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Abstract

ResourceDescriptionFramavork (RDF) is a generaldescriptiontechnology
that canbe appliedto mary applicationdomains. Redlandis a software library
for RDFwhichimplementsaflexible framevork thatcomplementshis powver and
providesa high-level interfaceallowing instanceof the RDF modelto be stored,
gueriedandmanipulatedRedlandmplementshemodelconceptsisinganobject-
basedAPI and provides several of the classesas moduleswhich canbe added,
removed or replacedo provide differentfunctionality or application-specifiop-
timisations. The framework also provides a coretechnologyfor developing new
RDF applicationsthat canexperimentwith implementatiortechniquesAPIs and
representatiorssues.
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1 Intr oduction

RDF[1]is agenerapurposdechnologythatenableghedescriptiorof resourcesnthe

webusingURIs for identifying theresourcesindURIs for the propertieghatdescribe
the resources.This designmeansthat thereis a large rangeof applicationsthat can

usethis generalitycustomisedor their target domain. RDF and RDF Schemas|2]
are designedto work acrossdomainsand provide commonfacilities for describing
resourcescollectingthemin containersand maintainingtype andclassrelationships.
The RDF specificationsnalke very few restrictionson thekind of informationthatcan

be recordedin orderto provide an opendescriptiontechnologyfor the web andthus

the softwaresystemghatimplementthemneedto beveryflexible.

2 Requirementsfor an RDF Application Framework

Applicationsof ageneraldescriptiorstandarduchasRDF have awide rangeof needs
andwaysthat they would usethe technologyalthoughthe informationis processed,
manipulatedand storedusing the sameRDF model. Thustheremay be substantial



differenceshetweenapplicationrequirement®f an RDF system,andarny oneimple-
mentationof sucha system.In orderthatthis interactionwas mademoreefficient, a
way was neededf optimisinghow the RDF systeminternalsworked, dependingon
the application. This led to the needfor more thanjust animplementationof RDF,
but a framework aroundthe RDF modelthat could be flexible enoughto optimisefor
particularapplicationsby providing moduleswith differentimplementations.

As of early2000,the majordeployed applicationsof RDF weremostly eitherem-
beddednsideproductssuchasthe Mozilla[3] webbrowseror asseparatsystemsuch
asSiRFAC[4] asusedin the GINF project[5]andelsavhere.Mozilla usesRDF exten-
sively for representingheinternalplatformdatasourcesaswell asfor configuringthe
userinterface.Thiscodein C++is quiteintegralto Mozilla anddifficult to separateut
in orderto reuse sinceit is optimisedfor Mozilla’s objectandclasssystems SiRFAC
is a Java applicationthatgrew from a parserinto a moregeneralapplicationfrom the
GINF project. SIRFAC is easyto usein Java applicationsbut thatis not the language
usedby mostwebapplicationsandhencenot suitablefor all uses.

The APIs provided by Mozilla, SIRFAC API and other API proposalssuchas
RADIX][6] sharea coresimilarity in the typesof conceptghatthey presentalthough
all of themdo soslightly differently. See[7] for amoredetailedreview madein early
April 2000.

Therewereotherwell deployedapplicationsandserviceghatusedRDF internally
suchasrpm2html/ rpmfind[8] (andrelatedtools) usedextensiely for indexing Linux
RPMs,andthe UK Mirror Service[9]which usesRDF for mirror andcontentdescrip-
tion haweverthesemostly usethetree-base&XML DOM interfacein customwaysfor
their applicationratherthanpresentary generalRDF interface. This alsomeansthat
they didn't usea full expressionof the RDF modelor syntaxand more specifically
didn’t have full RDF parsers.

RDF applicationson the web or applicationsthat wantedto have RDF support
neededmore openlibrariesthat were portable,easyto configure,build andintegrate
into theapplication.Thismeanthattherewasaneedor aself-containedgompleteand
industrial-strengtlibrary for RDF thatcouldeasilybe usedwith existing applications,
andhadgoodintegrationcapacitiessia APIs in majorlanguages.

