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Abstract

A simpleway to offer a Grid accesshrougha middlewareis to usethe GridRPC
paradigm.lt is basedntheclassicaRPCmodelandextendedo Grid ervironments.
Clientcanaccesgso remotesenersassimply asa functioncall. Severalmiddlevares
arecompliantto this paradigmasDIET, GridSolwe, or Ninf-G. Actorsof theseprojects
have workedtogetherto designa standardAPI within the OpenGrid Forum. In this
chapterwe give an overview of this standardandthe currentworks aroundthe data
managemeniThreeusecasesreintroducedhroughadetailleddescription®f DIET,
GridSolwe,andNinf-G middlevarefeatures Finally applicationdor eachmiddlevare
areshown to appreciatdow they take bene t of the GridRPCAPI.
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1 Intr oduction

Large problemscoming from numericalsimulation or life sciencecan nov be solved
throughthe Internetusinggrid middlevare[10, 27]. Transparencandeaseof useis some-
timesmoreimportantfor auserthanraw performanceAlong with researcheanddevelop-
mentaroundmiddlevareandservicedor grids,researcheranddevelopershave beenwork-
ing on programmingssueof large scaledistributed systems Several approacheso-exist
to port applicationon grid platformslike classicalmessage-passiri§3, 38|, batchpro-
cessing57, 67], web portals[28, 30, 32], work o w managemergystemg23, 29,45, 70],

object-orientecpproachef’, 68].

Among existing middlenvare and applicationprogrammingapproache$34], onesim-
ple, powerful, and e xible approachconsistsin using seners available in different ad-
ministratve domainsthroughthe classicalclient-serer or RemoteProcedureCall (RPC)
paradigm.Network EnabledSeners(NES) [35] implementthis model,whichis alsocalled
GridRPC[53]. Clientssubmitcomputatiorrequestdo a schedulewhosegoalisto nd a
sener availableon the grid. Schedulings frequentlyappliedto balancethe work among
thesenersandalist of availablesenersis sentbackto theclient; theclientis thenableto
sendthedataandtherequesto oneof thesuggestedenersto solwe its problem.Thanksto
the growth of network bandwidthandthe reductionof network lateng, smallcomputation
requestsannow besentto senersavailableonthegrid. To malke effective useof todays
scalableaesourceplatforms,it is importantto ensurescalabilityin the middlewvarelayersas
well. This serviceorientedapproackis not new.

Several researchprojectshave taigetedthis paradigmin the past. The main middle-
waresimplementingthe APl arethe onespresentedhere,i.e. NetSolhe/GridSohe, Ninf,
andDIET but someotherervironmentssupportit like OmmiRPC[50], Xtrem\Web [14],
andthe SAGA interfacefrom the OGFE The RPC model over the internethasalso been
usedfor several applications. In [24], the authorsdescribethe use of remotecomputa-
tions available as servicesfor optmizationproblems. Transparentithroughthe Internet,
large optimizationproblemscan be solved usingdifferentapproache®y simply lling a
web page. Remotemageprocessingcomputationsare describedn [5] and mathematical
librariesin [12]. Somesystemdarmet clusterslike OVM [11] or they canbe linked with
languagedike OpenMP[51]. Even P2Psystemscanbe usedusingthis modellike with
XtremWeb [14] and also having fault-toleranceembeddedn the middlevare itself [21].
This approachof providing computationservicesghroughthe Internetis alsohighly close
to the ServiceOrientedComputing(SQA) paradigm44].

The goal of this chapteris rst to describethe API itself andits extensionsfor data
managemernh Section2. Then,in Sections3, 4 and5, we review threeexistingimplemen-
tationsover hearily usedmiddlewvare platforms. This presentatiorallows to understand
how performanceanbe obtainedfrom thesemiddlevareusingthe GridRPCAPI. Finally,
beforea conclusionwe presenin Section6 applicationdrom different elds portedusing
the API over severalgrids.
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2 GridRPC API Presentation

Onesimple,yet effective, meanto executejobs on a computinggrid is to usea GridRPC
middlewvare,which relieson the GridRPCparadigm.Numerousmplementationsare cur
rently available,suchasDIET [20], NetSole [69], Ninf [60], OmniRPC[50].

For eachrequesttheGridRPCmiddlevaremanagethemanagemendf thesubmission,
of the input and outputdata, of the executionof the job on the remoteresourcegtc. To
make available a service,a programmemustimplementtwo codes:a client, wheredata
arede ned andwhich is run by the userwhenrequestinghe service,anda sener, which
containgheimplementatiorof the servicewhich is executedon theremoteresource.

One step to easethe developmentof such codesconductedto de ne a GridRPC
API [39], which hasbeenproposedasa draft in Septembef004 andwhich is an Open
Grid Forum (OGF) standardsince SeptembeR007. Thusa GridRPCsourcecodecanbe
compiledandexecutedwith ary GridRPCcompliantmiddlevare.

Dueto thedifferencein thechoiceof implementatiorof the GridRPCAPI, adocument
describingthe interoperabilitybetweenGridRPC middlevare hasbeenwritten [62]. Its
main goalsareto describethe differencein behaiour of the GridRPCmiddlevareandto
proposea commontestthatall GridRPCmiddlevare mustpass.Neverthelessit is not of
its purposeo make acommoninteroperablelient, which couldparticipateto differentgrid
middlewvare at the sametime. This documenis intendedto be soonan OpenGrid Forum
standard.

Discussionsare currently undertakn on the datamanagementvithin GridRPCmid-
dleware. A draft of an APl hasbeenproposedduringthe OGF'21in October2007. The
motivation for this documentis to provide explicit functionsto manipulatethe dataex-
changebetweera GridRPCplatformanda client since(1) the sizeof the datausedin grid
applicationsmay be large and uselesdatatransfersmustbe avoided; (2) dataarenot al-
ways storedon the client side but may be madeavailable eitheron a storageresourceor
within the GridRPCplatform.

In the following, we rst describethe GridRPCAPI and the efforts concerningthe
interoperabilitypbetweerimplementationsandthenwe presenthecurrentwork onde ning
anAPI for GridRPCdatamanagement.

2.1 The GridRPC API and Inter operability Betweenlmplementations

One of the goalsof the GridRPCAPI is to clearly de ne the syntaxand semanticgor
GridRPC whichis theextensionof theRemoteProcedureCall (RPC)to grid ervironments.
Hence end-useclient/serer applicationsanbe written giventhe programmingmodel.

2.1.1 The GridRPC Paradigm

The GridRPCmodelis picturedin Figurel: (1) senersregistertheir servicedo aregistry;
(2) whenaclientneedgheexecutionof aservicejt contactgheregistry and(3) theregistry
returnsa handleto theclient; (4) thentheclientuseshehandleto invoke the serviceon the
senerand(5) eventuallyrecevesbacktheresults.
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Figurel: The GridRPCmodel.

2.1.2 The GridRPC API

Mechanismsnvolved in the API mustprovide meansto make synchronousand/orasyn-
chronouscallsto a service. If thelatter, clientsmustalsobe ableto wait in a blocking or
non-blockingmannerafterthe completionof a givenservice.This naturallyinvolvessome
datastructuresandconductdo arigorousde nition of the functionsof the API.

GridRPC Data Types

Threemaindatatypesareneededo implementheAPI: (1) grpc_function_handle_tis
thetypeof variablesepresentingremotefunctionboundto agivensener. Onceallocated
by the client, sucha variablecanbe usedto launchthe serviceasmary timesasdesired.
It is explicitly invalidatedby the userwhennot neededarymore;(2) grpc_session_is the
type of variablesusedto identify a speci ¢ non-blockingGridRPCcall. Sucha variableis
mandatoryto obtaininformationon the statusof a job, in orderfor a client to wait after,
cancelor know the error statusof a call; (3) grpc_error_t groupsall kind of errorsand
returnsstatuscodesinvolvedin the GridRPCAPI.

GridRPC Functions

grpc_initialize() and grpc_ nalize() functionsare similar to the MPI initialize and

nalize calls. It is mandatorythatary GridRPCcall is performedin betweenthesetwo

calls. They readcon guration les, make the GridRPCervironmentreadyand nish it.

In orderto initialize anddestructa functionhandle,grpc_function_handle_init() and
grpc_function_handle_destruct()functionshave to be called. Because functionhandle
canbe dynamicallyassociatedo a sener, becausef resourcediscorery mechanismsor
example,a call to grpc_function_handle_default()let to postponethe sener selection
until theactualcall is madeon the handle.

grpc_get _handle(Jettheclientretrieve thefunctionhandlecorrespondingo asession
ID (e.g., to anon-blockingcall) thathasbeenpreviously performed.

Dependingon the type of the call, blocking or non-blocking,the client canusethe
grpc_call() andgrpc_call_async()function. If thelatter, the client possesseafterthe call
asessionD which canbeusedto respectiely probeor wait for completion,cancelthecall
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andcheckthe errorstatusof anon-blockingcall.

After issuinga uniqueor numerousion-blockingcalls,a clientcanuse:grpc_probe()
to know if the executionof the servicehascompletedgrpc_probe_or()to know if oneof
the previousnon-blockingcallshascompletedgrpc_cancel()to cancelacall; grpc_wait()
to block until the completionof the requestedervice;grpc_wait_and() to block until all
servicescorrespondingo sessiornDs usedasparametersre nished; grpc_wait_or() to
blockuntil ary of theservicecorrespondingo sessionDs usedasparametersas nished,;
grpc_wait_all() to blockuntil all non-blockingcallshave completedandgrpc_wait_any()
to wait until ary previously issuednon-blockingrequeshascompleted.

2.1.3 Presentationof the Inter operability Betweenlmplementations

The OpenGrid Forum standarddescribingthe GridRPCAPI did not focuson the imple-
mentationof the API. Then,divergencesn implementatiorhave beenobsered. In order
to make a GridRPCclient-serer codereusabléan all GridRPCmiddlevarerelying on the
GridRPCAPI, a work hasbeentackledto proposeinteroperabilitybetweenmplementa-
tions.

Thepaperf62] pointsout, with exhaustve test-caseghedifferencesandcorvergences
in behaior of the main GridRPC middlevare implementationspamelyDIET, Netsolhe,
andNinf. In addition,a programhasbeenwritten to testthe GridRPCcomplianceof all
middleware.

