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Abstract

TheGrid is anemerging infrastructurethatsupports
the discovery, accessand use of distributed com-
putationalresources.The emergenceof a service-
orientedview of hardwareandsoftwareresourceson
thegrid raisesthequestionasto how databaseman-
agementsystemsand technologiescan bestbe de-
ployedor adaptedfor usein suchanenvironment.

Wearguethatdistributedqueryprocessing(DQP)
can provide effective declarative support for ser-
vice orchestration,andwe describean approachto
service-basedDQP (OGSA-DQP)on the Grid that
supportsqueriesover Grid Data Services(GDS)s
providedby OGSA-DAI project,andover otherser-
vicesavailableon theGrid, therebycombiningdata
accesswith analysis;usesthefacilitiesof theOGSA
to dynamicallyobtaintheresourcesnecessaryfor ef-
�cient evaluationof adistributedquery;adaptstech-
niquesfrom parallel databasesto provide implicit
parallelismfor complex data-intensive requests;and
usestheemergingstandardfor GDSsto providecon-
sistentaccessto databasemetadataand to interact
with databaseson theGrid.

Theservice-basedDistributedQueryProcessoris
itself castasa servicereferredto hereasGrid Dis-
tributedQueryService(GDQS).In addition,OGSA-
DQP employs anotherservicefor query evaluation
referredto hereas Grid Query EvaluationService
(GQES).As such, OGSA-DQPimplementsa ser-
vice orchestrationframework in two sense:both in
termsof theway its internalarchitecturehandlesthe
constructionandexecutionof distributedqueryplans
and in termsof being able to query over dataand
analysisresourcesmadeavailableasservices.

1 Intr oduction

Service-basedapproaches(suchasWebServicesand
the OpenGrid ServicesArchitecture)have gained
considerableattentionrecently for supportingdis-
tributedapplicationdevelopmentin e-businessande-
science.Theservice-basedapproachseemsto many
agoodsolutionto theproblemof modellingavirtual
organisationasadistributedsystem.

TheOpenGrid ServicesArchitecture(OGSA)[3,
8], build upon and extend the service-orientedar-
chitectureand technologies�rst proposedfor Web
Services(WSs) [4]. The OGSA proposesconven-
tions and interfacesfor a Grid Service, a (poten-
tially transient)statefulserviceinstancesupporting
reliableandsecureinvocation,lifetime management
and noti�cation. This allows the dynamiccreation
of serviceinstanceson computationalresourcesthat
arediscoveredandallocatedas,andwhen,they are
needed.

Although the initial emphasisin Grid computing
was on �le-based datastorage[6], the importance
of structureddatamanagementto typical Grid ap-
plicationsis becomingwidely recognised,andsev-
eral proposalshave beenmadefor the development
of Grid-enableddatabaseservices(e.g. Spit�re [1],
OGSA-DAI [www.ogsa-dai.org.uk]). Ongoingwork
in the DatabaseAccess and Integration Services
WorkingGroupof theGlobalGridForumis develop-
ing a proposalfor a standardservice-basedinterface
to relationalandXML databasesin the OGSA set-
ting [www.gridforum.org/6 DATA/dais.htm]. This
speci�cationusestheXML-basedWebServicesDe-
scriptionLanguage(WSDL) to specifytheinterface
thatshouldbesupportedby aGrid DatabaseService
(GDS).

The systempresentedhere,namelyOGSA-DQP,
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is a proof of conceptimplementationof a service-
baseddistributed query processoron the grid, that
aimsto exploit theservice-orientedmiddlewarepro-
vided by OGSA-DAI and OGSA referenceimple-
mentation,GlobusToolkit 3 (GT3),by plugginginto
theport typesde�ned by theconstituentservicesof
thoseframeworks.

