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Abstract

Most of the developmentenvironmentsfor High Perfor-
manceParallel applicationsrequire that all thecomputing
modulesand resourcesbe knownin advance. Theexecu-
tion environmentmustknow where the different program
moduleswill beexecuted,andmustproperlyconfigureeach
computerinvolvedin the execution. In this paper, we de-
scribe how the Web Operating System(WOSTM) environ-
mentmaybeusedto dynamicallyadjustthegranularity of
parallel programs,locateavailablecomputers to perform
thecomputationsandhowthesecomputersaredynamically
configured. TheWOS[7] is a metacomputingenvironment
suitablefor supportingand managing distributed/parallel
processingonwideandlocal networks.Communicationbe-
tweenWOSnodesis realizedthrougha genericservicepro-
tocol (WOSP)anda discovery/locationprotocol(WOSRP).
WOSPmay be versionedto support specializedservices.
In this paper, we focuson the designof two such versions
for Parallel/DistributedapplicationsandHigh Performance
computing. Theseversionssupportthe location and setup
of computationalnodesfor theseapplications.

1. Intr oduction

Advancesin networking technologyandcomputational
infrastructurechangedthe High PerformanceComputing
(HPC) landscape. Tightly coupled,dedicatedprocessors
tend to be replacedby loosely coupledindependentma-
chinesconnectedvia standardlocal or wide areanetworks.
CentralizedHigh Performance(HP) applicationsdeveloped
with proprietary, closed-source,hardware-dependantenvi-
ronmentsaremoreandmorereplacedby distributed“com-
ponents”sharingandmanagingresourcesspreadoveranet-
worked environment. The new HP distributed platforms
are accessedfrom the user’s desktop in a uniform and
user-friendly manner, such as provided by the Web’s in-
terfaces.The network environmentcombinesmultiple ad-
ministrationdomains,heterogeneouscomputingplatforms
andsecuritypolicies. Sharingandmanagingthe resources

spreadover this network thereforebecomesa cumbersome
task.Thisproblemis calledthewide-areacomputingprob-
lem[10].

The wide-areacomputingproblemcanbe solved in an
adhocmannerfor eachapplication:scriptsandvariousnet-
work toolscanserve for this purpose.However, thesesolu-
tionsareverylimited, lackscalability, andrequireaspecific
knowledgeof thearchitectureof themachines.

A moresystematicway to solve this problemis to build
aNetwork OperatingSystem(NOS)for themanagementof
distributedexecutionenvironments.This NOSwould pro-
vide high level meansfor sharingandmanagingcomplex
resourcesdistributedover thenetwork. We think thatmeta-
computingis one promisingapproachto reachthat goal.
The purposeof metacomputingis to give the illusion of
a single machineby transparentlymanagingdata move-
ment, schedulingof applicationcomponentson available
resources,fault detection,andprotectionof user’s dataand
physicalresources.

However, requirementsfor HPCgo far beyondtranspar-
ent managementanduseof resourcesdistributedover the
network. In the context of HPC, the metacomputingenvi-
ronmentmustmeettheperformancerequirementsof theap-
plication from a computationalandcommunicationstand-
point. To achievethisgoal,severalmetacomputingenviron-
mentssupportHPCby providing their own, closed-source,
HP executiontools. We arguethat,althoughthis approach
favourstransparency, it doessoat the expenseof portabil-
ity andefficiency. It bindstheuserto thespecificHP exe-
cution tools supportedby the metacomputingenvironment
selected.

The approachproposedin this article follows two pri-
maryobjectives:

1. Satisfy the HP constraintsof a given applicationby
usingparallelanddistributedcomputationand,

2. Specify very little about implementation. This goal
shouldberealizedby usingmetacomputingtoolsdur-
ing theconfigurationof theHPapplication(searching,
reservingandassigningresourcesto theapplication).



