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1 Intr oduction

TheResourceDescriptionFramework (RDF)[LassilaandSwick,1999] is aW3CRecommendationfor the
formulationof meta-dataon the World Wide Web. RDF Schema[Brickley andGuha,2000] extendsthis
standardwith themeansto specifyvocabularyandto modelobjectstructures.Thesetechniqueswill enable
theenrichmentof theWebwith machine-processablesemantics,thusgiving riseto whathasbeendubbed
theSemanticWeb.

However, simplyhaving thisdataavailableis notenough.Tooling is neededto processtheinformation,
to transformit, to reasonwith it. As abasisfor this,wehavedevelopedSesame,anarchitecturefor ef�cient
storageandexpressivequeryingof largequantitiesof RDF meta-data.Sesameis beingdevelopedby Aid-
ministratorNederlandb.v.1 aspartof theEuropeanIST projectOn-To-Knowledge2 [Fenselet al., 2000].

This reportis organizedasfollows. In section2 we giveashortintroductionto RDFandRDFSchema.
Readerswhoarealreadyfamiliarwith theselanguagescansafelyskip this section.In section3 we discuss
why a query languagespeci�cally tailoredto RDF andRDF Schemais needed,over andabove existing
query languagessuchas XQuery. In section4 and 5 we look at Sesame's architecturein somedetail.
Section6 discussesour experienceswith Sesameuntil now, andsection7 looksinto possiblefuturedevel-
opments.Finally we provideourconclusionsin section8.

2 RDF and RDF Schema

RDF is a W3C recommendationthat was originally designedto standardizethe de�nition and useof
metadata-descriptionsof Web-basedresources.However, RDF is equallywell suitedfor representingarbi-
trary data,bethey meta-dataor not.

2.1 RDF

Thebasicbuilding block in RDF is anobject-attribute-valuetriple, commonlywrittenas �����	��

� . Thatis,
anobject � hasanattribute � with value 
 . Anotherway to think of this relationshipis asa labelededge
betweentwo nodes: � ����������� 
�� .

This notationis usefulbecauseRDF allows objectsandvaluesto be interchanged.Thus,any object
from onetriple canplay therole of a valuein anothertriple, whichamountsto chainingtwo labelededges
in agraphicrepresentation.Thegraphin �gure 1 for example,expressesthefollowing relationships:

hasName
('http://www.famouswriters.org/twain/m ark',

"Mark Twain")
hasWritten

('http://www.famouswriters.org/twain/m ark',
'http://www.books.org/ISBN0001047582' )

title
('http://www.books.org/ISBN0001047582' ,

"The Adventures of Tom Sawyer")

RDF alsoallows a form of rei�cation in which any RDF statementitself canbetheobjector valueof
a triple. This meansgraphscanbenestedaswell aschained.On theWebthis allows us, for example,to
expressdoubtor supportfor statementscreatedby otherpeople. Finally, it is possibleto indicatethat a
givenobjectis of a certaintype,suchasstatingthat“ISBN0001047582”is of thetypeBook, by creatinga
typeedgereferringto theBook de�nition in anRDFschema:

1Seehttp://www.aidministrator.nl/
2On-To-Knowledge(IST-1999-10132).Seehttp://wwww.ontoknowledge.org/
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.../twain/mark .../ISBN0001047582

"The Adventures of Tom Sawyer""Mark Twain"

hasWritten

hasName title

Figure1: An exampleRDFdatagraph,capturingthreestatements

type
('http://www.books.org/ISBN0001047582' ,
'http://www.description.org/schema#Boo k')

The RDF Model andSyntaxspeci�cationalsoproposesan XML syntaxfor RDF datamodels. One
possibleserialisationof theaboverelationsin thissyntax,would look like this:

<rdf:Description rdf:about="http://www.famouswriters.org/twain/mark ">
<s:hasName>Mark Twain</s:hasName>
<s:hasWritten rdf:resource="http://www.books.org/ISBN0001047582 "/>

</rdf:Description>

<rdf:Description rdf:about="http://www.books.org/ISBN0001047582">
<s:title>The Adventures of Tom Sawyer</s:title>
<rdf:type rdf:resource="http://www.description.org/schema#Book" />

</rdf:Description>

SincetheproposedXML syntaxallowsmany alternativewaysof writing down information(andindeed
still othersyntaxesmaybeintroduced),theaboveXML syntaxis just oneof many possibilitiesof writing
down anRDFmodelin XML.

It is importantto notethat RDF is designedto provide a basicobject-attribute-valuemodelfor Web-
data.Otherthanthis intendedsemantics– describedonly informally in thestandard– RDF makesno data
modelingcommitments.In particular, no reserved termsarede�ned for further datamodeling. As with
XML, theRDF datamodelprovidesnomechanismsfor declaringvocabulary thatis to beused.

2.2 RDF Schema

RDF Schemais a mechanismthat lets developersde�ne a particularvocabulary for RDF data(suchas
hasWritten) andspecifythekindsof objectsto whichtheseattributescanbeapplied(suchasWriter). RDF
Schemadoesthis by pre-specifyingsometerminology, suchasClass, subClassOf andProperty, which
canthenbeusedin application-speci�cschemata.RDFSchemaexpressionsarealsovalid RDFexpressions
– in fact,theonly differencewith `normal' RDF expressionsis that in RDF Schemaanagreementis made
on the semanticsof certaintermsandthuson the interpretationof certainstatements.For example,the
subClassOf propertyallows thedeveloperto specifythehierarchicalorganizationof classes.Objectscan
be declaredto be instancesof theseclassesusingthe type property. Constraintson the useof properties
canbespeci�edusingdomain andrange constructs.

Abovethedottedline in �gure 2, we seeanexampleRDF schemathatde�nesvocabulary for theRDF
examplewe saw earlier: Book, Writer andFamousWriter areintroducedasclasses,andhasWritten is
introducedasa property. A speci�c instanceis describedin termsof this vocabularybelow thedottedline.

3 The needfor an RDF/S Query Language

RDFdocumentsandRDFschematacanbeconsideredat threedifferentlevelsof abstraction:

1. at thesyntacticlevel they areXML documents3

3Actually, this is notnecessarilytrue;non-XML syntaxesfor RDF exist, but XML is themostwidely usedsyntaxfor RDF.
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.../twain/mark

FamousWriter

.../ISBN0001047582

BookhasWrittenWriter

subClassOf

type Data

Schema

domain range

hasWritten

type

Figure2: An exampleRDFSchema,de�ning vocabularyanda classhierarchy

2. at thestructure level they consistof a setof triples

3. at thesemanticlevel they constituteoneor moregraphswith partially prede�nedsemantics.

