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Abstract

A“ConsumerGrid” providestheindividual-basedoun-
terpart to the organisation-based@omputationalGrid. e
describea Peerto-Peer systenfor utilising computational
resoucesonthe Grid — extendingexistingwork undertalen
in systemsud asEntropiaand SETI@homeThepotential
of sud a distributed computingresouce hasbeenin some
ways demonstated recently by the SETI@homeproject,
having usedover 650,000years of CPU time at the time
of writing. A userdevelopsapplicationswithin sud anen-
vironmentusinga visual workflowsystencalled “T riana”
—which automaticallygenemtessuitablecodefor distribu-
tion, and can supportthe userin makingplacementeci-
sionsfor their modulesTriana will alsobedeployedasthe
workflowenactmenénginealongwith the Grid Application
Toolkit (GAT) within the EuropeanGridLab project.

1 Introduction

The Internet provides a fast growing resourcecapable
of a vastamountof CPU power if connectedn an organ-
isedway. Recentresultsfrom demographicstudiesby the
Computerindustry Almanac[1] reportsan expected490
million Internetusersby yearend2002andover 765 mil-
lion by yearend2005. Currentreferencesolutionsfor Grid
computing[2] have addressethis problempartially by al-
lowing organisationsin widespreadocationsto be con-
nectedn asecuravayto createcomputationalrids. How-
ever, this doesnotaddressvhatwe considetthe“Consumer
Grid” [13], thatis, a Grid ervironmentbasedon usersthat
arepotentiallypermanentlyconnectedo a network via ca-
ble, DSL or similar but which do not belongto an organ-
isation. Suchusersarelikely to provide a majority of the
usableGrid resourcesand CPU power that they can of-
fer hasyet to be adequatelyutilised in both the scientific
andbusinesscomputingarenas.We presenta construction
tool for developing Peerto-Peer(P2P)systemsand appli-
cations calledTriana,thatcangraphicallybuild distributed
programsthat can be easily deployed onto the Consumer
Grid. It is importantto emphasiseat this point, however,

thatthe ConsumelGrid is intendedto tarmgetresourcesuch
asDSL/Cable,andthe variety of devicesthat canbe con-
nectedtogetherusing thesetechnologies- comprisingof,
primarily, privately connectedndividuals. Suchresources
do not belongto an organisationas suchandthereforeare
currently not targetedby Grid research. The Consumer
Grid thereforas acomplimentingparadignto existing Grid
technologiesndnota competitor

Our vision of The ConsumerGrid is aimedat provid-
ing the capabilityto bring Grid technologyto the masses
(thevarietyof individual users)andenabletruly distributed
computingover public networks. We assumehatthe user
has accessto the executablecode (in the form of Java
classes)whichthey canexecuteontheir own resourcesnd
canbetransferredo the nodewherethe executionis to be
performed. P2P computingand Web servicesideashave
beenexplored by other authors,suchas[3], whereideas
relatedto computingportals,anda commonsoftwarecom-
ponentarchitecturg(CCA) have beenoutlined. End users
who programapplicationsusingpre-packagedoftwareare
likely to be the most prolific usersof Grid infrastructure.
Thedevelopmenbf interfacego enablesuchuserdo utilise
existing softwarelibrariesthereforebecomesrucial, espe-
cially if suchinterfacescanbe accessedcrossa network.
Suchuserswould needto know very little aboutGrid in-
frastructureprotocolsor servicedirectly. The Webinfras-
tructure(Web seners, client browsers)hasprovided a use-
ful first stepto realisingsuchinterfaces althoughthe com-
plexity of servicesthat canbe supporteds limited. This
is shavn by the lack of semanticsthat can be captured
in an HTML document,necessitatinghe developmentof
specialisednetadatastandarddasedon XML. Examples
of Grid portalscurrently in useinclude XCAT [4], Gate-
way [5], andGridPort[6].

A useful abstractionto adoptin the contect of a Con-
sumerGrid is the notion of a “service”. We canconsider
theavailability of all computationatesourcesntheGrid as
atype of service. Furthermorewithin P2Psystemsegvery
entity on the network canbe both a serviceuseranda ser
viceprovider. In thiscontext, aConsumefrid is composed
of a numberof peers.Eachpeerprovidesa servicethatis



analogouso aWebsener, in thatit canreceve andprocess
requestsandreturnsresults. For example,a Web browser
(client) will make an HTTP requestto a Web sener, and
the Web sener utilising a numberof sener-sideprograms,
will returnaresultbackto theclient,whichwill berendered
accordingto the Web browserscapabilities. Therearealso
similaritiesbetweerthis modelandthe OpenGrid Services
Architecture(OGSA) [12], in that both utilise the service
abstraction However, the ConsumeiGrid makesuseof in-
teractingpeersratherthanthe client-serner modeladopted
in OGSA.