RDF requiresXML for the syntaxandsinceXML is now afamily of technologies
thatneedto beprocessedhis canbesomeavhatof abarrierto handlewhile alsodealing
with RDF, all in oneapplication.A toolsetthatpresented higherlevel interfaceatthe
semantidevel abose XML and RDF syntaxwould allow applicationsto work in the
conceptf the RDF world ratherthangetstuckin thedetail of XML.

The RDF Schema[2wasonly recentlya CandidateRecommendatioat the time
Redlandwasbegun. It wasunclearif it requiredarny new specialAPI supportor con-
ceptsandif thesenew conceptsveremoregenerallyuseful. It wasusefulto provide
an implementationthat could experimentwith theseAPIs and conceptsin orderto
determinesuchrequirements.

Theseneedameantherewasarequirementor a new systemimplementinga high-
level interfacefor the RDF model that was designedto be portable,integrate with
applicationswritten in mary languagesbhe modularso partscould be replaced pro-
vide hooksfor researcton RDF itself, have sufficient stableinterfacestake on board
existing bestpractice, usingstandardprogrammingmetaphorsothatit couldbe used



in differentwaysandbe a solid andindustrial-strengttimplementation.

3 Detailed Design

The RDF modelis definedin the RDF Model and SyntaxSpecificatiorf1] andunfor-

tunatelythereis not sufficient spacefor a full introductionto the modelin this paper

but suchanintroductioncanbefoundin [10]. In the formal descriptionRDF consists
of acollectionof statementsyhich containthreeparts(alsocalledatriple or tuple):

1. Subject whatthe statemenis about
2. Predicateor Property
3. Object- thevalueof the statementwhich canbealiteral string

Eachof the partsof the statemen{exceptfor literals) canbeidentifiedby an URI
allowing statementso be written aboutany resourcewith a URI. Predicatesrealso
identifiedby URIs thusnew descriptie propertiescanbe definedon the web, aswell
asdescribingthingsontheweh

Although the statementollectionis the formal description,this canalso be rep-
resentechsa graphof nodes(subjects)and arcs(predicatespointing to othernodes
(objects)or literalsandthis is an easierway to think aboutRDF - it is a web of state-
ments.

Redlandheededo represenall theconceptsn themodelandsomeadditionalones
including an expressionof the collectionof statements calleda modelin Redland,
after SIRFAC. The Mozilla RDF API alsoincludesconceptssuchas a DataSouce
which are similar to the Redlandmodelandrepresent sourceof statementsanda
CompositeDataSouce which containsa setof DataSouce s and allows operations
over them, asif they wereoneDataSouce. Mozilla and SirPAC both have similar
interfacesfor de/serialisingnodelsto and from a sequencef statementaswell as
dealingwith theRDF XML syntaxparsing.SiRFAC hasadditionalfacilitiesproviding
Java InterfacesandcommonJava metaphorsuchasproducer/consumdor RDF and
Enumeration.Both RDF systemsjuerythe modelin the sametwo ways- askingfor
matchingstatements;alledstatement-centrigr dealingwith the modelin termsof a
graphandaskingquestionselative to anodeor arc, callednode-centricTherewasno
otherquerylanguagesyntaxdefinedor consensulow resultswould be returnedfrom
suchasyntax.

RDF neededo be storedin away thataccommodatethe generalcasebut wasef-
ficientfor thekindsof querieghatparticularapplicationsnightneed.Thiswasanarea
of researchthat might requireseveral storageimplementationgor differentpurposes.
The storagealso neededways to be able to use existing systemssuchas relational
databases.This hasbeeninvestigatedpreviously in [11] without a single database
schemaemeging unanimouslyas the bestanswer;not that this was unexpectedfor
suchageneralpplication.

It was expectedthat RDF would provide servicesdeliveredvia the weh These
servicesnaybenotbeonthesamesystemastheapplicationsosupportof remoteRDF
modelsthat were manipulatedor queriedvia what might be called narrow interfaces



wasrequired.For example theonly interfacemightbearequest responseueryover
theremotemodelandtheresultwould beasequencef statementthatmatchedthese
statement$orming a model of their own, or representinga sub-modelof the remote
one.

