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Abstract

Rapidadvancement® processorand networkingtech-
nologieshaveled to the evolution of clusterand grid com-
putingframeavorks. Thesehigh-performanceomputingen-
vironmentsexploit geagraphically distributed, diverse re-
souiceswith the goal of providing efcient computingso-
lutions to all kinds of parallel and distributed applica-
tions. OCEAN(OpenComputatiorExchange and Arbitra-
tion Network)providesa scalablemarket-basednfrastruc-
ture to sucd meta-computingramevorks. OCEANaimsto
build a marketplacewhele resouceslike CPUtime, associ-
atedmemoryusage and networkbandwidthare the traded
commodities This paperexplainsthe technical challenges
facedin the designof OCEANand discussesur proposed
solution. To facilitate nding suitableresoucesfor buyers,
wedevelopedef cient matcingandevolutionprotocolsfor
the peerto-peermatcing network. The architecture and
variouscomponentsf OCEANare describedn detail. We
implemented CEANon Javaand .NET platformsand de-
scriberesultsfromour preliminary experiments.

1. Intr oduction

At no othertime in humanhistory have somary people
hadaccesdo powerful computingresourcesProliferation
of workstation-clasgprocessorsand growth of high-speed
networks has made Internet computing penasive world-
wide. Marny of theseresourcedie idle for long periods
of time. Thetotal computingpower in mary organizations
may oftenbe severelyundetutilized. Corversely thereare
mary individualsandorganizationghathave intensecom-
putationsto perform, but only have accesgo limited and
restrictedresourceshatareavailableto executethem. Sci-
enti ¢ applicationsin domainslike High Enegy Physics,
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Bioinformatics, Medical Image Processingand Earth Ob-
senations often require massie amountsof computation
andstorage.

This overwhelming disparity in resource utilization
induced the development of the cluster[] and grid
computing[§ paradigms. The key to these high-
performancecomputationalframenorks is effective man-
agementand exploitation of all available computingre-
sources. These infrastructures,often known as meta-
computing systems[1§3], transparentlyintegrate geo-
graphicallydistributedresourceso provide coordinatede-
sourcesharing. The conceptof resourcesharingis not
simply restrictedto le sharing, but rather direct access
to computerssoftware, data,and otherresourceghat be-
long to multiple institutionsand organizations.Hencethe
needarisesfor collaboratie problemsolvingandresource-
brokering stratgies. The vision is to greatlyincreasethe
overallef ciency of theworld's utilization of computingre-
sourcestherebyleadingto increasegroductvity.

OCEAN (OpenComputationExchangeand Auctioning
Network) providesa softwareinfrastructureto supportau-
tomatedcommercialbuying and selling of dynamic dis-
tributed computingresource®ver the Internet. The major
componentof sucha market are the users,the computa-
tional resourcesassociatedvith them, and the underlying
market mechanismshatfacilitatethetrade.

The goals of OCEAN are twofold: (1) Anyone who
hasunderutilizedcomputationakesourceshould be able
to easilydeploy OCEAN senerswhich canrun otherpeo-
ple's computingtasksfor prot, and(2) Any user with a
creditcardnumber(or othermeansf automateghayment),
shouldbe easilyableto buy resourcegor his distributedor
parallelapplications.

In this paper we explore the technicalchallengesin-
volvedin providing a market-orienteddistributed comput-
ing infrastructure. Then, we review existing distributed



computingprojects,their mechanisms&nd how they com-
parewith OCEAN. Next, we describethe architectureof
OCEAN. We concludewith detailsof implementatiorand
experimentaresults.

2. Previous Work

Distributed computinghas beenan active eld of re-
searchfor over two decades. Systemslike Amoeba[18
andSprite[d hadgreatimpacton distributedprogramming
paradigm. Recently there hasbeentremendougesearch
activity in grid computing.The Grid[8], asit is known, en-
ablesthesharing selectionandaggreyationof awide vari-
ety of geographicallydistributedresourceincluding super
computers storagesystems,data sourcesand specialized
devicesownedby differentorganizationsadministeredvith
differentpolicies.