We canquerythesedocumentsat eachof thesethreelevels.We will brie�y considertheprosandcons
of doingsofor eachlevel in thenext sections.Thiswill leadusto concludethatRDF(S)documentsshould
really be queriedat the semanticlevel. We will brie�y discussRQL, a languagefor queryingRDF(S)
documentsat thesemanticlevel.

3.1 Querying at the syntactic level

As we have seenin section2, any RDF model(andthereforeany RDF schema)canbe written down in
XML notation.It would thereforeseemreasonableto assumethatwecanqueryRDFusinganXML query
language(for example,XQuery[Chamberlinet al., 2001]).

However, this approachdisregardsthe fact thatRDF is not just an XML dialect,but hasits own data
modelthatis verydifferentfrom theXML treestructure.Relationshipsin theRDFdatamodelthatarenot
apparentfrom theXML treestructurebecomeveryhardto query.

As anexample,let uslook againat theXML descriptionof theRDFmodelin �gure 1.

<rdf:Description rdf:about="http://www.famouswriters.org/twain/mark ">
<s:hasName>Mark Twain</s:hasName>
<s:hasWritten rdf:resource="http://www.books.org/ISBN0001047582 "/>

</rdf:Description>

<rdf:Description rdf:about="http://www.books.org/ISBN0001047582">
<s:title>The Adventures of Tom Sawyer</s:title>
<rdf:type rdf:resource="http://www.description.org/schema#Book" />

</rdf:Description>

In anXML querylanguagesuchasXQuery[Chamberlinetal., 2001], expressionsto traversethedata
structurearetailoredtowardstraversinga node-labeledtree.However, theRDFdatamodelin this instance
is a graph,not a tree,andmoreover, bothits edges(properties)andits nodes(subjects/objects)arelabeled.
In queryingat thesyntaxlevel, this is literally left asanexcercisefor thequerybuilder: onecannotquery
therelationbetweentheresourcesignifying `Mark Twain' andtheresourcesignifying `TheAdventuresof
TomSawyer' without knowledgeof thesyntaxthatwasusedto encodetheRDFdatain XML.

Ideally, wewouldwantto formulateaquerylike “Givemeall therelationshipsthatexist betweenMark
Twain andThe Adventuresof Tom Sawyer”. However, usingonly the XML syntax,we arestuckwith
formulatingan awkward query like “Give me all the elementsnestedin a Description elementwith an
about attributewith value'http://www.famouswriters.org/twain/mark', of which thevalueof its resource
attributeoccurselsewhereastheabout attributevalueof aDescription elementwhichhasanestedelement
title with thevalue`TheAdventuresof TomSawyer'.”

A12R/OTK/2001/D10/v1.0 1stOctober, 2001 4
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Not only is this approachinconvenient,it alsodisregardsthefact that theXML syntaxfor RDF is not
unique:differentwaysof encodingthesameinformationin XML arepossibleandin usecurrently. This
meansthatonequerywill neverbeguaranteedto retrieveall theanswersfrom anRDF model.

3.2 Querying at the structure level

Whenwe abstractfrom the(XML linearization,or any other)syntax,any RDF documentrepresentsa set
of triples, eachtriple representinga statementof the form Object-Attribute-Value. A numberof query
languageshave beenproposedandimplementedthat regardRDF documentsassucha setof triples,and
thatallow to querysucha triple setin variousways.Seehttp://perso.enst.fr/˜ta/web/rdf/
rdf- query.html for a recentoverview.

TheRDF/RDFSchemaexamplefrom �gure 2 correspondsto thefollowing setof triples:

(type Book Class)
(type Writer Class)
(type FamousWriter Class)
(subClassOf FamousWriter Writer)
(type hasWritten Property)
(domain hasWritten Writer)
(range hasWritten Writer)
(type twain/mark FamousWriter)
(type ISBN0001047582 Book)
(hasWritten twain/mark ISBN0001047582)

An RDF querylanguagesuchas,for example,Squish[Miller , 2001] would allow us to querywhich re-
sourcesareknown to beof typeFamousWriter:

SELECT ?x
FROM somesource
WHERE (rdf::type ?x FamousWriter)

Theclearadvantageof suchaqueryis thatit directlyaddressestheRDFdatamodel,andthatit is therefore
independentof thespeci�c XML syntaxthathasbeenchosento representthedata.

However, a shortcomingof Squishor any query languageat this level is that it interpretsany RDF
modelonly asa setof triples,includingthoseelementswhichhave beengivena specialsemanticsin RDF
Schema.For example,sincehttp://www.famouswriters.org/twain/mark is of type FamousWriter, and
sinceFamousWriter is a subclassof Writer, http://www.famouswriters.org/twain/mark is alsoof type
Writer, by virtue of the intendedRDF Schemasemanticsof type andsubClassOf. However, thereis no
triple thatexplicitly assertsthis fact.As a result,thequery

SELECT ?x
FROM somesource
WHERE (rdf::type ?x Writer)

will fail becausethequeryonly looks for explicit triples in thestore,whereasthe triple (type /twain/mark

Writer) is not necessarilypresentin thestore,but is implied by thesemanticsof RDF Schema.Noticethat
simplyexpandingthequeryinto somethinglike

SELECT ?x
FROM somesource
WHERE (rdf::type ?x ?c1),

(rdfs::subClassOf ?c1 Writer)
OR ?c1 ˜ Writer

will solve theproblemin this speci�c example,but doesnot solve theproblemin general.

3.3 Querying at the semanticlevel: RQL

What is clearly requiredis a querylanguagethat is sensitive to thesemanticsof theRDF Schemaprimi-
tives. RQL [Karvounarakiset al., 2000, Alexaki etal., 2000] is the �rst (andto thebestof our knowledge
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currentlythe only) proposalfor a declarative querylanguagefor RDF andRDF Schema.It is beingde-
velopedwithin theEuropeanIST projectC-Web andits followup projectMESMUSESby theInstituteof
ComputerScienceat FORTH, in Greece4.

RQL adoptsthesyntaxof OQL [Cattelet al., 2000]. As OQL, RQL is afunctionallanguage:theoutput
of RDF Schemaqueriesis againlegal RDF code,which allows theoutputof queriesto functionasinput
for subsequentqueries.

RQL is de�ned by meansof a setof corequeries,a setof basic�lters, anda way to build new queries
throughfunctionalcompositionanditerators.