OGSA-DQPsupportstheevaluationof queriesex-
pressedin a declarative languageover oneor more
existing services. Theseservicesare likely to in-
clude mainly databaseservices,but may also in-
cludeothercomputationalservices.As such,OGSA-
DQPsupportsserviceorchestrationandcanbeseen
as complementaryto other infrastructuresfor ser-
vice orchestration,suchaswork�o w languages.In
principle, OGSA-DQPcanbe usedin any Grid ap-
plication that aims to integrate and analysestruc-
tureddatacollections.OGSA-DQPusestheemerg-
ing standardfor GDSsto provide consistentaccess
to databasemetadataandto interactwith databases
on theGrid. Notably, it alsoadaptstechniquesfrom
paralleldatabasesto provide implicit parallelismfor
complex data-intensive requests.

This paperaims to provide a user-orientedview
of OGSA-DQP, ratherthandelving into the details
of its designand implementation. Therefore,after
thefollowing sectionwhichgivesanoverview of the
OGSA-DQPsystem,Section 3 providesa step-by-
step walk-throughthat illustratesthe usageof the
system,via aGUI client.

2 Overview

OGSA-DQPis an exampleof a high level datain-
tegrationframework. It is alsoanexampleof a ser-
vice orchestrationframework in that it coordinates
the incorporationof external analysisservicesinto
dataretrieval. As shown in Figure 1, OGSA-DQP

OGSA-DAI

GT3 CORE

Distr ibuted Query Processor

Application/Presentation Layer

Configuration

Logging

Audi ting

Pol icy

Securi ty

Versioning

Accounting

  OGSA High
Level  Services

Figure1: LayeredArchitectureof OGSA-DQP

hasa layeredarchitecture.It usesservicesprovided
by the OGSA-DAI framework to accesspotentially
heterogeneousdatasources.TheOGSA-DAI frame-

work provides GDSsto give accessto (potentially
heterogenous)storedcollectionsof structureddata
managedby databasemanagementsystemsimple-
mentingstandarddatamodels.At a lower level, lies
GT3, theOGSAreferenceimplementationwhich is
usedboth by OGSA-DQPandOGSA-DAI for ser-
vice instancecreation,servicestateaccess,andlife-
timemanagementof theserviceinstances.

OGSA-DQP provides two servicesto ful�l its
functions: The Grid Distributed Query Service
(GDQS) and the Grid Query Evaluation Service
(GQES). The implementationof the GDQS builds
onourpreviouswork onthePolar*distributedquery
processorfor theGrid [7] by encapsulatingits com-
pilation andoptimisationfunctionality. The GDQS
provides the primary interactioninterfacesfor the
userandactsasa coordinatorbetweenthe underly-
ing querycompiler/optimiserengineandthe GQES
instances.TheGQES,on theotherhand,is usedto
evaluate(i.e. execute)a querysub-planassignedto
it by theGDQS.Thenumberof GQESinstancesand
their locationon the grid is speci�ed by the GDQS
basedon thedecisionsmadeby thequeryoptimiser
andrepresentedasan executionschedulefor query
partitions(i.e. sub-plans).GQESinstancesarecre-
atedandscheduleddynamically, andtheirinteraction
is coordinatedby theGDQS.

It is importantto notethatGDQSreliesonOGSA-
DAI port types and extendsthoseport types with
additionalfunctionality (i.e. with anadditionalport
type).Consequently, muchof theinteractionpatterns
supportedby a standardGDSarealsosupportedby
a GDQS.This bringsaboutuniformity in theusers'
perceptionof theGDQSasadataintegrationservice.

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

1. Set-upphase

2. Queryevaluationandresultdeliveryphase

Thefollowing sectionsprovideanoverview of the
operationsthattakeplaceduringeachphase.

2.1 GDQSSetup

TheGDQSimplementsanadditionalport typeto en-
able the usersto specify a set of datasourcesand
analysisservicesto be usedfor queries. The Grid
DistributedQuery(GDQ) port typede�nes a single
operation,namely importSchema , for that pur-
pose. The importSchema operationis usedto
preparethe GDQS for query submission. Prepar-
ing the GDQSfor querysubmissioninvolves iden-
tifying the datasourcesandthe analysisservicesto
be usedin the query. The datasourceshave to be



identi�ed by theGrid DataServiceFactory(GDSF)
handlesthat wrap thosedatasources.The analysis
serviceshave to be identi�ed by URLs which point
to the WSDL documentsdescribingthoseservices.
Both theGDSFhandlesandtheWSDL URLs have
to be includedin a list, inside an XML document,
whichshouldthenbesuppliedastheonly parameter
to theimportSchema operation.
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Figure 2: Interactionsduring the GDQS Set-up
Phase

