s/data1” ;
dest_url=“any://quest2.ncsa.uiuc.edu/d/data1” ;
]

Stork determines an appropriate Stork determines an appropriate 
protocol to use for the transferprotocol to use for the transfer
In case of failure, Stork chooses In case of failure, Stork chooses 
another protocolanother protocol
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Alternate Protocol FallbackAlternate Protocol Fallback
[ [ 
dap_typedap_type = = ““transfertransfer””;;
src_urlsrc_url = = ““diskrouter://slic04.sdsc.edu/s/data1diskrouter://slic04.sdsc.edu/s/data1””;;
dest_urldest_url==““diskrouter://quest2.ncsa.uiuc.edu/d/data1diskrouter://quest2.ncsa.uiuc.edu/d/data1””;;
alt_protocolsalt_protocols==““nestnest--nest, nest, gsiftpgsiftp--gsiftpgsiftp””;;
]]

In case  of In case  of diskrouterdiskrouter failure, Stork will switch to failure, Stork will switch to 
other protocols in the order specifiedother protocols in the order specified
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Real World ExperimentReal World Experiment
DPOSS data had to be transferred from DPOSS data had to be transferred from 

SDSC  located in San Diego to NCSA SDSC  located in San Diego to NCSA 
located at Chicagolocated at Chicago

SDSC 
(slic04.sdsc.edu)

NCSA 
(quest2.ncsa.uiuc.edu)

Transfer
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SDSC 
(slic04.sdsc.edu)

GridFTP

Management Site   
(skywalker.cs.wisc.edu)
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Control flow
Data flow
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Parameter TuningParameter Tuning

256 KB256 KB64 KB64 KBTCP buffer TCP buffer 
sizesize

1 MB1 MB1 MB1 MBBlock sizeBlock size

4 TCP streams4 TCP streams1 TCP stream1 TCP streamParallelismParallelism

After autoAfter auto--
tuningtuning

Before autoBefore auto--
tuningtuning

ParameterParameter
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Testing Alternate Protocol FallTesting Alternate Protocol Fall--backback
[ [ 
dap_typedap_type = = ““transfertransfer””;;
src_urlsrc_url = = 
““diskrouter://slic04.sdsc.edu/s/data1diskrouter://slic04.sdsc.edu/s/data1””;;

dest_urldest_url==““diskrouter://quest2.ncsa.uiuc.ediskrouter://quest2.ncsa.uiuc.e
du/d/data1du/d/data1””;;

alt_protocolsalt_protocols==““nestnest--nest, nest, gsiftpgsiftp--gsiftpgsiftp””;;
]]
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ConclusionConclusion
RunRun--time adaptation has a significant time adaptation has a significant 
impact (20 times improvement in our impact (20 times improvement in our 
test case)test case)
The profiling data has the potential to The profiling data has the potential to 
be used for data miningbe used for data mining

Network Network misconfigurationsmisconfigurations
Network outagesNetwork outages

Dynamic protocol selection and Dynamic protocol selection and 
alternate protocol fallalternate protocol fall--back increase back increase 
resilenceresilence and improve overall and improve overall 
throughputthroughput
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Questions ?Questions ?

For more information you can contact:For more information you can contact:
•• George Kola : George Kola : kola@cs.wisc.edukola@cs.wisc.edu
•• TevfikTevfik KosarKosar: : kosart@cs.wisc.edukosart@cs.wisc.edu

Project web pages:Project web pages:
•• Stork: Stork: http://cs.wisc.edu/condor/storkhttp://cs.wisc.edu/condor/stork
•• DiskRouterDiskRouter: : http://cs.wisc.edu/condor/diskrouterhttp://cs.wisc.edu/condor/diskrouter


