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Presentation OutlinePresentation Outline

New trends for Internet scale computingNew trends for Internet scale computing

•• Execution of scientific Execution of scientific workflowsworkflows on private computers (on private computers (public resource computingpublic resource computing))

•• SuperSuper--peerpeer overlays for routing resource discoveryoverlays for routing resource discovery

•• Decentralized Decentralized datadata--cachingcaching schemesschemes

Alchemist: data caching in superAlchemist: data caching in super--peer overlayspeer overlays

•• Objective: integrate routing and caching of both adverts and actObjective: integrate routing and caching of both adverts and actual data ual data 

Reference applicationsReference applications

•• Distributed cycle sharing applicationsDistributed cycle sharing applications

•• Workflows for audioWorkflows for audio--video (e.g., music) analysisvideo (e.g., music) analysis

A superA super--peer protocol for job execution and data downloadpeer protocol for job execution and data download

•• Performance analysis by simulationPerformance analysis by simulation

Taylor, Harrison, Taylor, Harrison, MastroianniMastroianni, Shields, , Shields, ““Cache for WorkflowsCache for Workflows””, Works, Monterey Bay, June 2007, Works, Monterey Bay, June 2007



Public Resource ComputingPublic Resource Computing

The term is used for applications in which jobs are executed by The term is used for applications in which jobs are executed by privateprivate--
owned computers that use their spare CPU time to support a largeowned computers that use their spare CPU time to support a large
scientific computing projectscientific computing project

The pioneer project is the well known The pioneer project is the well known SETI@homeSETI@home (Search for Extra (Search for Extra 
Terrestrial Intelligence) which has attracted millions of particTerrestrial Intelligence) which has attracted millions of participantsipants

A number of other projects are today supported by the A number of other projects are today supported by the BOINCBOINC software software 
system (system (Berkeley Open Infrastructure for Network ComputingBerkeley Open Infrastructure for Network Computing))

•• the the Einstein@homeEinstein@home project aims at detecting certain types of gravitational project aims at detecting certain types of gravitational 
waveswaves

•• the the Climate@homeClimate@home focuses on longfocuses on long--term climate predictionterm climate prediction



SuperSuper--peers and data cachingpeers and data caching

P2PP2P algorithms are used today not only for file sharing, but also falgorithms are used today not only for file sharing, but also for or 
distributed computing (distributed computing (SETI@homeSETI@home, BOINC applications), BOINC applications)

The The supersuper--peerpeer model has been proposed to increase scalability and model has been proposed to increase scalability and 
better match the different capabilities of Internet hostsbetter match the different capabilities of Internet hosts

•• SuperSuper--peer layers define policies for interconnectivity, routing/forwapeer layers define policies for interconnectivity, routing/forwarding, rding, 
and caching of and caching of advertsadverts

•• We believe that alsoWe believe that also data cachingdata caching functionalities could be assigned to superfunctionalities could be assigned to super--
peers, which are aware of their neighbors and can adopt efficienpeers, which are aware of their neighbors and can adopt efficient forwarding t forwarding 
policiespolicies

•• This would help the This would help the integrationintegration of different functionalities (routing, caching, of different functionalities (routing, caching, 
discovery)discovery)
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AlchemistAlchemist

P2P frameworkP2P framework

•• For decentralized caching of metadata (adverts) For decentralized caching of metadata (adverts) andand application dataapplication data

Alchemist uses the superAlchemist uses the super--peer paradigm butpeer paradigm but

•• Allows different overlays to be created for Allows different overlays to be created for cachingcaching, , replicationreplication, , forwardingforwarding

•• Allows Allows workflowsworkflows or custom code to be deployed and inserted at any part or custom code to be deployed and inserted at any part 
of the systemof the system

•• Allows sophisticated GridAllows sophisticated Grid--style style securitysecurity signsign--on, delegationon, delegation

Based on existing technologiesBased on existing technologies

•• P2PSP2PS, , WSPeerWSPeer, , TrianaTriana
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Core Technologies in AlchemistCore Technologies in Alchemist