Thecorequeriesarethebasicbuilding blocksof RQL, which give accessto theRDF Schemaspeci�c
contentsof an RDF triple store,with queriessuchasClass (retrieving all classes),Property (retrieving
all properties)or Writer (returningall instancesof theclasswith nameWriter). This lastqueryreturnsof
coursealsoall instancesof subclassesof Writer, sincethesearealsoinstancesof theclassWriter, by virtue
of thesemanticsof RDF Schema.We canaskfor all direct instancesof Writer (i.e. ignoringall instances
of subclasses)throughthequeryˆWriter.

RQL can also query the structureof the subclasshierarchy. In our example, the query subClas-
sOf(Writer) would return the classFamousWriter as its only result. In general,this would return all
directandindirectsubclassesof Writer, sinceRQL is awareof thetransitivity of thesubclassrelation.The
querysubClassOfˆ(Writer) would returnonly theimmediatesubclasses.

Of course,beingbasedonOQL, RQL alsoallowsa select-from-whereconstruct.
A �nal crucial featureof RQL arethepathexpressions.Theseallow usto matchpatternsalongentire

pathsin RDF/RDFSchemagraphs,suchastheonedepictedin �gure 2. For example,thequery

select Y
from FamousWriter � X � .hasWritten � Y �

returnsall bookswrittenby famouswriters,effectively doingpattern-matchingalongapathin thegraphof
�gure 2. NotethatRQL pathexpressionsenablefreemixing of dataandschemainformation.

3.4 Conclusion

The previous subsectionshave arguedthat RDF datashouldnot be queriedat the level of their (rather
incidental)XML encoding,andthatRDFSchemadatashouldnotberegardedassimplyasetof RDFtriples,
sinceall intendedsemanticsof theRDFSchemaprimitivesarethenlost. Consequently, weshouldbeusing
a querylanguagethat is sensitive to this RDF Schemasemantics.RQL is a powerful (and curr ently the
only) candidatefor sucha language.Sesameprovidesthe �rst implementation of a query enginefor
this language(together with the implementation by ICS-FORTH 5, developedindependentlyaround
the sametime).

In thenext few sections,wewill discussthearchitecturewehavedesignedfor aqueryenginefor RQL.

4 Sesame'sAr chitecture

Sesameis anarchitecturethatallowspersistentstorageof RDFdataandschemainformationandsubsequent
queryingof that information. In section4.1, we presentan overview of Sesame's architecture. In the
sectionsfollowing that,we look in moredetailat severalcomponents.

4.1 Overview

An overview of Sesame'sarchitectureis shown in Figure3. In thissectionwe will giveabrief overview of
themaincomponents.

For persistentstorageof RDF data,Sesameneedsa scalablerepository. Naturally, a DataBaseMan-
agementSystem(DBMS) comesto mind, asthesehave beenusedfor decadesfor storinglargequantities

4Seehttp://www.ics.forth.gr/
5Seehttp://139.91.183.30:9090/RDF/

A12R/OTK/2001/D10/v1.0 1stOctober, 2001 6



Sesame:A genericArchitecturefor StoringandQueryingRDFandRDFSchema
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Figure3: Sesame'sarchitecture

of data.In thesedecades,a largenumberof DBMS'shavebeendeveloped,eachhaving theirown strengths
andweaknesses,targetedplatforms,andAPI's. Also, for eachof theseDBMS's,theRDFdatacanbestored
in numerousways.

As wewouldliketo keepSesameDBMS-independentandit is impossibleto know whichwayof storing
thedataisbest�tted for whichDBMS,all DBMS-speci�ccodeisconcentratedin asinglearchitecturallayer
of Sesame:theRepositoryAbstractionLayer(RAL).

ThisRAL is aninterfacethatoffersRDF-speci�cmethodsto its clientsandtranslatesthesemethodsto
callsto its speci�c DBMS. An important advantageof the intr oduction of sucha separatelayer is that
it makesit possibleto implement Sesameon top of a wide variety of repositorieswithout changingany
of Sesame'sother components.Section4.3describesa numberof possiblerepositoryimplementations.

Sesame's functionalmodulesareclientsof theRAL. Currently, therearethreesuchmodules:

� TheRQL querymodule.
ThismoduleevaluatesRQL queriesposedby theuser(seesection5.1).

� TheRDFadministrationmodule.
This moduleallows incrementaluploadingof RDF dataand schemainformation, as well as the
deletingof information(seesection5.2).

� TheRDFexportmodule.
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This moduleallows theextractionof thecompleteschemaand/ordatafrom a modelin RDF format
(seesection5.3).

Dependingontheenvironmentin which it is deployed,differentwaysto communicatewith theSesame
modulesmaybedesirable.For example,communicationover HTTP maybepreferablein a Webcontext,
but in othercontextsprotocolssuchasRMI (RemoteMethodInvocation)6 or SOAP (SimpleObjectAccess
Protocol)[Box etal., 2000] maybemoresuited.

In order to allow maximal �e xibility , the actualhandlingof theseprotocolshasbeenplacedoutside
thescopeof thefunctionalmodules.Instead,protocolhandlersareprovidedasintermediariesbetweenthe
modulesandtheir clients,eachhandlinga speci�c protocol.

The intr oduction of the repositoryabstraction layer and the protocolhandlersmakesSesameinto
a generic architecture for RDF/S storageand querying, rather than just a particular implementa-
tion of sucha system.Adding additionalprotocolhandlersmakesit easyto connectSesameto different
operatingenvironments.Theconstructionof concreteRAL'swill bediscussedin thenext section.

Sesame's architecturehasbeendesignedwith extensibility andadaptabilityin mind. Thepossibilityto
useotherkindsof repositorieshasbeenmentionedbefore.Addingadditionalmodulesor protocolhandlers
is alsopossible.Theonly partthatis �x edin thearchitectureis theRAL.

4.2 The RepositoryAbstraction Layer

As wehaveseenin theprevioussection,theRepositoryAbstractionLayer(RAL) offersastable,high level
interfacefor talking to repositories.This RAL is de�ned by anAPI thatoffersfunctionalityto adddatato,
or to retrieve or deletedatafrom therepository. RAL-implementationstranslatecalls to theAPI methods
into operationson theunderlyingrepository.

Ratherthanadoptingor extendingan existing RDF API proposal,suchas the “StanfordAPI” draft
proposedby Sergey Melnik [Melnik, 2000], we havecreatedour own setof interfaces.

Themaindifferencesbetweenour proposalandtheStanfordAPI arethat:

a. TheStanfordAPI is verymuchtargetedatdatathatis keptin memory, whereasourAPI is considerably
more“lightweight” asall datais returnedone-at-a-timein datastreams.

b. OurAPI offersspeci�c operationsthatsupportRDFSchemasemantics,suchassubsumptionreasoning,
whereastheStanfordAPI only offersRDF-relatedfunctionality.