2.2 GridRPC Data ManagementAPI

Thedatamanagemergxtensionis designedo provide away to explicitly managehedata
andtheir placemenin the GridRPCmodel. With the helpof this explicit datamanagement,
the clientwill avoid uselesgransfersof large data. However, the client may not wantto,
or may not knov how to managedata. Then, the default behaior of the GridRPCData
Managemengxtensionmustbe standardized.

In a GridRPCervironment,datacanbe storedeitheron a client host,on a datastorage
sener, onacomputationaseneror insidethe GridRPCplatform. Whenclientsdonotneed
to manageheir data,thenthe basicGridRPCAPI is sufcient. Oneachgrpc_call() ,
datais transferrecdbetweena client andthe computationakener used. Oncethe compu-
tation performed resultsaresentbackto the client. However, to minimize datatransfers,
clientsneeddatamanagemenfunctions. We can considertwo kinds of data: (a) external
dataand(b) internaldata.Externaldataareplacedon seners,like datarepositoriesThese
senersarenotregisterednsidetheplatformbut canbedirectly accessetb read/writedata.
The useof suchdataimplies several datatransfersif the client usesthe basic GridRPC
API: the client mustdownloadthe dataandthen sendit to the GridRPCplatform when
issuingthe call to grpc_call() . Oneof thesetransfersshouldbe avoided: the client
mayjustgive adatareferencgalsocalledhandlg to the platform/serer andthetransferis
completedby the platform/serer. Examplesf suchDataStoragesenersarelBP [46] and
SRB[6]. Among the differentavailable examplesof this approachn GridRPCerviron-
ment,we cancite the Distributed Storagelnfrastructureof NetSole [8] or the utilization
of JuxMemin DIEeT [3]. Internaldataare managednsidethe GridRPCplatform. Their
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placemendependson computationsandit may be transparento clients: in this case the
GridRPCmiddlevare can managedata. Temporarydata,generatedy requestsequenc-
ing [4], areexamplesof internaldata. For instancea clientissuestwo calls to solve the
sameproblemandthe secondcall usesinput or outputdatafrom the rst call. Othercases
of uselesgemporarydataoccurwhenthe resultsof a simulationare sentto a graphical
viewer asdonein mostProblemSolving EnvironmentsPSE).Amongthe examplesof in-
ternaldatamanagementye cancite the DataTreeManagemeninfrastructurg DTM) used
in DIET [19], andthe datalayer OmniStorageén OmniRPC[1]. This approachs suitable
for, but notlimited to, intermediateesultsto bereusedn caseof requessequencing.

In both casesijt is mandatoryto identify eachdata. All datastoredeitherin the plat-
form or on storagesenerswill beidenti ed by Data Handles and Storage Inf ormation.
Without lack of generality we de ne the GridRPCdatatypeaseitherthe datausedfor a
computationaproblem eitherbotha Data Handleandstorage information Indeed,when
acomputationakener recevesa GridRPCdatawhich doesnot containthe computational
data,it mustknow the uniguenameof the datawith the DataHandle,andmustknow its
locationto getit andwherethe client wantsto save it afterthe computation.Thusstorage
informationmustrecordthe original locationof the dataandthe destinatiorof the data.

In [39], datausedasinput/outputparametersreprovided within the<varargs> no-
tation of the grpc_call() and grpc_call_async () functions. Without lack of
generality andin orderto proposean API independentf the languageof implementa-
tion, we referto grpc_data_t  asthe type of suchvariables. Thus, in the following,
agrpc_data t s ary kind of data,or containsa referenceon the computationabata,
whichwe call aData Handle aswell assomeStoiage Information

The GridRPCdataincludesat leastthe dataor a datahandle,and may containsome
information aboutthe dataitself (e.g., type, size) aswell asinformationon its location
andthe protocolusedto accesst (e.g., the URI of a speci ¢ sener, alink with a Storage
ResourceBroker, containingthe correctprotocolto use). A datahandleis essentiallya
uniquereferencdo a datathatmay residearywhere.Dataanddatahandlescanbe created
separately By managingGridRPCdatawith datahandles,clientsdo not have to know
wheredataarecurrentlystored.

2.2.1 GridRPC Data ManagementData Type

A datain a GridRPC middlevare is de ned by the grpc_data_t type. It relieson a
data,or on a grpc_data_handl¢ type and a grpc_data_storagmfo_t type to accesst.
Consequentlythe grpc_data_type can be seenas a structurecontainingthe dataitself
and/ora grpc_data_handle_The grpc_data_storagmfo_t type canalsobe storedin the
grpc_data_structureor it canalsobe storedand managednsidethe GridRPCdatamid-
dleware.

A variableof the grpc_data_handle_ttype represents speci c data. It is allocated
by the user After a data handlewasinitialized, it may be usedin a sener invocation.
Thelifetime of a datahandleis determinedvhenthe userinvalidatesit. Datahandlesare
created/allocatebly simply creatinga variableof thistype.

Variableswith grpc_data_storage_ind_t typerepreseninformationonaspeci c data
which canbelocal or remote.lt is atleastcomposedf: (1) Two URIs, oneto accesshe
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dataandoneif thedatahasto be storedsomeavherefrom this sener (for example,anOUT
parameteto transferat the endof a computation);(2) Informationconcerningthe mode
of management.For example,datamanagemenis defaultedto the one of the standard
GridRPCparadigm but it canbe notedfor exampleasGRPC_PERSISTENWhich cor
respondso atransparentanagemertty the GridRPCmiddlevare,or GRPC_STICKYin
which casethe datacannotmigratebut canbe replicated;(3) Informationconcerningthe
typeof thedata,aswell asits size.

2.2.2 GridRPC Data ManagementFunctions

Thegrpc_data_init() functioninitializesthe GridRPCdatawith a speci ¢ data.This data
may be availablelocally or on a remotestoragesener. Both identi cations canbe used.
GridRPCdatareferencingnput parametersnustbe initialized with identi ed databefore
beingusedin agrpc_call() . GridRPCdatareferencingoutputparameterslo not have
to beinitialized. The functiongrpc_data_getind() let the useraccessnformationabout
thegrpc_data_tlt returnsinformationon datacharacteristicsstatus andlocation.

Thegrpc_data_write() functionwritesa GridRPCdatato theoutputlocationsetduring
theinit call in the outputparameterselds. For commodityreasonsadiffusionmodeanda
list of additionalsenersonwhichthedatahasto beuploadeccanbeprovided. In thatcase,
theprotocolde ned duringtheinit call is used.Somebroadcast/multicagshechanismsan
thenbe implementedn the GridRPCdatamiddlevarein orderto improve performance.
Thediffusion modecanbe usedby moreintelligentdatamiddlevareto diffusea datain a
broadcasmanneifor example.A dualfunctioncalledgrpc_data_read()is available. After
calling this function,the datawill be availablein the GridRPCdatatypegrpc_data t
whichwill alsostill containthedatahandle.

Thegrpc_unbind_data() functionis usedby a clientwhenit doesnot needthe handle
onthe GridRPCdataarymore.To explicitly erasehe dataon a storageesourcetheclient
cancall thegrpc_free_data()functionwhichfreesthe GridRPCdata.

In orderto communicatea referencebetweengrid users,for examplein caseof large
sizedata,one shouldbe ableto storea GridRPCdata. The locationcanthenbe shared,
for exampleby mail, an consequentlithe GridRPCdatamanagemenfP| proposeswo
functions:grpc_data_load()andgrpc_data_sae().

2.3 GridRPC Example

In the exampledescribedin Figure 2, we shav how to re-usedataon a speci ¢ sener
without resendinghem. Clientwantsto computeC = C A" usingtheservice" *" on
sener karadoc It shavs how to usethe GridRPCdatamanagementfunctionswhenthe
dataneedsto be storedinsidethe platform, to keepthe dataon the samesener, with the
helpof theGRPC_STICKYmode.

2.3.1 Input Data

DataA will be usedandwill remainon sener karadoc We canusethe GRPC_STICKY
parameteto keepthe dataon sener karadoc DataC is aninput/outputdata. The rst



148 Y. Caniou,E. Caron,F. DesprezH. NakadaK. Seymour, Y. Tanaka

grpc_function_handle_init(handle13,"karadoc.aist.go.jp"," *");

grpc_data_init(&dhA,"LOCAL_MEMORY://britannia.ens-lyon.fr/ &A","LOCA L_MEMORY/karadoc .aist.go. jp",
GRPC_DOUBLE,GRPC_STICKY);

grpc_data_init(&dhC, "NFS://britannia.ens-lyon.fr’fhome/user/C.in", "LOCAL_MEMORY://karadoc.aist.go.jp",
GRPC_DOUBLE,GRPC_STICKY);

for(i=0;i<n+1;i++)
{
ift  i==1 )
grpc_data_init(&dhC, "LOCAL_MEMORY://karadoc.aist.go.jp",NULL, DOUBLE, STICKY);
ift  i==n )
grpc_data_init(&dhC, "LOCAL_MEMORY://karadoc.aist.go.jp","NFS://britannia.ens-I yon.frrho  mefuser/C .out",
GRPC_DOUBLE,GRPC_VOLATILE);

grpc_call(handlel,dhA,dhC,dhC);

grpc_data_free(dhA);
grpc_data_free(dhC);

Client
britannia.ens-lyon.fr

|

A C

Middleware

v €
Server
karadoc.aist.go.jp

Figure 2: GridRPC call with data managementusing persistencethrough the
GRPC_STICKYmode.

grpc_data_init for this datarequiresonly aninputlocationandthe GRPC_STICKY
mode.

2.3.2 Output Data

OutputdataC is generatedn sener karadoc but only the lastresultis usefulfor the
client. Thus,to sendthe nal resultto the client we updatethe outputlocationjust before
thelastgrpc_call()

3 DIET

The Distributed Interactve Engineeringlfoolbox (DIET) [15, 20] projectis focusedon the
developmenif a scalablemiddlevarewith initial efforts focusedon thedistribution of the
schedulingproblemacrossmultiple agents. DIET consistsof a setof elementshat can
be usedtogetherto build applicationsusingthe GridRPCparadigm. This middlevareis
ableto nd anappropriatesener accordingto informationgivenin theclientrequesie.g.,
problemto be solved, size of the datainvolved), the performanceof the target platform
(e.g., senerload, availablememory communicatiomperformancepandthe local availabil-
ity of datastoredduring previous computationsThe scheduleis distributedusingseveral
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collaboratinghierarchiesonnectecitherstaticallyor dynamically(in a peerto-peerfash-
ion). Datamanagemenis provided to allow persistentlatato staywithin the systemfor
future re-use. This featureavoids unnecessargommunicationwhen dependenciesxist
betweerdifferentrequestge.g., in caseof sameor differentrequestsaisingsamedatawill

be executedon the samesener). Seners have the possibility to launchseveral tasksin

a time-sharednanney or sequentiallymakingsenersbuffer somework [18] or on batch
systems.