P2PSP2PS

•• It is a P2P middleware built in Cardiff as an alternative to JXTIt is a P2P middleware built in Cardiff as an alternative to JXTAA

•• P2PS contains much less code than JXTA, but it efficiently suppoP2PS contains much less code than JXTA, but it efficiently supports selfrts self--organizing organizing 
networks and includes multiple endpoint networks and includes multiple endpoint resolversresolvers (TCP, UDP, Multicast, SSL), (TCP, UDP, Multicast, SSL), 
XML massaging, security functionalitiesXML massaging, security functionalities

WSPeerWSPeer

•• WSPeerWSPeer allows the creation, publishing, discovery and composition of Wallows the creation, publishing, discovery and composition of Web and eb and 
Grid servicesGrid services

•• Thanks to bindings to JXTA and P2PS, Thanks to bindings to JXTA and P2PS, servicesservices can be managed as can be managed as peerspeers and and 
hosted in a P2P environment (allowing to use P2P publishing and hosted in a P2P environment (allowing to use P2P publishing and discovery discovery 
functionalities)functionalities)
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Core Technologies in AlchemistCore Technologies in Alchemist

TRIANATRIANA

•• It was originally designed for the It was originally designed for the GEO 600GEO 600 gravitational wave project, gravitational wave project, 
to perform onto perform on--thethe--fly analysis of datafly analysis of data

•• Then it evolved into a Then it evolved into a problemproblem--solvingsolving environment and environment and workflowworkflow
managementmanagement systemsystem

•• TrianaTriana is applied in many domains including radio astronomy, data is applied in many domains including radio astronomy, data 
mining, gridmining, grid--enabled medical applications, biodiversity problemsenabled medical applications, biodiversity problems
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TrianaTriana
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Features of AlchemistFeatures of Alchemist

Service Based P2P middleware

• use of P2PS and WSPeer to build networks of Web/Grid services

Decentralized caching overlays

• design of layers of super peers to provide routing and discovery
functionalities and domain specific caching

Workflow-based

• Alchemist allows workflows to be inserted into the network by non-
programmers and executed by available workers
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Applications for Alchemist (1)Applications for Alchemist (1)

DART (Digital Audio Retrieval using DART (Digital Audio Retrieval using TrianaTriana))

•• A manager creates a A manager creates a workflowworkflow to analyze audio (e.g., MP3 files)to analyze audio (e.g., MP3 files)

•• The workflow is executed by a large number of workersThe workflow is executed by a large number of workers

•• MetadataMetadata, e.g. results of audio analysis,, e.g. results of audio analysis, is returned to the networkis returned to the network

•• Applications:Applications:

music recommendationmusic recommendation system system -- i.e. if you like i.e. if you like ““Band ABand A””, then try , then try ““Band BBand B””

Complex content based Complex content based queriesqueries (e.g., search for tempo, pitch, other features of (e.g., search for tempo, pitch, other features of 
sound)sound)

Example of search operations for tennis matches: find tennis matExample of search operations for tennis matches: find tennis match recording based ch recording based 
on referee calls, people cheers etc.on referee calls, people cheers etc.
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DART execution with AlchemistDART execution with Alchemist

Roles of hosts in DART:Roles of hosts in DART:

•• DART ManagerDART Manager

•• WorkersWorkers

•• SuperSuper--peerspeers

•• Package Repositories  Package Repositories  

(Data Centers)(Data Centers)

•• ……Users!Users!
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Song 
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Result 
Advertisements

Consumer

Audio Analyser/Provider 



Applications for Alchemist (2)Applications for Alchemist (2)

Cycle Sharing (analysis of gravitational waves)Cycle Sharing (analysis of gravitational waves)

•• One sample application scenario has been defined for the One sample application scenario has been defined for the GridOneDGridOneD projectproject

•• GridOneDGridOneD objective: massively distributed analysis of objective: massively distributed analysis of gravitational waveformsgravitational waveforms
produced by binary stars orbiting one around the otherproduced by binary stars orbiting one around the other

•• Data is analyzed in parallel by a large number of Grid nodes to Data is analyzed in parallel by a large number of Grid nodes to speed up speed up 
computation and keep the pace with data productioncomputation and keep the pace with data production