In the last few years,a numberof exciting projectslike
Globus[7] andLegion[1( have developedthe softwarein-
frastructureand protocolsneededor grid computing.Var-
ious distributed computingissueshave beensolved using
thesetools andlibraries. Thesetools have beenvery suc-
cessfulin providing high-performancelistributed comput-
ing for scienti c projectslike GriPhyN[1(Grid Physics
Network) andiVDgL (InternationaNirtual DataGrid Lab-
oratory).But theseprojectsfall shortof providing aframe-
work for trading(buying andselling) of resources.

On the otherhand,economicmodelshave beenapplied
to computingin variousways. In 1968,Sutherlanddemon-
stratedhow auctionmethodscan be usedto allocatetime
to userson the PDP-1 Computerin the Aiken Computa-
tion Laboratoryat Harvard University[17. But Suther
land'swork failedto addresshe problemin distributedsys-
tems. Drexler andMiller approachedhis problemin their
paper[13, which provided market basednechanismso al-
locatedistributed resourcesand addressedhe problemof
stability of pricing in computationamarket.

More recently projectslike Spavn[5] andPopcorn[14
have explored market basedapproaches. Unfortunately
mary of themarelimited to solving problemsfor speci c
domainsand are monolithic in nature. Theseprojectsare
alsonotinter-operablevith currentgrid technologiesWrit-
ing applicationsfor someplatforms(e.g. Spavn and Pop-
corn),requirea new programmingnterface.Consequently
developingapplicationsor corverting existing applications
is moredif cult.

Nimrod/G[4] is similarto OCEAN in employing market
approache$o grid computing.But it is limited to resource
managemenranddoesnt provide a completeinfrastructure
that can be easily deployed on a userdesktop. Ef cient,
customizablenatchingprotocolsfor resourcanatchingare
missingtoo.

3. Requirements& Design

The following arethe broadrequirementshatdrove the
designof OCEAN.

Self-aolving ScalableMatching Network Providesa
mechanisnfor matchingresourcesWe have chosera
Peerto-Peematchingnetwork with ef cient evolution
andmatchingprotocols.

Resouce descriptionframeavork: A e xible andpow-
erful resourcedescriptionframewnork for describing
variousresourcess required. The framework should
provide APIs for writing thesedescriptionseasily We
have a simple and e xible framawork for describing
resource$n XML.

Portable, OpenProtocolsand APIs For widespread
adoptionof OCEAN for resourcesharing,a portable
andopenimplementations required.TheAPIs should

be e xible andpowerful enoughto exploit variousfea-

turesof OCEAN.

Interopembility with existing grid technolagies Grid
middlewarelike Globus andLegion are powerful and
solvevariousissuesn distributedcomputing.OCEAN
caninter-operatewith the grid usingthe existing tools
andtechnologiedor functionslik e datatransfer com-
municationandsecurity Notethat, OCEAN provides
a completesystemthat can work as an independent
systemwith outary grid middlevare.

Security The buying and selling require a secure
framawork for billing andcreditingthe users. Mech-
anismsfor encrypting messagesent over OCEAN
frameawork arerequired.We have developedan XML
signaturemechanisnfor this purpose.

Easy Deployment Since OCEAN will be used by
naive usersaswell asby sophisticatediserslik e sci-
entists, it is essentiathat deploying an OCEAN node
beeasy

4. Ar chitecture

The OCEANIis composeaf OCEAN nodes Eachnode
canactasa buyer or selleror both. The primary compo-
nentsof OCEAN can be divided into two parts: Market
component@nd Transportcomponents.The market com-
ponentsare matching,negotiation and accounting. These
provide the market framework for resourcesharing. The
transportcomponentsncludedmobility, securityandcom-
munication. Theseprovide featuresfor transportingmes-
sagesandjobs securely Note that, OCEAN is interopera-
ble with existing grid infrastructurelike Globus. OCEAN



providesa market-orientedframeawvork that canbe usedto
enhancehe serviceprovidedby variousgrid middleware.

The applicationsamake useof OCEAN market services,
whichin turnusetransportservices.Thetransportservices
areimplementedisingexisting runtime platformsandspe-
ci ¢ languagesrvironments.

4.1 Interaction Among Components

For a potentialbuyer, the Matchinglayer of the Ocean
Node senesto locate and rate resourcesvailable on the
network. It doessoby sendingsearchrequest®utandthen
collectingsearchhitsit receves. It thenorganizeghesehits
basedon their possibleutility andgivesthe bestonesto the
NegotiationLayer.