Theadvantageof returningdatain streams(point a) is thatat any onetime only a smallportionof the
datais kept in memory. This streamingapproachis alsousedin the functionalmodules,andeven in the
protocolhandlerswhichgiveresultsassoonasthey areavailable.Thisapproachis neededfor Sesameto be
ableto scaleto largevolumesof datawithout requiringexceptionallyexpensivehardware.In fact,Sesame
requirescloseto zeromemoryfor dataandonly asmallamountof memoryfor theprogramto run.

This, togetherwith the option of usinga remotedatastorefor the repository(seesection4.3) makes
Sesamepotentiallysuitablefor useasinfrastructurein highly constrainedenvironmentssuchasportable
devices.

Of course,readingeverythingfrom a repositoryandkeepingnothingin memoryseriouslyhurtsper-
formance. This performanceproblemcanbe solved by selectively cachingdatain memory7. For small
datavolumesit is evenpossibleto cacheall datain memory, in which casetherepositoryonly servesasa
persistentstorage.Sesame's architectureallows all of this to bedonein a completelytransparentway, as
will beshown in thenext section.

6Seehttp://java.sun.com/j2se/1.3/docs/guide/rmi/sp ec/rmiT OC.htm l
7A goodDBMS implementationwill alsocachequeryresultsto improve performance
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4.2.1 StackingAbstraction Layers

An importantfeatureof theRAL is thatit is possibleto putoneon topof theother. To Sesame's functional
modules(theadmin,queryandexportmodules)this is completelytransparent,asthey will only communi-
catewith theRAL at thetopof thestack(see�gure 4). TheRAL at thetopcanperformsomeactionwhen
themodulesmake calls to it, andthenforward thesecalls to theRAL beneathit. This processcontinues
until oneof theRALs �nally handlestheactualretrieval request,propagatingtheresultbackupagain.

RAL 1

RAL n

Repository

functional module

Figure4: RALs canbestackedto addfunctionality

Onegoodexamplewherethis constructionmakessenseis when implementinga cache. We imple-
mentedaRAL thatcachesall schemadatain adedicateddatastructurein mainmemory. Thisschemadata
is oftenvery limited in sizeandis requestedvery frequently. At thesametime, theschemadatais themost
dif�cult to queryfrom a DBMS becauseof the transitivity of the subClassOfandsubPropertyOfproper-
ties.Thisschema-cachingRAL canbeplacedon topof arbitraryotherRALs, handlingall callsconcerning
schemadata.Therestof thecallsareforwardedto theunderlyingRAL.

Anotherimportanttaskthatcanbehandledby a RAL is concurrency handling.Sinceany givenRQL
queryis brokendown into severaloperationson theRAL level, it is importantto preserve repositorycon-
sistency over multiple transactions.We implementeda RAL thatselectively blocksandreleasesreadand
write accessto repositories,ona �rst-come-�rst-servebasis.

4.3 The Repository

Thanksto theRepositoryAbstractionLayer, Sesamecanbebasedon any kind of repositorythatis ableto
storeRDF. The following is a list of possibleconcreteimplementationsof the repository, eachwith their
own advantages.

� DMBSs
Any kind of databasecanbeused:relationaldatabases(RDBMS), object-relationaldatabases(OR-
DBMS), etc.

A12R/OTK/2001/D10/v1.0 1stOctober, 2001 9



Sesame:A genericArchitecturefor StoringandQueryingRDFandRDFSchema

� ExistingRDF stores
A numberof RDF storesarecurrentlyin development([Guha,2001, Reggiori, 2001, Beckett,2001,
Wagner, 2001]). SesamecanusesuchanRDFstoreif aRAL is writtenthatknowshow to talk to that
speci�c RDFstore.

� RDF�les
FilescontainingRDF canbeusedasrepositoriestoo. A �at �le is not very practicalon its own, as
it will be painfully slow in storingandretrieving data. However, whencombinedwith a RAL that
cachesall of thedatain memoryit becomesagoodalternative for smallvolumesof data.

� RDFnetwork services
Apart from performance,thereis no needfor the repositoryto be locatedcloseto Sesame.Any
network servicethatoffersbasicfunctionality for storing,retrieving anddeletingRDF datacanbe
usedby Sesame.An exampleof a systemoffering suchfunctionality is, of course,Sesameitself.
Many of theRDFstoresmentionedabovecanalsobeapproachedasWebservices.

Thelastoptionin particularis very interesting.An initial queryis sentto a Sesameserver somewhere
on theWeb. This server canusenot only its local repositoryto answerthequery, but alsoany numberof
remoterepositoriesthatit knowsabout.In turn,someof theseremoterepositoriesmight themselveseither
answerthe query using local data-stores,or in turn againapproachyet other remoterepositories.This
opensup thepossibilityof a highly distributedarchitecturefor RDF(S)storingandquerying,thathasbeen
unexploreduntil now, but thatis truly in thespirit of theSemanticWeb.

4.3.1 PostgreSQL

The�rst repositorythathasbeenusedwith Sesameis PostgreSQL8. PostgreSQLis afreelyavailable(open
source)object-relationalDBMS thatsupportsmany featuresthatnormallycanonly befoundin commercial
DBMS implementations.

Oneof themainreasonsfor choosingPostgreSQLis thatit is anobject-relationalDBMS, meaningthat
it supportssubtablerelationsbetweenits tables.As thesesubtablerelationsarealsotransitive,weusethese
to modeltheclassandpropertysubsumptionrelationsof RDFSchema.

TheRAL thatwasimplementedusesadynamicdatabaseschemathatwasinspiredby theschemashown
in [Karvounarakiset al., 2000]. New tablesareaddedto thedatabasewhenever a new classor propertyis
addedto therepository. If aclassis asubclassof otherclasses,thetablecreatedfor it will alsobeasubtable
of thetablesfor thesuperclasses.Likewisefor propertiesbeingsubpropertiesof otherproperties.Instances
of classesandpropertiesareinsertedasvaluesinto theappropriatetables.Figure5 givesanimpressionof
thecontentsof adatabasecontainingthedatafrom �gure 2.

The actualschemainvolvesonemore tablecalled resources. This tablecontainsall resourcesand
literal values,mappedto a uniqueID. TheseID' s areusedin thetablesshown in the �gure to refer to the
resourcesandliteral values.Theresources tableis usedto minimize thesizeof thedatabase.It ensures
thatresourcesandliteral values,whichcanbequitelong,only occuroncein thedatabase,saving potentially
largeamountsof memory.

5 Sesame'sFunctional Modules

In this section,webrie�y describethethreemodulesthatarecurrentlyimplementedin Sesame.

