Published in IEEE/ACM International Symposium on, 568-573, 2001 1
which should be used for any reference to this work

A WOS"-BasedSolution for High Performance Computing

Nabil Abdennadher
University of AppliedSciences
Genea, Switzerland

abdennad@eiginige.ch

Abstract

Most of the developmenenvironmentgor High Perfor-
manceParallel applicationsrequire that all the computing
modulesand resoucesbe knownin advance The execu-
tion ervironmentmustknow whete the different program
moduleswill beexecutedandmustproperly configue eat
computerinvolvedin the execution. In this paper we de-
scribe how the Web Operating System(WOS") erviron-
mentmaybe usedto dynamicallyadjustthe granularity of
parallel programs,locate available computes to perform
thecomputationandhowthesecomputes are dynamically
configued. TheWOS[7] is a metacomputingrnvironment
suitablefor supportingand manaying distributed/paallel
processingnwideandlocal networks.Communicatioroe-
tweenWOSnhodess realizedthrougha genericservicepro-
tocol (WOSP)anda discovery/locationprotocol (WOSRP).
WOSP may be versionedto supportspecializedservices.
In this paper we focuson the designof two sud versions
for Parallel/DistributedapplicationsandHigh Performance
computing Theseversionssupportthe location and setup
of computationahodesfor theseapplications.

1. Intr oduction

Advancesin networking technologyand computational
infrastructurechangedthe High PerformanceComputing
(HPC) landscape. Tightly coupled, dedicatedprocessors
tend to be replacedby loosely coupledindependenima-
chinesconnectedria standardocal or wide areanetworks.
CentralizedHigh PerformancéHP) applicationsleveloped
with proprietary closed-sourcehardware-dependarenvi-
ronmentsaremoreandmorereplacedy distributed“com-
ponents’sharingandmanagingesourcespreadveranet-
worked ervironment. The new HP distributed platforms
are accessedrom the users desktopin a uniform and
userfriendly manner such as provided by the Web’s in-
terfaces. The network environmentcombinesmultiple ad-
ministrationdomains,heterogeneousomputingplatforms
andsecuritypolicies. Sharingandmanagingthe resources
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spreadover this network thereforebecomes cumbersome
task. This problemis calledthe wide-areacomputingprob-
lem[10].

The wide-areacomputingproblemcanbe solved in an
ad hocmanneffor eachapplication:scriptsandvariousnet-
work toolscansene for this purpose However, thesesolu-
tionsareverylimited, lack scalability andrequirea specific
knowledgeof thearchitectureof the machines.

A moresystematiavay to solve this problemis to build
aNetwork OperatingSystem(NOS)for themanagemerf
distributed executionernvironments. This NOS would pro-
vide high level meansfor sharingand managingcomplex
resourceslistributedover the network. We think thatmeta-
computingis one promisingapproachto reachthat goal.
The purposeof metacomputings to give the illusion of
a single machineby transparentlymanagingdata move-
ment, schedulingof applicationcomponentson available
resourcestault detection andprotectionof users dataand
physicalresources.

However, requirementfor HPC go far beyondtranspar
ent managemenand use of resourcedglistributed over the
network. In the context of HPC, the metacomputingervi-
ronmentmustmeetthe performanceequirementsf theap-
plication from a computationabnd communicatiorstand-
point. To achievethis goal,severalmetacomputing@nviron-
mentssupportHPC by providing their own, closed-source,
HP executiontools. We arguethat, althoughthis approach
favourstranspareny it doesso at the expenseof portabil-
ity andefficiengy. It bindsthe userto the specificHP exe-
cutiontools supportedoy the metacomputingervironment
selected.

The approachproposedn this article follows two pri-
mary objectives:

1. Satisfy the HP constraintsof a given applicationby
usingparallelanddistributedcomputatiorand,

2. Specify very little aboutimplementation. This goal
shouldberealizedby usingmetacomputingools dur-
ing the configurationof the HP application(searching,
reservingandassigningesourceso theapplication).



To meettheseobjectives,we selectthe Web OperatingSys-
tem (WOS™) [7] asa metacomputingervironment. The
WOS can be seenas a collection of serviceclasses.Our
specificcontribution consistdn two new serviceclasses.