To meettheseobjectives,weselecttheWebOperatingSys-
tem (WOSTM) [7] as a metacomputingenvironment. The
WOS can be seenas a collectionof serviceclasses.Our
specificcontributionconsistsin two new serviceclasses.

Thefirst serviceclass,calledRD-WOSP, is usedto assist
usersduring theconfigurationstepby searchingandlocat-
ing the most suitableresourcesfor the executionof their
Parallel/Distributed applications(PD applications). Re-
sourcescanbehardware(CPU,memory, network, etc.) or
software (compiler, interpreter, library, etc.). We assume
thataPDapplicationis composedof asetof heterogeneous
softwaremodules.Eachmodulerequiresa setof resources
whichcanbesoftwareor hardware.

Thesecondserviceclass,calledHP-WOSP, is anexten-
sionof RD-WOSPserviceclass. It aimsat taking into ac-
countthe High Performanceconstraintsof a particularHP
application.Theseconstraintsareexpressedby theuserin
termsof terminationdeadline,effective CPUperformance,
etc. In this context, a HP applicationis a sequentialor PD
applicationsubjectedto HP constraints.

This article is organizedasfollows : Section2 provides
a definition of metacomputing. Sections3 describesthe
architectureof the WOS. Section4 and5 respectively de-
scribethe two serviceclasses:RD-WOSPandHP-WOSP.
Section6 providesadditionalinformationregardingthesta-
tusof theprojectandconcludesthepaper.

2. What is Metacomputing ?

A metacomputeris a setof computerssharingresources
andactingtogetherto solveacommonproblemgivenby the
user[3]. A metacomputermay comprisemany computers
of any kind andterabytesof memoryin a looseconfedera-
tion, tied togetherby a network. The userhasthe illusion
of a singlepowerful computer;hemanipulatesobjectsrep-
resentingdataresources,applicationsor physicaldevices.

At this point, it is important to distinguishbetweena
parallelcomputeranda metacomputer, themaindifference
being the behavior of the computationalnodes. A meta-
computeris adynamicenvironmentthathassomeinformal
pool of independentnodes,eachrelying on its own com-
pleteoperatingsystem,andwhich canjoin or leave theen-
vironmentwheneverit desires.Accordingto thisdefinition,
someparallelcomputers,suchasthe IBM SPseriesor the
Swiss-T1machine[9] canbeconsideredaslocalmetacom-
puters,which is not thecasefor theCrayT3D. In addition,
a metacomputeris distinguishedfrom a simple collection
of computersby asoftwarelayer(middleware)whereasthis
transformsa collectionof independentresourcesinto a sin-
gle,virtual andcoherentmachine.

A number of researchprojects have produceduseful
metacomputingtools. Thebestknown projectsareGlobus,
Legion, and WebOS.Globus (http://www.globus.org) is a

large US basedproject which provided the fundamental
technologyneededto build grid environments[6]. Globus
comprisesa setof modulesthat implementshigh-level ser-
vicesusedin acomputationalgrid environment.Eachmod-
ule definesan interfacewhich is usedto invoke that mod-
ule’smechanisms.

Legion (htp://www.legion.virginia.edu) is an object-
orientedmetacomputingenvironment,intendedto connect
thousandsof hostsrangingfrom PC to massively parallel
supercomputers.Oneof theprimaryobjectivesof Legionis
high performancevia parallelcomputation.Indeed,Legion
is basedupona parallelcomputingmodel. It is basicallya
setof interfacesfor anobjectsystem.Theprototypedevel-
opedat University of Virginia is one implementationthat
exhibits thoseinterfaces.

WebOS[12] is oneattemptto easily accessgeograph-
ically distributedresources.Specifically, it dealswith the
useof CPU, RAM, anddisk spaceof resourcesscattered
acrossthe Internet. The approachadoptedin that project
is atranspositionof classicaloperatingsystemsproblemsto
therealityof theInternet.Thesolutionsproposedarehighly
coupledto theoperatingsystem.We canalsopoint out that
aglobalcatalogof availableresourcesis necessary.