In our referencamplementationthe ConsumeiGrid is
composedf anumberof Trianapeers.Trianais a service,
which utilises servicesfrom otherpeersto scheduleappli-
cationsacrossanetwork. A Trianapeerrecevesrequestsn
the form of Trianascriptsand Trianadata,processethese
on the local computationalresourcesand returnsresults
backto the Trianaclient or onto anotherpeer Thesere-
guestsareencodecas XML scripts,andoutline variousat-
tributesof the hoston which the serviceis to be executed,
andthe executioninterfacefor the service. We also hope
to provide a Web ServicesDescriptionLanguaggWSDL)
interfaceto theseat a latertime, throughthe Java2WsDL
interfacefrom IBM [14]. In the sameway thatan Applet
hassecurityon the client side, we provide a similar level
of securityon the Trianasener throughthe Java Sandbox.
The Java Sandboxcomprisesa numberof cooperatingsys-
tem componentsrangingfrom securitymanagerghat ex-
ecuteas part of the application,to security measuresle-
signedinto the Java Virtual Machine (JVM) andthe lan-
guageitself. The sandboxensureshat an untrustedand
possibly malicious-applicatiorcannotgain accessto sys-
tem resource48]. Furthermorea Trianasener could be
implementedhasa Servletandrunasa Webservice.

2 Interactionswith Globus

A currentsystemfor deploying Grid basedapplications
is Glohus [2] [11], which provides a meansto securely
connectorganisationgogetherby offering a singlesign-on
methodfor accessin@ll resourcesvithin anorganisations
network. Globususegpublicandprivatekeys obtainedrom
a, hopefullytrusted third party certificateageng (CA) that
allows for securesign-onanddatatransfermethodsto re-
sources. Globus at presentprovides accessto CPU re-
sourceprimarily on UNIX platformsalthoughsomeof the
client-sidetoolsdoexist for PCsrunninganon-UNIX based
operatingsystemsuch as Windows: an operatingsystem
adoptedby themajority of computerusers.

Although Globushasa sophisticatedevel of authentica-
tion, it is in mary wayssimilar to standardelnet, ftp and
otherjob submissiormethodscurrentlyin use. After suit-
able certificatesand keys have beenobtained,and an ac-

countrequestedrom anadministratoof aresourcepnehas
to sign on to the Globus ervironmentand explicitly target
aresourcdor job execution. This normally occursthrough
the batchjob scheduleralthoughaccesgo an interactive
sessiorcanbe madethroughtheuseof shellscriptsandthe
fork process.

Someof the difficulties with Globus and perhapssome
of the biggestdravbacksassociatedvith it, is the admin-
istrationcostanddifficulty of use. Administratorswith re-
sourceshatthey arewilling to make availablehaveto create
accountsxplicitly for Globususers.If thousand®f users
wantedaccesgo aresourcat would be a dauntingtaskin-
deedfor any administrator The useof an “anonymous”
Grid accountis supportedon other Grid systemssuchas
Legion, but not on Glohus. It is alsolikely thatusersmay
utilise a machineinfrequently making the administratve
overhead®f creatingandregisteringaccountsa significant
overhead. However, the problemof job interference(and
securityissueswith limited numberof Grid accountss an-
otherissuethatwe arecurrentlyinvestigatingn the context
of the ConsumeiGrid. This functionalitywould perhapse
bestsenedby the creationof a singleGlobusaccountwith
an associatedslobus shell (similar to cshor tcsh)for the
resourceanda daemoninforming the CA of the resources
available.Theshellwould alsomaintainbilling information
for resourcesised.

Triana, however, doesnot implementthis level of au-
thenticationand is platform independent asit is imple-
mentedin Java. Triana Servicescan be run on various
hardware and operatingsystemplatforms that supporta
JavaVirtual Machine. Thisimplicitly meansjike the SETI
project, that arybody can make their spare CPU cycles
available. It installseasilywith a“point-and-click” method
to instantiatea servicedaemon. Trianadoesnot rely on
CertificationAgencies:oncea simple servicedaemonhas
beeninstalledon a platformit will allow accesgo thatre-
source Programmodulesareautomaticallytransporteagnd
executedon resourcesenrolledin the Trianaervironment
effectively usingavirtual account.As Trianais Jasabased,
it makesuseof the Java Sandboxandresourcdile systems
arealsoautomaticallyprotected.Trianacanseamlesslylis-
tributemodulesandentirejobsacrossanetwork of compute
resourcesllowing a Triananetwork to performHigh Per
formanceThroughput(HPT) calculations parametespace
searchesarallelcomputationandevenbehaeasamacro-
scopicpipelineprocessowhereonemachineperformsone
specifictaskandthenpipesdataontoanothemachine.