3.1 DIET Architecture

—  3-45-1%'%$ . 10.0%0,12".

e HSBY) R, -+I& | HSUR, | - +/&,

Figure3: DIET hierarchicabrganization.

The DIET architecturds hierarchicalfor a betterscalability The architecturgrovides
e xibility andcanbeadaptedo diverseervironmentsncludingheterogeneousetwork hi-
erarchies.DIET is implementedn CorBA andthusbene tsfrom the mary standardized,
stableservicesprovided by freely-available and high performanceCorBA implementa-
tions. DIET is basedon several components.A Client is an applicationthat usesDIET
to solve problemsusingan RPC approach.UserscanaccesdDIET via differentkinds of
clientinterfaces:web portals,PSEssuchasScilab,or from programswrittenin C or C++.
A SED, or sener daemon providesthe interfaceto computationakeners and can offer
ary numberof applicationspeci ¢ computationakervices.A SED cansere astheinter
faceandexecutionmechanisnfor a stand-alonénteractve machineor it cansene asthe
interfaceto a parallelsupercomputdsy providing submissiorservicego abatchscheduler
Agents provide higherlevel servicessuchasschedulinganddatamanagementThese
servicesaremadescalableby distributing themacrossa hierarchyof agentscomposedf a
singleMaster Agent (MA) andary numberof Local Agents(LAs). EachDIET hierarchy
is independenbut the MA canconnectto otherMAs eitherstaticallyor in a peerto-peer
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fashionto accessesourcesvailablevia otherotherhierarchiesFigure3 shavsanexample
of several DIET hierarchies.

A Master Agentis anentrypointof ourenvironment.In orderto acces®IET schedul-
ing servicesgclientsonly needa string-basechamefor the MA (e.g., “MA1") they wishto
accessthis MA nameis matchedwith a CorBA identi er objectvia a standardCORBA
namingservice. Clients submitrequestdor a speci ¢ computationakerviceto the MA.
The MA thenforwardsthe requestn the DIET hierarchyandthe child agentsjf ary ex-
ist, forward the requestonwardsuntil the requestreachegshe SEDs. SEDs thenevaluate
their own capacityto performtherequestedervice;capacitycanbe measuredn a variety
of waysincluding an application-speci cperformanceprediction,generalsener load, or
local availability of data-setspeci cally neededby the application. SEDs forward their
responsebackup in theagenthierarchy Agentsperformadistributedcollationandreduc-
tion of sener responsesintil nally the MA returnsto the client a list of possiblesener
choicessortedusingan objective function suchascomputationcost,communicatiorcost,
or machineload. The client programmay then submitthe requestirectly to ary of the
proposedseners,thoughtypically the rst senerwill be preferredasit is predictedto be
the mostappropriatesener. The client cansubmitseveral simultaneousequestghrough
the useof threadingcomputatiorin the client code.However, the synchronousnodeis not
the only requestmode. The client canalsousethe asynchronousnodeto submitrequests
to the DIET hierarchy Whensubmittingan asynchronousequestthe client will not wait
the endof the call. To be surethatthe requesthasbeenwell computedthe usercanuse
“barriers”to wait for oneor all of the endedsubmittedrequestsThe schedulingstratgies
usedin DIET aredescribedn Section3.2.

3.2 DIET SCHEDULING
3.2.1 Plug-in Schedulers

DIET providesa specialfeaturefor schedulingequestshroughits plug-in schedulersAs
the applicationsthat areto be deployed on the grid vary greatlyin termsof performance
demandsthe DIET useris provided with the possibility of de ning requirementdgor the
schedulingpf tasksby con guring theappropriatescheduler

Application developersmay alsode ne performancevaluesto be includedin a SED
responsdo a client request. For example,a DIET SED that provides a serviceto query
particulardatabasemay needto includeinformationaboutwhich databaseare currently
residentin its disk cachesothatdatatransfertimescanbe minimized. Application devel-
operscande ne their own performancestimatiorroutineor functionwhendevelopingthe
application-speci cportion of the SED. At this point, ary servicesaddedto the SED will
beassociateavith the performancesstimationroutinedeclared.

Applicationdeveloperscande ne theirown performancestimatiorroutineor function
whendeveloping the application-spea: portion of the SED. At this point, ary services
addedo the SED will beassociateavith the performancestimatiorroutinedeclared.

For schedulingstep,DIET needsreliableresourcenformationfrom grid resourcean-
formationservices.The performanceestimatiorvaluesrequiredfor plug-in schedulersire
storedin a performanceestimationvector Informationareprovided by the SEDs asare-
sponseo a client call propagatedrom the masteragentto local agentsand nally to the
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senerlevel. The SEDs useCoRI (Collector of Resource Information) to Il thisvector

CoRlis designedo addary new monitoringtool interfaceor evenary new prediction
tool within DIET. It couldbe dangerouso rely on a singlepredictiontool for all resource
informationneeds For example,the predictiontool may not be availableon a givenarchi-
tectureandthe software dependenciemay fail or betoo dif cult to satisfyin a particular
environment. In this case the scheduledoesnot receve enoughinformation. This tool
mustalwaysprovide ananswelin orderto avoid thefailureof thewholegrid system.If the
tool is notableto provide ameasuremeng genericresponsenustbe provided. Finally, the
tool mustprovide onesingleinterfacefor all kinds of resourcenformationservices.If the
environmentdoesnot provide a predictiontool we proposea featurewhich providesabasic
setof performanceaneasurementihat cansatisfybasicscheduleneeds.Thenthe service
developercanrely on this collectorof resourcanformation(called CoRI-Easy)evenif no
otherresourceserviceslike NWS, Ganglia, etc., are available. Moreover, the tool must
managethe useof differentcollectorsat the sametime andin a similar way. The CoRI
Manager wasdesignedor this managemerfor the secondoroblem,namelymanagement
of differentcollectors.

To concludethis section,Figure4 shavs an experimentusingtwo typesof scheduler
The rst schedulemusesa simpleroundrobin algorithmwhereinwe have six senersand
roundrobinworksonarotatingbasissothatoneseneris assignedomework, thenmoves
to the backof thelist. The secondscheduleiis a CPU schedulethat maximizesthe ratio
of %. This experimentis intendedto be a proof of the utility of CoRI andthe
plug-in schedulersvith respecto the roundrobin schedulingschemexisting beforetheir
developmentaswell asa proof of conceptn generalfor thefacility of tunablescheduling
schemew®fferedby DIET.

The behaior of both schedulersvas studiedfor requestswith differentinterarrival
timeson a heterogeneouduster In this paperwe focuson 1 minutefor the requesinter
arrival timein orderto seehow theCPUscheduleperformsvhensufcient timeis provided
for an accuratesstimationof the load average. The distribution of the tasksfor the CPU
schedulewasperformedonly onthefour fastesnodegesultingin quasi-equasmalltimes
for all thetasks.In the caseof the RoundRobinschedulersometaskswereprivilegedby
beingassignedo thefastessenerswhile othersrequirediongercomputingtimesbecause
all senerswereusedandsomewereslowver. The total computationtime on the platform
is smallerwith the CPU scheduledueto thefactthatfastersenersaremoreutilized. The
overlapof tasksobseredin thecaseof theRoundRobinschedulepntheslowestprocessor
resultedn largercomputingtimes.

3.2.2 DIET Batch SchedulerManagement

Parallel grid resourcegparallelmachinesor clustersof workstations)are generallyman-
agedby a reseration batchsystemsuchasLoadlevelert, PBS, or OAR3. Sucha system
is responsiblefor managingthe submittedjobs and locating and allocatingthe required
resourceslt acceptaisersubmissiorscriptswhich mustnormally containa variety of in-

http://www-03.ibm.com/serrs/eserer/clusters/softare/loadlgelerhtml
2http:/Iwww.clusterresources.com/pages/products/torque-resource-mphpger
3http://oarimag.fr/
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(a) RoundRobinScheduler

(b) CPU Scheduler

Figure4: Comparisorbetweerthe task ows for 25 consecutie requestswith taskinter
arrival time equalto 1 minute.

formationincludingthe requestechumberof resourceandthe amountof time neededor
thereseration (walltime).

An ef cient grid middlevareshouldprovide transpaentaccesgo parallelresources$or
theuser It mustchoosehebestparallelresourcehatsuitsthe requesteventuallyprovide
for the parallelmalleabletaskthe right numberof processorsprovide the corresponding
walltime, and submitthis informationto the batchsystemin an automaticallybuilt script
in thelanguageof theresenation system.ndeed asthe userdoesnot needto know where
his/herjob is executed(so the computationavailability, etc.),sucha scriptshouldbe pro-
ducedby the middlevarein placeof theuser

DiEeT hasthe possibilityto submitjobsto batchsystemsncludingLoadlever andOAR
systemsThe DIET parallel/batchAPI providesseveralfunctionson both clientandsener
side. On the client side, the client canexplicitly askfor a sequential/paralletomputation
of its job, but otherwiseandwheneer possible DIET will choosahebestavailablealloca-
tion amongsequential/parallelesourcesOn the sener side,the SED programmeirbuilds
ascriptthatis genericfor all batchschedulersthe DIET sener API providesgenericervi-
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ronmentvariablego performthe necessargbstractiorio the sitewherethejob is executed.

3.2.3 DIET Work o w Management

A large numberof scienti ¢ applicationsarerepresentetly graphsof taskswhich arecon-
nectedbasedon their control anddatadependenciesThe work ow paradigmon gridsis
well adaptedor representinguchapplicationsandthe developmentof severalwork ow
engineq2, 43, 54, 63 illustratesigni cant andgrowing interestin work ow management
within thegrid community The succes®f this paradigmn comple scienti ¢ applications
canbe explainedby the ability to describesuchapplicationsin high levels of abstraction
andin away thatmalesit easyto understandgchangeandexecutethem.

