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Abstract

The Grid is anemeging infrastructurethat supports
the discovery, accessand use of distributed com-

putationalresources. The emegenceof a service-
orientedview of hardwareandsoftwareresourcesn

the grid raisesthe questionasto how databasenan-
agementsystemsand technologiescan bestbe de-

ployedor adaptedor usein suchanervironment.

We arguethatdistributedqueryprocessindDQP)
can provide effective declaratve supportfor ser
vice orchestrationand we describean approachto
service-base®QP (OGSA-DQP)on the Grid that
supportsqueriesover Grid Data Services(GDS)s
providedby OGSA-DAI project,andover otherser
vicesavailable on the Grid, therebycombiningdata
accessvith analysisuseghefacilities of the OGSA
to dynamicallyobtaintheresourcesiecessarfor ef-
cient evaluationof adistributedquery;adaptdech-
niquesfrom parallel databaseso provide implicit
parallelismfor complex data-intensie requestsand
usegheemening standardor GDSsto provide con-
sistentaccesgo databasemetadataand to interact

with databaseen the Grid.

The service-base®istributed QueryProcessois
itself castasa servicereferredto hereas Grid Dis-
tributedQueryService(GDQS).In addition,OGSA-
DQP emplgys anotherservicefor query evaluation
referredto hereas Grid Query Evaluation Service
(GQES). As such, OGSA-DQPimplementsa ser
vice orchestratiorframevork in two sense:bothin
termsof theway its internalarchitecturéhandleghe
constructiorandexecutionof distributedqueryplans
andin termsof beingableto query over dataand
analysigesourcesnadeavailableasservices.
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1 Intr oduction

Service-basedpproacheésuchasWebServicesand
the Open Grid ServicesArchitecture)have gained
considerableattentionrecently for supportingdis-
tributedapplicationdevelopmenin e-kusinesande-
science.Theservice-basedpproactseemso mary
agoodsolutionto the problemof modellingavirtual
organisationasadistributedsystem.

The OpenGrid ServicesArchitecture(OGSA) |3,
8], build upon and extend the service-orientedar
chitectureand technologiesrst proposedfor Web
Services(WSs) [4]. The OGSA proposesorven-
tions and interfacesfor a Grid Service a (poten-
tially transient)statefulserviceinstancesupporting
reliableandsecuranvocation lifetime management
and noti cation. This allows the dynamiccreation
of serviceinstance®n computationatesourceshat
arediscoreredandallocatedas,andwhen, they are
needed.

Although the initial emphasisn Grid computing
was on le-based datastorage[6], the importance
of structureddatamanagemento typical Grid ap-
plicationsis becomingwidely recognisedand sev-
eral proposalshave beenmadefor the development
of Grid-enableddatabaseserviceg(e.g. Spitre [1],
OGSA-DAI [www.ogsa-dai.ag.uk]). Ongoingwork
in the DatabaseAccessand Integration Services
Working Groupof theGlobalGrid Forumis develop-
ing a proposalfor a standardservice-baseahterface
to relationaland XML database# the OGSA set-
ting [www.gridforum.og/6_DATA/dais.htm]. This
speci cationuseshe XML-basedWeb ServiceDe-
scriptionLanguaggWSDL) to specifytheinterface
thatshouldbe supportedy a Grid DatabaseService
(GDS).

The systempresentedhere,namelyOGSA-DQR



is a proof of conceptimplementationof a service-
baseddistributed query processormon the grid, that
aimsto exploit the service-orientedniddlevarepro-
vided by OGSA-DAI and OGSA referenceimple-
mentation Globus Toolkit 3 (GT3), by plugginginto
the port typesde ned by the constituentservicesof
thoseframaworks.
OGSA-DQPsupportgheevaluationof queriesex-
pressedn a declaratve languageover one or more
existing services. Theseservicesare likely to in-
clude mainly databaseservices,but may also in-
cludeothercomputationaservices As such,OGSA-
DQP supportsserviceorchestratiorandcanbe seen
as complementanyto other infrastructuresfor ser
vice orchestrationsuchaswork ow languages.In
principle, OGSA-DQPcanbe usedin ary Grid ap-
plication that aims to integrate and analysestruc-
tureddatacollections. OGSA-DQPusesthe emep-
ing standardor GDSsto provide consistentaccess