At present,the Grid assumesghat participating users
are trusted (or that they have obtaineda certificatefrom
a trustedauthority — as discussedabove). This is gener
ally a valid assumptionasexisting sitesoffering Grid en-
abledsoftwarearelargeresearcttentresor institutionsand
can be held accountabldf they refuseaccesdo their re-



sourcesoncethey have committed. To make Grid tech-
nologiesmorewidely usable however, suchanassumption
may not hold. Furthermorewhereserviceprovidersdo not
belongto one of theselarge sites, managingand running
servicesover large andcomplex senersmay not be an op-
tion. Hence,|if individual scientistsverenot allowedto of-
fer software librariesthat they hadimplementedthe Grid
would be restrictedto specialisedserviceproviders,andis
unlikely to have a large impact on the scientificand busi-
nesscommunity We thereforeseethe needfor finding a
synegy betweenthe Grid infrastructureasit is beingim-
plementedat presentanda moregenericinfrastructurethat
canbemoreeasilysharedanddeployed.

The P2P approachprovides a useful way to overcome
thislimitation—aP2Pnetwork is atypeof network in which
eachconnectedlevice is ableto communicateandcollabo-

rateasapeer Suchinfrastructurehasalreadydemonstrated

scalabilityto over 3 million usersworld-wide (in the case
of Napster) althoughat presensuchtoolstargetonly apar
ticularkind of service(e.g.theavailability of MP3files).

3 Triana
3.1 TheTriana Software Environment

Triana [17] is a Java-basedproblem-solving, data-
analysisand programmingervironment,which allows the
compositionof various network Peersto collaborateto
solve a single problem. It providesa visual programming
ervironmentallowing a userto constructanapplicationby
connectingdifferent Peerservices. It comeswith mary
built-in functionsthat canbe usedto manipulatenumeric,
signal,imageandtextual data— andalso providesa setof
built-in datatypesthatcanbeusedto connecdifferentPeer
services- andundertale type checkingon their connectv-
ity. Thereare several hundredunits (i.e. programs)and
networks of units canbe createdby graphicalconnections
to constructhhew andmorecomple programs.

Trianais a two-layeredapplicationconsistingof a Tri-
anaengineandagraphicaluserinterface(GUI). The Triana
GUI usesthe Trianaengineto connectobjectstogetherto
constructata-flav networks. A Triananetwork canbecon-
structedusingthe GUI or directly by writing an XML task-
graph(in Web ServicesFlow LanguaggWSFL), Petrinet
or Businesdroces€nactment.anguagdor Web Services
(BPEL4WS)formats).An applicationexampleisillustrated
in Figurel. Thefigureillustratesa simplenetwork thatcre-
atesasinewave,contaminategt with Gaussian-noiseakes
its power spectrumandthenusesaunit calledAccuntt at
to averagethe spectraover successie iterationsto remove
the noisefrom theoriginal signal. In figure 2 we shav two
outputspnetakenafterthefirstiteration(noticethatthesig-
nalis buriedin thenoise)andthe otherafter20iterationsof
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Figure 2. Triana graph output component

thealgorithm.

EachTriananoderequiresthe executionof botha client
componentinda sener component- hencethe notionof a
TrianaPeer A usermay connectto a TrianaPeerservice
usingacommandine or GUI interface.Theclientpartof a
Trianaservicecandistribute codeto mary seners,depend-
ing on where executionis required. A Triana network is
composeaf acollectionof Peerseachcapableof interpret-
ing TrianaXML task-graphsThesenercomponentvithin
eachpeercaninteractwith Globus GRAM to launchjobs
locally onthe node. This is usefulto supportnodeswhich
host parallel machinesor workstationsclusters. A Triana
network thereforecanbe composef a numberof differ-
entkindsof resourcananagemergystems- supportedvia
a gatavay betweena TrianaPeerandthe particularsystem
usedto launchand managegobs. The compleity of such
local systemscanvary, dependingon the capability of the
device hostingthe TrianaPeer In the casewhereno local
resourcemanageis available,the Trianasener component
canitself beusedto launchthe application.

The distribution mechanismusedin Triana utilises an
on-demandiownloadof code- if this featureis supported
within the local resourcemanageron the device. Hence,



whendistributing an application,a Trianapeercansenda
connectvity graphto anothempeernodewithin thenetwork.
This peermustnow decidewhetherthe connectvity graph
it hasrecevedshouldbe executedocally, or whetherall or
partsof it shouldbe submittedto otherpeer(s)If thegraph
is to be locally executed,the peercan requestexecutable
codefor modulesthat are presentwithin the connectvity
graph.This dynamicdownloadof code , dependingpn what
is to beexecutedvy a peer allowsthepeerto only hostcode
thatis necessary andovercomesheproblemof having in-
consistentversionsof executableqgasthe executablemust
be requestedrom the owner whenever an executionis to
be undertalen). This modelis alsousefulwhena particu-
lar device haslimited capabilityto hostcodelocally — due
to memoryconstraintdor instance A resource-constrained
device mayalsodecideto selectvely downloadandrelease
executablemodulesbasedon dependenciemherentwithin
the connectvity graph. This dynamicmodelis therefore
particular useful for handheldand mobile devices — and
maybeusedto supporthe developmenbf TrianaPeemet-
works where devicesdownload and releasecode modules
on-demand.Transmittingthe connectvity graphto nodes
hasalimited overhead- asthegraphitself is a text file that
doesnotconsumemary resources.