The Negotiation layer startsa contractingprocesswith
the desiredhostor hostsfor the buyer Negotiationeither
producesa contractor fails. If a contractis producedthen
theMobility Layeris noti ed of thetaskandit canmigrate
to andspavnsthejob. If the contractis not producecdthe
Negotiationlayer asksthe Matchinglayer for more possi-
ble sellers. Upon completionof the task, transferringof
fundsis carriedout by the Negotiationlayerandthe central
accountingsener. In the following sectionswe seeeach
componentn detail.

4.2 Matching

The matchingnetwork is the coreof OCEAN providing
a framework for buying and selling of resources.Match-
ing components responsibldor maintainingthe matching
network. The matchingcomponenincludesa resourcee-
guest/descriptiofanguageresourcanatchingandsearch-
ing algorithms, PLUM (Peer List Update Manager)for
trackingthe list of peers,andnetwork evolution and opti-
mizationalgorithms.

4.2.1 ResourceRequest/DescriptionLanguage

We have de ned an XML-based constraintlanguagefor
matchingthe needsof resourcausersto the offeringsof re-
sourceproviders. Thelanguagés very generalandcanbe
easily extendedto describeary type of resourcerequire-
ments, including constraintson the CPU, memory disk,
network bandwidth,auxiliary hardware, software runtime
ervironment,auxiliary libraries/databasesswell asvari-
ous constraintson the acceptablesalesagreementietails,
such as price details (curreng, units), schedulefor us-
ageof resources|imits on use,methodof payment(play
mongy, OCEAN accountransferintra-organizationajour-
naltransfer OFX, PayFal, e-Gold,digital cash creditcard),
meansof payment(direct transfer OCEAN-mediatedgs-
crow throughOCEAN CAS) andschedulef paymentgup-

front, on-delivery, post-hocperiodic). Eachapplicationus-
ing or providing resourcesandecidehow mary constraints
to specify up-frontin a trade proposalfor usein the dis-
tributedP2Pmatchingsystem.

To reducethe computationaldemandon the matching
systemthesemantic®f theconstraintanguages keptvery
simple(specifyingonly aboolearcombinatiorof minimum
constraintghat mustbe satis ed). More involved (Turing-
universal)custommatchingcriteriacanbe appliedlater by
thebuyerandsellerin the negotiationstagejf desired.The
matchingprocesseventually leadsto a one-on-onenego-
tiation betweenbuyer and seller at which point complex
customstratgiesfor dealoptimizationcanbe used.

We areexploring variouswaysof representinghe com-
plex requirementf users. A requestfrom a buyer for
an accessagreemengllows him to leasea certain pack-
age of resourcedf accepted. The useof inequality con-
straintson the numericvaluesof various parametersto-
gethemwith boolearcombinationgconjunction/disjunction)
thereof,will be processedby the matchingsystemat each
node, to determinewhetherary of the locally-available
tradeproposalarecompatiblewith the givenproposal.For
buy tradeproposalsary unspeci eddetailsareassumedo
beunconstrainedihereador selltradeproposalspnly the
explicitly speci eddetailsareassumedo be available.

4.2.2 Matching/Searching Protocols

Thematchingmodulepropagatethebuyer'stradeproposal
toasubsebf its peersjn afashionintendedo maximizethe
numberof matchegound,while limiting theresourceson-
sumedin the matchingsystem. A successfumatchleads
to communicationof the matchingtrade proposalbackto
the buyer, and possibleinitiation of detailednegotiations
betweerthebuyerandseller

Ef cient protocols for messagepropagationin the
matchingnetwork are essentiaffor quick matching. We
have developeda protocol called MarcoPolo(nhamedafter
theswimming-poolgame)or matching.It is basednundi-
rectedpeeringrelationshipsbetweennodes,which consti-
tute mutualagreementso directly processand/orforward
network searchrequestdrom eachother A nodejoins the
network by queryinganinitial peer which, if its peerquota
is full, pusheghenew nodefurtherouttowardsthe network
edges.A nodecancorvenientlyretrieve a list of all nodes
thatarelocatedwithin n peeringhops(Who'sthere? broad-
cast,to which all nodeswithin the givenrangereply with a
Polo (Hello I'm here) response.For a detailedaccountof
MarcoPoloseg[11].

