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SesameA genericArchitecturefor StoringandQueryingRDF andRDF Schema

1 Intr oduction

TheResourc®escriptionFrameavork (RDF) [LassilaandSwick, 1999 is aW3C Recommendatiofor the
formulation of meta-dataon the World Wide Weh RDF SchemdBrickley andGuha,200(Q extendsthis
standardvith the meando specifyvocahulary andto modelobjectstructuresThesetechniquesvill enable
the enrichmenbf the Webwith machine-processabsemanticsthusgiving rise to whathasbeendubbed
the SemantidNeh

However, simply having this dataavailableis notenough.Toolingis neededo processheinformation,
to transformit, to reasorwith it. As abasisfor this, we have developedSesameanarchitecturdor ef cient
storageandexpressve queryingof large quantitiesof RDF meta-dataSesamaés beingdevelopedby Aid-
ministratorNederlandb.v.! aspartof the EuropeanST projectOn-To-Knowledgée? [Fenseletal., 200Q.

Thisreportis organizedasfollows. In section2 we give a shortintroductionto RDF andRDF Schema.
Readersvho arealreadyfamiliar with theselanguagegansafelyskip this section.In section3 we discuss
why a querylanguagespeci cally tailoredto RDF and RDF Schemas neededpver and above existing
guery languagesuchas XQuery. In section4 and5 we look at Sesames architecturein somedetail.
Section6 discussesur experiencesvith Sesamaeintil now, andsection? looksinto possiblefuture devel-
opmentsFinally we provide our conclusionsn section8.

2 RDF and RDF Schema

RDF is a W3C recommendatiorthat was originally designedto standardizehe de nition and use of
metadata-descriptiortd Web-basedesourcesHowever, RDF is equallywell suitedfor representingrbi-
trary data,bethey meta-datar not.

2.1 RDF

Thebasicbhuilding blockin RDF is anobject-attritute-valuetriple, commonlywritten as . Thatis,
anobject hasanattribute with value . Anotherway to think of this relationshipis asalabelededge
betweertwo nodes: .

This notationis useful becauséRDF allows objectsandvaluesto be interchanged.Thus, ary object
from onetriple canplay therole of avaluein anothertriple, whichamountgo chainingtwo labelededges
in agraphicrepresentatioriThegraphin gure 1 for example,expresseshefollowing 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 statementtself canbe the objector value of
atriple. This meansgraphscanbe nestedaswell aschained.On the Web this allows us, for example,to
expressdoubtor supportfor statementgreatedby other people. Finally, it is possibleto indicatethat a
givenobjectis of a certaintype, suchasstatingthat“ISBN0001047582'is of thetype Book, by creatinga
type edgereferringto theBook de nition in anRDF schema:

1Seehttp://www.aidministrator.nl/
20n-To-Knowledge(IST-1999-10132) Seehttp://wwww.ontoknowledge.org/
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E../twain/mark } hasWritten [../ISBN0001047582 }
hasName title
y \

['Mark Twain" j ["The Adventures of Tom Sawyer" j

Figurel: An exampleRDF datagraph,capturingthreestatements

type
(‘http://www.books.org/ISBN0001047582' ,
‘http://www.description.org/schema#Boo 9]

The RDF Model and Syntaxspeci cation also proposesan XML syntaxfor RDF datamodels. One
possibleserialisatiorof theabove relationsin this syntax,would look lik e 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 syntaxallows mary alternatve waysof writing down information(andindeed
still othersyntaxesmay beintroduced)theabose XML syntaxis just oneof mary possibilitiesof writing
down anRDF modelin XML.

It is importantto notethat RDF is designedo provide a basicobject-attrilute-valuemodelfor Web-
data.Otherthanthis intendedsemantics- describednly informally in the standard- RDF makesno data
modelingcommitments.In particular no resened termsarede ned for further datamodeling. As with
XML, the RDF datamodelprovidesno mechanismsor declaringvocahulary thatis to be used.

2.2 RDF Schema

RDF Schemais a mechanisnthat lets developersde ne a particularvocahulary for RDF data(suchas
hasWritten) andspecifythekindsof objectsto which theseattributescanbeapplied(suchasWriter). RDF
Schemadoesthis by pre-specifyingsometerminology suchasClass, subClassOf andProperty, which
canthenbeusedin application-speci cschemataRDF Schemaxpressiongrealsovalid RDF expressions
—in fact,the only differencewith “normal’ RDF expressionss thatin RDF Schemaanagreemenis made
on the semanticof certaintermsandthus on the interpretation of certainstatements.For example,the
subClassOf propertyallows the developerto specifythe hierarchicalorganizationof classesObjectscan
be declaredto be instanceof theseclasseasingthe type property Constrainton the useof properties
canbespeci edusingdomain andrange constructs.

Abovethedottedline in gure 2, we seeanexampleRDF schemahatde nesvocahilary for the RDF
examplewe sav earlier: Book, Writer andFamousWriter areintroducedas classesandhasWritten is
introducedasa property A speci ¢ instanceas describedn termsof this vocahulary belowv the dottedline.

3 The needfor an RDF/S Query Language

RDF documenteandRDF schemat@anbe consideredht threedifferentlevelsof abstraction:

1. atthesyntacticlevel they areXML document3

3Actually, thisis notnecessarilyrue; non-XML syntaxesfor RDF exist, but XML is the mostwidely usedsyntaxfor RDF.
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. domain - range
Writer hasWritten 9 Book

Y
subClassOf
FamousWriter
A Schema
""""" type 7777 "wype |  Data
[.../twain/mark j hasWritten ,[.../ISBN0001047582 j

Figure2: An exampleRDF Schemagde ning vocalulary anda classhierarchy

2. atthestructue levelthey consistof a setof triples
3. atthesemantidevelthey constituteoneor moregraphswith partially prede nedsemantics.

We canquerythesedocumentsit eachof thesethreelevels. We will brie y considerthe prosandcons
of doingsofor eachlevel in thenext sectionsThiswill leadusto concludethatRDF(S)documentshould
really be queriedat the semanticlevel. We will briey discussRQL, a languagefor queryingRDF(S)
documentsatthe semantidevel.