3.2 Trianaimplementation of a Consumer Grid

To supportthe consumerGrid, the Trianaimplementa-
tion disconnectsghe userinterfacefrom the Trianaengine.
Communicatiorfrom theuserinterfaceis via a definedAPI
to the Triana enginethat can be accessedby other views
of the Triananetwork. For example,the referencegraphi-
caluserinterfaceprovidedin the Trianadistribution maybe
theoneof choiceby softwaredevelopersvorkingonadesk-
top or laptopcomputerbut useramaywanta differentview
whenutilising a WAP enabledmobile phonesor PDA de-
vice. Furthermorepusersshouldbe ableto obtainprogress
of their running network via the internetusing a standard
Web browser The descriptionof a Trianaunit is alsoen-
codedin XML, andbasedon thethe CommonComponent
Architecture(CCA) [20].

As seenin figure 3 therearetwo distinctcomponentsn
the Trianaimplementationthe TrianaService(TS) andthe
TrianaController(TC). TheTrianacontrolleris auserinter-
faceto Trianaservicedaemons.The Trianacontrollercan
bebaseceitheron acommandine or a GUI userinterface,
andthe Triana servicedaemonmay be eitherlocal or re-
mote. TheTrianacontrollerprovidesacces$o a network of
computersrunning Triana servicedaemonsvia a gatevay
daemonandallows the userto describethe kinds of func-
tionality requiredof Triana:the moduledeploymentmodel
and datastreampathways. A single Trianacontrollercan
control multiple Triana networks deployed over multiple
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Figure 3. Shows a schematic representation
of the Triana implementation.

CPUresourcesThe TrianaServicedaemon$have multiple
functionality and may be downloadedfrom a pre-defined
portal. SinceTrianais implementedn Java,theTrianaCon-
troller andTrianaServicesanbeinstalledon ary platform
that supportsa Java Virtual Machine. The Triana Service
is comprisedof three components:a client, a sener and
a commandprocesssener. Typically in a Triananetwork
only oneof theTrianaservicecommandrocessenerwill
be active andin communicatiornwith the Trianacontroller
— which actsasa schedulingmanageffor the completeap-
plication being run over a Triana network. The client of
the Trianaservicein contactwith the Trianacontrollerthen
pipesmodules programsanddatato the otherrequiredTri-
anaservicedaemonsTheseTrianaserviceswill simply act
in sener modeto executethe byte codeand pipe datato
othersvia the prescriptiongivenby the Trianacontroller

Figure4 shavstheimplementatiorof theGUI versionof
the TrianaController It alsoshaws the pallet uponwhich
modulesmay be placedandhow dataflow is achieved by
linking modulestogether:in this particularcasea simple
distributedpipelinedlinear network hasbeencreated.The
figurealsoshonvs how a TrianaServiceprovidescommuni-
cationto the TrianaControllerandalsohow it alsopasses
moduleinformationontothesenersideof otherTrianaSer
vicesrunningon remotemachines.

3.3 Distribution Mechanisms Within Triana

We imposedseveral designconstraintsor the distribu-
tion mechanisnwithin Triana. Firstly, the visualrepresen-
tationwithin the TGUI shouldhidethecomplexity from the
user Secondlywe wantedthe implementatiorto be mid-
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Figure 4. lllustrates the actual implementation
of the Triana model.

dlewareindependenite. mappingto alternatve middleware
architectureshouldbetrivial. Thirdly, we wanteda flexi-
ble enoughapproactto allow easyextensibility of new user
distribution policies.

The current implementation meets these three con-
straints. It is basedaroundthe conceptof Triana Group
units. Group units are aggreatetools which can contain
mary interconnectedinits. They have the sameproperties
asnormaltools e.g. they have input/outputnodes,proper
ties etc, andtherefore they canbe connectedo otherTri-
anaunits usingthe standardnechanism.Tools have to be
groupedn orderto bedistributedallowing singleor groups
of unitsto bedistributedontothe Grid i.e. theuserhasthe
completecontrol of choosingthe desiredevel of granular
ity. However, theway in which groupscanbedistributedis
extremelyflexible.