Figure 2 illustratesinteractionsthat take place
duringa typical setupphase.Theclient �rst obtains
a list of availableresourcesfrom theGDQSinstance
by queryingits ServiceDataElement(SDE)whose
name is CompResourceMetadata (interaction
1). This call usesthe Grid Service(GS) port type
findServiceData operationto accessthe ser-
vicestate.ThentheclientcallstheimportSchema
operationon the GDQ port type andprovidesa list
of resources(interaction2). The GDQStheninter-
actswith the speci�ed GDS Factoriesto obtain the
schemasof thedatabsesthey wrap,andwith service
WSDL URLs to obtaintheWSDL documentsof the
analysisservices(interactions3 and4). TheGDQS
alsocreatesGDSinstancessothatthequeryevalua-
torscanaccessdataduringqueryexecution(interac-
tion 5).

Note that schemacon�ict resolutionis not sup-
portedduringschemaimport; theimportedschemas
aresimplyaccumulatedandmaintainedlocally.

2.2 Query Submission

TheGDQSacceptsquerysubmissionsin theform of
OQL [2] queriesvia the Grid DataService(GDS)

port type de�ned by OGSA-DAI. The queryis em-
beddedwithin anXML documentcalledaGDSper-
form document [5]. The performdocumentcanbe
con�gured such that the resultsare deliveredsyn-
chronously to the client, or streamedand pulled
asynchronouslyby the client or pushedto another
service. Thesealternative interactionmodescanbe
speci�ed by a setof activities embeddedin theper-
form document.For a detailedexplanationof how
thesecan be achieved see [5]. In this paperonly
thesynchronousmodeof delivery is described,even
thoughasynchronousdeliveryis alsoexploitedin the
implementation.

Figure 3 illustratestheinteractionsthattakeplace
whena queryis receivedandprocessedby a GDQS
instance.Theclient submitsa queryvia GDSper-
form operation(interaction1). Thequeryconatined
in theperformdocumentis compiledandoptimised
into a distributedqueryexecutionplan,whoseparti-
tionsarescheduledfor executionatdifferentGQESs
(this is not explicitly shown in the �gure). The
GDQS then usesthis information to createGQES
instanceson their designatedexecution nodes(in-
teraction2). Next, the GDQS handsover to each
GQES the sub-planassignedto it (interaction3).
This initiates the query executionprocesswhereby
someof theGQESinstancesinteractwith otherGDS
instancesto obtaindata(interaction4). Eventually,
theresultsstartto propagateacrossGQESinstances
and,ultimately, reachtheclient (interaction5).
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Figure3: An Overview of InteractionsDuringQuery
Execution

The next sectionillustrateshow OGSA-DQPcan
beused.For thispurpose,anexamplequerysubmis-
sionprocedureis walkedthroughin detail.



DATABASE:�goterms
TABLE�goterm (
  id varchar(32), type varchar(55),
  name varchar(255),
  PRIMARY KEY  (id))

DATABASE:�proteinI nteractions
TABLE�protein_interaction (
  ORF1 varchar(50),  ORF2 varchar(50),
  baitProtein varchar(50), interactionType varchar(5),
  repeats int(11), experimenter varchar(100))

DATABASE:�yeastSequence
TABLE�protein_goterm (
  ORF varchar(55),GOTermIdentifier varchar(32),
  PRIMARY KEY  (ORF,GOTermIdentifier))

TABLE�protein_property (
  ORF varchar(55),molecularWeight float,
  hydrophobicity float, PRIMARY KEY  (ORF))

TABLE�protein_sequence (
  ORF varchar(50),  sequence text,
  PRIMARY KEY  (ORF))
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Figure4: An ExampledistributedSettingusedfor testingOGSA-DQP

3 UsingOGSA-DQP

To illustrate the GDQS set-upand query submis-
sion phasesintroducedabove we usethe settingil-
lustratedin Figure 4. The experimentalsettingin-
volves� ve separatemachines,four of which arelo-
catedon the samecampusandone in a campusin
anothercity. Individual machinesare identi�ed by
nodenumbersanddenotedby ashadedsquare.Note
that threeof thenodeshave GDSFactoriesinstalled
on themto wrapthethreedatabaseslocatedon those
nodes.Thedatabasesarehostedby MySQL DBMS.
Thetablede�nitions comprisingtheschemaof each
databasearegivenbelow theshadedboxes.

