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Abstract

ResourceDescriptionFramework (RDF) is a generaldescriptiontechnology
that canbe appliedto many applicationdomains. Redlandis a software library
for RDFwhich implementsaflexible framework thatcomplementsthispower and
providesa high-level interfaceallowing instancesof theRDF modelto bestored,
queriedandmanipulated.Redlandimplementsthemodelconceptsusinganobject-
basedAPI and provides several of the classesas moduleswhich can be added,
removed or replacedto provide differentfunctionality or application-specificop-
timisations. The framework alsoprovidesa coretechnologyfor developingnew
RDF applicationsthatcanexperimentwith implementationtechniques,APIs and
representationissues.
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1 Intr oduction

RDF[1] is ageneralpurposetechnologythatenablesthedescriptionof resourcesonthe
webusingURIs for identifying theresourcesandURIs for thepropertiesthatdescribe
the resources.This designmeansthat thereis a large rangeof applicationsthat can
usethis generalitycustomisedfor their target domain. RDF and RDF Schemas[2]
are designedto work acrossdomainsand provide commonfacilities for describing
resources,collectingthemin containersandmaintainingtypeandclassrelationships.
TheRDFspecificationsmakevery few restrictionson thekind of informationthatcan
be recordedin orderto provide an opendescriptiontechnologyfor the web andthus
thesoftwaresystemsthatimplementthemneedto beveryflexible.

2 Requirementsfor an RDF Application Framework

Applicationsof ageneraldescriptionstandardsuchasRDFhaveawiderangeof needs
andwaysthat they would usethe technologyalthoughthe information is processed,
manipulatedandstoredusing the sameRDF model. Thus theremay be substantial
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differencesbetweenapplicationrequirementsof an RDF system,andany oneimple-
mentationof sucha system.In orderthat this interactionwasmademoreefficient, a
way wasneededof optimisinghow the RDF systeminternalsworked,dependingon
the application. This led to the needfor more than just an implementationof RDF,
but a framework aroundtheRDF modelthatcouldbeflexible enoughto optimisefor
particularapplicationsby providing moduleswith differentimplementations.

As of early2000,themajordeployedapplicationsof RDF weremostlyeitherem-
beddedinsideproductssuchastheMozilla[3] webbrowseror asseparatesystemssuch
asSiRPAC[4] asusedin theGINF project[5]andelsewhere.Mozilla usesRDFexten-
sively for representingtheinternalplatformdatasources,aswell asfor configuringthe
userinterface.Thiscodein C++is quiteintegralto Mozilla anddifficult to separateout
in orderto reuse,sinceit is optimisedfor Mozilla’sobjectandclasssystems.SiRPAC
is a Java applicationthatgrew from a parserinto a moregeneralapplicationfrom the
GINF project. SiRPAC is easyto usein Java applicationsbut that is not the language
usedby mostwebapplicationsandhencenot suitablefor all uses.

The APIs provided by Mozilla, SiRPAC API and other API proposalssuch as
RADIX[6] sharea coresimilarity in the typesof conceptsthat they present,although
all of themdo soslightly differently. See[7] for a moredetailedreview madein early
April 2000.

Therewereotherwell deployedapplicationsandservicesthatusedRDF internally
suchasrpm2html/ rpmfind[8] (andrelatedtools)usedextensively for indexing Linux
RPMs,andtheUK Mirror Service[9]which usesRDF for mirror andcontentdescrip-
tion however thesemostlyusethetree-basedXML DOM interfacein customwaysfor
their applicationratherthanpresentany generalRDF interface. This alsomeansthat
they didn’t usea full expressionof the RDF modelor syntaxandmorespecifically
didn’t have full RDFparsers.

RDF applicationson the web or applicationsthat wantedto have RDF support
neededmoreopenlibrariesthat wereportable,easyto configure,build andintegrate
into theapplication.Thismeantthattherewasaneedfor aself-contained,completeand
industrial-strengthlibrary for RDFthatcouldeasilybeusedwith existingapplications,
andhadgoodintegrationcapacitiesvia APIs in majorlanguages.

RDF requiresXML for thesyntaxandsinceXML is now a family of technologies
thatneedto beprocessed,thiscanbesomewhatof abarrierto handlewhile alsodealing
with RDF, all in oneapplication.A toolsetthatpresentedahigherlevel interfaceat the
semanticlevel above XML andRDF syntaxwould allow applicationsto work in the
conceptsof theRDFworld ratherthangetstuckin thedetailof XML.