Eachgroup hasa distribution policy which is, in fact,
implementedas a Trianaunit. Suchunits are called con-
trol units. A distribution policy is the mechanisnfor dis-
tribution within a groupandthereforethereis one control
unit pergroup. This flexible approachmeanghatit is easy
for new usersto createtheir own distribution policieswith-
out needingto know aboutthe underlyingmiddleware or
specificsaboutindividual Trianaunits. Therearetwo dis-
tribution policiescurrentlyimplementedn Triana,parallel
andpeerto peer Parallelis a farmingout mechanisnmand
generallyinvolvesno communicatiorbetweenhosts. Peer
to Peermeansdistributing the group vertically i.e. each
unit in the group is distributed onto a separateresource
anddatais passeetweerthem. Control units reroutein-
put dataanddynamicallyre-wire the taskgraphto createa
distributedversionthat is annotatedvith the particularre-

sourcesthe particulargroupswill run on and the specific
datachannelghatareusedfor thecommunication.

3.4 Triana P2P Consumer Grid Implementation
using JXTA

Trianacurrentlyhastheability to distributeasingleunit,
or ary collectionsof its units amongsta setof distributed
computers.This is currently basedon the JXTA architec-
turesfor distributing and locating available peersthrough
resourcediscovery. The full implementatiordetailsof this
is availablefrom [17] but briefly describedelow.

The JXTA mappingusesheso-calledIXTAServeAPI to
implementthe mappingbetweenTrianagroupsand Triana
resources.JXTASene is an AP| developedas part of the
Triana projectto enableusersto build applicationsusing
the JXTA protocol. It implementsthe basicfunctionality
that an applicationneedsand hidesthe complexity of the
detailsof JXTA from developers FurthermoresinceJXTA
is an evolving systemJXTASene providesthe stability for
our implementationin Trianai.e. eventhoughJXTA may
changetheinterfaceto JXTASere will not. This protects
the Trianadevelopersrom needingo rewrite thecorecode
for eachnew JXTA release. Eventually JXTASenre will
be memgedinto the GAT (Grid Application Toolkit). The
GAT is beyondthe scopeof this paper for moredetailssee
http://wwwagridlab.org/.

JXTASenw thereforeimplementsa service-orientedir-
chitecturebasedon JXTA. It conceptuallylooks very simi-
lar to a Trianagroupunit. A JXTASene servicecanhave
oneor moreinput nodes(oneis neededor controlatleast)
andcanhave zero,oneor moreoutputnodes.It adwertises
its input andoutputnodesasJXTA pipesandconnectde-
tweenpipesusing the virtual communicationparadigmin
JXTA networks. This adaptsto the particularcommunica-
tion protocolwhich lies beneattthe applicationdepending
onthesituation.

Trianaservicesarerun asJXTASene servicesandtheir
input and outputnodesare adwertisedas JXTASene input
andoutputpipes. Thereis almosta oneto onecorrelation
with the Trianaimplementatiorandthefunctionality of JX-
TASene. Thisis oneuseof JXTASere, however, thenorm
is very different.

<t ool >
<name>G oupTest </ nane>
<t asks>

<t ask>
<t asknanme>Wave</t asknane>
<out put >tri ana. t ypes. Sanpl eSet </ out put >
<par anet er s>
<param name="i ntensity"
type="user Accessi bl e" value="1"> ..
</ par anmet er s>
</task>



<t ask> <taskname>G apher </tasknanme> ... </task>
<t ask>
<t asknanme>G oupTask</t asknane>
<t asks>
<t ask> <t asknane>FFT</taskname> ... </task>

<t ask> <t asknane>Gaussi an</taskname> ..

</ task>

<connecti on>
<source tasknanme="Gussi an" node="0" />
<target tasknane="FFT" node="0" />

</ connecti on>

<gr oupnodemappi ng>

t asknane="FFT" node="0"
</ gr oupnodenappi ng>
</ tasks>
</ task>

/> </ out put >

<connecti on>
<source tasknanme="Wave" node="0" />
<target taskname="G oupTask" node="0" />

</ connecti on>

<connecti on>
<source tasknane="G oupTask" node="0" />
<target tasknane="G apher" node="0" />

</ connecti on>

</ tasks>
</ tool >

CodeSgmentl

CodeSgmentl providesa simplified exampleof a Tri-
anaworkflow definition. This example workflow defines
four tasks(a Wave generatotask,Gaussiamoisetask,FFT
taskanda Graphertask)andthe dataflow connectiondbe-
tweenthem (Wave to Gaussianto FFT to Grapher),and
basedon the connectity in figure 1. Within the workflow
the Gaussiamoisetaskandthe FFT taskare groupedinto
a group unit (called GroupTask). Hence,ratherthanthe
Wave taskbeingconnectedlirectly to the Gaussiartask, it
is connectedo nodeOof the GroupTask,andit is within the
groupthat the mappingbetweennodeOof the GroupTask
andnodeOof the Gaussiaris made(in <gr oupnodenap-
pi ng>).