Thefirst serviceclass calledRD-WOSRis usedto assist
usersduring the configurationstepby searchingandlocat-
ing the most suitableresourcedor the executionof their
Parallel/Distrikuted applications(PD applications). Re-
sourcescanbe hardware(CPU, memory network, etc.) or
software (compiler, interpreter library, etc.). We assume
thata PD applicationis composeaf asetof heterogeneous
softwaremodules.Eachmodulerequiresa setof resources
which canbesoftwareor hardware.

The secondserviceclass,calledHP-WOSR is anexten-
sionof RD-WOSPserviceclass. It aimsat takinginto ac-
countthe High Performanceonstraintf a particularHP
application. Theseconstraintsare expressedy the userin
termsof terminationdeadline effective CPU performance,
etc. In this context, a HP applicationis a sequentiabr PD
applicationsubjectedo HP constraints.

This articleis organizedasfollows : Section2 provides
a definition of metacomputing. Sections3 describeshe
architectureof the WOS. Section4 and5 respectiely de-
scribethe two serviceclasses RD-WOSPandHP-WOSP
Section6 providesadditionalinformationregardingthe sta-
tusof the projectandconcludeghe paper

2. What is Metacomputing ?

A metacomputeis a setof computersharingresources
andactingtogethetto solve acommonproblemgivenby the
user[3]. A metacomputemay comprisemary computers
of any kind andterabytesof memoryin alooseconfedera-
tion, tied togetherby a network. The userhastheillusion
of a singlepowerful computerhe manipulateobjectsrep-
resentingdataresourcesapplicationsor physicaldevices.

At this point, it is importantto distinguishbetweena
parallelcomputeranda metacomputethe maindifference
being the behaior of the computationalhodes. A meta-
computeris adynamicervironmentthathassomeinformal
pool of independenhodes,eachrelying on its own com-
pleteoperatingsystemandwhich canjoin or leave theen-
vironmentwheneerit desires Accordingto this definition,
someparallelcomputerssuchasthe IBM SPseriesor the
Swiss-T1maching9] canbeconsidereaslocal metacom-
puterswhichis notthe casefor the Cray T3D. In addition,
a metacomputers distinguishedfrom a simple collection
of computerdy asoftwarelayer(middlevare)whereaghis
transformsa collectionof independentesourcesnto a sin-
gle, virtual andcoherenmachine.

A number of researchprojects have produceduseful
metacomputingools. The bestknown projectsare Globus,
Legion, and WebOS.Globus (http://www.globus.og) is a

large US basedproject which provided the fundamental
technologyneededo build grid environments[6]. Globus
comprisesa setof modulesthatimplementshigh-level ser

vicesusedin acomputationagirid environment.Eachmod-

ule definesan interfacewhich is usedto invoke that mod-

ule’smechanisms.

Legion (htp://wwwlegion.virginiaedy is an object-
orientedmetacomputingervironment,intendedto connect
thousandof hostsrangingfrom PC to massvely parallel
supercomputer€neof theprimaryobjectivesof Legionis
high performancevia parallelcomputationIndeed L egion
is basedupona parallelcomputingmodel. It is basicallya
setof interfacesfor anobjectsystem.The prototypedevel-
opedat University of Virginia is one implementatiorthat
exhibits thoseinterfaces.

WebOSJ[12] is one attemptto easily accesggeograph-
ically distributed resources.Specifically it dealswith the
useof CPU, RAM, anddisk spaceof resourcesscattered
acrossthe Internet. The approachadoptedin that project
is atranspositiorof classicabperatingsystemgproblemgo
thereality of thelnternet. Thesolutionsproposedrehighly
coupledto the operatingsystem.We canalsopoint out that
aglobalcatalogof availableresourcess necessary

Other examplesof metacomputingervironmentsare:
NetSole [5] developedat University of Tennesseeylilan
which is a joint effort betweenNew York University and
Arizona StateUniversity, Unicore,Paraveb, Charlotte etc.
Detailsabouttheseprojectsandotherscanbe foundin the
Web site http://www.computingportals.a@y.

3. The Web Operating System

TheWebOperatingSystem(WOS)[7, 2] wasdeveloped
to provide a userwith the possibility to requesta service
without ary prior knowledgeaboutthe service(whereit is
available,atwhatcost,underwhich constraintsandto have
that servicerequestfulfilled within the users desiredpa-
rametergtime, cost, quality of service,etc.). EachWOS
node hasto fulfil the task of sener aswell as of client.
A WOS client requestghe executionof a serviceselected
by the usersitting in front of his machine while the WOS
seneracceptor rejectsrequestdor aservice. Two features
make the WOS an attractie ervironmentfor metacomput-
ing: OpenAccesandUniversality.