Severaltechniquediave beenestablishedh thegrid communityfor de ning work ows.
The mostcommonlyusedmodelis the graphand especiallythe directedacgyclic graph
(DAG). Sincethereis nostandardanguageo describescienti ¢ work o ws, thedescription
languages ervironmentdependentand usually XML basedthoughsomeenvironments
usescripts. In orderto supportwork ow applicationsn the DIET ervironment,we have
developedandintegrateda work o w engine. Our approacthasa simpleanda high level
AP, the ability to usedifferentadvancedschedulingalgorithms,andit shouldallow the
managementf multi-work o ws sentconcurrentlyto the DIET platform.

DIEeT usersfollowing the GridRPCparadigm usually submitindividual tasks. Work-
o ws can of coursebe decomposedh individual tasksbut the knowledge of the overall
structureof the graphshelpsthe scheduleto make wise mappingdecisions. Thuswe ex-
tendedtheagenthierarchyby addinga new specialagentto handlework o w submissions.
This specialagent,calleda MAp oc, manageshe differentwork ow submissions.An
overviev of theextendedDIET architecturds shavn in Figure5.

Workflow 3 i = ’// , A ¥
Manager . m e S
- i execution . ’ Lo @

. S L (5D

Figure5: Softwarearchitectureof DIET work ow engine.

Thetwo architecturepresentedh theprevious gure canbeusedwithin thesameDIET
platform. The useof the MAp ag is basedon the userchoiceto usehis own scheduling
stratgy or to usetheglobaloneprovidedby the MA p oG . It is olbviousthatwhentheuser
decidesotto usetheMA p A , thereis no collaboratiorbetweerthedifferentclientsbut he
canuseandtesteasilya new schedulingalgorithmby pluggingit in theclientcode.Onthe
otherhand,whenthe MAp ac is used,the work ow submissiongjo throughthis special
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agentandthe multi-work ow canbe handledmore ef ciently usingcore heuristics. To
avoid overloadingdueto multiplework o w submissiongrom differentclients,theMA p ag
is not responsibldor work ow executionbut it only manageshe schedulingohase.Two
working modescanbe usedin theMA p ac : in the rst mode,a completescheduldwhich
assignspriority and mappingfor eachtask)is provided to the client, while in the second
only taskprioritiesarereturnedo theclient.

3.3 Future Directions

In our futurework we planto improve the e xibility of the plug-inschedulersmprove the
performancesvaluationfeature,port newv applicationsand nally testseveral DIET plat-
formsatalargescalewithin theGrid'5000project[13]. Thetransparergsubmissiorto more
batchschedulersvill alsobesupportedwith the helpof thework thathasbeenperformed
within the OpenGrid Forum DRMAA working group. In this context co-schedulingalgo-
rithms shouldbe designed.Eventually we could designa ServiceOrientedArchitecture
(Soa) basedbn DIET andbene ting from plug-inscheduler

Concerningthe datamanagemenive developeda new tool called DAGDA (DataAr-
rangementor Grid andDistributedApplication)to supporthe GridRPCdatamanagement
API. DAGDA is anew datamanageifor DIET which allows dataexplicit or implicit repli-
cationsandadwanceddatamanagemeran the grid.

4 GridSolve

The purposeof GridSolw is to createthe middlevare necessaryto provide a seamless
bridgebetweerthesimple,standargprogrammingnterfacesanddesktopsystemshatdom-
inatethework of computationakcientistsandtherich supplyof servicessupportedy the
emeqging grid architecture The goalis thatthe usersof desktopsystemscaneasilyaccess
andreapthebene ts(in termsof sharedorocessingstoragesoftware,dataresourcesetc.)
of usinggrids. Having a broadcommunityof scientistsengineersresearclprofessionals
andstudentsvorkingwith thepowerful and e xible tool setprovidedby theirfamiliar desk-
top computingervironment,andyet ableto easilydrav onthevast,sharedesourcesf the
grid for uniqueor exceptionalresourceneedspr to collaboratantensvely with colleagues
in otherorganizationsandlocations,s thevision thatGridSolwe is designedo realize.

4.1 How GridSolve Works

GridSole is aclient-agent-seer (or brokered RPQ systemwhich providesremoteaccess
to hardwareandsoftwareresourceshroughavariety of clientinterfaces.
Thesystenmconsistof threeentities,asillustratedin Figure6.

The Client, which needsto executesomeremoteprocedurecall. In additionto C
and Fortran programs the GridSole client may be an interactve problemsolving
environmentsuchasMatlab,Octave, or IDL (Interactve DataLanguage).

TheServerexecutedunctionson behalfof theclients. Thesener hardwarecanrange
in compleity from a uniprocessoto a MPP systemandthe functionsexecutedby



Figure6: Overview of GridSolhe.

the sener canbe arbitrarily comple<. Sener administratorscan straightforvardly
addtheir own functionserviceswithout affectingtherestof the GridSole system.

TheAgentis thefocalpointof theGridSole system It maintainsalist of all available
senersandperformsresourceselectionfor client requestaswell asensuringload
balancingof theseners.

In practice,from the users perspectie the mechanismemplg/ed by GridSohe malke
the remoteprocedurecall fairly transparentHowever, behindthe scenesa typical call to
GridSole involvessereral stepsasfollows:

1.

The client queriesthe agentfor an appropriatesener that can executethe desired
function.

. Theagentreturnsalist of availableseners,rankedin orderof suitability.

. Theclientattemptdo contactasener fromthelist, startingwith the rst andmoving

down throughthelist. Theclientthensendgheinputdatato thesener.

Finally thesener executeghefunctionon behalfof theclientandreturnstheresults.
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In additionto providing the middlevarenecessaryo performthe brokeredremotepro-
cedurecall, GridSole aimsto provide mechanismgo interface with other existing grid
services.This canbedoneby having a clientthatknows how to communicatevith various
grid servicesor by having senersthatactasproxiesto thosegrid services GridSolwe pro-
videssomesupportfor the proxy sener approachwhile the client-sideapproactwould be
supportedy theemepging GridRPCstandardAPI [39].

4.2 Integrating User Sewvices

We have implementedha simpletechniqueor addingarbitraryservicego arunningsener.
First,thenew serviceshouldbebuilt asalibrary or object le. Thentheuserwritesaspeci-
cation of theserviceparameteri agsIDL (GridSole InterfaceDe nition Language)le.
TheGridSole problemcompilerprocessethegsIDL andgenerateawrapperwhichis au-
tomaticallycompiledandlinked with the servicelibrary or object les. Thusthe services
are compiledasexternal executableswith interfacesto the sener describedn a standard
format. The sener re-examinesits own con guration and installedservicesperiodically
to detectnew services. In this way it becomesaware of the additional serviceswithout
re-compilationor restartingof the sener itself.

Normally the GridSole sener executesthe actualservicerequesttself, but in some
casest canactasa proxy to otherservicessuchasCondor The primarybene t is thatthe
client-to-serer communicatiorprotocolis identicalsothe client doesnot needto be aware
of every possibleback-endservice.A sener proxy alsoallows aggrgationandscheduling
of resourcessuchasthemachinesn acluster ononeGridSole sener.

4.3 Scheduling

Theselectionof the bestsener for a particularjob is carriedout at severallayers.Whena
new serviceis addedtheauthorshouldprovide aroughcharacterizationf the performance
in termsof the amgumentsto the function. For example,sortingan N elementarray may
be characterizedvith COMPLEXITY="N * log(N)" in the servicecon guration le.
As the serviceis invoked, the sener keepstrack of the typical executiontime for various
problemsizesandusesa leastsquaresegressiorto computecoefcients for anexpression
that more closely characterizeshe expectedperformance.This is usefulin caseswhere
differentimplementation®f a servicehave the sametheoreticalexecutiontime, but very
differentreal-world performancge.g., vendortuned BLAS comparedwith the reference
BLAS). Both the theoreticaland obsered information are sentto the GridSohe agent,
which usesthemto determinethe rankingof the seners. After theranked list is returned
to the client, it may chooseto re ne the list basedon communicatiorperformance.For
instancea very fastsener maynot bethebestchoiceif it is only reachabléhrougha slow
connection.Thus,the client canrun a quick seriesof communicatiorteststo estimatethe
time thatit would take to sendandreceve thedatafrom eachof theseners. Thesener list
is thenre-sortecbasedn this information.
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4.4 Network AddressTranslators

As therapid growth of the Internetbegandepletingthe supplyof IP addressest became
evident that someimmediateactionwould be requiredto avoid completelP addressle-
pletion. The IP Network AddressTranslatof22] is a short-termsolutionto this problem.
Network AddressTranslatiorpresentshe sameexternallP addresgor all machineswithin
aprivatesubnetallowing reuseof thesamdP addressesndifferentsubnetsthusreducing
the overallneedfor uniquelP addresses.

4.4.1 Complicationsin the Presenceof NATs

As bene cial asNATs may bein alleviating the demandor IP addresseshey posemary
signi cant problemgo developersof distributedapplicationsuchasGridSohe [37]. Some
of the problemsas they pertainto GridSolwe are: IP addressesnay not be unique, IP
address-to-hodiindingsmay not be stable hostsbehindthe NAT may not be contactable
from outside,andNATs mayincreaseconnectiorfailures.

IP addressearenotunique—In thepresencef aNAT, agivenIP addressnaynotbe
globallyunique.Typically theaddressessedbehindthe NAT arefrom oneof several
blocksof IP addresseseseredfor usein privatenetworks,thoughthisis notstrictly
required.Consequenthary systemthatassumeshatan IP addressansene asthe
uniqueidenti er for acomponentvill encounteproblemswvhenusedin conjunction
with a NAT.

IP address-to-hodtindingsmay not be stable— This hassimilar consequencés the
rst issuein thatGridSole cannolongerassumehatagiven|P addressorresponds
uniquelyto acertaincomponentThisis becauseamongotherreasonsthe NAT may
changethe mappings.

Hostsbehindthe NAT may not be contactabldrom outside— This currently pre-
ventsall GridSolve componentsrom existing behinda NAT becausahey mustall
be capableof acceptingncomingconnections.

NATs mayincreaseconnectiorfailures— ConnectionshroughNATs maysometimes
be droppedspontaneous|ydependingon the particularNAT implementationespe-
cially aftera periodof inactwity). ThisimpliesthatGridSole needsmoresophisti-
catedfault tolerancemechanisms$o copewith theincreasedrequenyg of failuresin
aNAT ervironment.