A nodecan gradually optimize its locationin the P2P
network by modifying its set of active peeringarrange-
ments soasto belocatednearby(within few hops)of nodes
thathave arecordof pastmatchingsuccessThisis doneus-



ing theoptimizationalgorithmdiscussedh thenext section.

To ensurethat messageso not live forever, andto de-
creasehe overall communicatiorload on eachnode,mes-
sagesaregivena maximumnumberof hops(time-to-live),
whichthey cantravel. Eachtime amessagéravelsalink its
time-to-live is decrementedMessagesontinueuntil their
time-to-liveis zero.

Eachhop exposesone's requestdo a new setof peers.
Dueto the exponentialgronth of communicatiorwith each
hop, mary nodescanbereachedyuickly. However, in this
dynamicP2P network, eachnodeis limited to communi-
cationwith a subsetof the total nodesavailable. Nodes
communicateall requestswith their direct peers,and the
requestsarethenpropagatedia thesedirectlinks to even
more nodes. If the peeris very discriminating,or if it is
lookingfor arareresourcen suchanetwork, mary desired
matchesmay exist which are out of its reach. Becauseof
this, it is in the bestinterestof a nodeto maximizethe use-
fulnessof this subset.Thisis thefocusof the self evolving
nodes.

A nodeonly hasdirectcontrol of the directpeersit con-
nectsto. Choosingthesepeerswisely basedon their utility
helpsimprove overall performancdor a node. This utility
includesbothadirectpeersability to provide aserviceand
that peers connectiongo otherpeerswhich canprovide a
service.

4.2.3 PLUM (PeerList Update Manager)

For the evolution of the matchingnetwork, every nodehas
to maintaininformation aboutother peers. The basicre-
quirementsareasfollows.

1. Having eachnodecollectstatisticsonits peerdn order
to evaluatetheir effectivenessat handlingrequests.

2. Forwardingrequestsrst to thosepeersthat are most
likely to beableto handlethemsuccessfully

3. Reducingthe numberof hopsthat messagemusttra-
versebetweerbuyersandsellersby allowing nodesto
learnaboutthe peersof peersthatareparticularly ef-
fective athandlingtransactions.

4. Allowing statisticsto decayover time so asto bias
themtowardsmorerecentdata(so asto morerapidly
accommodatehangesn performance).

5. An incentive systemthat rewardsnode operatorsfor
tuning their nodesfor maximumeffectivenessn the
distributedalgorithm.

The adaptve peerlist having thesecharacteristicss man-
agedby PLUM (PeerList UpdateManager). It maintains
thedatastructuresisedby evolution protocolsexplainedin
the next section. It alsoperiodically probesthe peersand
collectsinformationaboutbandwidth Jateng etc.

4.2.4 Evolution and Optimization Protocols

We exploredtwo evolution algorithms which aredescribed
below.

Wave Algorithm : Thealgorithmseekgo maximizethe
effectivenes®f directpeershy establishingratingfor each
directpeer This rating is directly basedon the historical
dataof successfukearchesand the numberof hits. This
algorithmis alimited implementatiorof completeevolution
algorithm(MPF)describedn anearlierpaper[9.

Theratingis obtainedfrom the following formula:

Over time the numberof successeandattemptsarede-
cayedby afractionto insurethatresultsarebiasedtowards
newerdata.

Theevolution procedurés asfollows

Starteachdirectpeeroutwith numberof successesnd
numberof attemptsat zero.

Eachsearchaddoneto the attemptscounterandeach
succesaddoneto thesuccessesounter

Over Time do thefollowing:

— Decaythenumberof attemptsandsuccesselsy a
smallfractionevery few secondgo ensuremore
recentdatait weightedmoreheavily.

— Every200o0r sodecays:

Make a decisionto remove the worst per
forming directpeer

Obtainthe peerlist of the bestperforming
peer

This algorithm has the adwantageof being straight-
forward and so requireslittle book-keeping. On the other
hand,full MPF algorithm[9 may producebetterresultsat
the costof moretime andcomplexity.

Undertow algorithm: This is anotheralgorithmwhich
seekdo maximizethe effectivenesof directpeers.t mea-
sureshow well eachdirectnodeis performingandthe use-
fulnessof the path of peersit makesavailable. The num-
berof peersavailablethrougha directpeerat a certainring
is obtainedusing a hop-tagetedMarco Messageandthen
searchrequestaresentto thisring to determingheir effec-
tiveness.Lik e the previous algorithm, this methodobtains
possibleserviceprovidersin the process,however it is a
shorttime historyapproach.