As mentionedpreviously, in Trianathe unit of distribu-
tionis agroup.In termsof our workflow examplewe could
executethe GroupTaskon aremoteTrianaservice with the
databeing automaticallysentfrom the Wave to the Gaus-
sian and returnedfrom the FFT to the Grapher To ini-
tialisethis distribution aworkflow is annotatedn two ways:
firstly, eachgroupinput andoutputconnectionis uniquely
labelledby thelocal service;and,secondlythegroupbeing
distributedis extractedfrom the workflow and sentto the
remoteTrianaservice. Theinitial uniquelabelling of the
group’s connectionenablesthe local and remoteservices
to mapinput/outputpipesto eachof theseconnections.n
JXTA thisis simply doneusingthestandard XTA pipedis-

covery mechanism Briefly, for eachinput connectionthe
remoteserviceadwertisesan input pipe with that connec-
tion’s uniguename.Sincethelocal serviceknows the con-
nectionsuniquenameit locateghe pipewith thatnameand
bindsto it; this processvorksvice

<1255 Triana Availability and Deployment

Trianais beingextendedio implementits distribution of
units amongsta set of virtual organisationsby using the
GridLab GAT (Grid Application Toolkit) API [22]. The
GAT API definesa highlevel API to existing Grid systems,
suchas Glohus, to enableserviceson thesesystemso be
transparentlynvoked.

To deploy the ConsumelGrid, auserwould needto have
the Trianapeerinstalledlocally. The peeractsasa hosting
engineonagivenresourcavhichis to beusedto executean
application— andit is assumedhatthis hasbeenachieved
prior to initiating the executionof the application. Addi-
tional userinterface capabilitiesare provided throughthe
Triana Controller GUI — which only needsto have a sin-
gle instantiationfor a particularapplication.A device user
mustthereforeagreeto participatein a ConsumelGrid by
allowing the Trianapeerto exist on their computationre-
source. The useris thereforerequiredto trust the Triana
peer— althoughasindicatedabove, the sandboxprovides
someprotectionto theresourceowner. However, thisis the
only securitypolicy currentlysupportedalthoughwe hope
to investigatethe developmeniof morecomple trustmod-
els (and securitypolicies) in the future. Another security
aspectot addresseget is the actualapplicationthat will
utilise the ConsumerGrid — for instance althougha user
mayagreeto contributetheir resourcegby hostinga Triana
peer) they would nothave directcontrolof whatapplication
actuallyutilisestheirresourcethisis theclassicproblemof
beingunableto preventa collectionof computationapeer
resourcebeing usedto crack passwerds). This is a diffi-
cult problemto overcome— asit is possiblefor a userto
disguisethe computationatasksthey distribute to peers—
and thereforedifficult to detect. An alternatve approach
would beto allow usersto only downloadexecutableghat
are selectedrrom a pre-agreedcertified, software library.
We believe thatthe Trianapeerervironmentwill helpusin-
vestigatesomeof theseissues- by providing a testbedfor
experimentation.

3.6 Triana Application Scenarios

We assumehatin the context of a ConsumefGrid some
serviceproviders will continueto offer the sameservice
during their lifetime, whilst othersmay changeover time.
We provide usagescenariogo demonstratéhow services
may be utilised:



36.1 Casel: Galaxy Formation Example

As atestcasefor the Trianadistribution policiesdescribed
in the previous section, we integrateda Java galaxy for-
mationcodedevelopedby the Galaxy Formation Group at
Cardiff into Triana. The implementatiornusedthe parallel
distribution policy for groupsfor farmingouttheindividual
sectionf theanimation.

Galaxyandstarformationsimulationcodesgeneratebi-
nary datafiles that representa seriesof particlesin three
dimensionsalongwith theirassociateg@ropertiesasasnap
shotin time. The userof suchcodeswould like to visu-
alisethis dataasananimationin two dimensionswith the
ability to vary the perspeciie of view, andprojectthatpar
ticulartwo dimensionakliceandre-runtheanimation.Due
to the natureof the data,eachframe or snapshotis a rep-
resentatiorat a particularpointin time of the total dataset.
It is possibleto distribute eachtime slice or frame over a
numberof processeandcalculatehedifferentviewsbased
onthepointof view in parallel.

In the implementationthe datafile is loadedby a sin-
gle Data ReaderUnit within Triana, and passedo all the
Triananodes. Nodesthenbuffer the datafor future calcu-
lations. Note thatthe datafile could be copiedbeforehand
anddistributedin a parallelway also. The loadeddatais
thenseparatedhto frames distributedamongsthe various
Triana seners on the available network and processedo
calculatethe columndensityusing smoothparticle hydro-
dynamics.