3.1 Querying at the syntactic level

As we have seenin section2, ary RDF model (andthereforeary RDF schema)can be written down in
XML notation.It would thereforeseenreasonabl¢éo assumeahatwe canqueryRDF usingan XML query
languagdfor example XQuery[Chamberlinetal., 2007]).

However, this approachdisregardsthe factthat RDF is not justan XML dialect, but hasits own data
modelthatis very differentfrom the XML treestructure Relationshipsn the RDF datamodelthatarenot
apparenfrom the XML treestructurebecomevery hardto query

As anexample et uslook againatthe XML descriptionof the RDF modelin 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 an XML querylanguagesuchas XQuery[Chamberlinetal., 2007, expressiongo traversethe data
structurearetailoredtowardstraversinga node-labeledree. However, the RDF datamodelin thisinstance
is agraph,notatree,andmoreover, bothits edgeqpropertiesiandits nodes(subjects/objectggrelabeled.
In queryingat the syntaxlevel, this is literally left asanexcercisefor the querybuilder: onecannotquery
therelationbetweerthe resourcesignifying "Mark Twain' andthe resourcesignifying “The Adventuresf
Tom Sawyer' without knowledgeof the syntaxthatwasusedto encodehe RDF datain XML.

Ideally, we would wantto formulatea querylik e “Give meall therelationshipghatexist betweerMark
Twain and The Adventuresof Tom Sawvyer”. However, usingonly the XML syntax,we are stuck with
formulating an awkward query like “Give me all the elementsnestedin a Description elementwith an
about attributewith value'http://www.famouswriters.ay/twain/mak’, of which the valueof its resource
attributeoccurselsavhereastheabout attributevalueof aDescription elemeniwhich hasanestedlement

title with thevalue The Adventuresof Tom Sawyer'.
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Not only is this approactincorvenient,it alsodisregardsthe factthatthe XML syntaxfor RDF is not
unique: differentwaysof encodingthe sameinformationin XML arepossibleandin usecurrently This
meanghatonequerywill never be guaranteedbo retrieve all theanswergrom anRDF model.

3.2 Querying at the structure level

Whenwe abstracfrom the (XML linearization,or any other)syntax,any RDF documentepresenta set
of triples, eachtriple representinga statemenbf the form Object-Attribute-Value. A numberof query
languagesave beenproposedandimplementedhat regardRDF documentsassucha setof triples, and
thatallow to querysuchatriple setin variousways. Seehttp://perso.enst.fr/"ta/web/rdf/
rdf- query.html  for arecentoverview.
The RDF/RDFSchemaexamplefrom gure 2 correspondso 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 usto querywhich re-
sourcesareknown to be of type FamousWriter:
SELECT ?x

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

Theclearadvantageof sucha queryis thatit directly addressethe RDF datamodel,andthatit is therefore
independentf thespeci ¢ XML syntaxthathasbeenchoserto representhedata.

However, a shortcomingof Squishor ary query languageat this level is thatit interpretsany RDF
modelonly asa setof triples,includingthoseelementsvhich have beengivena specialsemanticsn RDF
Schema.For example,sincehttp://www.famouswriters.org/twain/mark is of type FamousWriter, and
sinceFamousWriter is a subclasf Writer, http://www.famouswriters.org/twain/mark is alsoof type
Writer, by virtue of theintendedRDF Schemasemanticof type andsubClassOf. However, thereis no
triple thatexplicitly assertshisfact. As aresult,thequery
SELECT ?x

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

will fail becausehe queryonly looksfor explicit triplesin the store,whereaghetriple ype #wain/mark
writer) IS not necessarilypresenin the store,but is implied by the semanticof RDF SchemaNotice that
simply expandingthe queryinto somethindik e

SELECT ?x

FROM somesource

WHERE (rdf::type ?x ?cl),

(rdfs::subClassOf ?cl Writer)
OR ?cl ~ Writer

will solve theproblemin this speci ¢c example,but doesnot solve the problemin general.

3.3 Querying at the semanticlevel: RQL

Whatis clearly requiredis a querylanguagehatis sensitve to the semanticof the RDF Schemaprimi-
tives. RQL [Karvounarakistal.,200Q Alexaki etal., 200( is the rst (andto the bestof our knowledge
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currentlythe only) proposalfor a declaratve querylanguagefor RDF and RDF Schema.lt is beingde-
velopedwithin the European ST projectC-Web andits followup project MESMUSEShy the Institute of
ComputerScienceat FORTH, in Greecé.

RQL adoptghesyntaxof OQL [Catteletal.,2000. As OQL, RQL is afunctionallanguagetheoutput
of RDF Schemaqueriesis againlegal RDF code,which allows the outputof queriesto functionasinput
for subsequerqueries.

RQL is de ned by meansof a setof corequeriesa setof basic Iters, anda way to build new queries
throughfunctionalcompositionanditerators.

The corequeriesarethe basicbuilding blocksof RQL, which give accesso the RDF Schemaspeci ¢
contentsof an RDF triple store,with queriessuchas Class (retrieving all classes)Property (retrieving
all properties)or Writer (returningall instancef the classwith nameWriter). This lastqueryreturnsof
coursealsoall instance®f subclassesf Writer, sincethesearealsoinstance®f theclassWriter, by virtue
of the semanticof RDF SchemaWe canaskfor all directinstancesf Writer (i.e. ignoringall instances
of subclasseghroughthe query”Writer.

RQL can also query the structureof the subclasshierarchy In our example, the query subClas-
sOf(Writer) would returnthe classFamousWriter asits only result. In general,this would return all
directandindirectsubclassesf Writer, sinceRQL is awareof thetransitvity of the subclasselation. The
guerysubClassOf"(Writer) would returnonly theimmediatesubclasses.

Of course peingbasedn OQL, RQL alsoallows a select-from-whereonstruct.

A nal crucialfeatureof RQL arethe pathexpressionsTheseallow usto matchpatternsalongentire
pathsin RDF/RDFSchemagraphssuchastheonedepictedn gure 2. For example,thequery

select Y
from FamousWriter X .hasWritten Y

returnsall bookswritten by famouswriters, effectively doing pattern-matchinglonga pathin the graphof
gure 2. NotethatRQL pathexpressiongnablefree mixing of dataandschemanformation.