Other examplesof metacomputingenvironmentsare:
NetSolve [5] developedat University of Tennessee,Milan
which is a joint effort betweenNew York University and
ArizonaStateUniversity, Unicore,Paraweb,Charlotte,etc.
Detailsabouttheseprojectsandotherscanbefound in the
Websitehttp://www.computingportals.org.

3. The WebOperating System

TheWebOperatingSystem(WOS)[7, 2] wasdeveloped
to provide a userwith the possibility to requesta service
without any prior knowledgeabouttheservice(whereit is
available,atwhatcost,underwhichconstraints)andto have
that servicerequestfulfilled within the user’s desiredpa-
rameters(time, cost,quality of service,etc.). EachWOS
nodehas to fulfil the task of server as well as of client.
A WOS client requeststhe executionof a serviceselected
by theusersitting in front of his machine,while theWOS
serveracceptsor rejectsrequestsfor aservice.Two features
make theWOSanattractive environmentfor metacomput-
ing: OpenAccessandUniversality.

3.1. OpenAccess

Mostof themetacomputingprojects,suchasGlobusand
Legion, requirelogin privilegesanda globalcatalogof re-
sources. This may be interestingfor small networks but
couldbecomeimpracticalfor largeones.In contrastto this,
theWOSusesdistributeddatabases,calledwarehouses.Ev-
eryWOSnodemaintainsa localwarehousewhichholdsin-
formationaboutthe setof resourceslocatedon it. A local



warehousecanalsocontaininformationsaboutlocationand
stateof remoteresources[11]. For instance,thewarehouse
storesinformationaboutothernodesthatmaybe partof a
metacomputer. Furthermore,that information is collected
automaticallyanddynamically. In fact,a WOSwarehouse
is more than just a static databasewith a limited storage
amount;eachwarehousein theWOSmusthave theability
to decidewithout any additionaluseractivity, which infor-
mationshouldbe storedin which placein the warehouse,
replacedor deleted,obtainedfrom anotherwarehouseand
which one, checked or replacedby new information or a
priori collectedinformation.

3.2. Universality

TheWOSaimsto supplyuserswith adequatetools that
allow for the implementationof specificservices,antici-
patedor not. WOS provides usersand classimplemen-
torswith greatflexibility in the semanticsof their applica-
tion. In orderto achieve this goal,a genericserviceproto-
col (WOSP),providedby theWOS,allows theWOSnode
administratorsto implementany set of services,i.e. ser-
viceclasses, dedicatedto any specificuserneeds.WOSPis
in fact a genericprotocoldefinedthrougha genericgram-
mar [1]. A specificinstanceof this genericgrammarpro-
videsthe communicationsupportfor a given serviceclass
of WOS.This specificinstanceis alsoreferredto asa ver-
sionof WOSP; its semanticsdependsdirectlyon theservice
classit supports.In otherwords,knowing aspecificversion
of WOSPis equivalent to understandingthe semanticsof
theserviceclasssupportedby thatversion.

Severalversionsof WOSPcancohabitonthesameWOS
node.WOSPallows theWOSnodesadministratorsto add
andadvertiseany new serviceclasscorrespondingto any
new specificusers’needswithout reinstallingWOS.Thus,
everyWOSnodeis seenasasetof dynamicserviceclasses
created,advertised,updatedanddeletedondemand.A ver-
sionof WOSP“spoken” by a WOS nodeis in factconsid-
eredasa local resource.

A WOSPmessageis a datastreamthat canbe a com-
mandor a reply. Details about this syntaxcan be found
in [1]. A simplediscovery/locationprotocol (WOSRP)is
usedto searchfor WOS nodessupportinga given version
of WOSP. The WOS RequestProtocol (WOSRP)serves
two purposes: locating versionsof serviceclasses(spe-
cific WOSPversions)andtransmittingWOSPmessagesto
anappropriateserver (serviceclass).WOSRPis described
in detail in [1].