An analysisservice,namelyEntropyAnaly-
serService is alsodeployedononeof thenodes,
andwill be usedto illustratehow OGSA-DQPcan
combinedataanalysiswith dataretrieval.

TheGDQSFactoryis installedonaseparatenode,
althoughit is conceivablethat it might have existed
on oneof theothernodesalongsideGDSFactories.
Note, also,that Grid QueryEvaluatorFactoriesare
installedonall of thenodesto enabletheexploitation
of every machineavailable for the executionof the
query.

Thefollowing subsectionswalk thereaderthrough
the stepsrequiredto submitandexecutequeriesin
thesettingexplainedabove.

3.1 ServiceDiscovery and InstanceCre-
ation

3.1.1 Locating the Factory

As implied by theserviceorientedarchitectures,the
initial stepto any client-serviceinteractionis thedis-
covery of desiredservicesin a public registry. Note,
however, that herethe discoveredentity is not the
serviceitself but a factory that canbe usedto cre-
atethe actualserviceinstance.OGSA-DAI de�nes
thenotionof a Grid Data ServiceRegistry (GDSR),
whichis basedontheOGSAServiceGroupRegistry
concept [8]. A GDSFregistersitself with at least
one,but potentiallymultiple,registrieswhenit is ini-
tialised. Thoseregistriesarespeci�ed aspartof the
GDSFcon�gurationprocess.TheGDQSF, obeysthe
samepatternandregistersitself to theGDSRsspec-
i�ed in its con�guration. Figure 5 illustratesthis.
Typically theregistrywould rangeoveraVirtual Or-
ganisation(VO) known to the user, and would be
identi�ed by aGrid ServiceHandle(GSH).TheGUI
Client implementedfor OGSA-DQPprovidesa dia-
log whereit is possibleto entertheGSHof aregistry
andinspectits content(i.e., obtainthe list of regis-
teredservices).Figure 6 illustratesthe screenshot
of the dialog. Note that the handleof the GDQSF
is highlightedto indicatethatGDQSFactorywaslo-
cated.
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Figure 6: Discovering the GDQS Factory and In-
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3.1.2 Creatinga GDQSInstance

As the OGSA adoptsa model where interactions
with servicesfollow a stateful instanceapproach,
oncethe factory is located,the next stepis to cre-
atean instance.Using the OGSA-DQPGUI Client
this canbedoneby pressingtheappropriatebutton,
shown in Figure 6. Whena GDQSinstanceis cre-
ated,severalinitialisationstepstakeplace:

� The GDQSFpassescon�guration information
to the instanceit creates. Someinformation,
such as the credentialsof the user, OGSA-
DAI activity typessupportedby the instance,
is inheritedfrom thestandardGDSFbehaviour.
Otherinformation,suchasthesetof XSL trans-
formationsrequiredfor transformingexternally
obtaineddocumentsinto a form understandable
by the queryoptimiserandthe locationof the
queryoptimiserengineis speci�c to GDQS.

� An XML documentthat containsinformation
about the computationalcharacteristicsof the
nodesbeing madeavailable for processingis

loadedby theGDQSinstance.Thisinformation
will beobtaineddynamicallyin futureversions,
but currentlyit is staticallyloaded.

� Someof theServiceDataElements(SDEs)are
initialisedwith thedatacollectedduringtheini-
tialisation.

Once the instanceis createdit is then ready for
setting it up to acquireresourcesrequiredfor the
queries,which is explainedin thenext section.