Theevolution procedures asfollows:

Measurethe effectivenesf directpeersby sendinga
setof searchmessage® eachandobtaintheirsuccess
ratio.



For eachhopupto thetimeto live:

— Sendout a hop targetedMarco via eachdirect
peerto the currenthop. RecordPolo responses
to obtainthe numberof nodesavailable though
this peer

— Sendout a setof hop targetedSearchmessages
via eachdirectpeerto the currenthop.

— If anindirectpeerdrasticallyoutperformghedi-
rect peer attemptto make it a direct peerand
dropthecurrentdirectpeer

This algorithm also hasthe advantageof beingsimple
andrequiredittle bookkeeping.Onthe otherhand, |t takes
time and active work to obtainthe numberof direct peers
for eachring, andit alsoinitially limits your searchedo
only asubsebf thereachablgeers.

4.3 Negotiation

Whenthe matchingcomponenteturnsmultiple results
from potentialsellers,thereis a needfor negotiation. The
Negotiation componentprovides automatedand manual
mechanismdgor resourcengyotiation. The automationof
negotiationsis not a new concept.Maeset al.[12] of MIT
medialab putnegotiationatthecenterof theconsumebuy-
ing behaior (CBB) modelfor e-commerceRosenscheigt
al.[15] givesmary goodexamplesof negotiationstrategies.
But, a standardsetof rulesexpressedn succinctform for
resourcenggotiationarelacking.

Wehavedevelopede xible XML basednechanismghat
allow usersto dynamicallysetuprulesfor negotiation. We
alsoimplementedwo basicnegotiationprotocols:yes-ng
andstaticbargain.

In theyes-noprotocol,thefollowing arethe sequencef
eventsthathappen.

1. After buyerrecevesmatchingresourcesshesendsher
offer as a contractin the contractspeci cation lan-
guageto sellers.

2. Thesellerveri es the contractandchecksto seeif all
theelementsn the contractmatchhis speci cations.

3. If everythingis in orderthe sellerupdateghe statusof
thecontractto “Accepted”andsendsdackthecontract
to the buyer. If somethingis wrong, thatis, if some
elementsin the contractdon't match, then the seller
updateghe statusof the contractto “Rejected”andin-
cludestherejecteditemsin the contractalongwith a
reasonwhy they wererejectedandsendshackthe up-
datedcontractto thebuyer.

4. Thebuyerrecevestheupdatedctontractandcheckshe
statusof the contract. If the contractis “Accepted”.

thenthe buyer signsthe contractandsendshe signed
contractackto theseller If thecontracis “Rejected”,
the buyer eithergoesontothe next sellerin thelist or
triesto take careof therejecteditemsandsendshack
an updatedoffer backto the sameseller The seller
treatsthis updatedffer asa new offer.

5. If the seller receves a signedcontract,it makes all
the necessarghecksagainandif everythingis in or-
der, countersignsthe contractandsendst backto the
buyer If anything is wrong the contractstatusis up-
datedto “Rejected”andsentbackto the buyer.

6. Whenthe buyer recevesthe countersignedContract
it takesthe necessargtepsto startthedeal.

NegotiationusesXML signaturemechanismgprovided
by OCEAN's securitycomponenfor signingthe contracts.

As you canseetheyes-noprotocolhastwo phasesThe
trading partnerscometo agreemenbn the contractin the

rst phaseThesigningof thecontractsconstituteghe sec-
ond phase. This designwas decideduponto provide the
buyerwith moreleverage.A buyer cansimultaneoushpe
negotiatingin the rst phasewith severalsellersatthesame
time. Onceshegetsbackseveral offersthe buyercanthen
chooseselleraccordingo herliking andsealthedealwith

thatsellerby signingthecontract.