4. The Resource Discovery WOS Protocol :
RD-WOSP

We proposea specificserviceclass(specificversionof
WOSP)for theconfigurationandsetupof PD applications.

ThisserviceclassiscalledResourceDiscoveryWOSP: RD-
WOSP. We assumethata PD applicationis composedof a
setof heterogeneoussoftwaremodules.Every modulere-
quiresasetof resourcesbelongingto oneof thetwo follow-
ing families:

1. Software resources.Modulesthatconstitutetheappli-
cationarenot necessarilydevelopedwithin the same
environments. Each module may needa particular
softwareresourcesuchasaspecificexecutionenviron-
ment: MPI, PVM, Corba,Jini, JavaVM, etc.

2. Hardware resources. Somemodulesmay require a
specifichardwareCPU architecture,a particularnet-
work topology, aminimummainmemory, or otherpar-
ticular hardwareresources.

Thevirtual targetmachineis anetwork of WOSnodesrang-
ing from personaldevicesto regular desktopworkstations
andto HP parallelcomputers.Themostimportantservice
thatmustbeprovidedby theWOSis themappingof thePD
applicationontothetargetmachine.It consistsof assigning
everymoduleto aWOSnodethatprovidesall theresources
requestedby the given module. In order to guaranteethis
service,themetacomputingenvironmentshouldbe ableto
localizetheresourcesrequestedby thedifferentmodulesof
thePD application.

The servicesprovided by the RD-WOSPserviceclass
are:

1. localizationof thecomputenodeswith theappropriate
setof resources(discoveryservice),

2. reservation of the computenodestaking into account
the resultof the discovery stage(reservation service)
and,

3. setupof theapplicationexecution(setupservice).

Servicescanbeinvokedvia theWOSGraphicalUserInter-
faceor by callingspecificroutineswhichhavethefollowing
syntax: class-id(service-id,parameters), whereclass-id
is theclassidentifierof thespecificversionof WOSP. The
identifierandargumentsof the invokedservicearerespec-
tively service-idandparameters. In thecaseof RD-WOSP,
theseroutinesare:

1. RD-WOSP(Discovery, application)for discovery ser-
vice. This routinereturnsthe setof WOS nodespro-
viding the resourcesrequestedby application, where
application is the identifier of the PD applicationto
configure.

2. RD-WOSP(Reservation,application) for reservation
service. This routinereturnstrue if the reservation is
accepted,falseotherwise.



3. RD-WOSP(SetUp,module)for SetUpservice. This
routinereturnstrue if thesetupis correctlycarriedout,
falseotherwise.

4.1. The Discovery Service

This servicemainly relieson the WOS environment. It
is initiatedat theuser’s request.As astartingpoint, theuser
specifiesparametersandconstraintsto executehis PD ap-
plication,for example,dateandtimeof execution,program
to run, executionenvironmentto use,etc. The parameters
aretranslatedby WOSin termsof resources.

Fromthatpoint on, thecontrol is passedonto theWOS
to performthefollowing tasks,if needed:

1. Locateother WOSnodes. This occursonly whenan
insufficient numberof WOS nodesthat can perform
parallel/distributed computingare locally known. A
WOS nodeis assumedto be a candidatefor the ex-
ecutionof oneor several modulesof the PD applica-
tion, if it implementstheRD-WOSPclass(i.e., thever-
sionof WOSPwearecurrentlydescribing).TheWOS
will usethe discovery/locationprotocol (WOSRP)to
identify new nodesthatunderstandtheversionof RD-
WOSP.

2. Locate nodesthat can potentially participate in the
current request. In this step,we want to locatenodes
(amongthoseidentifiedduringstep1) thatcanbeused
to answerthe user’s specificneedsand requirements
(i.e., nodesthatcanprovideresourcesrequestedby the
PD application).Therequestgeneratedby theservice
requestingmachine(machinefrom which the useris
askingtheservice)mustbesentto all WOSnodescol-
lectedduringstep1.