•• The The supersuper--peerpeer paradigm allows to scale the system as the load or the paradigm allows to scale the system as the load or the 
number of users increasesnumber of users increases

•• Data cachingData caching increases performance, as simulation results will showincreases performance, as simulation results will show
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A protocol for job executionA protocol for job execution
(exploiting super(exploiting super--peer overlays and decentralized caching)peer overlays and decentralized caching)

Hosts can assume the different Hosts can assume the different rolesroles::

a a job manager job manager node:node:

(i) produces the job description files ((i) produces the job description files (job advertsjob adverts), and ), and 

(ii) collects output results(ii) collects output results

whenwhen workersworkers are available for job execution, they issue are available for job execution, they issue job queriesjob queries to to 
get job adverts and then get job adverts and then data queriesdata queries to collect the corresponding input to collect the corresponding input 
data filesdata files

super peerssuper peers play the role of play the role of rendezvous nodesrendezvous nodes, since they can store job , since they can store job 
and data adverts and compare them with job and data queries and data adverts and compare them with job and data queries 

data centersdata centers are nodes capable of caching data files and delivering are nodes capable of caching data files and delivering 
them to workersthem to workers



Matching of jobs and dataMatching of jobs and data

The protocol includes The protocol includes two matching phasestwo matching phases::

Job assignment phaseJob assignment phase

•• a a job query job query issued by a worker travels across superissued by a worker travels across super--peers and is compared with peers and is compared with 
job advertsjob adverts

•• matching succeeds when matching succeeds when job query parametersjob query parameters ((e.g. CPU time and memory e.g. CPU time and memory 
amount that the node offersamount that the node offers) are compatible with ) are compatible with jobjob advert informationadvert information ((e.g. e.g. 
characteristics of the platforms on which the job must be executcharacteristics of the platforms on which the job must be executed, information ed, information 
about the required input data fileabout the required input data file))

Data downloading phaseData downloading phase

•• a worker issues a a worker issues a data query data query to discover a matching to discover a matching data advertdata advert, then , then 
downloads actual data file from a downloads actual data file from a data centerdata center

•• this phase is made more efficient with the presence of multiple this phase is made more efficient with the presence of multiple data centersdata centers



Protocol behavior in a sample network Protocol behavior in a sample network 
with 5 superwith 5 super--peer and 2 data centerspeer and 2 data centers

 
1. job advert 
2. job query 
3. job assignment 
4. data query 

5. data advert 
6. data download request 
7. data download 
8. job results 

 



Protocol behavior in a sample network Protocol behavior in a sample network 
with 5 superwith 5 super--peers and 2 data centerspeers and 2 data centers
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1. 1. Job advert.Job advert. The job manager generates the job adverts describing the featurThe job manager generates the job adverts describing the features of the es of the 
jobs that must be executed. The job adverts are stored by the nejobs that must be executed. The job adverts are stored by the neighbor superighbor super--peerpeer

2. 2. Job query.Job query. The worker The worker WW00 issues a job query that is forwarded through the superissues a job query that is forwarded through the super--
peer network until it reaches a matching job advert peer network until it reaches a matching job advert 



4. 4. Data query.Data query. The worker inspects the job advert and issues a The worker inspects the job advert and issues a data query data query for the input data file for the input data file 
needed to execute the job. The data query is forwarded through tneeded to execute the job. The data query is forwarded through the superhe super--peer network until it finds peer network until it finds 
one or more data centers that have the data fileone or more data centers that have the data file

Protocol behavior for a sample network Protocol behavior for a sample network 
with 5 superwith 5 super--peers and 2 data centerspeers and 2 data centers

44

33
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44
44

3. 3. Job assignment.Job assignment. When the job query finds a matching job advert on a superWhen the job query finds a matching job advert on a super--peer, the latter sends a peer, the latter sends a 
job assignment directly to the worker that issued the queryjob assignment directly to the worker that issued the query

44



6. 6. Data download request.Data download request. The worker selects the most convenient data center, and The worker selects the most convenient data center, and 
sends it a download requestsends it a download request