In the static-bagainprotocols the sequencés similarto
theyes-noprotocolabove. Prior to negotiation,eachtrader
mustspecifythe bamgainingrules. Theserulesarespeci ed
asan XML document.A contractreturnedirom the Seller
may be labelled“Negotiate”in additionto “Accepted”and
“Rejected. In a“Negotiate”documentthe sellerspeci es
thoseresourcesvhich were not accepted. The buyer can
thenreconstructhe requestdocumentandresendor con-
tinueto attemptto negotiatewith the next matchedpeer

In the StaticBagainprotocolarulesdocumen{XML) is
usedto make dynamicdecisionsduring negotiation. When
the userselectsStaticBagain protocolin theinitial con g-
uration, the usermust setup his negotiationrules. Once
the rules have beenset up the usermakes his negotiation
decisionsasedntherulesdocument.

When the neggotiationtakes place, the rule enginewiill
malke decisionsandtakes actionsbasedon the facts. The
adwantageof using an expert systemshell is that we can
male the systento learnfrom previous negotiations.

4.3.1 Naming

The Namingcomponents responsibldor nameresolution
in the OCEAN systemnetwork. The Communicatiorcom-
ponentreliesheavily on this component.lt is undesirable
for componentgo referto OCEAN nodesstrictly by their
IP addressesincelP addressesanchangeandbeobscured
by rewalls. Moreover, in grid frameavorksthereis a need



to locatenot just computersn the network, but alsoother
entitiessuchascomputingtasks,data,andotherresources.
Nameof OCEANresourcearesyntacticallyde ned asex-
tensionsto the URL/URI standard. Any resourcecan be
locatedusinga path-namingschemeasshown in Figure3.

Eachhostnamer IP addressfollowing the rst, maybe
a privatehostnamegor IP addreson a privateintranet)of
amachinereachabldrom the precedinghost. Sucha nam-
ing schemehelpsin reachingary target machineor entity,
whetheror not it hasa public, staticlP address Messages
areforwardedalongthe designategbathuntil they reachthe
eventualdestination Thisis equialentto usingIP asalink
layerprotocol,andbuilding a network-routinglayeron top
of it, to getthroughthe barriersseparatinglifferentIP ad-
dressspaces.

4.3.2 Mobility - TSM (Task Spawningand Migration)

We have developeda light weight task spavning and mi-
gration mechanismfor OCEAN. The Task Spavning and
Migration (TSM) componentis responsiblefor code mo-
bility acrossremoteOCEAN nodesenersand monitoring
task execution. Dependingon when a taskis scheduled
for execution the TSM subsystenspavnscomputingtasks
on remoteseners and monitorstheir execution. This in-
cludestransferof computationakasksto allocatednodes,
settingup of executablescheckingaccespoliciesandper
missionsgcreatingadequatexecutionenvironmentsjnitial-
izing taskexecution passingargumentsand nally manag-
ing tasktermination.

OCEAN tasksthat form the partsof a userjob canbe
migratedto aremotemachine.Thecode(compressede),
which is migrated,includesa task description,executable
classeghat comprisethe actualwork that needsto be per
formedandauthenticatiofinformationin theform of digital
signaturesndcerti cates. In the currentversion tasksthat
arenot serializablecannotbe migrated.

4.3.3 Security

Securityis oneof the majorissuedliscussediuringthe de-
signof OCEAN. It needsspecialattentionin ary distributed
systemin generalandautomatedomputationamarketsin
particular The Securitycomponentin OCEAN works in
conjunctionwith the Matching, Negotiationand Account-
ing componentslt comesnto play everytime amessagés
sentout or anincomingmessag&eedgo be validated. At
presentonly the contractsare being signedand validated.
But in the future versionseven the matchingrequest,and
the negotiationtransactionsnight be signedfor greaterse-
curity.

We have developedan XML SignatureModule (XSM)
for securityof XML messagesentover OCEAN network.

Theprimaryreasorfor usingXML digital signaturesn se-
curity componentfor securingtransactionswhich other
wise canbe handledby SSL, is to ensurepermanenton-
repudiabilityandimpossibility of forgery XML signatures
ensurethatapplicationlayer attackssuchasrepudiationof
authorshipcan be prevented. A secondaryreasonfor us-
ing XML signaturess to enablethe signingof selecteckle-
mentsof a contract.

The XSM consistsof two protocols: Registrationand
Signingand Validation Protocols. The implementationof
XSM is carriedout in accordancevith the recommenda-
tions passedthe joint proceedingsof a W3C and IETF
workinggroup.Foradetailedaccounbf designprocessand
securityissuesthat are identi ed and solved, seeSahibs
thesis[19. The thesisalso presentsan excellentliterature
suney of existing securitymechanismsn distributed sys-
tems.