3. Collect replies from all the nodes. Each requested
WOSnodesendsa reply to therequestingWOSnode.
It will determinewhich nodeswill beaskedto partic-
ipatein the execution. Note that it may be necessary
to launchadditionalsearchsteps(1 and 2 above) to
completetheworking configuration.

Thesearchresultsareconvenientlypreservedin thelocal
warehouses.Subsequentexecutionswith thesame(or sim-
ilar) parametersmay thusreusethe resultsinsteadof per-
forming thewholesearchagain.

4.2. The Reservation Service

Here,theWOSsimplyindicatesto theselectednodethat
it will usea certainsetof resources,basedon the informa-
tion received.A nodecanstill rejector accepta reservation
request.

4.3. The SetUpService

At a desiredtime and date, the requestingWOS node
sendsa commandto everynodeto starttheexecution.This
commandis launchedby the WOS to setupthe reserved
resourcesandinitiate the executionof the PD application.
Thereservation-nofield indicatestheidentifierof thereser-
vationrequest.TheWOSjust givesthestartingsignaland
waitsfor theresults.It doesnot interferewith theexecution
of theapplication.

5. The High PerformanceWOSP: HP-WOSP

In our view, a HP applicationis a sequentialor PD ap-
plicationsubmittedto HP constraints.We assumethatHP
constraintsaretemporalconstraintsimposedby theseman-
tics of theapplicationsuchasreal-timeconstraintsandin-
teractive constraints.HP constraintsareusuallyexpressed
in termsof CPUperformance,bandwidthandtime latency
of the network. Our goal is to satisfy theseconstraintsby
usingparallelanddistributedcomputation.In otherwords,
thedecompositionof aHPapplicationinto asetof commu-
nicatingmodulesis carriedout only whensequentialpro-
cessingdoesnot meettheseconstraints.This sectionde-
scribeshow the RD-WOSPclassis extendedto take into
considerationtheHP constraintsof aHP application.Simi-
lar to RD-WOSP, thenew serviceclass,calledHigh Perfor-
manceWOSP(HP-WOSP), is composedof threeservices
(routines):HP-WOSP(Discovery, application), HP-WOSP
(Reservation,application), HP-WOSP(SetUp,module)

Again,applicationis theidentifierof theHP application
to configure. Reservation and SetUpservicesof the HP-
WOSPclassarethesamethanthoseof theRD-WOSPclass.

In thereminderof thissectionwewill describehow aHP
applicationis representedandhow theHP-WOSPdiscovery
serviceconfigurestheseapplications.

5.1. The Granularity Tree

A HP applicationis representedby a tree whereeach
vertex canberecursively decomposed,until all thevertices
representatomicsequentialprocesses.The root represents
theentireapplicationandtheleavestheelementarysequen-
tial communicatingprocesses.Theintermediateverticesare
someaggregationof the elementarysequentialprocesses.
Edgesbetweena givenvertex andits childrenrepresentthe
decompositionprocess.This tree,calledGranularity Tree
(GT), shows thedegreeof granularityaffordedby thepro-
grammer. The GT doesnot reveal any informationabout
theprecedencerulesandtheamountof datatransferredbe-
tweenprocesses.For someparallellanguages,theGT can
beautomaticallyproduced,whereasin othercasesit maybe
manuallyproducedby the programmerusingan adequate
descriptionformat.



Each vertex of the GT must indicate the resourcesit
needsfor its execution. In addition to softwareandhard-
wareresources,a new family of resources,HP resource., is
taken into accountby theHP-WOSPclass:Somemodules
may requirea minimumthresholdof CPUperformanceor
a minimumbandwidthor latency time of thenetwork to be
usedduring communication,etc. The expressionof these
HP requirementsfor resourcesis importantin the context
of High PerformanceComputing.