The RDF Schema[2]wasonly recentlya CandidateRecommendationat the time
Redlandwasbegun. It wasunclearif it requiredany new specialAPI supportor con-
ceptsandif thesenew conceptsweremoregenerallyuseful. It wasusefulto provide
an implementationthat could experimentwith theseAPIs and conceptsin order to
determinesuchrequirements.

Theseneedsmeantherewasarequirementfor a new systemimplementinga high-
level interfacefor the RDF model that was designedto be portable,integratewith
applicationswritten in many languages,be modularso partscould be replaced,pro-
vide hooksfor researchon RDF itself, have sufficient stableinterfaces,take on board
existing bestpractice,usingstandardprogrammingmetaphorssothat it couldbeused
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in differentwaysandbea solidandindustrial-strengthimplementation.

3 DetailedDesign

TheRDF modelis definedin theRDF ModelandSyntaxSpecification[1] andunfor-
tunatelythereis not sufficient spacefor a full introductionto themodelin this paper,
but suchanintroductioncanbefoundin [10]. In theformal description,RDF consists
of acollectionof statements,which containthreeparts(alsocalleda triple or tuple):

1. Subject- whatthestatementis about

2. Predicateor Property

3. Object- thevalueof thestatement,whichcanbea literal string

Eachof thepartsof thestatement(exceptfor literals)canbeidentifiedby anURI
allowing statementsto be written aboutany resourcewith a URI. Predicatesarealso
identifiedby URIs thusnew descriptive propertiescanbedefinedon theweb,aswell
asdescribingthingson theweb.

Although the statementcollection is the formal description,this canalsobe rep-
resentedasa graphof nodes(subjects)andarcs(predicates)pointing to othernodes
(objects)or literalsandthis is aneasierway to think aboutRDF - it is a webof state-
ments.

Redlandneededto representall theconceptsin themodelandsomeadditionalones
including an expressionof the collectionof statements- calleda model in Redland,
after SiRPAC. The Mozilla RDF API also includesconceptssuchas a DataSource
which aresimilar to the Redlandmodelandrepresenta sourceof statements,anda
CompositeDataSource which containsa setof DataSource s andallows operations
over them,as if they wereoneDataSource . Mozilla andSirPAC both have similar
interfacesfor de/serialisingmodelsto and from a sequenceof statementsaswell as
dealingwith theRDFXML syntaxparsing.SiRPAC hasadditionalfacilitiesproviding
Java InterfacesandcommonJava metaphorssuchasproducer/consumerfor RDF and
Enumeration.Both RDF systemsquerythemodelin thesametwo ways- askingfor
matchingstatements,calledstatement-centric,or dealingwith themodelin termsof a
graphandaskingquestionsrelative to anodeor arc,callednode-centric.Therewasno
otherquerylanguagesyntaxdefinedor consensushow resultswould bereturnedfrom
suchasyntax.

RDF neededto bestoredin a way thataccommodatedthegeneralcasebut wasef-
ficient for thekindsof queriesthatparticularapplicationsmightneed.Thiswasanarea
of researchthatmight requireseveralstorageimplementationsfor differentpurposes.
The storagealso neededways to be able to useexisting systemssuchas relational
databases.This hasbeeninvestigatedpreviously in [11] without a single database
schemaemerging unanimouslyas the bestanswer;not that this wasunexpectedfor
suchageneralapplication.

It wasexpectedthat RDF would provide servicesdeliveredvia the web. These
servicesmaybenotbeonthesamesystemastheapplicationsosupportof remoteRDF
modelsthat weremanipulatedor queriedvia what might be callednarrow interfaces
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wasrequired.For example,theonly interfacemightbearequest/ responsequeryover
theremotemodelandtheresultwouldbeasequenceof statementsthatmatched,these
statementsforming a modelof their own, or representinga sub-modelof the remote
one.

Conversely, on systemswhereit is efficient to representmany modelsand sub-
modelsin the samestoragesystem,the resultsof queriesmight be bestrepresented
asmodelsin the samestorage.For exampleif a relationaldatabaseis madevisible
asanRDF model,anda queryis performedover it, it is not necessaryto createa new
streamof statementsfor theresultingmodelsincetherelationaldatabasecanefficiently
expressthis asa view on thequeriedmodel.This givestherequirementfor supportof
modelto modeloperationswithout theneedfor serialisingthem.