5.1 The RQL Query Module

As we haveseenin section4, oneof thethreemodulescurrentlyimplementedin Sesameis anRQL query
engine. RQL [Karvounarakiset al., 2000, Alexaki et al., 2000] is a proposalfor a declarative language

8Seehttp://www.postgresql.org/
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Figure5: Impressionof theobject-relationalschemacurrentlyusedwith PostgreSQL

for RDF andRDF Schema.It wasoriginally developedwithin the EuropeanIST projectC-Web andits
followup projectMESMUSEby theInstituteof ComputerScienceat FORTH, in Greece,andcurrentlyis
beingjointly developedby ICS-FORTH andAidministrator.

In Sesame,a versionof RQL wasimplementedthat is slightly differentfrom the languageproposed
by [Karvounarakiset al., 2000]. TheSesameversionof RQL featuresbettercomplianceto W3Cspeci�ca-
tions,includingsupportfor optionaldomain-andrangerestrictionsaswell asmultiple domain-andrange
restrictions.See[BroekstraandKampman,2001] for details.

TheQueryModulefollowsthepathdepictedin �gure 6 whenhandlingaquery. After parsingthequery
andbuilding a querytreemodelfor it, this modelis fed to thequeryoptimizerwhich transformsthequery
modelinto anequivalentmodelthatwill evaluatemoreef�ciently .

Query
Optimizer

RQL
Parser

RQL
Query

Optimized Query modelQuery model

Figure6: A queryis parsedandthenoptimizedinto a queryobjectmodel

Theoptimizedmodelof thequeryis subsequentlyevaluatedin a streamingfashion,following thetree
structureinto which the queryhasbeenbrokendown. Eachobjectrepresentsa basicunit in the original
queryandevaluatesitself, fetchingdatafrom theRAL whereneeded.Themainadvantageof thisapproach
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is that resultscanbe returnedin a streamingfashion,insteadof having to build up theentireresultsetin
memory�rst.

In Sesame,RQL queriesare translated(via the object model) into a set of calls to the RAL. This
approachmeansthat the main bulk of the actualevaluationof the RQL queryis donein the RQL query
engineitself.

For example,whena querycontainsa join operationover two subqueries,eachof the subqueriesis
evaluated,andthejoin operationis thenexecutedby thequeryengineon theresults.

Anotherapproachwouldbeto directlytranslateasmuchof theRQLqueryaspossibletoaqueryspeci�c
for theunderlyingrepository. An advantageof this approachis that,whenusinga DBMS, we would get
all its sophisticatedqueryevaluationandoptimizationmechanismsfor free.However, a largedisadvantage
is that the implementationof thequeryengineis directly dependenton therepositorybeingused,andthe
architecturewould losetheability to easilyswitchbetweenrepositories.

Thisdesigndecisionis oneof themajordifferencesbetweenSesameandtheRDFSuiteimplementation
of RQL by ICS-FORTH (see[Alexaki et al., 2000]). The RDF Suiteimplementationrelieson the under-
lying DBMS for queryoptimisation.However, this dependency meansthatRDF Suitecannotaseasilybe
transportedto runon topof anotherstorageengine.

A naturalconsequenceof our choiceto evaluatequeriesin theRAL is thatwe needto deviseseveral
optimizationtechniquesin theengine,sincewe cannotrely onany givenDBMS to do this for us.

5.2 The Admin Module

In orderto beableto insertRDFdataandschemainformationinto a repository, Sesameprovidesanadmin
module.Thecurrentimplementationis rathersimpleandofferstwo mainfunctions:

1. incrementallyaddingRDFdata/schemainformation;

2. clearinga repository.

Theadminmoduleretrievesits informationfrom anRDF(S)source(usuallyanonlineRDF(S)docu-
mentin XML-serializedform) andparsesit usinga streamingRDF parser(currently, we usetheSiRPAC
RDF parser[Barstow andMelnik, 2000]). The parserdeliversthe informationto the adminmoduleon a
per-statementbasis: ������� ���!� . The adminsubsequentlycheckseachstatementfor consistency with the
informationalreadypresentin therepository, andinfersimplied informationif necessary, asfollows:

� if � equalstype, thentheadmininfersthat � mustbea class.

� if � equalssubClassOf, thentheadmininfersthatboth � and � areclasses.

� if � equalssubPropertyOf, thentheadmininfersthatboth � and � areproperties.

� if � equalsdomain or range, theadmininfersthat � mustbea propertyand � mustbea class.

In all thesecases,the admin modulecheckswhetherthe inferred information is consistentwith the
currentcontentsof therepositoryandif so,theinferredinformationis addedto therepository.

If theadminmoduleencountersaduplicatestatement(i.e. afactthatis alreadyknown in therepository),
this is reportedbut otherwiseignored.

5.3 The RDF Export Module

TheRDFExportModuleis averysimplemodule.Thismoduleis ableto export thecontentsof arepository
formattedin XML-serializedRDF. Theideabehindthismoduleis thatit suppliesa basisfor usingSesame
in combinationwith otherRDFtools,asall RDF toolswill at leastbeableto readthis format.

Sometools, like ontologyeditors,only needtheschemapartof thedata.On theotherhand,tools that
don't supportRDF Schemasemanticswill probablyonly needthenon-schemapartof thedata.For these
reasons,theRDFExportModuleis ableto selectively export theschema,thedata,or both.
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6 Experiences

Ourimplementationof Sesamecanbefoundathttp://sesame.aidministrator.nl/ (Oct2001),
andis freely availablefor non-commercialuse. The implementationfollows the genericarchitecturede-
scribedin this paper, usingthefollowing concreteimplementationchoicesfor themodules:

� Therepositoryis realizedby PostgreSQL.

� A protocolhandleris realisedusingHTTP.

� TheadminmoduleusestheSiRPAC RDFparser.

In thissection,we brie�y reportonourexperienceswith variousaspectsof this implementation.

6.1 Using RQL

As we have seenin section5.1,Sesamesupportsqueryingusinga declarative languagecalledRQL. RQL
is a powerful languagethat offers very expressive queryingcapabilities. Oneof the mostdistinguishing
featuresof RQL is its built-in supportfor RDF Schemasemanticsandthepossibility to combinedataand
schemainformationin a singlequery.

Theexpressivenessof RQL asimplementedin Sesamehasshown itself to bemorethanadequatefor the
testcaseswe havetried it onsofar. Oneminor lack (or rather, inconvenience)is theomissionof a type()
function that returnsthe class(es)to which a particularresourcebelongs,but this could be easilyadded.
Also, RQL doesnotsupportrei�cation, but in practicewehavenotcomeacrossexampleswherethiswasa
problem.