3.4 Conclusion

The previous subsection$iave arguedthat RDF datashouldnot be queriedat the level of their (rather
incidental)XML encodingandthatRDF Schemalatashouldnotberegardedassimplyasetof RDFtriples,
sinceall intendedsemantic®f the RDF Schemaprimitivesarethenlost. Consequentlywe shouldbe using
aquerylanguagehatis sensitve to this RDF SchemasemanticsRQL is a powerful (and currently the
only) candidate for sucha language.Sesameprovidesthe rst implementation of a query enginefor
this language(together with the implementation by ICS-FORTH ®, developedindependently around
the sametime).

In the next few sectionswe will discusghearchitecturave have designedor a queryenginefor RQL.

4 SesamesAr chitecture

Sesamés anarchitecturehatallows persistenstorageof RDF dataandschemanformationandsubsequent
qgueryingof that information. In section4.1, we presentan overvien of Sesames architecture. In the
sectiondollowing that,we look in moredetailat severalcomponents.

4.1 Overview

An overview of Sesames architectures shavnin Figure3. In this sectionwe will give abrief overview of
themaincomponents.

For persistenstorageof RDF data,Sesamaneedsa scalablerepository Naturally, a DataBaseMan-
agemenSystem(DBMS) comesto mind, asthesehave beenusedfor decadegor storinglarge quantities

4Seehttp://www.ics.forth.gr/
5Seehttp://l39.91.183.30:9090/RDF/
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client 1 client 2 client 3

‘ HTTP Protocol Handl%r‘ SOAP Protocol Handﬂer

\ /

Request Route

e ' T~

‘Admin Modul% ‘ Query Modul‘e ‘ Export Modul%

I

Repository Abstraction Layer

Repository

Figure3: Sesames architecture

of data.In thesedecadesalargenumberof DBMS's have beendeveloped eachhaving their own strengths
andweaknessesargetedplatforms,andAPI's. Also, for eachof theseDBMS's, theRDF datacanbestored
in numerousvays.

Aswewouldliketo keepSesam@®BMS-independerdndit isimpossibleto know whichway of storing
thedatais besttted for whichDBMS, all DBMS-speci c codeis concentrateth asinglearchitecturalayer
of Sesamethe RepositoryAbstactionLayer (RAL).

This RAL is aninterfacethatoffersRDF-speci cmethoddo its clientsandtranslateshesemethodgo
callsto its speci c DBMS. An important advantageof the intr oduction of sucha separatelayer is that
it makesit possibleto implement Sesameon top of awide variety of repositorieswithout changingany
of Sesames other components.Sectiond.3 describes numberof possiblerepositoryimplementations.

Sesames functionalmodulesareclientsof the RAL. Currently therearethreesuchmodules:

The RQL querymodule.
This moduleevaluatesRQL queriesposedby theuser(seesections.1).

The RDF administratiormodule.
This module allows incrementaluploadingof RDF dataand schemainformation, as well asthe
deletingof information(seesection5.2).

The RDF exportmodule.

A12R/0OTK/2001/D10/v1.0 1stOctobey 2001 7
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This moduleallows the extractionof the completeschemaand/ordatafrom a modelin RDF format
(seesection5.3).

Dependingontheervironmentin whichit is deployed,differentwaysto communicatevith the Sesame
modulesmay be desirable.For example,communicatiorover HTTP may be preferablein a Web context,
but in othercontexts protocolssuchasRMI (RemoteMethodInvocationf or SQAP (SimpleObjectAccess
Protocol)[Box etal., 2000 maybe moresuited.

In orderto allow maximal e xibility, the actualhandlingof theseprotocolshasbeenplacedoutside
the scopeof thefunctionalmodules.Instead protocolhandlersareprovidedasintermediariebetweerthe
modulesandtheir clients,eachhandlinga speci ¢ protocol.

The intr oduction of the repository abstraction layer and the protocolhandlers makesSesamento
a generic architecture for RDF/S storage and querying, rather than just a particular implementa-
tion of sucha system. Adding additionalprotocolhandlersmakesit easyto connectSesamdo different
operatingervironments.The constructiorof concreteRAL'swill bediscussedn the next section.

Sesames architecturéhasbeendesignedvith extensibility andadaptabilityin mind. The possibilityto
useotherkindsof repositorieshasbeenmentionedefore. Adding additionalmodulesor protocolhandlers
is alsopossible.Theonly partthatis x edin thearchitectures the RAL.

4.2 The Repository Abstraction Layer

As we have seenin the previoussection the RepositoryAbstractionLayer(RAL) offersastable highlevel
interfacefor talking to repositoriesThis RAL is de ned by an API thatoffersfunctionalityto adddatato,
or to retrieve or deletedatafrom the repository RAL-implementationgranslatecallsto the API methods
into operationn the underlyingrepository
Ratherthan adoptingor extendingan existing RDF API proposal,suchasthe “Stanford API” draft
proposedy Segey Melnik [Melnik, 2000, we have createcbur own setof interfaces.
Themaindifferencesetweerour proposaklndthe StanfordAPI arethat:

a. TheStanfordAPI is very muchtargetedat datathatis keptin memory whereaour APl is considerably
more“lightweight” asall datais returnedone-at-a-timen datastreams.

b. OurAPI offersspeci ¢ operationghatsupportRDF Schemaemanticssuchassubsumptiomeasoning,
whereaghe StanfordAPI only offers RDF-relatedunctionality.

The adwantageof returningdatain streamgpoint a) is thatat any onetime only a small portion of the
datais keptin memory This streamingapproachs alsousedin the functionalmodules,andevenin the
protocolhandlersvhich giveresultsassoonasthey areavailable. Thisapproachs neededor Sesamdo be
ableto scaleto large volumesof datawithout requiringexceptionallyexpensve hardware. In fact, Sesame
requirescloseto zeromemoryfor dataandonly a smallamountof memoryfor the programto run.

This, togetherwith the option of usinga remotedatastorefor the repository(seesection4.3) makes
Sesameotentially suitablefor useasinfrastructurein highly constrainecervironmentssuchasportable
devices.

Of course readingeverythingfrom a repositoryand keepingnothingin memoryseriouslyhurts per
formance. This performanceproblemcan be solved by selectvely cachingdatain memory. For small
datavolumesit is evenpossibleto cacheall datain memory in which casetherepositoryonly senesasa
persistenstorage.Sesames architectureallows all of this to be donein a completelytransparentvay, as
will beshawvn in thenext section.