3.1 OpenAccess

Most of themetacomputingrojects,suchasGlobusand
Legion, requirelogin privilegesanda global catalogof re-
sources. This may be interestingfor small networks but
couldbecomempracticalfor largeones.In contrasto this,
theWOSusedistributeddatabasegalledwarehousesEv-
eryWOSnodemaintainsalocalwarehousevhich holdsin-
formationaboutthe setof resourcedocatedonit. A local



warehouseanalsocontaininformationsaboutiocationand
stateof remoteresource$l1]. For instancethewarehouse
storesinformationaboutothernodesthat may be partof a
metacomputer Furthermore that informationis collected
automaticallyanddynamically In fact,a WOS warehouse
is more than just a static databasewith a limited storage
amount;eachwarehousén the WOS musthave the ability
to decidewithout any additionaluseractiity, which infor-
mationshouldbe storedin which placein the warehouse,
replacedor deletedobtainedfrom anotherwarehousand
which one, checled or replacedby new informationor a
priori collectedinformation.

3.2 Universality

The WOS aimsto supplyuserswith adequateéoolsthat
allow for the implementationof specific services,antici-
patedor not. WOS provides usersand classimplemen-
torswith greatflexibility in the semanticof their applica-
tion. In orderto achieve this goal, a genericserviceproto-
col (WOSP),provided by the WOS, allows the WOS node
administratorg¢o implementary setof services,i.e. ser
viceclassesdedicatedo ary specificuserneeds WOSPis
in facta genericprotocoldefinedthrougha genericgram-
mar[1]. A specificinstanceof this genericgrammarpro-
videsthe communicatiorsupportfor a given serviceclass
of WOS. This specificinstances alsoreferredto asa ver
sionof WOSR its semanticslependslirectly ontheservice
classit supportsln otherwords,knowing a specificversion
of WOSPIis equivalentto understandinghe semanticof
theserviceclasssupportedy thatversion.

Severalversionf WOSPcancohabitonthesame/NOS
node. WOSPallows the WOS nodesadministratorgo add
and adwertiseary new serviceclasscorrespondingo ary
new specificusers’needswithout reinstallingWOS. Thus,
every WOSnodeis seenasa setof dynamicserviceclasses
createdadwertised updatecanddeletedon demand A ver-
sionof WOSP*“spoken” by a WOS nodeis in factconsid-
eredasalocalresource.

A WOSPmessagés a datastreamthat canbe a com-
mandor a reply. Details aboutthis syntaxcan be found
in [1]. A simplediscovery/locationprotocol (WOSRP)is
usedto searchfor WOS nodessupportinga given version
of WOSP The WOS RequestProtocol (WOSRP)senes
two purposes locating versionsof serviceclassegspe-
cific WOSPversions)andtransmitting@WWOSPmessage
anappropriatesener (serviceclass). WOSRPis described
in detailin [1].

4. The Resource Discovery WOS Protocol :
RD-WOSP

We proposea specificserviceclass(specificversionof
WOSP)for the configurationandsetupof PD applications.

Thisserviceclasss calledResouceDiscoveryWOSP: RD-
WOSP We assumehata PD applicationis composedf a
setof heterogeneousoftware modules. Every modulere-
quiresasetof resourcedelongingto oneof thetwo follow-
ing families:

1. Softwae resouces.Modulesthatconstitutethe appli-
cation are not necessarilydevelopedwithin the same
ernvironments. Each module may needa particular
softwareresourcesuchasa specificexecutionerviron-
ment: MPI, PVM, Corba Jini, JavaVM, etc.

2. Hardware resouces. Somemodulesmay require a
specifichardware CPU architecturea particularnet-
work topology, aminimummainmemory or otherpar
ticular hardwareresources.

Thevirtual targetmachinds anetwork of WOSnodesang-
ing from personaldevicesto regular desktopworkstations
andto HP parallelcomputers.The mostimportantservice
thatmustbeprovidedby the WOSis the mappingof the PD
applicationontothetargetmachine.lt consistf assigning
everymoduleto aWOSnodethatprovidesall theresources
requestedy the given module. In orderto guaranteehis
service,the metacomputingrvironmentshouldbe ableto
localizetheresourcesequestedby the differentmodulesof
the PD application.