work provides GDSsto give accesgo (potentially
heterogenous3toredcollectionsof structureddata
managedby databasemanagemensystemsimple-
mentingstandarddatamodels.At alower level, lies
GT3, the OGSA referencamplementationwhich is
usedboth by OGSA-DQPand OGSA-DAI for ser
vice instancecreation,servicestateaccessandlife-
time managemenf the serviceinstances.
OGSA-DQP provides two servicesto ful | its
functions: The Grid Distributed Query Service
(GDQS) and the Grid Query Evaluation Service
(GQES) The implementationof the GDQS builds
onour previouswork onthePolar* distributedquery
processofor the Grid [7] by encapsulatingts com-
pilation and optimisationfunctionality The GDQS
provides the primary interactioninterfacesfor the
userandactsasa coordinatorbetweenthe underly-
ing querycompiler/optimiserengineandthe GQES
instances.The GQES,on the otherhand,is usedto

to databasenetadataandto interactwith databases evaluate(i.e. execute)a querysub-planassignedo

onthe Grid. Notably it alsoadaptgechniquegrom
paralleldatabase® provide implicit parallelismfor
comple data-intensie requests.

This paperaimsto provide a userorientedview
of OGSA-DQR ratherthandelving into the details
of its designand implementation. Therefore,after
thefollowing sectionwhich givesanoverview of the
OGSA-DQPsystem,Section 3 providesa step-by-
step walk-throughthat illustratesthe usageof the
systemyia a GUI client.

2 Overview

OGSA-DQPis an exampleof a high level datain-
tegrationframework. It is alsoanexampleof a ser
vice orchestratiorframework in thatit coordinates
the incorporationof external analysisservicesinto
dataretrieval. As shown in Figure 1, OGSA-DQP
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Figurel: LayeredArchitectureof OGSA-DQP

hasa layeredarchitecture.lt usesservicesrovided
by the OGSA-DAI framework to accesgotentially
heterogeneousatasourcesThe OGSA-DAI frame-

it by the GDQS.Thenumberof GQESinstancesind
their locationon the grid is speci ed by the GDQS
basedon the decisionanadeby the queryoptimiser
andrepresente@s an executionschedulefor query
partitions(i.e. sub-plans).GQESinstancesrecre-
atedandscheduledlynamically andtheirinteraction
is coordinatedby the GDQS.

It isimportantto notethatGDQSrelieson OGSA-
DAl port types and extendsthose port types with
additionalfunctionality (i.e. with anadditionalport
type). Consequentlymuchof theinteractionpatterns
supportedby a standardsDS are alsosupportedy
a GDQS.This bringsaboutuniformity in the users'
perceptiorof the GDQSasadataintegrationservice.

The interactionof a client with the GDQS can
roughlybedividedinto two phases:

1. Set-upphase
2. Queryevaluationandresultdelivery phase

Thefollowing sectiongrovide anoverview of the
operationghattake placeduringeachphase.

2.1 GDQS Setup

TheGDQSimplementsanadditionalporttypeto en-
able the usersto specify a set of datasourcesand
analysisservicesto be usedfor queries. The Grid
Distributed Query (GDQ) port type de nes a single
operation,namelyimportSchema , for that pur
pose. The importSchema operationis usedto
preparethe GDQS for query submission. Prepar
ing the GDQSfor query submissioninvolvesiden-
tifying the datasourcesandthe analysisservicesto
be usedin the query The datasourceshave to be



identi ed by the Grid Data ServiceFactory (GDSF)

handlesthat wrap thosedatasources.The analysis
serviceshave to beidenti ed by URLs which point

to the WSDL documentglescribingthoseservices.
Both the GDSFhandlesandthe WSDL URLs have

to beincludedin a list, insidean XML document,
which shouldthenbe suppliedasthe only parameter
totheimportSchema operation.
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Figure 2:
Phase

Interactionsduring the GDQS Set-up

Figure 2 illustratesinteractionsthat take place
duringatypical setupphase.Theclient rst obtains
alist of availableresource$rom the GDQSinstance
by queryingits ServiceDataElement(SDE) whose
nameis CompResourceMetadata  (interaction
1). This call usesthe Grid Service(GS) port type
findServiceData operationto accessthe ser
vicestate.ThentheclientcallstheimportSchema
operationon the GDQ port type and providesa list
of resourceginteraction2). The GDQStheninter
actswith the speci ed GDS Factoriesto obtainthe
schema®f the databseshey wrap,andwith service
WSDL URLs to obtainthe WSDL document®f the
analysisserviceg(interactions3 and4). The GDQS
alsocreatesGDSinstancesothatthe queryevalua-
torscanaccesslataduringqueryexecution(interac-
tion 5).