It is worth noting that GDQS instancesare cre-
atedper-client andcanhandlemultiple queriesbut
arestill relatively short-livedentities.This modelis
alsoapplicableto the lifetime of theGDS instances
createdandmanagedby theGDQS.

Clearly, otherapproachesto lifetime management
arepossible,eachhaving particularadvantagesand
disadvantages.For instance,theGDQScouldbeim-
plementedto serve multiple queriesfrom multiple
usersfor a long periodof time. In thatcasethecost
of settingup theservicewouldbereduced,at theex-
penseof somewhat increasedcomplexity dueto the
needto managemultiple coexistent query requests
andtheresourcesallocatedfor their executions.On
theotherhand,theGDQSinstancecouldbedesigned
to be a per-query, short-lived entity, in which case
thecostof settingup theservicemight cometo con-
stitutea considerableproportionof the total costof
the serviceprovided by the instance.The approach
adoptedfor ourparticularimplementation(i.e.,anin-
stanceper-userthatis capableof respondingto mul-
tiple requestsby thatuser),avoidsthecomplexity of
multi-userinteractionswhile ensuringthattheset-up
costis unlikely to bethedominatingone.

3.2 Preparing the GDQS for Query Ex-
ecution

As pointedout in Section 2.1, preparinga GDQS
for query submissioninvolves identifying the data
sourcesand the analysisservicesto be usedin the
query. TheGDQSinstancehelpstheuserin identify-
ing the availableresourcesby exposingthe compu-
tational resourcemetadataloadedduring its initial-
isation as an SDE. The client can query the Com-
pResourceMetadata SDE to seethe available
resources.Theusercanthencompilealist of thedata
resources(identi�ed by GDSFhandles)andtheanal-
ysisresources(identi�ed by WSDL URLs) required
for a particularquerysession,andhandthemto the
GDQS using the importSchema operation. For
theexamplesettingdescribedin Section3 andillus-
tratedin Figure 4, theinput to theimportSchema
operationwouldbethefollowing XML document:



<GDQDataSourceList>
<importedDataSource>

<GDSFactoryHandle>
http://machine1.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://machine1.nclac.uk:8080
/ogsa/services/ogsadai
/GridDataServiceFactory

</GDSFactoryHandle>
</importedDataSource>
<importedService>

<wsdlURL>
http://machine3.cs.man.ac.uk:9090/
axis/services
/EntropyAnalyserService?WSDL

</wsdlURL>
</importedService>

</GDQDataSourceList>

Oncethelist is submitted,theGDQSinstancecon-
tacts the GDSFsprovided in the list to extract the
databaseschemaof thedatasourcesby queryingthe
databaseSchema SDEexposedby thoseGDSFs.
It alsoprocessesthe WSDL documentspointedout
by the provided WSDL URLs. Figure 7 is a snap

Figure7: TheGDQSSetupDialog

shot the GUI client screenwith data sourcesand
analysisserviceselectedandreadyfor schemaim-
port. Initially only the top list is displayedanduser

is expectedto selectitemsfrom thelist to addto the
selecteddatasourcelist. Similarly, theusercanenter
WSDL URLs to theprovidededit box andaddthem
to theselectedserviceslist.

Note that it is conceivable to take different ap-
proachesto GDQSsetup,in regard with the extent
of requiredinteraction.Thefollowing arepossible:

1. Generic GDQS. As describedabove a GDQS
canstartasanemptybox,in whichcasetheuser
needsto 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 resourcesalreadyacquiredto enable
the usersstart querying immediately. In the
casethatthequerysessionrequirestheaddition
of more resources,the usercan add thosere-
sourceusingtheimportSchema operationas
describedabove.

3. Fully Con�gur ed GDQS. For well-de�ned
queryrequirementsit mightmakesenseto have
fully con�guredGDQSfactories(i.e., a special
caseof item 2), for frequentusewithin an or-
ganisation. SuchGDQS Factoriescan be ad-
vertisedin theVO registrywith differentnames
andadditionalmetadatato indicatetheir capa-
bilities in termsof the resourcesthey caninte-
grate.