6.2 Deploymentin On-To-Knowledge

Sesameis currentlybeing deployed as the centralinfrastructurefor the On-To-Knowledgecasestudies.
Figure7 showshow Sesameservesasthecentraldatarepositoryfor a numberof tools:

� OntoExtract,developedby CognITa.s.,extractsontologicalconceptualstructuresfrom naturallan-
guagedocuments.OntoWrapperperformsthe sametask for semi-structuredinformationsources.
Theseontologiesareuploadedfor storagein Sesame.

� Theresultingontologiescanbedownloadedinto OntoEdit,aneditorfor ontologiesdevelopedby the
InstituteAIFB of the University of Karlsruhe. Whenthe userhaseditedan ontology, the result is
againstoredin Sesame.

� Theresultingontologiesaredownloadedinto RDFFerret,auserfront-end,developedby BT Adastral
ParkResearchLabs,thatprovidessearchandqueryfacilitiesfor webdatabasedon theontologies.

� Spectaclegeneratesweb-siteswhosenavigationstructurearebasedon theontologiesanddatastored
in Sesame.

� OntoShareallows end-usersto sharetheir own information items (documents,pictures)using the
ontologicalstructurestoredin Sesame.

BecauseSesameis aserver-basedapplication,theintegrationof all this functionalityis donesimplyby
establishingHTTPconnectionsto Sesame.
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Figure7: Sesameis positionedasa centraltool in theOn-To-Knowledgeproject

6.3 Ontologiesand RDF Schema

While developingSesame,many unclaritiesin theRDF Schemaspeci�cationwereuncovered.Oneof the
reasonsfor this is thatRDF Schemais de�ned in naturallanguage:no formal descriptionof its semantics
is given.As a resultof this, theRDF Schemaspeci�cationevencontainssomeinconsistencies.

Anotherreasonwhy RDF Schemais so hardto understandis that RDF Schemais self-describingin
the sensethat the de�nition of its termsis itself donein RDF Schema. This leadsto strangecircular
dependenciesin thetermde�nitions (e.g.thetermClass is bothasubclassof andaninstanceof Resource,
whichis itself aninstanceof Class again).In fact,primitivesfrom differentmeta-levelsof descriptionhave
beenmappedto identicalterms,resultingin a ratherunclearspeci�cation(seealso[Nejdl et al., 2000]).

Oneof theconsequencesof thecirculardependenciesis thatRDF Schemais not only a languagefor,
but alsoa part of ontologies. This meansthat all primitivesde�ned in RDF Schema(i.e. subClassOf,
subPropertyOf, domain, range, etc.)arealsoin theontology. Wewouldarguethatthisiscounterintuitive.
At thevery leastthis approachdeviatesfrom approachestakenby mostotherontologylanguages.
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6.4 Using PostgreSQL

Our experienceswith thedatabaseschemaon PostgreSQL,asshown in section4.3.1,arenot completely
satisfactory. Both dataretrieval anddatainsertionarenot asfastaswe would like. Especiallyincremental
uploadsof schemadatacanbeveryslow, sincetablecreationis veryexpensivein PostgreSQL.Evenworse,
whenaddinganew subClassOfrelationbetweentwo existingclasses,thecompleteclasshierarchystarting
from thesubclassneedsto brokendown andrebuilt againbecausesubtablerelationscannotbeaddedto an
existingtable;thesubtablerelationshaveto bespeci�edwhenatableis created.Oncecreated,thesubtable
relationsare�x ed.

6.5 Scalability issues

We have beenexperimentingwith several datasetsand/orontologiesthat arecurrentlyavailableon the
Web. The largestsetof datathatwe have uploadedandsubsequentlyqueriedwasthecollectionof nouns
from Wordnet9, consistingof about400,000RDF statements.This datasetalmostcompletelyexists of
RDF data(i.e. hardlyany schemainformation). While we have not performedany structuredbenchmark
testing,thefollowing pointsarenoteworthy.

We would like to stressthat all our experimentshave beendoneusinga desktopcomputer(SunUl-
traSPARC 5, 256MB RAM) to run Sesame.Java Servletsrunningon a webserver wereusedasprotocol
handlersto communicateoverHTTP. Thedatabaseschemadescribedin section4.3.1in combinationwith
PostgreSQLversion7.1.2is usedasrepository.

The uploadingof the informationis not asfastaswe would like, mainly dueto the databaseschema
beingused.Justaddingadatastatementto thedatabaseinvolvesdoingthefollowing steps:

� Checkwhetherthepropertyis alreadyknown. If not,addit andcreatea tablefor it.

� Checkwhetherthesubjectis alreadyknown, addingit if not.

� Checkwhethertheobjectis alreadyknown, addingit if not.

� Add a row representingthestatementto theappropriatetable.

Most of thesestepshave to beperformedin sequentialorder, which is very time-intensive. Uploading
the Wordnetnounstook approximately94 minutes,which comesdown to 71 statementsper second.As
wasto beexpected,theuploaddid not show any signi�cant signsof slowing down astheamountof datain
therepositoryincreased(theamountof datais not very largeby DBMS standards).

Queryingthe informationproved to slower thanexpectedtoo, for exactly the samereasons.Due to
thedistributedstorageovermultiple tables,retrieving datafrom therepositorymeansdoingmany joins on
tables,hinderingperformance.Partly thismightbesolvedby investingmorein hardware,partlyby looking
at alternativeDBMS's.

7 Futur edir ections

7.1 Repositoryperformance

The experiencesreportedabout in the previous sectionhave led us to several future developmentsthat
we are going to investigatefor Sesame.Most prominentof theseis the migration of Sesameto other
repositoriesanddatabaseschemasto boostqueryperformance.A �rst option thatwe areinvestigatingis
theimplementationof a RAL basedon a traditional'pure' relationalDBMS, that is, a RAL thatonly uses
standardSQL. Not only cansucha RAL be usedon a wide variety of DBMS's, we expectto be ableto
improveadminandqueryperformanceaswell.

9Thiscollectioncanbefoundin RDF form at http://www.semanticweb.org/library/
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7.2 DAML+OIL support

Currently, Sesameunderstandsthesemanticsof RDF andRDF Schema.We would like to extendthis to
morepowerful languageslike DAML+OIL [Horrockset al., 2001]. DAML+OIL is an extensionof RDF
Schemaandoffersadditionalprimitivesfor creatingschemata.Examplesof theadditionalexpressivepower
of DAML+OIL are:

� theuseof arbitraryclassexpressions,includingdisjunction,conjunctionandnegation(complement)
of classes

� cardinalityconstraintson properties,expressingtheminimal andmaximalnumberof valuesa prop-
ertycanhavefor eachsubjectinstance

� symmetric,transitiveandinverseproperties

SinceDAML+OIL allowsmoreexpressivenessandhasmoreinferencingcapabilities,a reasoner/query
languagethatunderstandsits semanticsis signi�cantly morecomplicated.