Note that schemacon ict resolutionis not sup-

port type de ned by OGSA-DAI. The queryis em-
beddedwithin an XML documentalleda GDSper-

form document[5]. The performdocumentcanbe
con gured suchthat the resultsare delivered syn-
chronouslyto the client, or streamedand pulled
asynchronoushpy the client or pushedto another
service. Thesealternatve interactionmodescanbe
speci ed by a setof actiities embeddedn the per

form document. For a detailedexplanationof how

thesecan be achieved see [5]. In this paperonly

the synchronousnodeof delivery is describedeven

thoughasynchronoudeliveryis alsoexploitedin the

implementation.

Figure 3illustratestheinteractionghattake place
whena queryis receved andprocessedy a GDQS
instance.Theclient submitsa queryvia GDS per-
form operation(interactionl). Thequeryconatined
in the performdocuments compiledandoptimised
into a distributedqueryexecutionplan, whoseparti-
tionsarescheduledor executionat differentGQESs
(this is not explicitly shavn in the gure). The
GDQS then usesthis informationto createGQES
instanceson their designated=xecution nodes(in-
teraction2). Next, the GDQS handsover to each
GQES the sub-planassignedto it (interaction 3).
This initiates the query execution processwhereby
someof the GQESinstancesnteractwith otherGDS
instancego obtaindata(interaction4). Eventually
theresultsstartto propagiteacrossGQESinstances
and,ultimately reachtheclient (interaction5).

portedduringschemamport; theimportedschemas Figure3: An Overview of InteractiondDuring Query

aresimply accumulateéndmaintainedocally.

2.2 Query Submission

Execution

The next sectionillustrateshow OGSA-DQPcan

The GDQSacceptgjuerysubmissionsn theform of beused.For this purposeanexamplequerysubmis-
OQL [2] queriesvia the Grid Data Service(GDS) sionprocedurds walkedthroughin detail.
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Figure4: An Exampledistributed Settingusedfor testingOGSA-DQP

3 Using OGSA-DQP

To illustrate the GDQS set-upand query submis-
sion phasedntroducedabore we usethe settingil-
lustratedin Figure 4. The experimentalsettingin-
volves ve separatenachinesfour of which arelo-
catedon the samecampusand onein a campusin
anothercity. Individual machinesareidenti ed by
nodenumbersanddenotediy ashadedsquare Note
thatthreeof the nodeshave GDS Factoriesinstalled
onthemto wrapthethreedatabasemcatedonthose
nodes.Thedatabasearehostedoy MySQL DBMS.
Thetablede nitions comprisingthe schemaof each
databasaregivenbelov the shadedoxes.

An analysisservice,namely EntropyAnaly-
serService isalsodeployedononeof thenodes,
andwill be usedto illustrate hov OGSA-DQPcan
combinedataanalysiswith dataretrieval.

TheGDQSFactoryis installedonaseparat&ode,
althoughit is concevablethatit might have existed
on oneof the othernodesalongsideGDS Factories.
Note, also, that Grid Query EvaluatorFactoriesare
installedonall of thenodedo enabletheexploitation
of every machineavailablefor the executionof the
query

Thefollowing subsectionsalk thereadethrough
the stepsrequiredto submitand executequeriesin
the settingexplainedabove.

3.1 SewiceDiscovery and InstanceCre-
ation

3.1.1 Locating the Factory

As implied by the serviceorientedarchitecturesthe
initial stepto ary client-servicanteractionis thedis-
covery of desiredservicesn apublic registry. Note,
however, that herethe discorered entity is not the
serviceitself but a factory that can be usedto cre-
atethe actualserviceinstance. OGSA-DAI de nes
the notion of a Grid Data ServiceRaistry (GDSR)
whichis basednthe OGSAServiceGroupRegistry
concept [8]. A GDSFregistersitself with at least
one,but potentiallymultiple, registrieswhenit is ini-

tialised. Thoseregistriesare speci ed aspart of the
GDSFcon gurationprocessTheGDQSF obeysthe
samepatternandregistersitself to the GDSRsspec-
i ed in its con guration. Figure 5 illustratesthis.