Applicationsof RDF thatwerebeingdesignedanddevelopedat this time required
supportfor provenancetracking. This is expressiblein the standardRDF modeland
it wasnot clearat that time if it neededspecialAPI support,so this becameanother
potentialissuefor investigation.

In summary, the detailedrequirementsasderivedfrom the analysisof the model,
existingandfutureapplicationrequirementswere:

� Statement/ graphArc

� Statementparts- Subject,Predicate,Objects/ graphNodes

� Model,AggregateModel

� Storagefor Modelsin memoryandpersistently

� Parserfor theXML syntax

� Streamsof Statementsfor de/serialisingmodels

� Lists of Statementpartsfor walkingRDF graphs

� Queryingwith flexibility on querylanguageandhow theresultsarereturned

� Interfacesfor modelswith statementstreamsandmodel-to-model

� Industrialstrengthandsolidsystem

� Useexisting bestpracticein APIs, interfaceandimplementation

� Modulesproviding differentimplementationsof functionality

� Any supportthatmaybeneededfor provenancetracking

4 Design- Patterns and Implementation Language

Thissectionprovidesanoutlineof thedesign,conceptsandprogrammingmodelsthat
wereusedto meettherequirementsandthedetaileddesign.
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4.1 Layering

RedlandimplementstheRDF modelhowever this might meandifferentthingsto ap-
plications,whichunderstandmoreor lessof thedetailof themodel.Someapplications
requireonly certainpartsof thefunctionalityandwantto do therestthemselveswhile
otherswantto useRedlandasa closedsystem.Theseissuesareaddressedpartiallyby
modules- seeSection4.3. In generalthough,Redlandis partof a layeredsystemwith
the applicationat the higher layers,in which Redlandmight provide multiple lower
layerslayersthat theapplicationcould interfaceto. It might beusefulto provide, for
example,a schema-checkingmodel ratherthanonewith no validation. This is per-
formed by layering inside Redlandwherethe schema-checkingmodel usesa lower
layermodelimplementationin orderto provide this. Otherexamplesof higherlayers
that couldbe provided includemodelsproviding associative or bi-directionalproper-
tiesfor applicationspecificpurposes,checkingtrustmodels,digital signaturesor with
transactionsupport.

Redlandwasdesignedto coverapproximatelythelower four layersof thebuilding
blocksof thediagramshown in Figure1, basedon oneby Berners-Lee[12].

URIs (Unicode)

XML Namespaces
�

XML Schema
�

RDF SchemaRDF Model

Ontology Support
� XML

�

Dsig

Logic

Proof

KRDublin
CoreP3P

XML standards (XML, XML Base, XPath, XInclude)
�

Figure1: RedlandprovidesRDF building blocks.

4.2 Objects

The target languagesfor usingRedlandwereC for usein compiledapplicationsand
languagesusedin many webapplicationsincludeat leastPerlandPython.Thismeant
that thedesignhadto beappropriatefor object-based(Python),nonobject-basedlan-
guages(C) andonesthatcandoboth(Perl).Theobjectmodelis acleanwayto specify
and implementthe design,especiallywith the requirementfor modules(seebelow)
andcouldbecalledfrom nonobject-basedlanguagesif donecarefully. Note that full
object-orientationwith inheritanceis not proposedheresincethat is very hardto ex-
pressin languageslikeC but anobject-basedAPI usingobjects,methodsandpolymor-
phism.
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4.3 Modules

The flexible architecturerequiredthat therewerepartsof the systemthat could have
multiple implementationsfor the sameinterface. It wasalsodesirableto be ableat
somepoint to potentiallysupportdynamicloadingof modulesat run time on demand
or automaticallyby thesystemfollowing aspecificapplicationrequest.Thissuggested
theuseof the factorypatternwheremodulescanregister/de-registerwith factoriesat
any time. Thefactoryneednotbevisibleat theapplicationlevel with wrappersaround
themmadevia theobjectconstructors.

4.4 Portability

Portabilitywasa major requirementso thesystemhadto bewritten in C, sincevirtu-
ally all major languageshave interfacesto C andindeedthey aremostlyall written in
it. This unfortunatelymeanta lot of supportthatis providedby someof thetargetlan-
guageshadto beimplementedinternally. RedlandusesC functionnamingconventions
to providetheroutinesfor theconstructor, copy constructor, destructorfunctionalityas
well asthegeneralmethods.