{(JAVA, java 1.2)}

Module 2

Module 3.2

Module 3 

Root

Module 1

Module 3.1

{ (JAVA, java 1.2),
  (CPU_PERF, 1 GFLOPS)}

{ (MPI, mpich),
  (CPU_PERF, 400 MFLOPS)}

{ (MPI, mpich),
  (CPU_PERF, 700 MFLOPS)}

{ (MPI, mpich),
  (CPU_PERF, 400 MFLOPS)}

{ (MPI, mpich),
  (CPU_PERF, 400 MFLOPS)}

Figure 1. GranularityTreeStructureof a HP appli-
cationwith two levelsof decomposition: Rootis split
into threemodules.Module3 is split into 2 modules

Fig. 1 shows a simpleexampleof a GT. Eachvertex is
representedby its nameandthesetof resourcesit requires.
To satisfythe HP constraints,the applicationmustbe exe-
cutedby a WOS nodeproviding at least100 MFLOPSof
effective CPUperformanceandhaving a JAVA interpreter.
If no nodecanprovide theseresources,the applicationis
split into threemodules(Module 1, Module 2 and Mod-
ule 3). If no WOS nodecanprovide resourcesneededby
Module1andModule2, theapplicationcannotbeexecuted.
Indeed,the programmerdoesnot proposeany decomposi-
tion of thesemodules. In contrastto Module 1 andMod-
ule 2, Module3 canbesplit into two siblings: Module3.1
andModule3.2.

According to this decomposition,the applicationillus-
tratedin Fig. 1 hasthreepossibleversions:

1. Standaloneversion. The applicationis executedby
one node. In this casethe WOS nodemust provide
resourcesrequestedby theroot.

2. First PD version. Module1, Module2 andModule 3
areexecuted.

3. SecondPD version.Module1, Module2, Module3.1
andModule3.2areexecuted.

Weshouldnoteherethat,in a“real” concretecaseof HP
applications,a manualgenerationof the GranularityTree

couldbeacumbersometaskandcannotbeappliedto global
computingapplications.Onesolutionof this problemis to
developa specifictool to expressandextract, in an homo-
geneousfashion,theparallelismof a givenHP application.
This problemis actually being investigatedin the frame-
work of anotherproject: ParCeL-2 [4]. More thana new
parallelprogramminglanguage,ParCeL-2 is a new paral-
lel anddistributedprogrammingparadigm.Its objective is
to provide a minimal setof new conceptsto be addedto a
classicalimperativeprogramminglanguagein orderto give
an“intuiti ve” expressionof paralleldistributedapplications.
ParCeL-2 basicallyprovidesahierarchicalsyntacticstruc-
turethatallowstheconstructionof complex processesfrom
elementaryprocesses.Thebehavior of thesecomplex pro-
cessesis the resultof theparallelexecutionof theelemen-
tary processesthey contain.

5.2. The HP-WOSPDiscovery Service

Themaingoalof this serviceis to locateadequateWOS
nodesableto executeasubsetof theGT vertices.Thissub-
setmusthowever representthe whole application. During
the assignmentof eachvertex, it will be checked whether
the selectedWOS node is able to provide all the neces-
sary resourcesneededby the given vertex. In particular,
themappingmusttake into considerationthecurrentwork-
load of the WOS nodesand the traffic over the network,
in orderto meettheperformances(HP resources)required
by the correspondingvertex beingassigned.The nodese-
lection is madefrom the top-down. The root nodeof the
granularitytreerepresentsthe whole HP application. The
HP-WOSPdiscovery serviceidentifiesa WOSnodewhich
canprovide theseresources.If thesearchprocesssucceeds
(i.e., anodewhichsatisfiesthese“constraints”is found),the
wholeapplicationis assignedto theselectedWOSnode.If
thesearchprocessfails, themappingalgorithmproceedsto
theassignmentof thechildrenvertices.Sincethesechildren
are the result of the decompositionoperation,the perfor-
mancesthey requestareless“important” thanthoseneeded
by their ancestor. Obviously, the deeperthe vertex in the
GT, thehigheris theprobabilityto find WOSnodesprovid-
ing therequestedresourcesandthemorefine is thegranu-
larity. This recursiveprocessis repeateduntil eachcovered
vertex is allocatedto aWOSnode.