5. Implementation

We have implementedOCEAN both on Java and .Net
platforms. The ideais to shov that OCEAN can be built
on varying platformswith equalease. In both the imple-
mentationspur goalwasto provide a basicframeawork, on
top of which, complex protocolscanbe developed. Each
componentn OCEAN canbe compiledandrun asasingle
entity. For example,the TSM componentanbe usedby
normalapplicationsfor migratingjobswithout the needof
othermarket componentsWe areworking on exposingthe
marketservicesaswebservices.

In boththeimplementationsywe have developedthe ba-
sic matching negotiationandevolution protocolsdiscussed
in section4. The communication,mobility and security
modulesall provide the basic servicesexpectedof them.
More work needgo bedonein migratingrunningjobswith
statefulinformation. The Accountingmoduleis fairly com-
pleteandprovidesa gatevayto the nancial world.

6. Experimental Results

We have donesimulationsusingthe OCEAN matching
network for measuringthe performanceof our protocols.
We created60 nodeswith varying mix of seeler(buyer)s
and provider(seller)s. For matching,we useda synthetic
matching criteria shavn in Figure 3. The servicessl
throughsb represengenericserviceswhich the nodesat-
temptto match.Eachseeler searche$or aservicewith the
probability distribution shavn. The supplyanddemandor
resourcedn thenetwork arevariedasfollows.

30%seelerto providerratio- 30%of nodesn thenet-
work areseelers



70%seelerto providerratio- 70%of nodesn thenet-
work areseelers

All three protocolssimplenet(netwrk with marcopolo
matchingwith noevolutionalgorithms) waveandundertav
aretestedwith 50 samples.Resultsareshovn in Figuresl
and2.

Figuresl(a)andl1(b) shov searchperformancdor 30%
and70%mix. Bothwave andundertav performedetterfor
30%mix. Thisis promisingbecauséhemostlik ely mix for
OCEAN seemdo be mary providersandfew seelers. On
the otherhand,wave performedpoorly for 70% mix dueto
low successatefor the seelers' attempts.

Figures2(a) and 2(b) shav matchperformanceon the
provider side. As you cansee,thereis little changen the
performancedor either 30% or 70% mix with or without
evolution protocols. We are exploring the ideaof provider
evolutionfor improving matchperformancenthe provider
side.Wewouldlik eto cautionthattheseresultsareprelimi-
naryandwe arebeginningexperimentswith realmachines.

7. Futur e Work

We brie y discussconceptsthat we plan to explore in
future versionsof the OCEAN. We have provided a basic
frameawork with simpleand e xible protocolsfor exploring
market-orientedapproachefor distributedcomputing. We
ervision developmentof complec protocolson top of this
framework.

We are exploring a more versatilemethodof handling
resourceequestvia a matchscheme Match Schemesre
simple namedprotocolswhich allow reviewersof requests
to interpretthe dataas the searchelintended. Userscan
have multiple Match Schemesnstalledandhandlerequests
for all simultaneously Match Schemesgrovide both the
ability to build searchrequestgor seelersanda methodfor
comparisorof local resourcesandrequestedequirements
for providers.

We areplanningto exploreandinterestingconceptalled
“Peerranking”. This is similar to rating systemsavailable
on Ebaycom,Epinions.comandResellerratings.conkach
peerranksthe peersthat participatedin the tradedepend-
ing on its interactionwith them. It is importantto have a
“collusion-proof”mechanisnfor theranking.

We are developing web serviceson top of OCEAN
framavork.  Currently the CAS(Central Accounting
Sener) canbe accessedsa web service. We would like
to standardizeand provide matchingand negotiation web
services.

8. Conclusions

We have describeda framawork for a market-basedap-
proachto distributedcomputing.We haveidenti ed there-
guirementsand technicalchallengesn suchan approach.
A distributed scalablepeerto-peermatchingnetwork with
efcient matchingandevolution protocolsis proposedor

nding distributed resourcequickly. The architectureand
variouscomponentshatform the basisof OCEAN arede-
scribedin detail.

The authorswould lik e to thank pastand presentmem-
bersof OCEAN for their valuablecontributionsand com-
ments.
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