4.5 Interfacesand Implementation

In languageslike Java, thereis a cleaninterface/ implementationseparationbut using
C this hadto be emulatedby conventions. A Redlandclassis definedasa public C
typedefstructrepresentingtheclassandits public interface(constructoretc.,methods)
definedin a headerfile alongwith any public or privatetypes,enumerationsor con-
stants.Theactualclassimplementationdefinition(C structthat thetypedefrefersto)
andinternaldefinitionsarenotexposedto applicationsandareonly availableinternally
whenRedlandis compiled. The implementationof the classis definedin a C source
file andcanincludeprivatestatic functionseither for internal implementationsor to
satisfypartof a factoryAPI.

4.6 ClassInitialisation and Termination

Classesmay needto be initialised at load time by what aregenerallycalledstaticor
classinitialiser code.Redlandclassesmayhave a classinitialiser / terminationpair of
functionswhich mustbecalledbeforeany objectin theclassis created,andafter the
last objecthasbeenfreed. This is neededfor many classesbut especiallythosethat
implementmoduleswhich needto be registeredat load time , so that they areready
to usewhentheapplicationcodestartsandcanbede-registeredwhentheapplication
terminates.

5 Redland Ar chitecture

This sectionprovidesa descriptionof thearchitecturethatwasusedto implementthe
detaileddesignandrequirementsusingthedesignpatterns.
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5.1 Redland Classes

Therequirements,designandlanguagehaving beenchosen,theclasseslistedin Table
1 weredefinedfor Redlandcovering the requiredconceptsandthe supportfacilities
needed.Thesewerestrongly influencedby the SiRPAC Java interface[13],although
flattenedto reducethenumberof classesandextendedfor theclassesthatareprovided
internally by Java suchasURI. At the time of writing (November2000)the Query ,
WWWandSerialiserclassesarenot implemented.

RedlandClass Purpose
Node RDFModel& Syntaxgraphnodes
Statement RDFModel& Syntaxgrapharcs(statements,triples)[isa Resource]
Model Setof Statementsusuallyheldin oneStorage
Storage Storagefor Models (modular)
Stream Providing sequencesof Statements from Parsers,queries
Parser SyntaxparsersdeliveringStreamof Statementsor writing to a Model(modular)
Serialiser* Serialisesamodelto aparticularsyntax(modular)
Query* Queryadaptorclassesfor particularquerysyntaxes(modular)
Iterator Enumeratinglists (of Node) from queries
URI ProvidesURIs for Resources,Parsers, ...
WWW* ResolvesURIs to returncontentfrom thewebor makewebrequests
’World’ RDFwrapperfunctionalityhandlingRedlandstartup/shutdown
Digest Contentdigests(modular)
Hash Key : Valuemapswith duplicatesallowed(modular)
List Providessupportfor lists in C

Table1: RedlandClasses

The classesareusedandassociatedwith eachotherasshown in Figure2. The
supportclassesare usedthroughoutthe rest of the classesas needed. The Stream
classesareusedwhenever a sequenceof statementsis acceptedor generatedby the
Model , Storage or Parser classes.The Model classusesStreamfor performingthe
serialising/de-serialisingthe Model andreturnslists of statementsfrom queries.The
Parserclassonly usesit to provideasequenceof statementsastheresultof aparse.

At the simplestlevel eachModel objecthasa one-to-onemappingto the Storage
objectthatrepresentsit. Thefunctionalityfor aggregateModelsis presentin theModel
classso thathigherlevel Models canhave sub-modelsandin thatcasethereis no 1-
to-1 mappingto a Storage but the higher level Model will have a setof sub-Model s
or someotherrelationship.For example,a higherlevel Model representinga remote
informationresourcemay not have a Storage but usesomeotherway to presentthe
Model interface.

5.2 Modular Classes

Eachof themodularclasseshasaninternalfactorythatallows themoduleimplemen-
tationsof theclassto register/deregisterthemselves.Thefactorycreatestheseclasses
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Figure2: RedlandClassDiagram

for the applicationvia the constructorfor the modularclass. The modulescanhave
optionalimplementationof methodsfor thefactorysothatthefactorycaneitherdothe
defaultactionitself or implementit anotherway.

TheDigestclassis providedto allow severalmessageor contentdigestalgorithms
to be usedwith someof the RDF conceptsin order to be usedfor applicationslike
digital signaturesor computationallygeneratingidentifiers from say, literal strings.
ThedigestclassesprovidedwereMD5 (always),RIPME160andSHA1.