Although only item 1 is supportedin the current
OGSA-DQPimplementation,it is fairly easyto ex-
tendGDQSFto supportitems2 and3 sincethefac-
tory con�guration schemesin OGSA-DAI are ca-
pable of incorporatingsuch extensionsin a well-
de�ned way.

3.3 Submitting Query Requests

Beforewriting thequerytheusermaywish to have
accessto theschemasof thedatasources.To accom-
modatethisneed,GDQSexposesthemetadataabout
theimportedresourcesasanSDE,sotheusercanex-
aminethedatabaseschemaof theimporteddatabases
by queryingtheimportedSchemas SDE.

As pointed out in Section 2.2, submitting the
queryrequirestheuserto embedtheOQL queryinto
aqueryrequestdocument,de�ned by theGDSspec-
i�cation. In thecaseof theOGSA-DQPGUI Client
the queryis simply enteredasan OQL text andthe
requestdocumentis constructedon the�y . Thefol-
lowing queryis usedasan exampleto illustratethe
querysubmissionprocedure.



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.GOTermIdentifier and
p.ORF=pg.ORF and
p.ORF like "YBL06%" and
go.id like "GO:0000%";

The query containstwo separatejoin operations
each joining two extents (or tables in relational
databasesterms) from different databases(on dif-
ferent servers) and appliesentropy analysison se-
quencesobtainedfrom 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 proteinsequencesextent.
The query is embeddedin 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.GOTermIdentifier and
p.ORF=pg.ORF and
p.ORF like "YBL06%" and
go.id like "GO:0000%";

</expression>
<webRowSetStream name="stOutput"/>

</oqlQueryStatement>

</gridDataServicePerform>

Figure 8 shows the queryexecutionpaneof the
GUI Client, with the resultsdisplayedin the lower
paneandschemainformationdisplayedasanXML
documentin thetoppane.

Table 1 givesanindicationof theresponsetimes
for variousoperationsperformedduring the whole
exercise.Thetop two rows in thetableshow thesize
of thethreeextentsinvolvedin thequeryin termsof
the numberof rows they contain. The bottomrow
providestheelapsedtimeduringthemainoperations
suchas the serviceset-up(i.e. importing resource
schemas),the query compilationand optimisation,
querypostprocessingandqueryexecution.Notethat
the �gures in thetablearemeantto provide a rough

Figure8: TheGUI ClientQuerySubmissionDialog

Table1: ResponseTimesfor 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

ideaabouttheresponsetimesandshouldnotbeinter-
pretedastheresultof a thoroughperformanceanal-
ysis.

4 Conclusion

Therehasnotbeenmuchonserviceorchestrationon
theGrid; thesystemdescribedhereprovidesoneap-
proachto declarative supportfor serviceorchestra-
tion via dynamicresourcediscovery andallocation.
OGSA-DQPprovides an example of a high level
Grid ServiceFramework that is capableof combin-
ing dataanalysiswith dataintegration.In fact,to our
knowledge, it is the �rst service-baseddistributed
query processorthat demonstrateshow a DQP can
combinedataaccesswith dataanalysis.

Froma userpoint of view, OGSA-DQPexempli-
�es thepatternsof interactionwith dynamicallycre-



ated,statefulservices,which involvesthediscovery
of servicefactoriesusingregistries,explicit creation
of serviceinstancesvia factories,andaccessingthe
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
complexity in the system.Furthermore,the costof
GDQSsetup canbecompensatedfor by moving to-
wardsusingpartially or fully con�guredGDQSfac-
tories.

AlthoughSection 3.3 providesresponsetimesof
variousoperationsduringtheGDQSsetupandquery
execution,a detailedperformanceanalysisneedsto
bedoneto closelyexaminethebehaviour of thesys-
temandidentify thebottlenecksin theinfrastructure.
This is aprioritizeditemin our futurework list. It is,
however, reasonableto expectthatasreplicateddata
sourcesandanalysisservicesbecomereadily avail-
able, the relative responsetime is likely to be even
better sinceOGSA-DQPdesignis gearedtowards
exploiting availablegrid resourcesto implementpar-
allel execution.
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