Corwversely on systemswhereit is efficient to represenimary modelsand sub-
modelsin the samestoragesystem,the resultsof queriesmight be bestrepresented
asmodelsin the samestorage. For exampleif a relationaldatabasés madevisible
asanRDF model,anda queryis performedoverit, it is not necessaryo createa new
streanof statementéor theresultingmodelsincetherelationaldatabaseanefficiently
expresghis asaview on the queriedmodel. This givestherequirementor supportof
modelto modeloperationsvithout the needfor serialisingthem.

Applicationsof RDF thatwerebeingdesignedcanddevelopedat this time required
supportfor provenanceracking. This is expressiblein the standardRDF modeland
it wasnot clearat thattime if it neededspecialAP| support,so this becameanother
potentialissuefor investigation.

In summarythe detailedrequirementasderived from the analysisof the model,
existing andfuture applicationrequirementsvere:

e Statement graphArc

e Statemenparts- Subject,PredicateDbjects/ graphNodes

e Model, AggregateModel

e Storagefor Modelsin memoryandpersistently

e Parserfor the XML syntax

e Streamof Statement$or de/serialisingnodels

e Listsof Statemenpartsfor walking RDF graphs

e Queryingwith flexibility onquerylanguageandhow theresultsarereturned
¢ Interfacesfor modelswith statemenstreamsandmodel-to-model
¢ Industrialstrengthandsolid system

e Useexisting bestpracticein APIs, interfaceandimplementation
¢ Modulesproviding differentimplementation®f functionality

e Any supportthatmaybeneededor provenanceracking

4 Design- Patterns and Implementation Language

This sectionprovidesan outline of the design,conceptsandprogrammingmodelsthat
wereusedto meettherequirementandthedetaileddesign.



4.1 Layering

Redlandimplementsthe RDF modelhaowever this might meandifferentthingsto ap-
plications,which understandanoreor lessof thedetailof themodel. Someapplications
requireonly certainpartsof thefunctionalityandwantto do therestthemseleswhile
otherswantto useRedlandasa closedsystem.Theseissuesareaddressegartially by
modules- seeSection4.3. In generakhough,Redlands partof a layeredsystemwith
the applicationat the higherlayers,in which Redlandmight provide multiple lower
layerslayersthatthe applicationcouldinterfaceto. It might be usefulto provide, for
example,a schema-checkinghodel ratherthan one with no validation. This is per
formed by layering inside Redlandwhere the schema-checkingnodel usesa lower
layer modelimplementatiorin orderto provide this. Otherexamplesof higherlayers
that could be providedinclude modelsproviding associatie or bi-directionalproper
tiesfor applicationspecificpurposesgcheckingtrustmodels digital signaturesr with
transactiorsupport.

Redlandwasdesignedo coverapproximatelythe lower four layersof the building
blocksof thediagramshown in Figure 1, basecbn oneby Berners-Lee[12].
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Figurel: RedlandorovidesRDF building blocks.

4.2 Objects

The targetlanguagesor usingRedlandwere C for usein compiledapplicationsand
languagesisedin mary webapplicationdncludeatleastPerlandPython.This meant
thatthe designhadto be appropriatefor object-base@Python),non object-basedan-
guagegC) andonesthatcando both(Perl). Theobjectmodelis acleanwayto specify
andimplementthe design,especiallywith the requirementor modules(seebelow)
andcould be calledfrom non object-basedanguagesf donecarefully. Notethatfull
object-orientatiorwith inheritancels not proposecheresincethatis very hardto ex-
pressn languagesik e C but anobject-basedPI usingobjects methodsandpolymor
phism.



4.3 Modules

The flexible architecturerequiredthat therewere partsof the systemthat could have
multiple implementationgor the sameinterface. It was also desirableto be able at
somepoint to potentiallysupportdynamicloadingof modulesat run time on demand
or automaticallyby the systenfollowing a specificapplicationrequestThis suggested
the useof the factory patternwheremodulescanregister/de-rgisterwith factoriesat
ary time. Thefactoryneednotbevisible atthe applicationlevel with wrappersaround
themmadevia the objectconstructors.