The Hash classabstractsKey : Value mapping(with duplicates)which can be
usedfor many purposesincludingstorageof statementsin persistenthashesandother
internaluses. The implementedhasheswerein-memory(always),GNU DBM hash
(optional)andversionsof Berkeley DB (BDB)/SleepycatDB.

TheStorageclassabstractsthestorageof models- theModelclasspasseson most
of its methodsto its associatedstorage. The implementationsof the classcurrently
includean in-memoryone(always)andone that usesmultiple Hashes to storethe
Statements, either in-memoryor persistentlyvia BDB. This implementationis dis-
cussedin moredetail in Section6.2. This classcould have beencalleddatabaseor
datastorebut that would have beenconfusingsinceonly oneof the implementation
modulesof theclassmight havebeena truerelationaldatabase.

TheParser classprovidesa commoninterfaceto modulesthatparsevarioussyn-
taxesto deliver an RDF model. The Serialiserclassdoesthe reverseandgenerates
syntaxfrom a model.SeeSection6.4for moredetailedinformationon theissueswith
theseclasses.

TheQueryclassis anadaptorclassthatprovidessupportfor particularquerysyn-
taxesfor Storage s. It takesa queryasa literal stringor asa Modelalongwith a URI
to identity thequerylanguage.This URI allows thequeryclassto determineif either
thereis anadaptorclassfor the languageor thestoragenatively knows it. In the for-
mercase,whenthestoragemoduledoesnot understandthesyntax,the adaptorclass
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rewritesit into astandardqueryfor matchingStatementsandsubmitsit to theStorage
. In thelattercase,thequery, whichneednotbewritten in astatement-centricway, can
bedirectly handledby theStorage . This makesthequeryprocessa lot moreefficient
sincethequerydoesnotneedto berewritten,severallayersof systemareskipped,and
theresultsdo not needto berewritten asStatements but canbedeliveredin a Model
. This is possbilesincethe applicationandthe storagemoduleboth understandthis
specialoptimisation,representedby the URI . For example,the querycouldbe in an
SQL-like syntaxsuchasin [14] anda relationalback-endcouldhandleit very easily
withouttheneedto rewrite thesyntaxinto astatement-centricformatandthusloosethe
chancefor queryoptimisation.At thetimeof writing (November2000)theQueryclass
is not implementedandonly thestatementandnode-centricqueriescanbeperformed.

5.3 Data Flow and Flow of Control

Data flows inside Redlandmostly from argumentspassedvia methodcalls into the
implementingclassesandpossiblyonwardsto factoriesandmodules.However, when
Redlandis connectingobjectsthataremorenaturallybothworking in parallel- such
asa parseranda consumerof the statementsgenerated,someotherabstractionsare
needed.StreamandIterator areusedto providethistransferof dataandflow of control
for sequencesof Statements andNodes respectively. Theseclassesarereaderdriven
or pulled,sinceRedlandis intendedto beusedasa library insideanapplicationwhich
will generallybecalling Redlandto readdataratherthanpushingdatafor Redlandto
process.Redlanddoesnot do muchprocessingin onego (apartfrom parsing)so the
pull modelis quitenaturalto usein this way.

Whenparsingthe syntaxes,mostof the currentparsersneedto be active, pulling
datafrom their datasources(files or URI s) andso arenaturallypushingdatato the
application.To helphandlethis,Redlandwrapsthesecallbacksandturnsthedatapush
into aStreampull.

6 Implementation

This sectiondescribesthedetailof implementingtheclassesin Redlandincludingthe
storageclassesandthewaysusedto helpmakeRedlandwork betterwith applications.

6.1 Model and Storage

The Model classis the main applicationinterfacefor Redlandasshown in Figure3.
Despitethis, mostof the functionalityof theclassis providedby otherclasses.Stor-
age dealswith all statement-centricandnode-centricqueriesof themodelandQuery
handlestheotherquerysyntaxes.This makestheModelclassratherlight but it is the
key interfacefor theapplication,andit is herewherefunctionality for modellayering
is providedandconveniencemethodscanbeeasilyadded.

The Storage classimplementsmanagingthe storagemodulesvia a factory and
alsohandlesoptionalpartsof thestoragemoduleAPI by convertingbetweeninternal
interfaces. From the applicationpoint of view, this is never visible althoughsome
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operationson theModelmaybeobservedto beslower. For examplea storagemodule
may implementonly the requiredstatementquery methodsand not the nodebased
querymethodsin which caseStoragewill translatebetweenthese.