The servicesprovided by the RD-WOSP serviceclass
are:

1. localizationof thecomputenodeswith theappropriate
setof resourcegdiscovery service),

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

3. setupof theapplicationexecution(setupservice).

Servicexanbeinvokedvia the WOS GraphicalUserInter-

faceor by calling specificroutineswhich have thefollowing

syntax: class-id(service-id,parametes), where class-id
is the classidentifier of the specificversionof WOSP The
identifierand argumentsof the invoked servicearerespec-
tively service-idandparametes. In the caseof RD-WOSR

theseroutinesare:

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

2. RD-WOSP (Reservationapplication) for resenation
service. This routinereturnstrue if the resenationis
acceptedfalseotherwise.



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

4.1 The Discovery Service

This servicemainly relieson the WOS ernvironment. It
is initiatedattheusers requestAs a startingpoint, theuser
specifiesparameterand constraintso executehis PD ap-
plication,for example,dateandtime of execution,program
to run, executionervironmentto use,etc. The parameters
aretranslatecdby WOSin termsof resources.

Fromthatpoint on, the controlis passedntothe WOS
to performthefollowing tasks,if needed:

1. Locateother WOS nodes This occursonly whenan
insufficient numberof WOS nodesthat can perform
parallel/distriluted computingare locally known. A
WOS nodeis assumedo be a candidatefor the ex-
ecutionof one or several modulesof the PD applica-
tion, if it implementsheRD-WOSPclasq(i.e., thever-
sionof WOSPwe arecurrentlydescribing) TheWOS
will usethe discovery/locationprotocol (WOSRP)to
identify new nodesthatunderstandhe versionof RD-
WOSP

2. Locate nodesthat can potentially participate in the
currentrequest In this step,we wantto locatenodes
(amongthoseidentifiedduringstepl) thatcanbeused
to answerthe users specificneedsand requirements
(i.e., nodeghatcanprovideresourcesequestedy the
PD application). Therequesigeneratedby the service
requestingmachine(machinefrom which the useris
askingtheservice)mustbesentto all WOSnodescol-
lectedduringstepl.

3. Collect repliesfrom all the nodes Eachrequested
WOSnodesendsareplyto therequestingvVOS node.
It will determinewhich nodeswill be asledto partic-
ipatein the execution. Note that it may be necessary
to launch additional searchsteps(1 and 2 above) to
completetheworking configuration.

Thesearchresultsarecorvenientlypreseredin thelocal
warehousesSubsequergxecutionswith the same(or sim-
ilar) parametersnay thusreusethe resultsinsteadof per
forming thewhole searchagain.

4.2 The Resewvation Service

Here,theWOS simplyindicatego the selectedchodethat
it will usea certainsetof resourcesbasedon the informa-
tion receved. A nodecanstill rejector accepiaresenation
request.

4.3 The SetUp Sewvice

At a desiredtime and date, the requestingWOS node
sendsa commando every nodeto startthe execution.This
commandis launchedby the WOS to setupthe resened
resourcesndinitiate the executionof the PD application.
Thereservation-ndield indicatesheidentifierof thereser
vationrequest.The WOS just givesthe startingsignaland
waitsfor theresults.It doesnotinterferewith theexecution
of theapplication.

5. The High PerformanceWOSP: HP-WOSP

In our view, a HP applicationis a sequentiabr PD ap-
plication submittedto HP constraints.We assumehat HP
constraintaretemporalconstraintsmposedoy the seman-
tics of the applicationsuchasreal-timeconstraintsandin-
teractive constraints.HP constraintsare usually expressed
in termsof CPU performancebandwidthandtime lateng
of the network. Our goal is to satisfytheseconstraintshy
usingparallelanddistributedcomputation.In otherwords,
thedecompositiorof a HP applicationinto a setof commu-
nicatingmodulesis carriedout only when sequentiajpro-
cessingdoesnot meettheseconstraints. This sectionde-
scribeshow the RD-WOSP classis extendedto take into
considerationthe HP constraintsof a HP application.Simi-
lar to RD-WOSR the new serviceclass calledHigh Perfor-
manceWOSP (HP-WOSP) is composedf threeservices
(routines):HP-WOSP(Discovery, application) HP-WOSP
(Reservationapplication) HP-WOSP(SetUp,module)

Again, applicationis theidentifierof the HP application
to configure. Reseration and SetUp servicesof the HP-
WOSPclassarethesamehanthoseof theRD-WOSPclass.