4.4 Portability

Portability wasa major requiremenso the systemhadto bewrittenin C, sincevirtu-

ally all majorlanguagesave interfacesto C andindeedthey aremostly all writtenin

it. This unfortunatelymeantalot of supportthatis providedby someof thetargetlan-

guageshadto beimplementednternally. RedlandusesC functionnamingcorventions
to provide theroutinesfor the constructorcopy constructordestructofunctionalityas
well asthe generaimethods.

4.5 Interfacesand Implementation

In languagesik e Java, thereis a cleaninterface/ implementatiorseparatiorbut using
C this hadto be emulatedby conventions. A Redlandclassis definedasa public C

typedefstructrepresentinghe classandits publicinterface(constructoretc.,methods)
definedin a headeffile alongwith ary public or privatetypes,enumeration®r con-

stants.The actualclassimplementatiordefinition (C structthatthe typedefrefersto)

andinternaldefinitionsarenot exposedo applicationsandareonly availableinternally
whenRedlandis compiled. The implementatiorof the classis definedin a C source
file and caninclude private static functionseitherfor internalimplementationor to

satisfypartof afactoryAPI.

4.6 Classlnitialisation and Termination

Classesnay needto be initialised at load time by what are generallycalled static or
classinitialiser code.Redlandclassesnay have a classinitialiser / terminationpair of
functionswhich mustbe calledbeforeary objectin the classis createdandafterthe
last objecthasbeenfreed. This is neededior mary classesut especiallythosethat
implementmoduleswhich needto be registeredat load time , sothatthey areready
to usewhenthe applicationcodestartsandcanbe de-registeredwhenthe application
terminates.

5 RedlandAr chitecture

This sectionprovidesa descriptionof the architecturehatwasusedto implementthe
detaileddesignandrequirementsisingthe designpatterns.



5.1 RedlandClasses

Therequirementsgesignandlanguagehaving beenchosentheclassedistedin Table
1 weredefinedfor Redlandcovering the requiredconceptsandthe supportfacilities
needed.Thesewere stronglyinfluencedby the SIRRAC Java interface[13],although
flattenedo reducethe numberof classesandextendedor theclasseshatareprovided
internally by Java suchasURI. At thetime of writing (November2000)the Query,

WWWandSerialiserclassesarenotimplemented.

RedlandClass Purpose

Node RDF Model & Syntaxgraphnodes

Statement RDF Model & Syntaxgrapharcs(statementdriples)[isa Resouce]
Model Setof Statemens usuallyheldin oneStorage

Storage Storagdor Models (modular)

Stream Providing sequencesf Statemens from Parsers, queries

Parser Syntaxparserglelivering Streamof Statemens or writing to a Model (modular)
Serialiser* Serialisesamodelto a particularsyntax(modular)

Query* Queryadaptorclassedor particularquerysyntaxes(modular)
Iterator Enumeratindists (of Node) from queries

URI ProvidesURIs for Resouces, Parsers, ...

WWWwW* ResolhesURIsto returncontentfrom theweb or make webrequests
"World’ RDF wrapperfunctionality handlingRedlandstartup/shutden
Digest Contentdigests(modular)

Hash Key : Valuemapswith duplicatesallowed (modular)

List Providessupportfor listsin C

Tablel: RedlandClasses

The classesare usedand associatedvith eachotheras shavn in Figure2. The
supportclassesare usedthroughoutthe rest of the classesas needed. The Stream
classesare usedwhenever a sequencef statementss acceptedr generatedy the
Model, Stotage or Parser classes.The Model classusesStreamfor performingthe
serialising/de-serialisinthe Model andreturnslists of statementf§rom queries. The
Parser classonly usesit to provide a sequencef statementastheresultof a parse.