To addresshesdssuesve have developedaneny communicationsramenork for Grid-
Solve. To avoid problemsrelatedto potentialduplicationof IP addresseghe GridSohe
componentsvill beidenti ed by aglobally uniqueidenti er speci edby theuseror gener
atedrandomly The mappingbetweerthe componentdenti er andarealhostwill notbe
maintainedy theGridSohe componentthemseles,rathertherewill beadiscosery proto-
col to locatetheactualmachinerunningthe GridSolve componentvith thegivenidenti er.
In a sensethe componentdenti er is a network addresghatis layeredon top of thereal
network addressuchthatacomponentdenti er is sufcient to uniquelyidentify andlocate
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ary GridSole componentgvenif therealnetwork addressearenot unique.Thisis some-
whatsimilar to a machinehaving anIP addresdayeredon top of its MAC addressn that
the protocolto obtainthe MAC addressorrespondindo a given IP addresss abstracted
in alower layer SinceNATs may introducemore frequentconnectionfailures,we have
implementedh mechanisnthatallows a clientto submita problem,breakthe connection,
andreconnectaterat a morecorvenienttime to retrieve the results.We may alsowantto
enhancehe protocolto allow restartingpartialtransfers.

An importantaspectto making this nev communicationsmodel work is the proxy,
whichis acomponenthatallows senersto exist behindaNAT. Sincea senercannotaccept
unsolicitedconnectiongrom outsidethe privatenetwork, it must rst registerwith a proxy:.
The proxy actson behalfof the componentehindthe NAT by establishingconnections
with othercomponent®r by acceptingncomingconnectionsThe componenbehindthe
NAT keepsthe connectionwith the proxy openaslong as possiblesinceit canonly be
contactedy othercomponentsvhile it hasa controlconnectiorestablishedvith the proxy.
To maintaingoodperformancethe proxy only examineshe headeiof the connectionghat
it forwardsandit usesa simple table-basedookup to determinewhereto forward each
connection.Furthermorefo preventthe proxy from beingakused,authenticatiormay be
required.

4.4.2 GridSolve Proxy API

Theprogrammingnterfacethatapplicationsiseto communicatéhroughtheproxyis based
onthe BSD soclets API. To malke it easyfor developersto modify their codeto be NAT-
tolerant,our API mirrorsthesocletsAPI ascloselyaspossible.

Thefollowing functionsmapdirectly to the BSD soclets APl andhave the samepur
pose. The primary differenceis in the useof the PROXY_COMPONEADRInsteadof
struct  sockaddr becauseddressings doneatthe ComponentD level.

proxy_socket(in t domain, int type, int protocol)
proxy_bind(int s, const struct sockaddr *name, int namelen)
proxy_listen(in t s, int backlog)
proxy_accept(in t s, struct sockaddr +addr,

socklen_t  =addrlen)
proxy_connect(i nt s, PROXY_COMPONEADLR+ name)
proxy_close(int fildes)

The new communicationAPI hassomeadditionalfunctionsto initialize the system,
getthecomponens addressandgetthe proxy IP addressandport.

proxy_init(char * configFile)
proxy_get_local _addr()
proxy_get _proxy i p()
proxy_get proxy _port()
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Figure7: GridSohe GridRPCImplementation.

4.5 GridRPC Implementation

The GridRPCAPI speci cationdictateshow the API itself mustlook, but thatleavesa lot
of exibility in termsof the underlyingimplementationgspeciallyin areassuchas data
transferprotocols schedulingandresourcediscovery.

TheGridSolwe implementations composewf severallayers,asillustratedin Figure7.
At thelowestlayeris the standardsoclets API, ontop of which we have implementedur
proxy library. Theproxy library handlescreationandmanipulationof theglobal ID aswell
asinteractionwith the proxy sener if necessarjor NAT traversal. Above the proxy layer
is ahigh-level communication$ibrary thathandlessonnectiorestablishmengprotocolsfor
transferringthe RPC data,and datacorversionssuchas byte order swappingand matrix
transpositionAbove thatis a setof routinesproviding supportfor boththe GridRPCpublic
APl and an optionallayer for APl compatibility with programswritten using GridSole.
Thesupportayeralsocontainssomenon-standarfeatureghatwe areexperimentingwith,
suchastaskfarmingandfaulttolerance.

4.5.1 Delayed Function Handle Binding

TheGridRPCfunctionhandlerepresenta mappingfrom a servicedescriptoi(in this casea
simplecharactestring)to theremotesener thatwill be usedto executethefunction. This
mappingcould be speci ed by the useror determinedy the middlevare usingsimplere-
sourcediscorery mechanismser possiblysomemoresophisticatedchedulingalgorithms.

The normal GridRPC calling sequenceis to rst initialize the handle using
grpc_function_h andl e_def ault () followedby acalltogrpc_call() (orone
of its brethren)at somepoint later. In the caseof the GridSolwe implementationthereis a
slight problemwith performingthe schedulingn this scenario GridSole relieson having
accesdo thevaluesof theagumentsat thetime the schedulings performedsoit canesti-
matethe executiontime andcommunicatiorcostof sendingthe data.However, atthetime
grpc_function_h andl e_def ault () is called,we do not know which valueswill
beusedin the eventualcall, soschedulings notpossible.

To dealwith thisissue we allow theuserto specifyaspeciahostnamewheninitializing
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the functionhandle.The specialnamesigni es thatthe functionhandlebinding shouldbe
delayeduntil the rst timethehandleis usedio make acall. Subsequentallswill notcause
ary changen themapping.

4.5.2 GridRPC in Interactive Environments

ThevariousGridRPCcall functionsrely onavariableargumentist callingsequenceWhile
thisis ne for languagesike C and Fortran, it canbe cumbersomevhentrying to link
the GridRPCclient with interactve ervironmentslike Matlah An earlierversionof the
GridRPCspeci cation had alternateGridRPCcall functionsbasedon an argumentstadk
thatcouldbe constructedht run-timeby pushingthe agumentsone-by-onentothe stack.
The GridSohe implementatiorstill retainsthesestack-basedalls to easethe integration
with SCEs.

4.5.3 Fault Tolerance

GridSohe wasimplementedwith GridRPCasits primary client API, but sinceit wasan
evolution of the NetSole project, we wantedto be ableto implementa NetSolhe com-
patibility API for supportingcodewritten to the previous API. The NetSolwe API is fairly
similar, but onemajordifferencein the call semanticss thatafailed call will be automati-
cally resento a differentsener. Thewhole processs transparento theuser

Thus,to supportbuilding a NetSolhe API on top of our GridRPCimplementationye
addedfault tolerantversionsof the call, probe,andwait routines.Calling probeor wait on
a failed call will resultin the call beingperformedagain. Thesenew routinesarenamed
similarly, but with theadditionof the”_ft” sufx.

4.5.4 TaskFarming

Anotherfeaturefrom the NetSole API that we wantedto presere for compatibility and
future experimentations taskfarming Taskfarmingrepresentanimportantclassof dis-
tributed computingapplicationswheremultiple independentasksare executedto solve a
particularproblem.Many algorithmst into this framework, for example parametespace
searchedylonte-Carlosimulationsandgenomesequencenatching.

Without usinga specialtaskfarming API, a naive algorithmcould be implementedy
usingthestandardsridRPCinterfaceandlettingthe GridSole agenthandlethescheduling.
A userwould make a seriesof non-blockingrequestsprobeto seeif the requestshave
completed,and thenwait to retrieve the resultsfrom completedrequests. However this
leadsto problemswith regardto scheduling,especiallyif the numberof tasksis much
largerthanthe numberof seners. Alternatiely, the usercouldtry to handlethe detailsof
schedulingput this solutionrequiresa knowledgeof the systenthatis not easilyavailable
to theuser andit ignoresthe GridSole goalof ease-of-use.

4.5.5 RequestSerialization

Normally the resultsof a GridRPCcall mustbe retrieved from the sameprocesgshatini-
tiatedthe call, but thereare several reasonsa usermay wantto pick up the resultsfrom a
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differentprocess:

For very long runningjobs, the usermay not want to tie up resourcesy keeping
the client applicationrunning until completion. The applicationcan be closedan
restartedaterto retrieve theresults.

In somecasesthe usermay wantto initiate the job, but have the resultsretrieved
laterby a differentperson(or perhapgsy himself, but from a differentmachine).

For machineghatgo down regularly for variousreasongreserations,maintenance,
or just plain unreliability), saving the requesicanprovide somedegreeof insurance
againsfosingresults.

As mentionedn Sectiond.4,NATs canaffect the stability of connectionsespecially
very long-lived connectionsvith no trafc, aswould belikely the scenaricof wait-

ing for a long job. However, this canbe recti ed to a certaindegreeby usingthe

asynchronou&ridRPCcalls,which would not normally keepanopenconnection.

To dealwith thesevariousscenariosye have addedrequesterializationanddeserial-
ization functionsto our implementation.The serializationprocessstoresinto a character
string all the information necessaryo retrieve the resultslater This string canbe saved
to disk andloadedinto a separatgrocessor sentto anotheruserto be loadedinto their
application.

5 GridRPC SystemNinf-G

5.1 Brief History of Ninf-G

Ninf-G [41, 42, 60] is a GridRPCsystemdevelopedin AIST (National Institute for Ad-
vancedndustrialScienceandTechnology)Japan.Theprojectstartecbackin 1994andthe
rst generationmplementationgalledNinf-1 [40, 52, 58] wasreleasedin 1996.Ninf-1 did
notprovide sufcient securitycapabilitiessuchasauthenticatiorr privatecommunication.

The secondgenerationmplementation called Ninf-G, wasreleasedn 2001, which
wasbasedon Glohus Toolkit 2 [47]. Thanksto Glohbus Toolkit, it enjoyed PKI basedau-
thenticationand authorizationalongwith private communication.As the Globus Toolkit
moved on to Web Servicebasedversion4, Ninf-G keptup with it; the ver. 4 wasreleased
Feb 2006,andcanwork with severalgrid middlevareotherthanGlobustoolkit.

5.2 The Designof Ninf-G

Ninf-G is designedhefollowingsin mind.

Simplicity.

Ninf-G is designedo be a thin layer thatjust doesRPC. For example,it doesnot

provide ary schedulingcapability by itself. Instead,it is designedsothatit is easy
to implementschedulingmoduleonit. Thisis becauseschedulingstratgiesdeeply
dependntheapplicationsandno singleschedulingnechanisnfull- [I requirements
of theapplication.
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Leverageexisting middlevare.