6Seehttp://java.sun.com/j2se/1.3/docs/guide/rmi/sp ec/rmiT OC.html
A goodDBMS implementatiomwill alsocachequeryresultsto improve performance
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4.2.1 Stacking Abstraction Layers

An importantfeatureof the RAL is thatit is possibleto putoneontop of theother To Sesames functional
modulegthe admin,queryandexport modules}hisis completelytransparentasthey will only communi-
catewith the RAL atthetop of thestack(see gure 4). TheRAL atthetop canperformsomeactionwhen
the modulesmale callsto it, andthenforward thesecalls to the RAL beneatht. This processcontinues
until oneof theRALs nally handleghe actualretrieval requestpropagatingheresultbackup again.

‘ functional module‘

:

RAL 1

o

RAL n

— vV

Repository

Figure4: RALs canbestacledto addfunctionality

One good examplewherethis constructionmakes senseis whenimplementinga cache. We imple-
menteda RAL thatcachesll schemadatain adedicateddatastructurein mainmemory This schemalata
is oftenverylimited in sizeandis requestedery frequently At the sametime, the schemalatais the most
dif cult to queryfrom a DBMS becausef the transitvity of the subClassOfind subPropertyOproper
ties. Thisschema-cachinBAL canbe placedontop of arbitraryotherRALS, handlingall callsconcerning
schemalata.Therestof the callsareforwardedto theunderlyingRAL.

Anotherimportanttaskthatcanbe handledby a RAL is concurreng handling. Sinceary given RQL
queryis brokendown into severaloperationn the RAL level, it is importantto presere repositorycon-
sisteny over multiple transactionsWe implementeda RAL thatselectvely blocksandreleaseseadand
write accesgo repositoriespna rst-come- rst-servebasis.

4.3 The Repository

Thanksto the RepositoryAbstractionLayer, Sesame&anbe basedon ary kind of repositorythatis ableto
storeRDF. Thefollowing is alist of possibleconcreteémplementation®f the repository eachwith their
own adwantages.

DMBSs
Any kind of databaseanbe used:relationaldatabaseRDBMS), object-relationatiatabasefOR-
DBMS), etc.
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ExistingRDF stores

A numberof RDF storesarecurrentlyin development([Guha,2001 Reggiori, 2001, Beckett, 2001,
Wagner 2001])). SesameanusesuchanRDF storeif aRAL is writtenthatknows how to talk to that
speci ¢ RDF store.

RDF les

Files containingRDF canbe usedasrepositoriedoo. A at le is notvery practicalon its own, as
it will be painfully slow in storingandretrieving data. However, whencombinedwith a RAL that
cachesll of thedatain memoryit becomes goodalternatve for smallvolumesof data.

RDF network services

Apart from performancethereis no needfor the repositoryto be locatedcloseto Sesame.Any
network servicethat offers basicfunctionality for storing,retrieving anddeletingRDF datacanbe
usedby Sesame.An exampleof a systemoffering suchfunctionality is, of course,Sesamaetself.
Many of the RDF storesmentionedabove canalsobe approachedisWebservices.

Thelastoptionin particularis very interesting.An initial queryis sentto a Sesamesener someavhere
ontheWeh This sener canusenot only its local repositoryto answerthe query but alsoarny numberof
remoterepositorieghatit knows about.In turn, someof theseremoterepositoriegnight themseleseither
answerthe query using local data-storespr in turn againapproachyet other remoterepositories. This
opensup the possibility of a highly distributedarchitecturdor RDF(S)storingandquerying, thathasbeen
unexploreduntil now, but thatis truly in the spirit of the SemantidVeh

4.3.1 PostgreSQL

The rst repositorythathasbeenusedwith Sesamés PostgreSQE. PostgreSQlis afreely available(open
sourcepbject-relationaDBMS thatsupportanary featureghatnormallycanonly befoundin commercial
DBMS implementations.

Oneof themainreasongor choosingPostgreSQLis thatit is anobject-relationaDBMS, meaninghat
it supportssubtablerelationsbetweerits tables.As thesesubtablerelationsarealsotransitive, we usethese
to modeltheclassandpropertysubsumptionelationsof RDF Schema.

TheRAL thatwasimplementedisesadynamicdatabasschemahatwasinspiredby theschemahavn
in [Karvounarakistal.,200(J. New tablesareaddedto the databasevhenaer a new classor propertyis
addedo therepository If aclassis asubclas®f otherclassesthetablecreatedor it will alsobeasubtable
of thetablesfor the superclassed.ik ewisefor propertiesbeingsubpropertiesf otherpropertiesinstances
of classesandpropertiesareinsertedasvaluesinto the appropriatdables.Figure5 givesanimpressiorof
the contentsof adatabaseontainingthedatafrom gure 2.

The actualschemainvolves one more table called resources. This table containsall resourcesand
literal values,mappedo a uniquelD. TheselD's areusedin thetablesshowvn in the gure to referto the
resourcesndliteral values. The resources tableis usedto minimize the sizeof the databaselt ensures
thatresourcesndliteral valueswhich canbequitelong, only occuroncein thedatabasesaving potentially
largeamountsof memory

5 Sesames Functional Modules
In this sectionwe brie y describehethreemoduleghatarecurrentlyimplementedn Sesame.

5.1 The RQL Query Module

As we have seenin section4, oneof thethreemodulescurrentlyimplementedn Sesamés anRQL query
engine. RQL [Karvounarakistal.,200Q Alexakietal.,200q is a proposalfor a declaratve language

8Seehttp://www.postgresgl.org/

A12R/OTK/2001/D10/v1.0 1stOctober2001 10



SesameA genericArchitecturefor StoringandQueryingRDF andRDF Schema

Class SubClassOf SubPropertyOf
uri source target source target
Resource Artist Resource paints creates
Avrtist Painter Avrtist paints works
Property Domain Range ]
uri source target source target %
creates creates Artist creates Artifact %
name name Resource name Literal N
Resource creates works f‘E
uri source target source target 8
Artist_/ Artifagt paints
uri uri source target

rodin424 crucif.jpg

Painter

uri
rodin424

Figure5: Impressiorof the object-relationaschemacurrentlyusedwith PostgreSQL

for RDF and RDF Schema. It wasoriginally developedwithin the EuropeanST project C-Web andits
followup project MESMUSEDby the Institute of ComputerScienceat FORTH, in Greeceandcurrentlyis
beingjointly developedby ICS-FOR'H andAidministratot

In Sesamea versionof RQL wasimplementedhatis slightly differentfrom the languageproposed
by [Karvounarakistal.,200J. The Sesameersionof RQL featureshettercomplianceo W3C speci ca-
tions, including supportfor optionaldomain-andrangerestrictionsaswell asmultiple domain-andrange
restrictions.See[BroekstraandKampman 2007 for details.