6.2 StorageModules

The main storageimplementationfor Redlandis usingmultiple Hashesto storethe
statements.This is basedonpreviouswork doneby theMozilla projectandGuha[15],
aswell asinternalprojectsatILRT. A Hashin Redlandis amapof akey to avaluewith
duplicatesallowed. In this implementation,Statements arestoredusingthreehashes,
whetherin memoryor usinga persistenthash(suchasBDB) asdescribedin Table2.

Hash Key Value Optimisesnode-centricquery
1 - SP2O SubjectandPredicate Object Gettargetsof (source,arc)
2 - PO2S PredicateandObject Subject Getsourcesof (arc,target)
3 - SO2P SubjectandObject Predicate Getarcsof (source,target)

Table2: Multiple HashStorage

Thehashesareusedbothfor thestatementqueriesandthenodecentricones.The
former areprovided by serialisingthe hashandfiltering via the queryingstatement.
Thiscanbeveryslow for largemodelssothenode-centricindexesareusedwhenonly
oneof the elementsof the statementis blank. Node-centricqueriesmeanquerying
usingtheModelrelative to aparticularresourcenodeor arc.TheSP2Ohashfindsout-
goingnodesfrom aresourcewith agivenarc,thePO2Shashfindsincomingnodeswith
agivenarcanddestinationandtheSO2Phashfindsthearcsbetweentwo givennodes.

10



Thesecombinationsof indexeshave beenfoundto bequiteusefulin experimentsand
testbedsimplementedpreviouslyat ILRT, without theneedto havefull combinationof
indexes.

Thereareotherpotentiallyusefulhashesthatmightbemaintainedincludingincom-
ing andoutgoingarcsindexedfor particularnodes.Thesechoicesmightbesuitablefor
an option on the storagehashor for userconfigurationof which statementpartsare
indexed. Thecurrenthashstoragemodulehashooksfor sucha facility but no current
interfaceto it.

In futureit maybethatapplication-specificindexeswill beaddedto thehashesfor
optimisingqueriesor propertiesthatareuseda lot. The rdf:typepropertyis onethat
canbereferedto often in applicationsthataska lot of schemaor RDF typing queries
andcouldbeworthoptimisingfor. It couldeitherbedoneat thestoragelevel or higher
up wherethe type systemcalls might be interceptedby the modelandhandledin a
differentway more appropriatefor type hierarchiesanddetectingloops. This is an
exampleof wherethe flexibility of the applicationframework can provide different
waysto handleapplicationrequirements,without makingchangesto any application
interface.

6.3 Statementsand Nodes

StatementscontainthreeNodeobjectsrepresentingthedifferentpartsof theRDFstate-
mentandtheseNodeshavetwo maintypes- ResourceswhichhaveURIsandLiterals.
In Redland,literals includethe string content,the xml:lang andxml:spaceproperties
andwhetherthecontentis XML content(asdeclaredby theRDF parseType=”literal”
attribute).RDFstatementsareRDFresourcesin theRDFmodelandin RedlandState-
mentscanbeusedwherevera resourceNodecanbeused.

Nodeobjectsareusedmany times inside the applicationsto representresources
with URIsandthusneedto behandledefficiently sothatit is easyandquick to create,
destroy andmanipulatethem.For this purpose,aninternalnodefactoryis usedto en-
surethatreferencesto a nodewith a particularURI areshared,usingsimplereference
counting(asimilar factoryis alsousedfor theURI class).TheRDFmodelandschema
pre-definesconceptssuchasrdf:typewhich areusedinternallybut arealsooftenused
in applicationcode.Theseconceptresourcesarepre-definedin Redlandsothatappli-
cationscaneasilyreferto thesedynamically-creatednodesin compiledcode.Thisalso
makesit easierfor Redlandor modulesto checkandoptimisefor specialuseof RDF
internalconcepts,suchastyping,whereadditionalfunctionalitymight bewanted- for
example,checkingthatthereareno loopsin thetypetree.