A Trianavisualisationunit on the userslocal machine
is usedto control the entire processandrun the animation
oncethe processings complete. Eachdistributed Triana
servicereturnsit's processeddatain order, allowing the
framesto be animated. If the userwantsa differentview
of the datathe visualisationunit hascontrolsthatallow the
manipulationof the view, messagearethensentto all the
distributed senersso that the new dataslice througheach
timeframecanbecalculatedandreturned.Theresultis that
the usercanvisualisethe galaxyformationin a fraction of
thetime thanit would if the simulationwas performedon
a single machine. This implementationwas demonstrated
successfullyatthe All HandsMeetingin UK in September
2002usingmachineson alocal network.

3.6.2 Case2: Inspiral Search for Coalescing Binaries

Compachbinarystarsorbiting eachotherin a closeorbit are
amongthe most powerful sourcesof gravitational waves.
The gravitational waves emittedin the processhave twice
thefrequeng of thebinaryandcarryaway its enegy. This
resultsin the gradualshrinkingof the orbit. As the orbital
radius decreasesa characteristicchirp waveform is pro-
ducedwhoseamplitudeand frequeng increasewith time
until eventuallythe two bodiesmeme together Laserin-

terferometricdetectorssuchas GEO600shouldbe ableto
detectthe wavesfrom thelastfew minutesbeforethe colli-
sion[23].

For this searchwe needto have a computingresource
capableof speedsn the rangeof 5 and 10 Gigaflopsto
keepup in realtime with an on-line search.For example,
within GEO 600, the gravitational wave signalis sampled
at 8kHz in 24-bit resolution(storedin 4 bytes). However,
the searchabldrequeny rangeis belov 1 KHz andthere-
forearealisticsampledepresentatioof thesignalcontains
2,000samplegersecond.Thereal-timedatasetis divided
into chunksof 15 minutesin duration(i.e. 900 seconds),
which resultsin a 7.2MB of data(4 x 900 x 2000) being
processedt a time. This datais transmittedto a Triana
nodeandprocessedbcally. Thenodeinitialisesi.e. gener
atesits templatega trivial computationaktep)andthenit
performsfastcorrelationon the datasetwith eachtemplate
in a library of between5,000and 10,000templates. This
processtakes about5 hourson a 2 GHz PC runninga C
program. Therefore,20 PC’s would needto be employed
full-time to keepup with the data.

Within a ConsumerGrid scenariothe numberof PCs
would needto be increaseddueto varioustypesof down-
time e.g. connectionlost, userintervenes,computational
bandwidthnot reachecdktc. However, sinceit is amassvely
parallel problemwe believe it can be solved within such
anernvironmentby simply distributing the codeto asmary
computergsthat are available until the resultsare beingre-
turnedwith the specifiedtime interval. Thelateng of such
a systemis not importantandit canlag behindby several
hoursif necessaryA check-pointingnechanisnmay also
be employedto migratecomputationf necessary

3.6.3 Case3: Database access

A Trianausercanalsoundertale databaseccessy con-
nectingcomponentgogether— especiallyto enablemulti-
ple usersto manipulatea database.ln orderto do so, the
user establishes pipeline in Triana consistingof: (1) a
dataaccessservice,(2) a datamanipulationservice,(3) a
datavisualisationservice,and (4) a dataverification ser
vice. Thedataaccesservicecaneitherreadfrom flat files,
or readfrom a structureddatabase After the pipelinehas
beencomposedthe userprovidespreferences$or thekinds
of servicesthat shouldbe utilised in eachof thesecases.
Eachof theseservicesmay now be provided by different
TrianaPeers-whichmaybelocatedatdifferentgeographic
sites. A Peerproviding a dataaccesservice,for instance,
cancommunicatevith adatabasesingJavzaDataBaseCon-
nectiity (JDBC)bridge.

The Triana systemlooks on the network to discover
peerswhich offer each of theseservicesin turn. The
pipelineis instantiatedvith peerreferencesisnew services



becomeavailable. The Trianacontrollernow initiatesexe-

cution of the entirenetwork. If Trianafinds multiple com-

ponentsto manipulatethe data,the usermay be asked to

selecta servicebasedon otheroptionsthata givenservice
provides(suchasaccurag, numericalandtextual datama-

nipulationcapabilityetc). Onceaservicehasbeenselected,
andtheTrianasystemhasundertalenaservice-bindo each
of the stagesn the pipeline, Triananow initiatesthe execu-
tion procedure.