TheQueryModulefollowsthepathdepictedn gure 6 whenhandlingaquery After parsingthequery
andbuilding a querytreemodelfor it, this modelis fed to the queryoptimizerwhich transformshe query
modelinto anequialentmodelthatwill evaluatemoreef ciently.

RQL RQL Query

Query model Optimized Query m

Figure6: A queryis parsedandthenoptimizedinto a queryobjectmodel

The optimizedmodelof the queryis subsequentlgvaluatedn a streamingfashion following thetree
structureinto which the queryhasbeenbrokendown. Eachobjectrepresents basicunit in the original
gueryandevaluatestself, fetchingdatafrom the RAL whereneededThe mainadvantageof thisapproach
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is thatresultscanbe returnedin a streamingfashion,insteadof having to build up the entireresultsetin
memory rst.

In SesameRQL queriesare translated(via the object model) into a setof calls to the RAL. This
approachmeansthatthe main bulk of the actualevaluationof the RQL queryis donein the RQL query
engineitself.

For example,whena query containsa join operationover two subquerieseachof the subqueriess
evaluated andthejoin operationis thenexecutedby the queryengineon theresults.

Anotherapproactwouldbeto directly translateasmuchof theRQL queryaspossibleto aqueryspeci ¢
for the underlyingrepository An advantageof this approachis that, whenusinga DBMS, we would get
all its sophisticatedjueryevaluationandoptimizationmechanismsor free. However, alargedisadwantage
is thatthe implementatiorof the queryengineis directly dependenbn the repositorybeingused,andthe
architecturevould losetheability to easilyswitchbetweerrepositories.

Thisdesigndecisionis oneof themajordifferencedbetweerSesamandthe RDF Suiteimplementation
of RQL by ICS-FOR'H (see[Alexaki etal.,2000). The RDF Suiteimplementatiorrelieson the under
lying DBMS for queryoptimisation.However, this dependeng meanghat RDF Suitecannotaseasilybe
transportedo run on top of anotherstorageengine.

A naturalconsequencef our choiceto evaluatequeriesin the RAL is thatwe needto devise several
optimizationtechniquesn theengine sincewe cannotrely on ary givenDBMS to do this for us.

5.2 The Admin Module

In orderto be ableto insertRDF dataandschemanformationinto arepository Sesamérovidesanadmin
module.The currentimplementations rathersimpleandofferstwo mainfunctions:

1. incrementallyaddingRDF data/schemanformation;
2. clearingarepository

The adminmoduleretrievesits informationfrom an RDF(S) source(usuallyan online RDF(S)docu-
mentin XML-serializedform) andparsest usinga streamingRDF parser(currently we usethe SIRRAC
RDF parser[Barstov andMelnik, 200q). The parserdeliversthe informationto the adminmoduleon a
perstatemenbasis: . The adminsubsequentlgheckseachstatemenfor consisteng with the
informationalreadypresenin therepository andinfersimplied informationif necessaryasfollows:

if equalstype, thentheadmininfersthat mustbeaclass.

if equalssubClassOf, thentheadmininfersthatboth and areclasses.

if equalssubPropertyOf, thentheadmininfersthatboth and areproperties.

if equalsdomain or range, theadmininfersthat mustbeapropertyand mustbeaclass.

In all thesecasesthe admin modulecheckswhetherthe inferred informationis consistentwith the
currentcontentsof therepositoryandif so,theinferredinformationis addecto therepository

If theadminmoduleencountersiduplicatestatemen(i.e. afactthatis alreadyknownin therepository),
thisis reportedbut otherwiseignored.

5.3 The RDF Export Module

TheRDF ExportModuleis avery simplemodule.This moduleis ableto exportthe contentf arepository
formattedin XML-serializedRDF. Theideabehindthis moduleis thatit suppliesa basisfor usingSesame
in combinatiorwith otherRDF tools,asall RDFtoolswill atleastbeableto readthis format.

Sometools, like ontologyeditors,only needthe schemaartof the data. On the otherhand,toolsthat
don't supportRDF Schemasemanticswill probablyonly needthe non-schemaartof the data. For these
reasonsthe RDF ExportModuleis ableto selectvely exportthe schemathe data,or both.
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6 Experiences

Ourimplementatiorof Sesameanbefoundathttp://sesame.aidministrator.nl/ (Oct2001),
andis freely availablefor non-commercialise. The implementatiorfollows the genericarchitecturede-
scribedin this paper usingthefollowing concretamplementatiorchoicesfor themodules:

Therepositoryis realizedby PostgreSQL.
A protocolhandleris realisedusingHTTP.
Theadminmoduleusesthe SIRRAC RDF parser

In this sectionwe brie y reporton our experiencesvith variousaspect®f thisimplementation.

6.1 UsingRQL

As we have seenin section5.1, Sesamesupportgjueryingusinga declaratve languagecalledRQL. RQL
is a powerful languagethat offers very expressve queryingcapabilities. One of the mostdistinguishing
featuresof RQL is its built-in supportfor RDF Schemasemanticsandthe possibility to combinedataand
schemanformationin asinglequery

Theexpressvenes®f RQL asimplementedn Sesaméasshavn itself to bemorethanadequatéor the
testcasesve havetriedit onsofar. Oneminorlack (or rather incorvenience)s the omissionof atype()
function that returnsthe class(es}o which a particularresourcebelongs,but this could be easily added.
Also, RQL doesnotsupportrei cation, but in practicewe have not comeacrossxamplesvherethiswasa
problem.

6.2 Deploymentin On-To-Knowledge

Sesamas currently being deployed asthe centralinfrastructurefor the On-To-Knowledgecasestudies.
Figure7 shavs how Sesameenesasthe centraldatarepositoryfor anumberof tools:

OntoExtractdevelopedby CogniT a.s.,extractsontologicalconceptuaktructuredrom naturallan-
guagedocuments.OntoWrapperperformsthe sametask for semi-structurednformation sources.
Theseontologiesareuploadedor storagan Sesame.