Protocol behavior for a sample network Protocol behavior for a sample network 
with 5 superwith 5 super--peers and 2 data centerspeers and 2 data centers

55

66

5. 5. Data advert.Data advert. The data centers which match the data query send a data advert The data centers which match the data query send a data advert message message 
to the workerto the worker

55



8. 8. Job execution and results.Job execution and results. The worker executes the job and after its completion The worker executes the job and after its completion 
sends the results to the job manager. Now the worker can issue asends the results to the job manager. Now the worker can issue a new job querynew job query

Protocol behavior for a sample network Protocol behavior for a sample network 
with 5 superwith 5 super--peers and 2 data centerspeers and 2 data centers

88

7. 7. Data download.Data download. The worker downloads the input data file (the file is also cachThe worker downloads the input data file (the file is also cached by the ed by the 
local superlocal super--peer if it is a data center)peer if it is a data center)

77



Sample application: analysis of astronomical dataSample application: analysis of astronomical data

GridOneDGridOneD project (Cardiff): massively distributed search and analysis ofproject (Cardiff): massively distributed search and analysis of
gravitational waveformsgravitational waveforms produced by produced by binary starsbinary stars orbiting one around the otherorbiting one around the other

A file of about A file of about 7.2 MB of data is produced every 15 minutes7.2 MB of data is produced every 15 minutes and it must be and it must be 
compared with a large number of templates (between 5,000 and 10,compared with a large number of templates (between 5,000 and 10,000) by 000) by 
performing fast correlationperforming fast correlation

Data can be analyzed in parallel by a number of Grid nodes to spData can be analyzed in parallel by a number of Grid nodes to speed up eed up 
computation and keep the pace with data productioncomputation and keep the pace with data production

Other possible application: Distributed Audio Retrieval using Other possible application: Distributed Audio Retrieval using TrianaTriana

In this case data consists of In this case data consists of TrianaTriana workflow packages containing tools and process workflow packages containing tools and process 
logiclogic
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Scenario and ParametersScenario and Parameters

2525 supersuper--peers + peers + 250250 worker nodesworker nodes

Maximum number of neighbor of a superMaximum number of neighbor of a super--peer = peer = 44

7.2 MB7.2 MB data file split in data file split in 100 KB100 KB fragments for downloadingfragments for downloading

Local and remote latencies: respectively Local and remote latencies: respectively 10 ms10 ms and and 100 ms100 ms

Local and remote bandwidths: respectively Local and remote bandwidths: respectively 10 Mbps10 Mbps and and 1 Mbps1 Mbps

Mean job processing time: Mean job processing time: 500 s500 s

Simplifying assumptionSimplifying assumption: data centers have received data before the job submission : data centers have received data before the job submission 
phase (current research focuses on phase (current research focuses on onon--thethe--flyfly caching)caching)

We analyzed this sample scenarioWe analyzed this sample scenario

Number of jobs Number of jobs NjobNjob: from 250 to 10000: from 250 to 10000

Number of data centers Number of data centers NdcNdc = 1,2,3,5,9,13= 1,2,3,5,9,13

The following parameters were given The following parameters were given variablevariable valuesvalues



Overall execution time Overall execution time TexecTexec

•• time (sec) needed to execute all the jobstime (sec) needed to execute all the jobs

Percentage of activity time Percentage of activity time PactPact

•• average percentage of time in which a Data Center is active, average percentage of time in which a Data Center is active, 
i.e. it has at least one download connection in progress i.e. it has at least one download connection in progress 

Max number of executed jobs Max number of executed jobs JmaxJmax

•• maximum number of jobs executed by a single workermaximum number of jobs executed by a single worker

•• it is useful to evaluate load balancing among workersit is useful to evaluate load balancing among workers

Performance IndicesPerformance Indices

Taylor, Harrison, Taylor, Harrison, MastroianniMastroianni, Shields, , Shields, ““Cache for WorkflowsCache for Workflows””, Works, Monterey Bay, June 2007, Works, Monterey Bay, June 2007



Overall execution timeOverall execution time

Overall execution time Overall execution time TTexecexec vs. the number of data centers vs. the number of data centers NNdcdc, for different , for different 
values of the number of jobs values of the number of jobs NNjobjob