In thereminderof this sectionwe will describehow aHP
applicationis representedndhow theHP-WOSPdiscovery
serviceconfiguregheseapplications.

5.1 The Granularity Tree

A HP applicationis representedyy a tree where each
vertex canberecursvely decomposedyntil all the vertices
represenatomicsequentiaprocessesTheroot represents
theentireapplicationandtheleavestheelementarysequen-
tial communicatingprocessesTheintermediateverticesare
someaggraation of the elementarysequentialprocesses.
Edgesbetweera givenvertex andits childrenrepresenthe
decompositiorprocess.This tree, called Granularity Tree
(GT), shaws the degreeof granularityaffordedby the pro-
grammer The GT doesnot reveal ary information about
theprecedenceulesandtheamountof datatransferrede-
tweenprocesseskFor someparallellanguagesthe GT can
beautomaticallyproducedwhereasn othercasest maybe
manually producedby the programmeltusing an adequate
descriptionformat.



Eachvertex of the GT mustindicate the resourcest
needsfor its execution. In additionto software and hard-
wareresourcesa new family of resourcesHP resouce, is
takeninto accountby the HP-WOSPclass: Somemodules
may requirea minimum thresholdof CPU performanceor
aminimumbandwidthor lateng time of the network to be
usedduring communicationgtc. The expressionof these
HP requirementdor resourcess importantin the context
of High Performance&€omputing.

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

Module

JAVA i 1o Module3
{ e )} {(MPI, mpich),
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Module2
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(CPU_PIRF, 400MFLOPS}
Module3.2
Module 3. 1 {(M PI, mpich),
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(CPU_PIRF, 400MFLOPS}

Figure 1. GranularityTree Structureof a HP appli-
cationwith two levelsof decomposition Rootis split
into threemodules.Module 3 is split into 2 modules

Fig. 1 shows a simpleexampleof a GT. Eachvertex is
representeddy its nameandthe setof resourced requires.
To satisfythe HP constraintsthe applicationmustbe exe-
cutedby a WOS nodeproviding at least100 MFLOPS of
effective CPU performanceandhaving a JAVA interpreter
If no nodecan provide theseresourcesthe applicationis
split into three modules(Module 1, Module 2 and Mod-
ule 3). If no WOS nodecan provide resourcesieededby
ModulelandModule2,theapplicationcannotbeexecuted.
Indeed,the programmeidoesnot proposeary decomposi-
tion of thesemodules. In contrastto Module 1 and Mod-
ule 2, Module 3 canbe split into two siblings: Module 3.1
andModule 3.2.

Accordingto this decompositionthe applicationillus-
tratedin Fig. 1 hasthreepossibleversions:

1. Standaloneversion. The applicationis executedby
one node. In this casethe WOS node must provide
resourcesequestedby theroot.

2. First PD version. Module 1, Module 2 andModule 3
areexecuted.

3. SecondPD version.Module 1, Module 2, Module 3.1
andModule 3.2 areexecuted.

We shouldnoteherethat,in a“real” concretecaseof HP
applications,a manualgenerationof the Granularity Tree

couldbeacumbersoméaskandcannotbeappliedto global

computingapplications.Onesolutionof this problemis to

developa specifictool to expressandextract,in an homo-
geneoudashion the parallelismof a given HP application.
This problemis actually being investigatedin the frame-
work of anothermroject: ParCelL-2 [4]. More thana new

parallelprogramminganguageParCelL-2 is a new paral-
lel anddistributed programmingparadigm.lts objective is

to provide a minimal setof new conceptdo be addedto a

classicaimperative programmindanguagen orderto give

an“intuiti ve” expressiorof paralleldistributedapplications.
ParCel-2 basicallyprovidesa hierarchicalyntacticstruc-
turethatallowstheconstructiorof complex processeffom

elementaryprocessesThe behaior of thesecomplex pro-

cessess theresultof the parallelexecutionof the elemen-
tary processethey contain.