Theresultingontologiescanbe downloadednto OntoEdit,aneditorfor ontologiedevelopedby the
Institute AIFB of the University of Karlsruhe. Whenthe userhaseditedan ontology the resultis
againstoredin Sesame.

Theresultingontologiesaredownloadednto RDF Ferret,auserfront-end developedoy BT Adastral
Park Researcliabs,thatprovidessearchandqueryfacilities for webdatébasecon the ontologies.

Spectaclageneratesveb-sitesvhosenavigationstructurearebasecbn theontologiesanddatastored
in Sesame.

OntoShareallows end-usergo sharetheir own informationitems (documentspictures)using the
ontologicalstructurestoredin Sesame.

Becausesesamés a sener-basedapplication theintegrationof all this functionalityis donesimply by
establishingHTTP connectiongo Sesame.
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Figure7: Sesamés positionedasa centraltool in the On-To-Knowledgeproject

6.3 Ontologiesand RDF Schema

While developingSesamemary unclaritiesin the RDF Schemaspeci cationwereuncovered.Oneof the
reasondor thisis thatRDF Schemds de ned in naturallanguageno formal descriptionof its semantics
is given. As aresultof this, the RDF Schemaspeci cationevencontainssomeinconsistencies.

Anotherreasorwhy RDF Schemas so hardto understands that RDF Schemais self-describingn
the sensethat the de nition of its termsis itself donein RDF Schema. This leadsto strangecircular
dependencies thetermde nitions (e.g.thetermClass is botha subclas®f andaninstanceof Resource,
whichis itself aninstanceof Class again).In fact, primitivesfrom differentmeta-levelsof descriptiorhave
beenmappedo identicalterms,resultingin aratherunclearspeci cation(seealso[NejdI etal., 200Q).

Oneof the consequencesf the circular dependencies that RDF Schemais not only a languagéor,
but alsoa part of ontologies. This meansthat all primitivesde ned in RDF Schema(i.e. subClassOf,
subPropertyOf, domain, range, etc.) arealsoin theontology Wewould arguethatthisis counterintuitve.
At thevery leastthis approacldeviatesfrom approachetaken by mostotherontologylanguages.

A12R/0OTK/2001/D10/v1.0 1stOctober 2001 14



SesameA genericArchitecturefor StoringandQueryingRDF andRDF Schema

6.4 Using PostgreSQL

Our experienceswith the databaseschemaon PostgreSQLasshown in section4.3.1,arenot completely
satishctory Both dataretrieval anddatainsertionarenot asfastaswe would like. Especiallyincremental
uploadsof schemalatacanbevery slow, sincetablecreationis very expensvein PostgreSQLEvenworse,
whenaddinga new subClassOfelationbetweerntwo existing classesthe completeclasshierarchystarting

from thesubclassieedgo brokendown andrekuilt againbecausasubtablerelationscannotbeaddedo an

existing table;the subtablerelationshave to bespeci edwhenatableis created Oncecreatedthe subtable
relationsare x ed.

6.5 Scalability issues

We have beenexperimentingwith several datasetsand/orontologiesthat are currently available on the
Weh The largestsetof datathatwe have uploadedandsubsequentlgueriedwasthe collectionof nouns
from Wordne?®, consistingof about400,000RDF statements.This datasetalmostcompletelyexists of
RDF data(i.e. hardly any schemanformation). While we have not performedary structuredbenchmark
testing,thefollowing pointsarenotewnorthy.

We would like to stressthat all our experimentshave beendoneusinga desktopcomputer(SunUl-
traSRARC 5, 256MB RAM) to run SesameJava Servletsrunningon a web sener were usedasprotocol
handlergo communicatever HTTP. The databasschemalescribedn section4.3.1in combinationwith
PostgreSQlversion7.1.2is usedasrepository

The uploadingof the informationis not asfastaswe would like, mainly dueto the databaseschema
beingused.Justaddinga datastatemento the databasénvolvesdoingthe following steps:

Checkwhetherthe propertyis alreadyknown. If not,addit andcreateatablefor it.
Checkwhetherthe subjectis alreadyknown, addingit if not.
Checkwhethertheobjectis alreadyknown, addingit if not.

Add arow representinghe statemento theappropriatdable.

Most of thesestepshave to be performedin sequentiabrder, which is very time-intensve. Uploading
the Wordnetnounstook approximately94 minutes,which comesdown to 71 statementper second.As
wasto beexpectedthe uploaddid not shav any signi cant signsof slowing down asthe amountof datain
therepositoryincreasedthe amountof datais notverylargeby DBMS standards).

Queryingthe information proved to slower than expectedtoo, for exactly the samereasons.Due to
thedistributedstorageover multiple tables retrieving datafrom the repositorymeansdoing mary joins on
tables hinderingperformancePartly this mightbe solvedby investingmorein hardware,partly by looking
atalternatve DBMS's.

7 Futuredirections

7.1 Repository performance

The experiencegeportedaboutin the previous sectionhave led us to several future developmentshat
we are going to investigatefor Sesame.Most prominentof theseis the migration of Sesameo other
repositoriesanddatabaseschemado boostqueryperformance A rst optionthatwe areinvestigatingis

theimplementatiorof a RAL basedon atraditional'pure’ relationalDBMS, thatis, a RAL thatonly uses
standardSQL. Not only cansucha RAL be usedon a wide variety of DBMS's, we expectto be ableto

improve adminandqueryperformanceswell.

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

Currently Sesameainderstandshe semanticof RDF and RDF Schema.We would like to extendthis to
more powerful languagedike DAML+OIL [Horrocksetal.,200]. DAML+OIL is an extensionof RDF
Schemandoffersadditionalprimitivesfor creatingschemataExamplesf theadditionalexpressve power
of DAML+OIL are:

theuseof arbitraryclassexpressionsincludingdisjunction,conjunctionandnegation(complement)
of classes

cardinalityconstrainton propertiesgxpressinghe minimal andmaximalnumberof valuesa prop-
erty canhave for eachsubjectinstance

symmetric transitive andinverseproperties

SinceDAML+OIL allows moreexpressvenesandhasmoreinferencingcapabilities areasoner/query
languagdahatunderstandis semanticss signi cantly morecomplicated.