6.4 Parsersand Serialisers

The RDF Model and SyntaxSpecification[1] definesa syntaxfor RDF in XML and
this needsto be parsedin orderto createor addcontentto models.The Parser class
providesaccessto parsersfor this syntax.Whendevelopmenton Redlandwasbegun
therewereparsersin C, Java,Prologandotherlanguagesbut it wasnot clearhow they
compared.Moduleswerewritten to wraptheJavaparserandcall theC oneplusallow
roomfor moreparsersto beaddedlater if necessary. Theinterfacethat theseexternal
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parsersoffer is usuallya triple of subject,predicateandobjectwith a heuristichaving
to beusedto guess(!)thetypeof theobject- literal or string- in somecases.This has
improvedsincewith theadditionof a newer C parsercalledRepatby JasonDiamond
whichhasabetterinterface.

The XML syntax is just one potentialsourceof RDF modelsfrom a syntaxor
encodingformatandin orderto handlethat,thisclassallowsmodulesto registerthem-
selvesashandlingparticularMIME typesor handlinga syntaxconformingto a URI.
Thisflexibility meansthat,for example,modulescouldbeaddedthatextractedor syn-
thesisedRDFmetadatafrom imageformatssuchasPNGandJPEGor interpretedMP3
ID3 tagsasRDFproperties.

Serialisers take a model and emit syntax,either for the purposesof creatinga
standalonedocumentrepresentinga Model for for otherpurposessuchasdelivering
asaservice.For example,therecouldbeanHTML serialisationthatusedsomepolicy
to flattentheRDFgraphinto a treerenderedaslists.

6.5 URI and WWW

ThesemodulesabstractURIs andprovide ways to resolve themvia HTTP or other
requests. Theserequestsare handledby the WWWmodule that provides a simple
interfaceandawayto returntheresults.Thismoduleis onethatis likely to bereplaced
whenRedlandis embeddedinsideanexistingwebapplicationsinceit will alreadyhave
probablybetterfunctionality to do this. It is alsowould be a big problemif Redland
blockedanentireapplicationwhile it waitedfor I/O from theweb.

6.6 TargetLanguageInterfaces

The Perl andPythonlanguageinterfaceswereboth written usingthe sameinterface
generationtool calledSWIG[16]. It takesa definitionof theRedlandC interfaceand
automaticallygeneratesequivalentfunctionsin thetargetlanguagevia somegluecode.
Thesesimplefunctionswerethenusedto createclassesin thetargetlanguages,calling
the RedlandC functionsinsidethe methodsto performthe actualmethodsandclass
operations.The target languageclassesdirectly paralleledthe Redlandclasses,with
slight changesto accommodatetargetlanguagemetaphors,interfacesandtypes.

6.7 Features

Application-levelaccesswasprovidedtooptions,alternativeimplementationsandfunc-
tionality checkingof moduleswith thefeaturesconcept.A featureis akey : valuepair
that canbe queriedor set for the modules,wherethe keys are URIs describingthe
feature.This is modelledaftertheJava Propertiesclassanda similar techniqueon the
SAX XML parser. An exampleof wherethisis usedis in theparsermodulesto indicate
or setwhethera parsersupportstheaboutEachandaboutEachprefixattributes,which
arenot commonlysupported.
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6.8 Configuration, Building and Installation Management

Redlandusesthe GNU automake andautoconftool suiteto handlethe complex con-
figurationneedsof providing aportablesystemthatis easyto usedespitehaving many
modularparts. The tool suite testsfor featureson the operatingsystemthat it is in-
stalledon andcanthenincludethemat configuretime if they arepresent.autoconf
alsoprovidesuserconfigurationcontrol by options,andtheseareprocessedby Red-
land to selectthe modules,BDB installations,XML andRDF parsersandotherfea-
turesthatarerequired.Thetoolsfinally handlecompilingandinstallingRedlandinto
thestandardplacesfor C headerfiles, librariesanddocumentation.

OnLinux, furthersupportis providedby Redlandto createRPMpackagesof Red-
landthat canbe installedby usersor developerswithout the needto compileit. This
canbeautomatedby packagemanagementtoolssoLinux toolsthatdependonRedland
couldinstall it withoutany userinvolvement.

6.9 Infrastructur e

Redlandalso includessomeinfrastructuralsupportsuchasa debuggingmemoryal-
locationtracker thatcanberemovedfrom applicationcodeandlinkedwith theappli-
cation’s own memorymanagementroutines;error andwarniing handlersthat canbe
customisedby theapplication;functionsfor manipulatingtemporaryfiles andsimple
parsersfor configurationstringsusedasparametersfor someconstructorandclassini-
tialisationcalls.Thelattercouldhaveuseda Hashobjectbut thatmight beimpossible
whenconfiguringRedlandbeforetheHashclasshasbeeninitialised.