To avoid duplicatedeffort, we decidednot to implementour own proprietaryproto-
cols. Insteadwe leverageexisting grid middlewvare,suchasGlobus Toolkit, asmuch
aspossible. This policy allows usersto utilize de-fact standardgrid infrastructure,
suchasGridFTPseners,aspartof their applicationwrittenin Ninf-G.

5.2.1 LanguageBindings

Fortheclientside,Ninf-G providesclientlibrarieswrittenin C, whichcanbeusedalsofrom
C++ andFortranthroughwrappingfunctions,andJava. For the sener sideremotelibrary,
Ninf-G supportsC, C++, andFortran. Ninf-G alsosupportssener sideMPI, meaningthat
numericallibraries written using MPI, suchas ScaLAFRACK, can be called via network
usingNinf-G.

5.3 BasicArchitecture of Ninf-G

A grid applicationconstructedvith Ninf-G is composedf a client program,written with
the GridRPCAPI, andsener sideremotelibrary executablemodules.Ninf-G expectsfol-
lowing threeservicedor theunderlyinggrid middlevare.

Authenticatednvocationof remotelibrary module
Securecommunicatiorbetweerthe client programsandthe remotelibrary modules

Informationmanagemerfor remotelibrary interfaceinformationandremotelibrary
invocation

For authenticatednvocation, Ninf-G is able to use several grid middlevare, as de-
scribedin detailin Section5.6. For securecommunicationNinf-G usesGlobus-10,which
is provided asa part of Globus Toolkit andenablesauthenticateéndprivate communica-
tion. AsinformationservicesNinf-G support€slobusMDS2 andMDS4, while alsoallows
usersto justuse les onthelocal siteasainformationsource.

Thediagramshawn in Figure8 describegheovervien of the Ninf-G system.

5.4 How to “Gridify” Libraries

In orderto “gridify” alibrary, theNinf library provider describesheinterfaceof thelibrary
functionusingthe Ninf IDL to publishhis library function,which areonly manifestedand
handledat the sener side. The Ninf IDL supportsdatatypesnainly tailoredfor serving
numericalapplicationsfor example the basicdatatypesrelargely scalarsaandtheir multi-
dimensionalarrays. On the otherhand, thereare specialprovisions suchas supportfor
expressiongnvolving input amgumentsto computearray sizes,designationof temporary
arrayargumentghatneedto be allocatedonthe sener sidebut nottransferredetc.

This allows direct “gridifying' of existing libraries that assumesrray agumentsto
be passedvy call-by-referencegthus requiring shared-memorgupportacrossnodesvia
software), and supplementinghe information lacking in the C and Fortran typesystems
regardingarraysizes.arraystrideusagearraysectionsetc.
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Figure8: Ninf-G overview.

Module sample; ]
Define mmul(llN int

N
double A[N=*N],
IN _double B[Nx*N
OUT double C[N*N])

Required "mmul_lib.0"
Calls "C" mmul(N, A, B, C)

Figure9: An exampleof Ninf IDL le.

As anexample,interfacedescriptiorfor thematrixmultiply is shavn in Figure9, where
the accesspeci ersIN and OUTspecifywhetherthe agumentis reador written within
the gridi ed library. OtherIN argumentscanspecify array sizes,strides,etc., with size
expressionsin this example,thevalueof N is referencedo calculatethe sizeof thearray
argumentsA, B, C. In additionto the interfacede nition of the library function, the IDL
descriptioncontainsthe information neededto compile and link the necessaryibraries.
Ninf-G tools allow the IDL les to be compiledinto stub main routinesand male les,
which automategompilation linkageandregistrationof gridi ed executables.

5.5 AdvancedFeaturesof Ninf-G

Although the primal API of Ninf-G is the GridRPCstandardAPI, Ninf-G also supports
non-standard\PI functionsto supportadwancedfeatures.

5.5.1 Sewer SidePersistentState

Oneof the outstandingeaturess “object handle”thatenabledo keeppersistenstateon
thesenerside. Thisis quite effective to reducecommunicatiorbetweerclientandsener.
Assumethatyou have a parametesuney-typeapplicationthatrequirescertainamount
of dataexceptfor the parameteitself for calculation. If we just usethe basicGridRPC
mechanismwe have to transferthe dataagainandagainalongwith the parameterWith the
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Module matmul_object;

DefClass matmul
Required "matmul.o"

DefMethod  setArray(IN int N, IN double A[N][N])
"set persistent array"

extern void setArray(int, double *);
?etArray(N , A);
DefMethod multiply(IN int N, IN double B[N][N], OUT double  C[N][N])

extern void multiply(int, double +*, double *);
;nultlply(N, B, ;

Figure10: An exampleof Ninf ObjectIDL.

[~ creaie object handle */
grpc_object_handle_init_np(&handle,
"server.example.org",
"matmul_object/matmul");

[+ set the left (()jperand * [
grpc_invoke_np(&handle, "setArray", N, A);

/= multiply several times reusing the left operand */
for (i =0; i < M; i++) { ] ) ]
) grpc_invoke_np(&handle, "multiply", N, &Bi], &CIi));

Figurell: Clientcodefragmentthatusesobjecthandle.

persistenstatecapability we canstagethe datain advanceonly once,andreusethemfor
successie calculationswithout transferthem. Thiswill drasticallyreducethe datatransfer
amountandraisethetotal performancef theapplication.

Let us seethe IDL examplethat de nes “remote object”. In the exampleshawvn in
Figure 10, we de ned a objectthat multiplies matrices.We assumehat the userwantsto
keeptheleft handsidematrix samefor all the computationthereforemale the left matrix
persistent.This objectde nestwo methodsoneis the setArray thatis to transferthe
left handmatrix in advance,andthe otheris themultiply  thatdoesthe computation.

To utilize the remote object, the client has to use a new type called
grpc_object_han  dl e_t anda seriesof functionsbegins with grpc_invoke . A
programfragmentis shawvn in Figurel11l.

5.5.2 Callback Function

Anotheroutstandingcapabilityis the callbadk function The callbackfunctionis the ca-

pability to call functionson the client from the sener sideremotelibrary modules. This

capability allows usersto visualizeintermediateresult on the client display andto steer
computatiorbasedn theintermediateesult. Anotherpossibleapplicationof this capabil-

ity is branchandboundmethodswherethis capabilityis usefulto broadcasintermediate
resultassoonaspossiblewhile keepingthe grainsizeof the computation.
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7= global  *7
int executableStatus;
int  clientStatus;

void callback_func(int c[l, int d
executableStatus = c[0];
) d = clientStatus;
Enain()
grpc_function_handle_t handle;
grpc_error_t result;
result = grpc_function_handle_init(&handle,
server example.org"™, "test/callback_test");
result = grpc_call(&handle, 100, &b, callback_func);
)
Figure12: Client codethatusesa callbackfunction.
Module ftest;
Define callback_test(IN int a, OUTIint . *b, )
( callback_func(IN int c[1], OUTIint d[1]))
int executableStatus, cllentStatus
executableStatus = ; )
callback func(executabIeStatus &clientStatus);

if
[+ client is alive */

Figure13: Exampleof sener-sidelDL with acallbackfunction.

A client programexampleis shavn in Figure 12. The programde nes a function
(callback_func  )andpasseshepointerto the GridRPCAPI function. The correspond-
ing remotelibrary IDL is shavn in Figure13. Ninf-G IDL compilergeneratestubfunc-
tionsfor eachcallbackfunctionandpassegointersfor themto remotelibrary codes.The
remotelibrariescanjustusethemasif they areordinaryfunctionpointers.

5.5.3 Bulk Function Handle Initialization

Parametersuney type applicationsoften requiresto initialize a lot of, from tensto hun-
dreds,function handleson a site. With serializedinitialization, it takes substantiatime
justto initialize handlesdueto thelarge network lateng in the grid ervironmentandslow
responsef the grid middlevare. Fortunately mostback-endqueueingsystemsandgrid
middlewvare supportbulk job submissioncapability Ninf-G providesan API functionto
leveragesuchcapabilityto avoid the serializedinitialization. Figure 15 shaws codefrag-
mentsfor serializedandbulk handleinitialization.

5.5.4 Error Detectionwith Timeout

In thegrid ervironment,errordetectioris muchmoredif cult thanwith anervironmentin a
singlesite. Evenwith TCPconnectionwe cannotexpecta programo detecianetwork fail-
ure immediately makingtimeoutbasederrordetectionquietimportant. Ninf-G provides
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void func(int * a){ <===se., .
} void library(...,
maing { void fO(int * a))
g“r'g'c call(...., func)a K . ,"@(_L
}.... 7 . :
Client Program Remote Library

Executable

Figurel14: Callbackfunction.

/[ serialized . initialization
for (i =0, i <n  I++ .
grpc_function_handle_init(&handlesi] , host, func_name);

/I bulk initialization o
grpc_function_handle_array_init_np(handl es, n, host, func_name);

Figure15: Bulk functionhandleinitialization.

threekinds of timeoutmechanismsinvocationtimeout, executiontimeout,and heartbeat
timeout. The rst mechanisndetectstimeoutfor sener processnvocation. If a remote
programis not activatedwithin atime speci ed by the user Ninf-G returnsanerrorto the
client program. Executiontimeoutdetectsan excessie executiontime. The last mecha-
nismis usedto detectthedegradatiorof network performanceWhentheheartbeatimeout
is set,thelibrary embeddedn theremotelibrary executablesendskeep-alve messageto
the client periodically If the client doesnot receve the messag®ver a speci ed period,
Ninf-G returnsanerror All timeoutmechanismganbe usedby settingattributessuchas
job_maxwallTime inthecon guration le. We settheseattributesandimplementer-
ror checkroutinesfor all the Ninf-G functionsin the schedulingcode. This capabilitywas
provedto be essentialn thewide areaexperimentdescribedn the section6.5.

5.6 Multiple Invocation Method

Recently thereare several gridsin production. Unfortunately the middlevare usedthere
arenot standardizeget, despitethetremendougffort in the OpenGrid Forum. To utilize
gridsoutthere,job invocationmethodgor eachgrid middlevarearerequired.Ninf-G sup-
portsseveralgrid middlevare,includingGlobusGRAM2 [17], GRAMA4 [26], Unicore[49],
Condor[16], NAREGI middlevare[36], and SSH,to give usersthe chanceo utilize grids
asmuchaspossible A Ninf-G client programcanutilize all of themsimultaneously

Themoduleactuallymanage$ob invocation,whichis calledinvole serverandrunsas
aseparat@rocessThisis notonly to avoid the possibleproblemson linkagewith libraries
providedby severalgrid middlevare,but alsoto allow to usemostproperlanguagesor the
targetgrid middlevare.