7.3 Admin Module

The Admin Module currentlyoffersvery limited functionality for administratinggthe contentsof reposito-
ries. More ne-grainedfunctionalityis neededor the moduleto bereally useful. We arecurrentlyinvesti-
gatingthe optionsto accomplisithis. Oneof the optionsis to extendRQL with primitivesfor updatingand
deletingdata,justlike SQL does.

8 Conclusion

In thisreportwe have presente@esamea genericarchitecturdor storingandqueryingbothRDF dataand
RDF Schemanformation. Sesamés animportantstepbeyondthe currently available storageand query
devicesfor RDF, sinceit is the rst publicly availableimplementatiorof a querylanguagehatis awareof
the RDF Schemaemantics.

An importantfeatureof the Sesamearchitectures its abstractionfrom the detailsof ary particular
repositoryusedfor the actualstorage.This makesit possibleto port Sesameo a large variety of different
repositoriesincludingrelationaldatabasefR DF triple storesandevenremotestorageserviceon theWeh

Sesamatself is a sener-basedapplication,and canthereforebe usedasa remoteservicefor storing
andqueryingdataon the SemanticdWeh As with the storagelayer, Sesamebstractdrom ary particular
communicatiorprotocol, so that Sesamecan easily be connectedo differentclients by writing different
protocolhandlers.

We have constructeda concreteimplementationof the genericarchitecture,using PostgreSQLlas a
repositoryandusingHT TP ascommunicatiorprotocolhandlers.

Importantnext stepsto expand Sesameowardsa full edged storageand queryingservicefor the
SemanticMeb includeits extensionfrom RDF Schemao DAML+OIL andimplementationgor different
repositoriesnotablythosethatcanlive elsevhereon the Weh
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A Installation instructions

A.1 Requiredsoftware
Sesameequireshefollowing softwarepackagesnstalled:
ThePostgreSQIDBMS
TheTomcatwebsener/servletcontainer
A Java2 SDK
the Java-XercesXML parser
The ARP RDF parser

All of thissoftwareis freely availableontehinternet. Whatfollowsis adescriptiorof necessargctions
to getSesameip-and-running.

A.2 PostgreSQL

PostgreSQLlis an object-relationaDBMS distributedunderan OpenSourcelicense. PostgreSQlcanbe
downloadedrom oneaofthatsitesshovn athttp://www.postgresqgl.org . Sesaméasbeentested
with versionsstartingfrom 7.0.2.We recommendisingversion7.1.3.

Thefollowing stepsneedto bedoneto preparePostgreSQlfor Sesame:

1. In caseyou have downloadeda sourcedistribution of PostgreSQLgompile both PostgreSQlitself
andits JDBC-driver. In caseyou have downloadeda binarydistribution, youwill alsohaveto down-
loadaJDBC-driver. JDBC-driversfor PostgreSQlcanbefoundathttp://jdbc.postgresql.
org .

2. InstallPostgreSQLPleaseseetheinstallationinstructionsuppliedwith PostgreSQlfor any questions
abouttheinstallationof PostgreSQL.

3. In caseyouareusingversion?7.1or newer, youwill needto turnof thedefault SQL inheritance This
canbe doneby editingthe le [POSTGRESQLDIR]/data/postgresqgl.conf . Make sure
this le containghefollowing line:

sql _inheritance = false.

4. Con gure theHost-Basediccess By default, PostgreSQlonly allows you to connecto it from the
machineitself. If Sesamewill be run on anothermachine,you will needto edit the le [POST-
GRESQILDIR]/data/pg  _hba.conf sothatPostgreSQlwill alsoacceptconnectiongrom that
machine Pleaseseethe PostgreSQlinstallationdocumentatiofif you have any questionson how to
dothis properly

5. (Re)starthePostgreSQlsenerwith the TCP/IPconnectiongnabled.You canstartPostgre SQlwith
the commandPOSTGRESQLDIR]/bin/postmaster -i . The-i ag enableshe TCP/IP
connections.lt is probablywise to setup the machineto automaticallystartand stop PostgreSQL
whenit is turnedon andoff.

6. Createa useraccountfor SesameyYou cancreatea new useraccountin PostgreSQlwith the com-
mand[POSTGRESQLDIR]/bin/createuser . We'll assumehattheuseris called'sesamein
therestof this document.PostgreSQLwill askyou whetherthe new usershouldbe ableto create
new databasesr moreusers.You cananswetboth questionsith 'no'.

7. Createanew databasealled'test-db'. Youcandothiswith thecommandPOSTGRESQLDIR]/bin/createdb

test-db . This databasevill be usedlateron to testwhetherSesaménasbeencorrectlyinstalled
andcanberemovedafterthathasbeentested.
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A.3 Tomcatand Java 2 SDK

Tomcatis awebsener thatsupportshe Servlet2.2 andJSP1.1 speci cations. Sesamaieedssuchaweb
senerto beableto run. Tomcatis justoneof theavailablewebsenersthatsupporthesetwo speci cations.
Sesamehouldbeableto runin ary of those but sofar hasonly beentestedwith Tomcat.

Tomcatis distributedunderthe ApacheSoftwareLicense ,which is anopensourcelicense.lt is being
developedaspart of the JakartaProject. Tomcatcanbe downloadedfrom jakarta.apache.gr We suggest
thatyou useversion4 of Tomcat,asit's con gurationis mucheasierthanthe previous Tomcatversions.

To run Tomcat,you'll alsoneeda Java 2 SDK. Java 2 SDK's are availablefor mostmainstreanplat-
forms. JDK's for Microsoft Windows, Linux x86 andSolariscanbe downloadedirom java.sun.com/j2se/.
Pleasaotethat Tomcatrequirethe Java2 SDK for parsingJSPpages Sesames JSPpageswill notwork if
you usethe Java 2 RuntimeEnvironment.

Installationof boththe JDK and Tomcatshouldbe straightforward. Pleaseseetheinstallationmanuals
of bothsoftwarepackage# you have ary questionsabouttheir installation.