7.3 Admin Module

TheAdmin Modulecurrentlyoffersvery limited functionality for administratingthecontentsof reposito-
ries.More �ne-grainedfunctionalityis neededfor themoduleto bereallyuseful.We arecurrentlyinvesti-
gatingtheoptionsto accomplishthis. Oneof theoptionsis to extendRQL with primitivesfor updatingand
deletingdata,just likeSQL does.

8 Conclusion

In this reportwehavepresentedSesame,agenericarchitecturefor storingandqueryingbothRDFdataand
RDF Schemainformation. Sesameis an importantstepbeyond thecurrentlyavailablestorageandquery
devicesfor RDF, sinceit is the�rst publicly availableimplementationof a querylanguagethatis awareof
theRDF Schemasemantics.

An importantfeatureof the Sesamearchitectureis its abstractionfrom the detailsof any particular
repositoryusedfor theactualstorage.This makesit possibleto port Sesameto a largevarietyof different
repositories,includingrelationaldatabases,RDFtriple stores,andevenremotestorageservicesontheWeb.

Sesameitself is a server-basedapplication,andcanthereforebe usedasa remoteservicefor storing
andqueryingdataon theSemanticWeb. As with thestoragelayer, Sesameabstractsfrom any particular
communicationprotocol,so that Sesamecaneasilybe connectedto differentclientsby writing different
protocolhandlers.

We have constructeda concreteimplementationof the genericarchitecture,using PostgreSQLas a
repositoryandusingHTTPascommunicationprotocolhandlers.

Importantnext stepsto expandSesametowardsa full �edged storageand queryingservicefor the
SemanticWeb includeits extensionfrom RDF Schemato DAML+OIL andimplementationsfor different
repositories,notablythosethatcanliveelsewhereon theWeb.
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A Installation instructions

A.1 Required software

Sesamerequiresthefollowing softwarepackagesinstalled:
� ThePostgreSQLDBMS

� TheTomcatwebserver/servletcontainer

� A Java 2 SDK

� theJava-XercesXML parser

� TheARPRDFparser

All of thissoftwareis freelyavailableontehInternet.Whatfollowsis adescriptionof necessaryactions
to getSesameup-and-running.

A.2 PostgreSQL

PostgreSQLis an object-relationalDBMS distributedunderanOpenSourcelicense.PostgreSQLcanbe
downloadedfrom oneaofthatsitesshown athttp://www.postgresql.org . Sesamehasbeentested
with versionsstartingfrom 7.0.2.We recommendusingversion7.1.3.

Thefollowing stepsneedto bedoneto preparePostgreSQLfor Sesame:

1. In caseyou have downloadeda sourcedistribution of PostgreSQL,compilebothPostgreSQLitself
andits JDBC-driver. In caseyouhavedownloadedabinarydistribution,youwill alsohaveto down-
loadaJDBC-driver. JDBC-driversfor PostgreSQLcanbefoundathttp://jdbc.postgresql.
org .

2. InstallPostgreSQL.Pleaseseetheinstallationinstructionsuppliedwith PostgreSQLfor any questions
abouttheinstallationof PostgreSQL.

3. In caseyouareusingversion7.1or newer, youwill needto turnof thedefaultSQL inheritance.This
canbe doneby editing the �le [POSTGRESQLDIR]/data/postgresql.conf . Make sure
this �le containsthefollowing line:

sql inheritance = false.

4. Con�gure theHost-BasedAccess.By default,PostgreSQLonly allowsyou to connectto it from the
machineitself. If Sesamewill be run on anothermachine,you will needto edit the �le [POST-
GRESQLDIR]/data/pg hba.conf so thatPostgreSQLwill alsoacceptconnectionsfrom that
machine.PleaseseethePostgreSQLinstallationdocumentationif youhaveany questionsonhow to
do thisproperly.

5. (Re)startthePostgreSQLserverwith theTCP/IPconnectionsenabled.YoucanstartPostgreSQLwith
the command[POSTGRESQLDIR]/bin/postmaster -i . The -i �ag enablesthe TCP/IP
connections.It is probablywise to setup the machineto automaticallystartandstopPostgreSQL
whenit is turnedonandoff.

6. Createa useraccountfor Sesame.You cancreatea new useraccountin PostgreSQLwith thecom-
mand[POSTGRESQLDIR]/bin/createuser . We'll assumethattheuseris called'sesame'in
the restof this document.PostgreSQLwill askyou whetherthe new usershouldbe ableto create
new databasesor moreusers.Youcananswerbothquestionswith 'no'.

7. Createanew databasecalled' test-db'.Youcandothiswith thecommand[POSTGRESQLDIR]/bin/createdb
test-db . This databasewill be usedlateron to testwhetherSesamehasbeencorrectlyinstalled
andcanberemovedafterthathasbeentested.
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A.3 Tomcat and Java 2 SDK

Tomcatis a webserver thatsupportstheServlet2.2andJSP1.1speci�cations.Sesameneedssucha web
serverto beableto run. Tomcatis justoneof theavailablewebserversthatsupportthesetwo speci�cations.
Sesameshouldbeableto run in any of those,but sofarhasonly beentestedwith Tomcat.

Tomcatis distributedundertheApacheSoftwareLicense,which is anopensourcelicense.It is being
developedaspartof theJakartaProject.Tomcatcanbedownloadedfrom jakarta.apache.org. We suggest
thatyouuseversion4 of Tomcat,asit' s con�gurationis mucheasierthanthepreviousTomcatversions.

To run Tomcat,you'll alsoneeda Java 2 SDK. Java 2 SDK's areavailablefor mostmainstreamplat-
forms. JDK's for Microsoft Windows,Linux x86 andSolariscanbedownloadedfrom java.sun.com/j2se/.
PleasenotethatTomcatrequiretheJava2 SDKfor parsingJSPpages.Sesame'sJSPpageswill notwork if
you usetheJava 2 RuntimeEnvironment.

Installationof boththeJDK andTomcatshouldbestraightforward.Pleaseseetheinstallationmanuals
of bothsoftwarepackagesif youhaveany questionsabouttheir installation.

A.4 Installing Sesame

Thefollowingstepsdescribetheeasiestprocedureto installSesameonTomcat.Theprocessdoesn't require
any recon�gurationof thewebserver. Theproceduredescribedheremight not bethebestoptionfor you.
Pleaseseeyour web server's documentationif you want more �ne-grained control over whereandhow
Sesameshouldberunning.