7 Redland Applications

Redlandis still underdevelopmentandlessthan6 monthsold (November2000)how-
ever themajority of thecorework hasbeenimplementedandit hasbeentestedexten-
sively over thatperiod. It hasnow reachedthe stageof beingstable,reliableandhas
hadseveralpublic betareleases.Two applicationshave beenwritten by theauthorto
demonstratethecodein useon theweb.

7.1 RDF Demonstrationof Model with PersistentStore

Redlandwasusedvia thePerl languageinterfaceto provide a webaccessibledemon-
stration of using Redlandto work with the RDF model, allowing usersto submit
RDF contentto a persistentstore,make queries,follow the resultsand try different
parsersthat Redlandsupported- 4 at present. Theseparsersshowed differencesin
whatRDF/XML they handlewhich wasusefulfeedbackinto issuesof thesyntaxand
parsing.

Thedatabasewastestedwith acopy of theOpenDirectorydatadumpedas’RDF’[17]
(after cleaningsyntaxmistakes)and1.3M statementswerestoredusingBDB hashes
ondisk. This wasnot thefull datasetsincethedatadumpstill containedsyntaxerrors
(not well formedXML) around2M lines into the 12M linesof output. The resulting
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RDF statementscouldbe returnedfrom a queryat a rateof approx. 1800statements
persecondfrom a relatively busydisk.

7.2 RSS1.0Demonstration

RSSis RDFSiteSummaryandis a lightweightmetadataformatthatallowscontentto
besimplydescribedprimarily for syndication,aggregrationandotherpurposessuchas
building portals.TheRSS1.0[18]specificationtakesanolderversionof theformatand
re-introducesit asan RDF application(in earlierversionsit wasRDF). TheRedland
demonstrationusesthe RDF modelas the RSSmodelanddefinessomeapplication
specificmethodsthat the RSSmodelconceptsmay have. It wasa simpleandquick
job to addawrapperPerlclassthatreadtheRSScontent(in RDF/XML format)into a
modelandprovideconvienienceinterfacesfor theRSSconcepts.Theresultingmodel
wasthenrenderedin a simpleHTML outputformat.

8 Conclusionsand Futur e Work

The RDF opendirectory test processed100Mb of RDF dataand consistentlyused
0.3Mbwhile runningandafter that returnedall of that to thesystemwith no memory
loss. This wasdueto theextremecaretakenwhile writing Redlandto make surethat
no resourceswerelost. This ensuresit canrun in long-runningprocessessuchasweb
servicesor daemonsand be a good neighbour. Redlandruns in a small amountof
memorybecauseduringconfigurationit dynamicallylinks to themaximumit canwith
existing systemmodulesthat provide digests,hashes(BDB), parsers(suchas W3C
libwww) sothatthetotalmemory(codeanddata)usedby theRedlandis minimised.

The RSSandRDF web demonstrationsshow that Redlandprovidesa high-level
interfaceto RDF thatcanallows theeasycreationof RDF webservices.Thesecould
easilybe rewritten to provide somewebbyRPC-like servicessuchasXML-RPC or
SOAP.

Thecompileandinstallout-of-the-boxprovidedby theautomakeandautoconftool
configurationmakesbuilding andinstallingRedlanda threeline job for mostsystems
andthishasbeenconfirmedonfour majorUnix architectureswith differentwordcom-
pilers,word lengthsandendianness.ThisshowsthatRedlandis veryportablebetween
Unixes.

The developmentof Redlandcontinuesto completeandextendthe functionality
describedhereplusnew developmentson a Java interface,someconvienencemethods
for handlingRDF containers,and experimentatonwith extracting RDF from image
formats.Theauthorhasalsobeenwriting anRDF XML-syntax parserto work better
with Redlandandparticipatingwith otherRDF API authorsto discusscompatibility
issues.

Redlandimplementsapowerful modular, object-basedlibrary for manipulatingthe
RDFModelandparts- statements,resourcesandliterals. It providesconsitentAPIs in
theC, PythonandPerl languages.Redlandcontainsmodulesfor multiple parsersfor
readingRDF/XML andothersyntaxes,storagefor themodelsin memoryandpersis-
tently andflexibility to extendor modify it usinglayering,modulesand/orfactories.
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Redlandis free software/ opensourcesoftwareandavailableat http://www.
redland.opensource.ac.uk/ alongwith links to thedemonstrations.
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