3.7 Availability of Peers?

An obvious questionat this point is why Grid users
wouldmaketheir CPUavailableto others?Ourbeliefis that
userswould altruistically make their computersCPU and
RAM availableif they trustedthe software, whetherthey
thoughtits usewas a worthy causeandif they could have
controlaboutwhentheir resourcecould be madeavailable.
An obvioussolutionto thisis to take theapproachhatCon-
dor[24] andSETI[25] take andmake users CPUavailable
whentheir workstationis idle i.e. whenthe screensaver
turnson, for example. Usersalsowould have the option
to specifyhow muchRAM the applicationscould useand
publishthis onthe network. Userswould thenrun the soft-
warein the sameway in which Napsteror Gnutellausers
runtheir peers put insteadof sharingmp3files they would
besharingtheircomputationapowerwith otherswho could
male useof it. Currentexamplesof sharingresourcesire:

e SETI@home [25] is a scientificexperimentthatuses
Internet-connected¢omputersin the Searchfor Ex-
traterrestrialintelligence (SETI). You can participate
by runninga free programthat downloadsand analy-
sesradio telescopedata. With 3154517userstaking
part therehasbeena total CPU time of 668852.233
years(asof 19th July 2001)andthis figure is growing
onadaily basis.

e Gnutella [19] is an open, decentralisedP2P search
protocol that is mainly used to find files. By
April 2000,0neGnutellaimplementatiorcalled Fast-
Track[26] matchedhepopularityreachedy Napster

e Napster [27] is the controversialmusicfile-swapping
application,hadreported6.7 million usersby August
2000. In February2001, Jupiter Media Matrix [28],
the globalleaderin marketintelligence,reportedthat
Napsterwas usedby 14.3 percentof online usersat
homein thirteenleadingwired countries. Note that
Napstelis not a true P2Psystemsincethe availability
of peersis locatedthrougha centraldatabaset Nap-
sterswebsite.

An importantaspectlsosupportedn thesesystemss sup-
port for peerdiscovery and routing. An importantprob-

lemin the context of P2Psystemsasbeenthe effect of the
heary traffic generatedas a result of messagenteraction
betweenpeers— especiallyasthereis no centralisedcon-
trol in suchsystems.A numberof P2Papplicationutilise
a “flooding” mechanisnto forward messageto maximise
reachability This severely restrictsthe scalability of such
approaches andvariousapproacheto overcomethis prob-
lem have beeninvestigatedsuchas[7]. This issueis of

particularimportancein the contet of a ConsumeiGrid —
wherea potentiallyvery large numberof resourcegnodes)
may participate. Currently we utilise the discovery pro-
cessewithin JXTA [16] to achieve this — relying on Tri-

anapeergo bediscoreredbasedn very simpleattributes—
suchasCPU capabilityandavailablefree memory We also
aim to explore additionalcapabilitiesof a peerto support
this discovery process- in particularthe ability to group
peerswith commoncapabilityinto virtual peergroups.

A securityaspectnot addresseget is the actualappli-
cationthat will utilise the ConsumerGrid — for instance,
althougha usermay agreeto contribute their resourcegby
hostinga Trianapeer),they would not have direct control
of what applicationactually utilisestheir resource(this is
the classicproblemof beingunableto preventa collection
of computationalpeerresourcebeing usedto crack pass-
words). This is a difficult problemto overcome-— asit is
possiblefor a userto disguisethe computationatasksthey
distribute to peers— and thereforedifficult to detect. An
alternatve approachwould beto allow usersto only down-
load executableghat are selectedrom a pre-agreedcerti-
fied, softwarelibrary. We believe thatthe Trianapeerervi-
ronmentwill help usinvestigatesomeof theseissues- by
providing atestbedfor experimentation.

4 Conclusions

This paperdescribeghe Trianasoftwarefor developing
applicationausingGrid andP2Pinfrastructure Trianasup-
portsthe creationof applicationsby migratingcodeto are-
sourcewhereexecutionis desired.This is achieved by dis-
coveringpeerghatoffer particularcomputationatapability
andthendownloadingthe codeto thesepeerdor execution.
The ConsumelGrid ideais centredon the notionthatindi-
viduals or organisationgnay wish to contribute computa-
tional resourceswith resourcegpossessinglifferentcom-
putationalcapabilitiesandaccesgatterns.Two ideasfrom
P2P systemsare utilised in this system: (1) File sharing
ideasfrom systemssuchasNapsterand Gnutella,whereby
executableanddatafiles aretransferredo the point of exe-
cution. Peernaming,grouping,andadwertisingis achieved
usingJXTA, (2) sharingof (unused)computationaktycles
managedy the resourcemanager from systemssuchas
SETI@HOME Entropia[29] andParabor{30]. Trianapro-
videsa userinteractionfacility thatmakesthe existenceof



suchan infrastructuretransparento the user We believe
thatthe succes®f P2PsystemgsuchasNapster)andutil-
isation of Web senersto supportingboth file sharingand
CPU sharing,will be importantto supporta wider useof
Grid technologiesindapplications.
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