The diagramshawvn in Figure 16 denoteghe modulecon guration within the invoke
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/ Client | Server \

| Job Exec.
Client Request .
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\\ Communication '|' =s=======0 ibrary Executable

Figure16: Invoke Sener concept.

Tablel: List of Invoke Seners

Tamgetinvoke Method | ImplementatiorLanguage
Globus GRAM2 C

Globus GRAM4 python

Unicore Java

NAREGI Middleware | Java

Condor Java

SSH C

sener. Theinvoke senerandtheclientprogramcommunicatevith eachotherusingatext-
basedsimple protocol,which is inspiredby the GAHP [48] protocolusedfor remotejob
controlin CondorG [66].

The protocolusestwo streams:oneis for synchronousommunicatiorandthe other
is for asynchronousioti cation from the invoke sener. The formeris mappedon to the
standardn/out of theinvoke sener, while the latteris on the standarderror Note thatthe
invoke sener doesnot have to opensaoclet connectiorto the client, makingtheimplemen-
tationsimpleandeasy Theprotocolis simpleenoughandwell-documentedo make it easy
to implementnew invoke sener for givengrid middlewvare.

In Tablel, we shav thelist of the invoke senersandlanguageusedto implementthe
module.Theinvoke sener for Globus GRAM4 is implementedasa Pythonscriptthatuses
commandswritten in C behindthe seenfor job invocationand managementThe invoke
sener for Condor implementedn Java, alsousesC written command-lineeommandsThe
invoke senerfor SSHis providedto malke it easyto try theNinf-G capabilitywithout fully
deprging the Globus Toolkit. It usesSSHto communicatevith theremotesener. Adding
to thedefault“fork” methodfor invocation,it alsosupportgo submitjobsusingsener side
job queueingsystemsincluding SunGrid Engine[57] andCondor[16].
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Overlay Network

Figurel7: Ninf-G 5 designconcept.

5.7 Future Direction

Network asymmetryis alwaysthe problemwith distributed grid applications.Ninf-G ver-
sion4 assumeshattheremotelibrary candirectly connecthackto the client, which means
thatthe remotelibrary executablecanbeinsidea NAT enabledorivate network, while the
client cannot. To copewith this problemtherearelot of efforts, generallycalled overlay
networks which enablessymmetriccommunicatioron the asymmetricphysicalerviron-
ment. The naturalway for usis to modify the Ninf-G sothatit canleveragesuchefforts for
communicatiorbetweerclient andremotelibrary executable. The next generationcalled
Ninf-G ver. 5, whichis scheduledo bereleasedn 2008Spring,will have genericinterface
to communicatewith the existing overlay networks, asshavn in Figure 17, and our own
ratherprimitive overlay network implementation.

6 Applications

6.1 Cosmologicalsimulations

RAMSES 4 applicationis a typical computationaintensie applicationusedby astrophysi-
ciststo studythe formationof galaxies.RAMSES is used,amongotherthings,to simulate
the evolution of a collisionless self-graitating uid called“dark matter”throughcosmic
time (seeFigure18). Individual trajectoriesof macro-particlesireintegratedusinga state-
of-the-art“N bodysolver”, coupledto a nite volumeEulersolver, basedon the Adaptive
MeshRe nementtechnics. The computationakpaceis decompose@mongthe available
processorsising a meshpartitionning stratgy basedon the Peano—Hilbertell ordering
[64, 65].

Cosmologicalsimulationsare usually divided into two main cateyories. Large scale
periodic boxes (seeFigure 18) requiring massiely parallel computersare performedon
very long elapsedime (usually several months). The secondcateyory standsfor much
fastersmall scale*zoom simulations”. Oneof the particularityof the HORIZON? project
is thatit allows there-simulationof someareaf interestfor astronomers.

For examplein Figurel9, asuperclusteof galaxieshasbeenchoserto bere-simulated
at a higherresolution(highestnumberof particules)takingtheinitial informationandthe
boundaryconditionsfrom thelargerbox (of lowerresolution).Thisis thelattercateyorywe

“http://www.projet- horizon.fr/
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Figurel8: Timesequencéfrom left to right) of theprojecteddensity eld in acosmological
simulation(large scaleperiodicbox).

areinterestedn. Performinga zoomsimulationrequirestwo steps:the rst stepconsists
of usingRAMSES on alow resolutionsetof initial conditionsi.e., with a smallnumberof
particles)to obtainat the end of the simulationa catalogof “dark matterhalos”, seenin
Figure18 ashigh-densitypeakscontainingeachhaloposition,massandvelocity. A small
regionis selectedaroundeachhaloof the catalogfor which we canstartthe secondstepof
the“zoom” method.Thisideais to resimulatethis speci ¢ haloata muchbetterresolution.
For that,we addin the Lagrangianvolumeof the choserhaloa lot moreparticles,in order
to obtainmoreaccurateesults. Similar “zoom simulations”are performedin parallelfor
eachentryof thehalocatalogandrepresenthe mainresource&eonsumingpartof theproject.

Figure19: Re-simulatioron a superclusteof galaxiego increasdheresolution

RAMSES simulationsare startedfrom speci c initial conditions,containingthe initial
particle massespositionsand velocities. Theseinitial conditionsare readfrom Fortran
binary les, generatedisinga modi ed versionof the GRAFIC® code. This application
generate§$aussiamandom elds at differentresolutionlevels, consistentvith currentob-
senational dataobtainedby the WMAP® satelliteobservingthe cosmicmicrovave back-
groundradiation.Two typesof initial conditionscanbe generateavith GRAFIC:

Shttp://web.mit.edu/edbert
Shttp://map.gsfc.nasa.gov



170 Y. Caniou,E. Caron,F. DesprezH. NakadaK. Seymour, Y. Tanaka

singlelevel: thisis the“standard"way of generatingnitial conditions.Theresulting
les areusedto performthe rst, low-resolutionsimulation,from which the halo
catalogis extracted.

multiple levels: this initial conditionsare usedfor the “zoom simulation”. There-
sulting les consistof multiple, nestedboxesof smallerandsmallerdimensionsas
for Russiardolls. Thesmallestoxis centeredaroundthe haloregion, for which we
have locally a very high accurag thanksto a muchlargernumberof particles.

Theresultof the simulationis a setof “snaphots”.Givenalist of time steps(or expan-
sionfactor),RAMSES outputsthe currentstateof theuniverse(i.e., thedifferentparameters
of eachpatrticules)n Fortranbinary les.

These les needpost-processingvith GALICS modules: HaloMaler, TreeMaler and
GalaxyMaler. Thesghreemodulesaremeantto beusedsequentiallyeachof themproduc-
ing differentkinds of information: HaloMalker detectsdark matterhalospresenin RAM-
SES output les, and createsa catalogof halos. TreeMaler gives the catalogof halos,
TreeMaler builds amegertree:it follows the position,the massthevelocity of thediffer-
entparticulespresenin the halosthroughcosmictime. GalaxyMaler Applicationapplies
a semi-analyticamodelto theresultsof TreeMaler to form galaxiesandcreatesa catalog
of galaxies Figure20 shavs the sequencef modulesusedto realisea whole simulation.

Retreiving simulation
parameters

Setting the MPI
environment

GRAFIC1.: first run

No zoom, no offset
rollWhiteNoise : centering
according to the offsets
cx, ¢y and cz

GRAFIC1: second run
with offsets

If nb levels == 0

g GRAFIC1

@ GRAFIC2
6 GRAFIC2

Q@
@-3-0-@

@ GRAFIC2

@ GRAFIC2

0 RAMSES3d (MPI code)

onl
snapshot
TreeMaker : per process
Post-processing
HaloMaker's outputs GalaxyMaker :

)  Post-processing
Stopping the environment Treemaker's outputs
Sending the @
post-processing to
the client

Figure20: Work ow of asimulation

An experimenthasbeenrealizedto testthe scalabilityof DIET. This experimenthas
beerrealizedon Grid'5000[13], andtheapplicatiorwasaboutcosmologicatomputations.
For this experiment,the entiregrid of Grid'5000 wasresered (i.e., amongthe uncrashed
node$ which correspondetb 12 clustersghathave beenusedon 7 sitesfor adurationtime
of 48 hours.Finally 979 machinesvereusedwith anuserde ned ervironmentcontaining
all theneedednodulesfor the experiment.
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6.2 Environmental Modeling

A tremendousmountof planninggoesinto anundertakingaslarge asrestoringthe Ever
glades.Studiesmust rst bedoneto determinevhatareaseedto berestorecandhow best
to do sowithout further damagingan alreadydelicateecosystem:To aid in this planning,
a groupat the University of Tennesseéed by Dr. Lou Grosshascollaboratedn the de-
velopmentof a suiteof ervironmentalmodelscalled ATLss (AcrossTropic Level System
Simulation)[25]. Thesemodelsprovide comparisonf the effects of alternatve future
hydrologicplanson variouscomponent®f the biota.

This packagehasprovenitself quite usefulin the planningefforts, however it requires
extensve computationafacilities that aretypically not availableto the mary staleholders
(includingsereralfederalandstateagenciesinvolvedin the evaluationof plansfor restora-
tion thatareestimatedo cost$8 billion. To allow greateraccessanduseof computational
modelsin the SouthFlorida staleholdercommunity a grid-enablednterfaceto the ATLSS
modelshasbeendevelopedandis currentlybeingusedon SInRGresources.This inter
faceprovidesfor thedistribution of modelrunsto heterogeneougrid nodes.Theinterface
utilizes GridSole for modelrun managemerdndthe LoRs (Logistical Runtime System)
[9] toolkit andlibrary for dataand le movement. Integration of the grid interfacewith
awebbasedauncheranddatabaserovidesa singleinterfacefor accessingrunning,and
retrieving datafrom the variety of differentmodelsthatmake up ATLSS, aswell asfrom a
variety of differentplanningscenarios.

ATLSS, in conjunctionwith GridSolve and LORS, is the rst packagewe are aware
of thatprovidestransparenaccesdor naturalresourcemanagershrougha computational
grid to state-of-the-artnodels. The interfaceallows usersto chooseparticularmodelsand
parameterizé¢hemasthe staleholderdeemsappropriatethusallowing themthe e xibil-
ity to focusthe modelson particularspeciesconditionsor spatialdomainsthey wish to
emphasize . Theresultscanthenbe viewed within a separates1S tool developedfor this
purpose.