Typically theregistry would rangeover a Virtual Or-

ganisation(VO) known to the user and would be
identi ed by aGrid ServiceHandle(GSH).TheGUI

Clientimplementedor OGSA-DQPprovidesadia-

log whereit is possibleto enterthe GSHof aregistry
andinspectits content(i.e., obtainthe list of regis-

teredservices).Figure 6 illustratesthe screenshot
of the dialog. Note thatthe handleof the GDQSF
is highlightedto indicatethat GDQSFactorywaslo-

cated.



Register Service loadedby the GDQSinstance Thisinformation
i dServiceDat will beobtaineddynamicallyin futureversions,

@ GDSR but currentlyit is staticallyloaded.
CreateService g LA e Someof the ServiceDataElementg SDESs)are
Client Crete | initialisedwith the datacollectedduringtheini-

tialisation.

Once the instanceis createdit is then ready for
setting it up to acquireresourcesequiredfor the
guerieswhichis explainedin the next section.

It is worth noting that GDQS instancesare cre-
Figure 5: Discovering the GDQS Factory and In-  gted per-client and can handlemultiple queriesbut

stanceCreation arestill relatively short-lived entities. This modelis
__ alsoapplicableto the lifetime of the GDSinstances
“cose createcandmanagedy the GDQS.
0o Serup | DOP Query | Clearly, otherapproacheso lifetime management
e e arepossible,eachhaving particularadwvantagesand
GetRegistyContent . . .
— . — .| disadwantagesFor instancethe GDQScouldbeim-
e e e Rt e o plementedto sene multiple queriesfrom multiple

usersfor along periodof time. In thatcasethe cost
of settingup the servicewould bereducedattheex-
penseof somavhatincreaseccompleity dueto the
needto managemultiple coexistent query requests
andthe resourcesllocatedfor their executions.On
semesssesll theotherhand theGDQSinstancecouldbedesigned
| to be a perquery short-lived entity, in which case
the costof settingup the servicemight cometo con-
stitute a considerablgroportionof the total costof
Figure 6: Discovering the GDQS Factory and In-  the serviceprovided by the instance. The approach

Status : Obtained the contest of the GDS Registry, you can create a DOP instance now ..

stanceCreation adoptedor ourparticulaimplementatiorgi.e.,anin-
stanceperuserthatis capableof respondingo mul-
3.1.2 Creatinga GDQS Instance tiple requestdy thatuser),avoidsthe complexity of

multi-userinteractionswhile ensuringhattheset-up
As the OGSA adoptsa model where interactions costis unlikely to bethedominatingone.
with servicesfollow a stateful instanceapproach,
oncethe factoryis located,the next stepis to cre- .
atean instance.Using the OGSA-DQPGUI Client 3.2 Preparing the GDQS for Query Ex-

this canbe doneby pressingthe appropriatebutton, ecution

shown in Figure 6. V\_/henaGDQSinsta_nceis Cr€- " As pointedout in Section 2.1, preparinga GDQS
ated severalinitialisationstepstake place: for query submissioninvolves identifying the data

The GDQSF passeson guration information sourcesand the analysisservicesto be L_Js_edin _the
to the instanceit creates. Someinformation, duery TheGDQSinstancehelpstheuserin identify-
such as the credentialsof the user OGSA- ing the availableresourcesyy exposingthe compu-
DAl actiity typessupportedby the instance, Fatic_mal resourcemetadatfeioadedduring its initial-

is inheritedfrom the standardsDSFbehaiour. Sationasan SDE. The client can query the Com-

Otherinformation,suchasthesetof XSL trans- PResourceMetadata ~ SDE to seethe available
formationsrequiredfor transformingexternally resourcesTheu_sercanthencomplleallst of thedata
obtaineddocumentsnto aform understandable résourcegidenti ed by GDSFhandlespndtheanal-
by the query optimiserand the location of the ysisresourcegidenti ed by WSDL URLSs) required

queryoptimiserengineis speci ¢ to GDQS. for a particularquerysessionand handthemto the
GDQS using the importSchema  operation. For

An XML documentthat containsinformation theexamplesettingdescribedn Section 3 andillus-
aboutthe computationalcharacteristicof the tratedin Figure 4, theinputto theimportSchema
nodesbeing made available for processingis operationwould bethefollowing XML document:



<GDQDataSourceList>
<importedDataSource>
<GDSFactoryHandle>
http://machinel.cs.man.ac.uk:8080
/ogsa/services/ogsadai
/GridDataServiceFactory
</GDSFactoryHandle>
<GDSFactoryHandle>
http://machine2.cs.man.ac.uk:8080
/ogsa/services/ogsadai
/GridDataServiceFactory
</GDSFactoryHandle>
<GDSFactoryHandle>
http://machinel.nclac.uk:8080
/ogsa/services/ogsadai
/GridDataServiceFactory
</GDSFactoryHandle>
</importedDataSource>
<importedService>
<wsdIURL>
http://machine3.cs.man.ac.uk:9090/
axis/services
/EntropyAnalyserService?WSDL
</wsdlURL>
</importedService>
</GDQDataSourceList>

Oncethelist is submittedthe GDQSinstancecon-
tactsthe GDSFsprovided in the list to extract the
databasschemanf the datasourcedy queryingthe
databaseSchema SDEexposedoythoseGDSFs.
It alsoprocesseshe WSDL documentsointedout
by the provided WSDL URLs. Figure 7 is a snap
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Figure7: TheGDQSSetupDialog

shot the GUI client screenwith data sourcesand
analysisserviceselectedand readyfor schemam-
port. Initially only thetop list is displayedanduser

is expectedto selectitemsfrom thelist to addto the
selectedlatasourcdist. Similarly, theusercanenter
WSDL URLsto theprovided editbox andaddthem
to the selectedservicedist.

Note that it is concevable to take different ap-
proachegso GDQS setup,in regard with the extent
of requiredinteraction.Thefollowing arepossible:

1. Generic GDQS. As describedabore a GDQS
canstartasanemptybox, in whichcaseheuser
needgo provide thefull list requiredresources
for aparticularquerysession.

2. Partially con gur ed GDQS. It might be de-
sirableto con gure the GDQS factory so that
the instance when created startswith an ini-
tial setof resourceslreadyacquiredto enable
the usersstart querying immediately In the
casethatthequerysessiomrequiresheaddition
of more resourcesthe usercan add thosere-
sourceusingtheimportSchema operatioras
describedabove.

3. Fully Congured GDQS. For well-de ned
gueryrequirement# might malke senseo have
fully con gured GDQSfactories(i.e., aspecial
caseof item 2), for frequentusewithin an or-
ganisation. Such GDQS Factoriescan be ad-
vertisedin the VO registry with differentnames
and additionalmetadat&o indicatetheir capa-
bilities in termsof the resourceghey caninte-
grate.

Although only item 1 is supportedin the current
OGSA-DQPimplementationijt is fairly easyto ex-
tend GDQSFto supportitems2 and3 sincethefac-
tory con guration schemesn OGSA-DAI are ca-
pable of incorporatingsuch extensionsin a well-
de ned way.

3.3 Submitting Query Requests

Beforewriting the querythe usermay wish to have
accesso theschemasf thedatasourcesTo accom-
modatethis need GDQSexposeghemetadatabout
theimportedresourcesasanSDE,sotheusercanex-
aminethedatabasschemaf theimporteddatabases
by queryingtheimportedSchemas SDE.

As pointed out in Section 2.2, submitting the
gueryrequiregheuserto embedhe OQL queryinto
aqueryrequestdocumentde ned by the GDSspec-
i cation. In the caseof the OGSA-DQPGUI Client
the queryis simply enteredasan OQL text andthe
requesdocumenis constructednthe y . Thefol-
lowing queryis usedasan exampleto illustratethe
guerysubmissiorprocedure.



select p.ORF, go.id,
calculateEntropy(p.sequence)
from p in protein_sequences,
go in goterms,
pg in protein_goterms
where
go0.id=pg.GOTermldentifier
p.ORF=pg.ORF and
p.ORF like "YBL06%" and
go.id like "GO:0000%";

print

and

The query containstwo separatgoin operations
each joining two extents (or tablesin relational
databaseserms) from different databasegon dif-
ferent seners) and appliesentrofy analysison se-
guencesobtainedfrom one of the extents using a
web service. The calculateEntropy method
is an operationde ned by the EntropyAnaly-
serService Note that the parameterto this
methodis a columnfrom proteinsequencesxtent.
The queryis embeddedn the following GDS per
from document:

<gridDataServicePerform>

<documentation>
This request submits an OQL query to
GDQSto retrieve data from distributed
data sources.