1. Go to theweb applicationsdirectoryof your web server ([TOMCATDIR]/webapps/ if you are
usingTomcat)andcreatea directory'sesame'there.

2. Extractthesesame.war packagein thenew 'sesame'directory. You cando this on thecommand
line by executingthecommandjar -xf [PATH/TO/]sesame.war , or youcanuseaprogram
likeWinZip to extractthearchive.

3. Copy thePostgreSQLJDBC-driver('postgresql-jdbcX.Y.Z.jar') to thedirectory[SESAMEDIR]/WEB-
INF/lib/ .

4. DownloadXerces-J(version1 series)from http://xml.apache.org/xerces- j/ andcopy
the�le 'xerces.jar'includedin thepackageto thedirectory[SESAMEDIR]/WEB-INF/lib/ .

5. Download ARP from http://www.hpl.hp.co.uk/people/jj c/arp / and copy the �le
'arp.jar' includedin thepackageto thedirectory[SESAMEDIR]/WEB-INF/lib/ .

A.5 Con�guring Sesame

A.5.1 databases.conf

The �le [SESAMEDIR]/WEB-INF/databases.conf containsinformation about the repositories
thatSesameneeds.This �le currentlycontainsjust oneentry for thepreviously mentioned' test-db'. The
�le mayrequiresomemodi�cations in orderto work on your machine.You canusetext editorto perform
thechanges.

� In casePostgreSQLandTomcatarenot runningon the the samemachine,you'll have to replace
localhostwith thenameof themachinerunningPostgreSQL.

� In casePostgreSQLis not listeningto the default port (5432),replace5432with the port that it is
listeningto.

� In casetheusercreatedfor PostgreSQLis not called'sesame',replacesesamewith theactualname.

� In casetheusercreatedfor PostgreSQLhasapassword,enterthispasswordbetween<db-password>
and</db-password> .
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A.5.2 web.xml

The �le [SESAMEDIR]/WEB-INF/web.xml de�nes which servletsTomcatshouldrun, with which
parametersandwherethey resideonthewebserver. Openthis�le in atext editorandperformthefollowing
modi�cations:

� ReplaceSESAMEDIR with thepathto thedirectorywhereSesameis installed(i.e. [TOMCATDIR]/webapps/sesame
if you'veinstalledSesameasdescribedabove).

� ReplaceSESAMEPASSWORDwith someotherpassword. You canusethis password whenSesame
is runningfor administrationtasks(e.g. to forceSesameto reloadthedatabases.conf�le whenyou
havemodi�ed it).

A.6 Testingyour installation

If youhaveperformedall of thestepsdescribedabove,Sesameshouldnow beready. Stopyourwebserver
if it is still runningand(re)startit. Pointingabrowserto thelocationwhereyouhave installedSesame(e.g.
http://MACHINE NAME:8080/sesame/ if youhaveinstalledSesameasdescribedin thisdocument)
shouldnow displaytheSesamesite.

You shouldalsotestwhethertheSesameservletsarerunningcorrectly, andwhetherSesamecantalk
to PostgreSQL.Go to theDemosectionandclick on the 'Add datato a repository'link. Thepageshould
show 'SesameTestDB' asthe oneandonly availablerepository. Try uploadingthedatafrom the quick
tutorial (click on the link at the top of the page).Thepassword for uploadingdatato the testdatabaseis
'opensesame'.

Sesamewill reportsomenoti�cations(in green)aboutclassesandpropertiesalreadybeingde�ned. You
cansavely ignorethese.It' s thewarnings(in orange)andtheerrors(in red)thatyouhave to worry about.

If thedata-uploadwasa success,you shouldalsobeableto extract it. Again, go to theDemosection
but now click on the 'Extract datafrom a repository'link. Clicking on theExtractbuttonshouldyield the
classesandpropertiesof theexamplemuseumdata.

Sesamehasbeensuccessfullyinstalledif all of this works. You canremove the testdatabaseif you
want.Pleaseseethenext two sectionsonhow to addandremoverepositoriesfrom Sesame.

A.7 Adding repositories

To adda repositoryto Sesame,performthefollowing steps:

1. Createadatabasein PostgreSQLusingthecommand[POSTGRESQLDIR]/bin/createdb [DB NAME].
Youarefreeto chooseany namefor [DB NAME].

2. Openthe�le [SESAMEDIR]/WEB-INF/databases.conf in a text editorandaddanew entry
for the new database.The easiestway to do this is to copy an existing entry (9 lines in total) and
to modify its parameters.The parametersthat needattentionare: id, description,url andadmin-
password. Make surethat the new databasegetsa uniqueid. Sesameusesthis id to identify its
repositories.Theid is notdirectly relatedto thenameof thedatabase.

3. Pointyourbrowserto the'con�g' directoryontheSesamesite(e.g.http://MACHINE NAME:8080/sesame/config/
if you have installedSesameasdescribedin this document).EntertheSesameadministrationpass-
wordandclick on theExecutebutton.

4. You shouldnow be ableto selectthenew databaseon thepagesaccessiblefrom theDemosection
(try reloadingtheframeif yourbrowsershowsa previouslycachedpage).
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A.8 Removing repositories

To removearepositoryfrom Sesame,performthefollowing steps:

1. Openthe�le [SESAMEDIR]/WEB-INF/databases.conf in a text editorandremovetheen-
try of thedatabasethatshouldberemoved.

2. Pointyourbrowserto the'con�g' directoryontheSesamesite(e.g.http://MACHINE NAME:8080/sesame/config/
if you have installedSesameasdescribedin this document).EntertheSesameadministrationpass-
wordandclick on theExecutebutton.

3. You shouldno longerbeableto selectthedatabaseon thepagesaccessiblefrom theDemosection
(try reloadingtheframeif yourbrowsershowsa previouslycachedpage).

4. Remove thedatabasefrom PostgreSQLusingthecommand[POSTGRESQLDIR]/bin/dropdb
[DB NAME].

A.9 Notesfr om the developers

As Sesameis currentlyin thestateof a prototype,thingsaredueto change.Beinga prototype,mosteffort
hassofargonein implementingthesystem.Theinstallationprocedurehasn't receivedverymuchattention
yet.

Oneof thethingsthatwe would like to changeis how Sesameis con�gured. We would like to replace
thedatabases.conf�le with adatabase.In thisdatabase,wewould like to storethecon�gurationasRDF. A
dedicatedadministrationfront-endwill supportthesystemadministrator's tasks.
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