6.3 Statistical Parametric Mapping

StatisticalParametriaViapping(SPM)is awidely usedmedicalimagingsoftwarepackage.
The SPMwebsite[56] describeshetechniqueasfollows.

Statistical Parametric Mapping refers to the constructionand assess-
ment of spatially extendedstatisticalprocessusedto test hypothesesabout
[neurolimagingdatafrom SPECT/PET& fMRI. Theseideashave beenin-
stantiatedn softwarethatis calledSPM.

Although SPM hasachieved widespreadisagelittle work hasbeendoneto optimizethe
packagédor betterperformanceln particular little effort hasgoneinto takingadwantageof
thelargely parallelnatureof mary partsof the SPMpackage.
Throughcontinuingresearchoy Dr. JensGregor and Dr. Michael Thomasorat the
University of Tennessegreliminarywork hasbeendoneto enhancehe SPM packageo
utilize grid resourcesvailable through GridSolhe and IBP by way of the GridSohe-to-
IBP library. GridSolhe-to-IBPis a library built on top of LORS and ROLFS (Read-Only
Logistical File System)that allows the sharingof les betweenthe GridSolwe client and
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sener processeyysingIBP repositoriessintermediatestorage This allows programghat
needaccesgo acommonsetof les (e.g., SPM)to export someof their functionalityto a
GridSole senerwithouthaving to usea sharedlesystem, suchasNFS.

Thegrid-enabledsersionof SPMis still underdevelopment put executionsof the pre-
liminary versionhave beentimed to run in one half to onethird the time of unmodi ed
codein somesimulations. Oncecompletedthe SPM software will be distributed across
the SInRGresources$or usein medicalresearchproviding doctorsandresearcherafaster
time to completion somethingpftencritical in medicalimaginganalysis.

6.4 Vertex Cover and Clique Problems

A widely-knovn andstudiedproblemin computerscienceandotherdisciplinesis the Ver
tex Cover problem,which asksthe following question.

GivenagraphG=(V,E) andanintegerk, doesG containa setS with k or
fewer verticesthat coversall of the edgesin G, wherean edgeis saidto be
coveredif atleastoneof its endpointsarecontainedn S?

Vertex Cover is NP-completan general but solvablein polynomialtime whenk is x ed.
Theapplicationdor this problemarefarreachingjncludingapplicationsn bioinformatics,
suchasphylogery, motif discorery, andDNA microarrayanalysis.The problem,however,
is inherentlydif cult andtime-consumingo solwe, soef cient softwarepackagesor solv-
ing Vertex Cover arevery desirable.

Researclttonductedoy Dr. Michael Langstonof the University of Tennesseaimsto
createanef cient softwarepackagdor solvingVertex Cover. Dr. Langstonandhis student
researcherareinterestednainly in the duality betweerthe Vertex Cover problemandthe
Cliqueproblem.The Clique problemasksthefollowing question.

GivenagraphG=(V,E) andanintegerk, doesG containa setS of k nodes
suchthatthereis anedgebetweerevery two nodesn theclique?

By exploiting the duality betweenthesetwo problems,they have beenableto solve ex-
tremelylarge instance®f Clique (graphscontaininggreaterthan104 vertices).To achieve
reasonablémesto solution,Dr. Langstons teamhasdevelopeda parallelversionof their
software,whichis beingactively run on SInRG(ScalabldntracampugResearcl@rid) [55]
resourcesTheteamhastaken several approacheso makingtheir applicationgrid-avare,
rangingfrom developing a customschedulemand startingjobs via SecureShell (SSH)to
using populargrid middlewvare, suchas Condor The teamhasimplementeda prototype
versionof their softwarethatusesGridSolhe to ef ciently accesslargenumberof compu-
tationalresources.

6.5 Hybrid Computation with GridRPC and MPI

Although MPI haslong history as a de-fact standardfor parallelHPC applicationsiit is
not suitablefor writing grid applicationonly with MPI, sinceit is not fault-tolerantandit
requiressymmetricnetwork connectiity whichis notcommonontherealgrid.
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Figure21: GridRPCandMPI hybrid approactusedfor multi-scaleMD/QM simulation.

We proposednethodsandstratgiesof the developmentandexecutionof grid-enabled
applicationswhich realize large-scaleand long-run executionson the e-Infrastructure
[61][59]. Oneof thekey technicalinnovationsis a programmingnethodwhichis ahybrid
grid remoteprocedurecall (GridRPC)+ messag@assingnterface(MPI) grid application
framework to combine e xibility (adaptve resourceallocationandmigration),fault toler
ance(automatedault recovery), andef ciency (scalablemanagementf large computing
resources)We have developedgrid-enablednultiscalesimulationsbhasedon the proposed
programmingmodel,and hadlarge-scaleempirical experimentsasfeasibility studies. As
an applicationfor the method,we employed multiscalesimulation,that usesboth of QM
(QuantumMechanicslandMD (MolecularDynamics)for high-speedut precisesimula-
tion. Figure21 shavs the mappingof the QM andMD onto GridRPCandMPI.

We performedexperimentswith 6 sitesspanslapanandUS, 1129 processors total
(Table2). Figure22 shaws the statusof the execution. Blue barsindicatethatthe cluster
wasusedfor QM simulations.Redbarsindicatethatthe clusterwasnot available. Yellow
barsindicatethatthe clusterwasavailable,hovever therewassomelimitations suchasthe
numberof availablenodeswvasreduceddueto someproblems.The simulationwasstarted
usingAIST P32andF32 clusters.After 10 hours, TeraGridclustersbecameavailableand
it was automaticallydetectedby the schedulerwhich hasa time table of the available
clusters. The experimentalresultsshaved that the proposedrogrammingparadigmis a
promisingapproactfor realizingsustainablgrid supercomputindor large-scalescienti ¢
applicationonthee-Infrastructure.

6.6 GridFMO - Quantum Chemistry of Proteinson the Grid

Anotheroutstandingapplicationof Ninf-G is the GridFMO. whichis developedby recoin-
ing the FragmenMolecularOrbital (FMO) methodof GAMESS with grid technology[31].
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Table2: Computingresourcesisedfor the simulations.

Cluster| Site/ Grid | # CPUsto beused
F32 AIST 41

F32 AIST 32x6(192)

P32 AIST 32x 8(256)
NCSA | TeraGrid | 32x 8 (256)
SDSC | TeraGrid | 32x4(128)
purdue | TeraGrid | 32x 8(256)

Total 1129

Figure22: Simulationexecutionstatus.

With the GridFMO, quantumcalculationsof macromoleculesbecomepossibleby using
large amountof computationatesourcegollectedfrom mary moderate-sizedlustercom-
puters.

We developeda newv middlevare suite on Ninf-G, whosefault toleranceand e xible
resourcenanagemenwerefoundto be indispensabléor long-termcalculations The mid-
dlewareis composedf threeobjects:Bookkeeper(BK), Doorkeeper(DK), andMachine
(M). The applicationworks asa Client (C) to both BK and DK. The relationshipamong
themis depictedn Figure23.

TheGridFMOwasusedto draw abinitio potentialenegy curvesof aproteinmotorsys-
temwith 16,664atoms.For thecalculations;1 0 clustercomputersverthePaci ¢ rim were
used,sharingthe resourcesvith otherusersvia batchqueuesystemsn eachmachine.A
seriesof 14 GridFMO calculationsvereconductedor 70 days,copingwith morethan100
problemscroppingup. The FMO curveswerecomparedagainstthe molecularmechanics
(MM), andit wascon rmed that(1) the FMO methodis capableof draving smoothcurves
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Figure23: Structureof the middlevarecomposeaf Ninf-G.

despiteseveral cut-off approximationsandthat(2) the MM methodis reliableenoughfor
moleculamodeling.

7 Conclusionand Future Work

We have presentedhe GridRPCmodelandthe correspondingsridRPCAPI, whichis now
an OpenGrid Forum standard. It is a simple, powerful, e xible, and effective meansto
executejobsoverthegrid. Indeed,usingthe API, onecaneasilywrite a clientto submita
requesbnary GridRPCcompliantmiddlevare,gettasksremotelylaunchedandexecuted,
andobtainsomeresults. Work caneven usedataparallelism,taskparallelismor a mixed
modelto achiere greatemperformance.

Numerousmniddlevarearenow GridRPCcompliant. Herewe have presentedhreeof
themwhich areamongthe mostused,andwhoseprojectsactively participateto the next
stepof the work performedin the OGF Working Group concerningthe GridRPC Data
Managemen&PI, namelyDIET, GridSolwe, andNinf.

Eachmiddlevare hasbeendesignecandimplementedo tacklesomespecialproblem-
atics. Hence DIET extendsthe GridRPCmodelandrelieson a hierarchyof agentsvhere
communicationgreaddressewvith a COrBA layer DIET focuson deployment(mapping
of DIET component$or platformload-aerage)andschedulingssueswhichis distributed
in the hierarchyandcanbe applicationspeci c; GridSole relieson socletsandaddresses
at the sametime securityissueswith the encryptionof communication@nd deployment
issuego beableto maintaincommunication$or examplebehindNAT; Ninf hasintegrated
the useof Globus componentso launchandmanaggobs. It proposedor examplesome
authenticatiomethodawhicharenecessarjo usesomeresourceslistributedin Japan Ex-
amplesof useof thesemiddlenvareshave beendescribed.They shav a Physicsapplication
with cosmologicaproblems medicalissuesandchemistryapplicationintegratedas ser
viceson a grid platformwhich canbe accessegtia aweb pageexecutinga small GridRPC
client.

Thenext stepsavolutionof GridRPCcanbeforeseenFirstof all, asapplicationsequire
moreandmoreamountof data,the mainfocuswill be onthe GridRPCDataManagement.
OncetheDataManagemenfPl is done,mplementationsvith theuseof differentdatawill
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leadto addressheinteroperabilityof the differentimplementationsFromthis point, there

aretwo maindirectionsto befollowed. First, the conceptiorof afully interoperablelient

submittingto ary middlevareandusingthe DataManagemenfPI to addresperformance
in the problemresolutionshouldanswerto the OGF Working Group existence. Second,
the GridRPCAPI maybe extendedo corverge with Web Servicesn the ServiceOriented
Architectureparadigm.
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