A.4 Installing Sesame

Thefollowing stepsdescribeheeasiesprocedurdo install Sesamen Tomcat. The processloesnt require
ary recon gurationof theweb sener. The proceduredescribecheremight not bethe bestoptionfor you.
Pleaseseeyour web sener's documentationf you want more ne-grained control over whereand how
Sesamehouldberunning.

1. Goto the web applicationsdirectoryof your web sener [TOMCATDIR]/webapps/  if youare
usingTomcat)andcreatea directory'sesamethere.

2. Extractthesesame.war packagén the new 'sesamedirectory You cando this onthecommand
line by executingthecommandar -xf [PATH/TO/]sesame.war ,oOryoucanuseaprogram
like WinZip to extractthearchie.

3. Copy thePostgreSQLUDBC-driver (‘postgresql-jdbcX.YZ.jar") to thedirectory[SESAMEDIR]/WEB-
INF/lib/

4. DownloadXerces-Jversionl series)from http://xml.apache.org/xerces- j/ andcopy
the le 'xerces.jarincludedin the packageo the directory[SESAMEDIR]/WEB-INF/lib/

5. Download ARP from http://www.hpl.hp.co.uk/people/jj c/arp / andcopy the le
‘arp.jar' includedin the packageo the directory[ SESAMEDIR]/WEB-INF/lib/

A.5 Conguring Sesame
A.5.1 databases.conf

The le [SESAMEDIR]/WEB-INF/databases.conf containsinformation aboutthe repositories
that Sesamaneeds.This le currentlycontainsjust oneentryfor the previously mentioned test-db'. The
le mayrequiresomemodi cationsin orderto work on your machine.You canusetext editorto perform
thechanges.

In casePostgreSQLand Tomcatare not running on the the samemachine,you'll have to replace
localhostwith the nameof the machinerunningPostgreSQL.

In casePostgreSQLis not listeningto the default port (5432),replace5432with the port thatit is
listeningto.

In casethe usercreatedor PostgreSQlis not called' sesame'replacesesamavith theactualname.

In caseheusercreatedor PostgreSQlhasapassverd, enterthis passverd betweerkdb-password>
and</db-password>
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A.5.2 webxml

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

ReplaceSESAMBDIR with thepathto thedirectorywhereSesamés installed(i.e. [TOMCATDIR]/webapps/sesame

if you'veinstalledSesameasdescribedhbove).

ReplaceSESAMEPASSWORWDIth someotherpassword. You canusethis passvard whenSesame
is runningfor administratiortasks(e.g. to force Sesamdo reloadthe databases.cone whenyou
have modi ed it).

A.6 Testingyour installation

If you have performedall of the stepsdescribedabore, Sesameahouldnow beready Stopyourwebsener
if it is still runningand(re)startit. Pointinga browserto thelocationwhereyou have installedSesamée.g.
http://MACHINE _NAME:8080/sesame/ if youhaveinstalledSesamasdescribedn thisdocument)
shouldnow displaythe Sesamesite.

You shouldalsotestwhetherthe Sesameservletsare running correctly andwhetherSesameantalk
to PostgreSQLGo to the Demosectionandclick onthe'Add datato arepository'link. The pageshould
shav 'SesameTestDB' asthe oneandonly availablerepository Try uploadingthe datafrom the quick
tutorial (click on thelink atthetop of the page). The passverd for uploadingdatato the testdatabasés
‘opensesame’.

Sesamavill reportsomenoti cations (in green)aboutclassesndpropertiesalreadybeingde ned. You
cansavely ignorethese.lt' sthewarnings(in orange)andtheerrors(in red)thatyou have to worry about.

If the data-uploadvasa successyou shouldalsobe ableto extractit. Again, goto the Demosection
but now click on the'Extract datafrom arepository'link. Clicking on the Extractbuttonshouldyield the
classesndpropertieof theexamplemuseundata.

Sesaméhasbeensuccessfullyinstalledif all of this works. You canremove the testdatabasef you
want. Pleaseseethe next two sectionson how to addandremove repositoriefrom Sesame.

A.7 Adding repositories

To addarepositoryto Sesameperformthefollowing steps:

1. Createadatabas@ PostgreSQlusingthecommandPOSTGRESQLDIR]/bin/createdb [DB _NAME]

You arefreeto chooseary namefor [DB _NAME]

2. Openthe le [SESAMEDIR]/WEB-INF/databases.conf in atext editorandaddanew entry
for the new database.The easiestwvay to do this is to copy anexisting entry (9 linesin total) and
to modify its parameters.The parametershat needattentionare: id, description,url andadmin-
password. Make surethatthe new databaseetsa uniqueid. Sesamausesthis id to identify its
repositoriesTheid is notdirectly relatedto the nameof the database.

3. Pointyourbrowsertothe'con g' directoryontheSesamsite(e.g.http://MACHINE _NAME:8080/sesame/config/

if you have installedSesameasdescribedn this document).Enterthe Sesamedministrationpass-
word andclick onthe Executebutton.

4. You shouldnow be ableto selectthe new databasen the pagesaccessibldrom the Demosection
(try reloadingtheframeif your browsershavs a previously cachedoage).
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A.8 Removing repositories

To remove arepositoryfrom Sesameperformthefollowing steps:

1. Openthe le [SESAMEDIR]/WEB-INF/databases.conf in atext editorandremove theen-
try of thedatabas¢hatshouldberemored.

2. Pointyourbrowsertothe'con g' directoryontheSesamsite(e.g.http://MACHINE _NAME:8080/sesame/config/
if you have installedSesameasdescribedn this document).Enterthe Sesamedministrationpass-
word andclick on the Executebutton.

3. Youshouldno longerbe ableto selectthe databas®n the pagesaccessibldrom the Demosection
(try reloadingtheframeif your browsershavs a previously cachedoage).

4. Remorethedatabasérom PostgreSQlusingthe commandPOSTGRESQLDIR]/bin/dropdb
[DB _NAME]

A.9 Notesfrom the developers

As Sesamés currentlyin the stateof a prototype thingsaredueto change Beinga prototype mosteffort
hassofargonein implementinghesystem.Theinstallationproceduréhasnt receivedvery muchattention
yet.

Oneof thethingsthatwe would lik e to changds how Sesamés con gured. We would like to replace
thedatabases.core with adatabaseln this databaseye would lik e to storethe con gurationasRDFE A
dedicatecadministratiorfront-endwill supportthe systemadministratorstasks.
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