</documentation>

<oqlQueryStatement name="statement">
<expression>
print  select p.ORF, go.id,
calculateEntropy(p.sequence)
from p in protein_sequences,
go in goterms,
pg in protein_goterms
where
go.id=pg.GOTermldentifier
p.ORF=pg.ORF and
p.ORF like "YBLO6%" and
go.d like "GO:0000%";
</expression>
<webRowSetStream name="stOutput"/>
</oqlQueryStatement>

and

</gridDataServicePerform>

Figure 8 shaws the query executionpaneof the
GUI Client, with the resultsdisplayedin the lower
paneandschemanformationdisplayedasan XML
documentin thetop pane.

Table 1 givesanindicationof the responseimes
for various operationsperformedduring the whole
exercise.Thetoptwo rowsin thetableshaw thesize
of thethreeextentsinvolvedin the queryin termsof
the numberof rows they contain. The bottomrow

[
Close

DOP Setup | DOP Query |
ImportedScheras ~ || Got SDE by Name

F tmmoserschems xmins— -

@ B aschems
§ tavle name-"protein_goterm”
§ coterm fuliName-“protein_goterm_ORF" length-"55" name-"ORF"
@ malypetas
varchar
©- madJenen Typest)
& Cotsrrm fulName - “protein_goterm_GOTermidentifier™ length-"32" name-"GO Termidentifier -
& primanytiey

@ tswie name-"protein_property”

« [ G i B | Dl

| 0L Query Pane
% print sslect p ORF, 90.ia, calcul atsEntropy(p sequencs)
from @ in protein_sequences, go in goterms, py in protein_gaterns where
00.id=pg GOTermidentiier and p ORF=pg ORF and p. ORF like “YBLDG %" and
0.4d like "G0/0000%",

Execute Query

Query Results Pane (WebRowSet)
@ o5 name-"statementOutput” status -"COMPLETE" =

Status : Query Execution completed succesfully ..

Figure8: The GUI Client QuerySubmissiorDialog

Tablel: Responsdimesfor DifferentPhases

protein. protein.
extentnames goterms goterms sequences
extentsizes 16803 11369 6303

(in rows)
executiontimes

Query QueryPost Query

GDQSSetup | Optimisation | Processing | Execution
1.3sec 107milisec | 715milisec 13sec

ideaabouttheresponséimesandshouldnotbeinter
pretedasthe resultof a thoroughperformanceanal-

ysis.

4 Conclusion

Therehasnotbeenmuchon serviceorchestratioron
the Grid; the systemdescribecdhereprovidesoneap-
proachto declaratve supportfor serviceorchestra-
tion via dynamicresourcediscovery andallocation.
OGSA-DQP provides an example of a high level
Grid ServiceFramevork thatis capableof combin-
ing dataanalysiswith dataintegration.In fact,to our

providestheelapsedime duringthemainoperations knowledge, it is the rst service-basedlistributed
suchasthe serviceset-up(i.e. importing resource gquery processotthat demonstratetion a DQP can

schemas)the query compilation and optimisation,
querypostprocessingndqueryexecution.Notethat
the gures in thetablearemeantto provide arough

combinedataacceswvith dataanalysis.
Froma userpoint of view, OGSA-DQPexempli-
es thepatternsof interactionwith dynamicallycre-



ated,statefulserviceswhich involvesthe discovery
of servicefactoriesusingregistries,explicit creation
of serviceinstancesia factories,andaccessinghe
instancestatevia ServiceDataElements.

As pointed out in Section 3.1.2, the instance
lifetime model adoptedfor GDQS and GDSsaims
to balancethe cost of systemset up with implied
compl«ity in the system. Furthermorethe costof
GDQSsetup canbe compensatetbr by moving to-
wardsusingpartially or fully con gured GDQSfac-
tories.

Although Section 3.3 providesresponseaimesof
variousoperationgluringthe GDQSsetupandquery
execution,a detailedperformanceanalysisneedsto
be doneto closelyexaminethe behaiour of the sys-
temandidentify thebottlenecksn theinfrastructure.
Thisis aprioritizeditemin our futurework list. It is,
however, reasonabléo expectthatasreplicateddata
sourcesand analysisservicesbecomereadily avail-
able, the relative responsdime is likely to be even
better since OGSA-DQP designis gearedtowards
exploiting availablegrid resources$o implementpar
allel execution.
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