5.2 The HP-WOSP Discovery Service

Themaingoal of this serviceis to locateadequat&VOS
nodesableto executea subsebf the GT vertices.This sub-
setmusthowever representhe whole application. During
the assignmenbf eachvertex, it will be checled whether
the selectedWOS nodeis able to provide all the neces-
sary resourceqeededby the given vertex. In particular
themappingmusttake into consideratiorthe currentwork-
load of the WOS nodesand the traffic over the network,
in orderto meetthe performance¢HP resourcesjequired
by the correspondingertex beingassigned.The nodese-
lectionis madefrom the top-davn. The root nodeof the
granularitytree representshe whole HP application. The
HP-WOSPdiscovery serviceidentifiesa WOS nodewhich
canprovide theseresourceslf the searchprocessucceeds
(i.e., anodewhichsatisfieghesé'constraints’is found),the
wholeapplicationis assignedo the selectedVOS node. If
thesearchprocesdails, the mappingalgorithmproceedgo
theassignmenof thechildrenvertices.Sincethesechildren
are the result of the decompositioroperation,the perfor
manceghey requestareless‘important” thanthoseneeded
by their ancestar Obviously, the deeperthe vertex in the
GT, thehigheris the probabilityto find WOS nodesprovid-
ing therequestedesourcesandthe morefine is the granu-
larity. Thisrecursve processs repeatedintil eachcovered
vertex is allocatedto aWOS node.

Theselectedsizeof thegraindepend®nthecharacteris-
tics of theparallelmachinewvhichwill executethe program.
Sincethis machineis a metacomputerits exactcharacter
isticsareonly known at executiontime. As a consequence,
thesizeof thegrainis fixedonly at executiontime.

6. Conclusion

This paperpresents new approacHor configuringand
executing High Performanceapplicationson a heteroge-



neousdistributed ervironment. The Web OperatingSys-
tem(WQOS)is usedasa metacomputingool supportingthe
configurationandthe launchof the executionof HP appli-
cations.

RD-WOSPs in fact usedto configureand map Par
allel/Distributed applicationson a Distributed/Rarallel ma-
chine. The RD-WOSPserviceclassassumeshat commu-
nicatingmodulescomposinghe PD applicationareknown
beforethe execution. HP-WOSP s an extensionof RD-
WOSPIt allowstheconfiguratiorof HP applications Such
applicationsarerepresentedby the Granularity Tree (GT)
which indicatesthe maximumgranularitya HP application
could exploit during its execution. It alsoindicatesthe re-
sourcegequestedy every modulecomposingthe HP ap-
plication. The effective granularity usedduring execution
andfixed during configuration,is processedn function of
the availability andthe effective workloadof the metacom-
puter (workload of nodesand network). The decomposi-
tion procesgparallelization)occursonly if no WOS node
canprovide the requestedesourcesThis approactbreaks
with the“classical”alternatveswhich parallelizeaprogram
regardlessof the effective workload of the target machine
duringexecution:thegranularityis hencefixeda priori and
therefore cannotbe adjustedduring configuration.

At the presentime, the codeof a givenimplementation
is producedby groupingand “clustering” codes: concur
rentexecutionof severalsiblingmodulesonthe samewWOS
node. Neverthelessfor someparallel languagessuchas
ParCelL-2 [4], it is possibleto automaticallyproducethe
“optimal” code relatedto a specific implementation[8].
This optimal codeis representedby the serial codesof all
GT verticesthatwill be executedon the sameWOS node.
In otherwords,the serialcodeof a givenvertex is automat-
ically extractedfrom the codesof its sons.

The configurationof a testbedapplicationwith a GT
of 20 vertices(STORMS:Softvare Tools for the Optimiza-
tion of Resourceén Mobile Systemsusingthe HP-WOSP
protocol, hasdemonstratedhe feasibility of our solution.
Otherexperimentsarein progresgo evaluateour approach
in large scaleHP applications.

From an HPC perspectie, HP-WOSP involves mary
changesn theway of developingHPC applicationswhich
areusuallyparallelapplications Fromour viewpoint, these
applicationsshouldbe describedn suchaway thatall im-
plementationgouldbe extractedfrom the samedesign(the
granularitytree). An implementatioris in facta specializa-
tion of a designwhereall decisionsaboutthe specificcon-
straints(requestedesourcesre made. Furthermore,an
implementationrshould be automaticallyproducedby set-
ting all the constraints.Therefore we needan intensional
compilerthat cantake asinput a multidimensionaldesign
andall thevaluesof thedifferentconstraintsThis ideawill
constituteoneof theimportantperspectresof this work.

Another importantaspectof HP applicationsthat this
work doesnotaddresss thedynamicreconfiguratiorof the
metacomputewhen nodesfail or whenresourcesare re-
quiredfor higherpriority work. Although not specifically
discussedyve think thatthe approachpresentedereinof-
fers a strongbasisonto which we could develop dynami-
cally reconfigurablenetacomputers.
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