Theselectedsizeof thegraindependsonthecharacteris-
ticsof theparallelmachinewhichwill executetheprogram.
Sincethis machineis a metacomputer, its exact character-
isticsareonly known at executiontime. As a consequence,
thesizeof thegrainis fixedonly at executiontime.

6. Conclusion

This paperpresentsa new approachfor configuringand
executing High Performanceapplicationson a heteroge-



neousdistributed environment. The Web OperatingSys-
tem(WOS)is usedasa metacomputingtool supportingthe
configurationandthe launchof the executionof HP appli-
cations.

RD-WOSP is in fact usedto configureand map Par-
allel/Distributedapplicationson a Distributed/Parallelma-
chine. TheRD-WOSPserviceclassassumesthat commu-
nicatingmodulescomposingthePD applicationareknown
beforethe execution. HP-WOSPis an extensionof RD-
WOSP. It allowstheconfigurationof HPapplications.Such
applicationsarerepresentedby the GranularityTree(GT)
which indicatesthemaximumgranularitya HP application
couldexploit during its execution. It alsoindicatesthe re-
sourcesrequestedby every modulecomposingthe HP ap-
plication. The effective granularity, usedduring execution
andfixed during configuration,is processedin function of
theavailability andtheeffectiveworkloadof themetacom-
puter (workload of nodesandnetwork). The decomposi-
tion process(parallelization)occursonly if no WOS node
canprovide therequestedresources.This approachbreaks
with the“classical”alternativeswhichparallelizeaprogram
regardlessof the effective workloadof the target machine
duringexecution:thegranularityis hencefixeda priori and
therefore,cannotbeadjustedduringconfiguration.

At thepresenttime, thecodeof a givenimplementation
is producedby groupingand “clustering” codes: concur-
rentexecutionof severalsiblingmodulesonthesameWOS
node. Nevertheless,for someparallel languages,suchas
ParCeL-2 [4], it is possibleto automaticallyproducethe
“optimal” code related to a specific implementation[8].
This optimal codeis representedby the serialcodesof all
GT verticesthatwill be executedon the sameWOS node.
In otherwords,theserialcodeof agivenvertex is automat-
ically extractedfrom thecodesof its sons.

The configurationof a testbedapplicationwith a GT
of 20 vertices(STORMS:SoftwareToolsfor theOptimiza-
tion of Resourcesin Mobile Systems)usingtheHP-WOSP
protocol,hasdemonstratedthe feasibility of our solution.
Otherexperimentsarein progressto evaluateour approach
in largescaleHP applications.

From an HPC perspective, HP-WOSP involves many
changesin theway of developingHPCapplications,which
areusuallyparallelapplications.Fromourviewpoint, these
applicationsshouldbedescribedin sucha way thatall im-
plementationscouldbeextractedfrom thesamedesign(the
granularitytree).An implementationis in facta specializa-
tion of a designwhereall decisionsaboutthespecificcon-
straints(requestedresources)are made. Furthermore,an
implementationshouldbe automaticallyproducedby set-
ting all the constraints.Therefore,we needan intensional
compiler that cantake as input a multidimensionaldesign
andall thevaluesof thedifferentconstraints.This ideawill
constituteoneof theimportantperspectivesof this work.

Another important aspectof HP applicationsthat this
work doesnotaddressis thedynamicreconfigurationof the
metacomputerwhen nodesfail or when resourcesare re-
quiredfor higherpriority work. Although not specifically
discussed,we think that the approachpresentedhereinof-
fers a strongbasisonto which we could develop dynami-
cally reconfigurablemetacomputers.
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