The overall execution time decreases as more data centers are maThe overall execution time decreases as more data centers are made availablede available

It is possible to determine an It is possible to determine an appropriate number of data centersappropriate number of data centers, depending on the , depending on the 
number of jobs:number of jobs:

•• with 10,000 jobs, a significant reduction of with 10,000 jobs, a significant reduction of TTexecexec is perceived as the number of data centers is is perceived as the number of data centers is 
increased up to 9increased up to 9

•• with 1,000 jobs or less, two or three data centers are sufficienwith 1,000 jobs or less, two or three data centers are sufficientt



Activity of Data CentersActivity of Data Centers

Percentage of activity time of a data center Percentage of activity time of a data center PPactact vs. the number of data centers vs. the number of data centers 
NNdcdc, for different values of the number of jobs , for different values of the number of jobs NNjobjob

Results show that the presence of an Results show that the presence of an excessive number of data centersexcessive number of data centers can be can be 
inappropriate, especially if the number of jobs is not very larginappropriate, especially if the number of jobs is not very largee

Indeed when the percentage of activity time decreases Indeed when the percentage of activity time decreases below 60%below 60%, machine utilization is , machine utilization is 
low, possibly resulting in a poor return of investment (ROI)low, possibly resulting in a poor return of investment (ROI)



Load balancing among workersLoad balancing among workers
Maximum (Maximum (JJmaxmax) and average number of jobs vs. the number of data centers ) and average number of jobs vs. the number of data centers 
NNdcdc, for different values of the number of jobs , for different values of the number of jobs NNjobjob

This figure compares the number of jobs executed by a worker on This figure compares the number of jobs executed by a worker on average (obtained as average (obtained as 
Njob/250) to the maximum number of jobs executed by a single worNjob/250) to the maximum number of jobs executed by a single workerker

It is interesting to note that It is interesting to note that the two indices approach one another the two indices approach one another as the number of data as the number of data 
centers is increased, leading to a centers is increased, leading to a fairer load balancing fairer load balancing among workersamong workers



Final remarksFinal remarks

We discussed current We discussed current super peer overlayssuper peer overlays and how they can be used to form and how they can be used to form 
data overlaysdata overlays for the efficient and scalable distribution of datafor the efficient and scalable distribution of data

We presented the We presented the AlchemistAlchemist framework, that :framework, that :

•• efficiently integrates different functionalitiesefficiently integrates different functionalities: caching of adverts and data, : caching of adverts and data, 
matching, routingmatching, routing

•• supports definition and execution of supports definition and execution of workflowsworkflows

We proposed a We proposed a supersuper--peer protocol for multiple job submissionpeer protocol for multiple job submission, which , which 
exploits the presence of data centersexploits the presence of data centers

We analyzed the performance of this protocol by eventWe analyzed the performance of this protocol by event--driven simulationdriven simulation

•• Analysis suggests that the protocol can be efficient and scalablAnalysis suggests that the protocol can be efficient and scalable, if the number of e, if the number of 
data centers is properly tuneddata centers is properly tuned
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Current ResearchCurrent Research

Current research is moving along a number of interesting Current research is moving along a number of interesting 
research avenues, such as:research avenues, such as:

•• analysis of analysis of redundant computingredundant computing for applications that require for applications that require 
several executions of each jobseveral executions of each job

•• progressive progressive caching of data file fragmentscaching of data file fragments on the superon the super--peer peer 
network to improve data download performance (network to improve data download performance (BitTorrentBitTorrent
style)style)

•• performance analysis of the superperformance analysis of the super--peer protocol in the case peer protocol in the case 
that that data is progressively feddata is progressively fed by an external source by an external source as a data as a data 
stream stream 
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Thanks !Thanks !

Links:Links:

•• http://http://www.trianacode.orgwww.trianacode.org//
•• http://http://www.wspeer.orgwww.wspeer.org//
•• http://www.trianacode.org/p2ps/http://www.trianacode.org/p2ps/
•• http://http://www.mrsdart.comwww.mrsdart.com//