At the simplestlevel eachModel objecthasa one-to-onemappingto the Storage
objectthatrepresents. Thefunctionalityfor aggregateModelsis presentn theModel
classsothathigherlevel Model s canhave sub-modelsaandin that casethereis no 1-
to-1 mappingto a Storage but the higherlevel Modelwill have a setof subModels
or someotherrelationship. For example,a higherlevel Model representing: remote
informationresourcemay not have a Storage but usesomeotherway to presenthe
Modelinterface.

5.2 Modular Classes

Eachof the modularclasseshasaninternalfactorythatallows the moduleimplemen-
tationsof the classto register/dergisterthemseles. The factorycreatesheseclasses
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Figure2: RedlandClassDiagram

for the applicationvia the constructorfor the modularclass. The modulescan have
optionalimplementatiorof methoddor thefactorysothatthefactorycaneitherdothe
defaultactionitself or implementt anothemway.

The Digestclassis providedto allow severalmessag®er contentdigestalgorithms
to be usedwith someof the RDF conceptsn orderto be usedfor applicationslike
digital signaturesor computationallygeneratingidentifiersfrom say literal strings.
ThedigestclasseprovidedwereMD5 (always),RIPME160andSHA1.

The Hash classabstractKey : Value mapping(with duplicates)which canbe
usedfor mary purposesncluding storageof statementi persistenhashesandother
internaluses. The implementechasheswverein-memory (always), GNU DBM hash
(optional)andversionsof Berkeley DB (BDB)/SleeycatDB.

The Storage classabstractghe storageof models- the Model classpasse®n most
of its methodsto its associatecstorage. The implementationf the classcurrently
include an in-memoryone (always) and one that usesmultiple Hash esto storethe
Statemens, eitherin-memoryor persistentlyvia BDB. This implementationis dis-
cussedn moredetail in Section6.2. This classcould have beencalled databaser
datastorebut that would have beenconfusingsinceonly one of the implementation
modulesof the classmight have beenatruerelationaldatabase.

The Parser classprovidesa commoninterfaceto modulesthat parsevarioussyn-
taxesto deliver an RDF model. The Serialiserclassdoesthe reverseand generates
syntaxfrom a model. SeeSection6.4 for moredetailedinformationon theissueswith
theseclasses.

The Queryclassis anadaptorclassthat providessupportfor particularquerysyn-
taxesfor Storage s. It takesa queryasa literal string or asa Model alongwith a URI
to identity the querylanguage.This URI allows the queryclassto determinef either
thereis an adaptorclassfor the languageor the storagenatively knowsit. In thefor-
mer case whenthe storagemoduledoesnot understandhe syntax,the adaptorclass



rewritesit into a standardjueryfor matchingStatemens andsubmitsit to the Storage
. In thelattercasethequery which neednotbewrittenin a statement-centrizay, can
bedirectly handledby the Storage . This makesthe queryprocess lot moreefficient
sincethequerydoesnot needto berewritten, severallayersof systemareskipped,and
theresultsdo not needto berewritten as Statemens but canbe deliveredin a Model
. This is possbhilesincethe applicationandthe storagemoduleboth understandhis
specialoptimisation,representedy the URI . For example,the querycouldbein an
SQL-like syntaxsuchasin [14] anda relationalback-endcould handleit very easily
withouttheneedto rewrite thesyntaxinto astatement-centriiormatandthusloosethe
chancdor queryoptimisation.At thetime of writing (November2000)the Queryclass
is notimplementedandonly the statemenandnode-centriqqueriescanbe performed.

5.3 Data Flow and Flow of Control

Data flows inside Redlandmostly from argumentspassedvia methodcalls into the
implementingclassesindpossiblyonwardsto factoriesandmodules.However, when
Redlandis connectingobjectsthat are more naturallyboth working in parallel- such
asa parserand a consumerof the statementgeneratedsomeother abstractionsare
neededStreamandIlterator areusedto provide thistransferof dataandflow of control
for sequencesf Statemens andNodes respectiely. Theseclassesarereaderdriven
or pulled,sinceRedlands intendedo be usedasa library insideanapplicationwhich
will generallybe calling Redlandto readdataratherthanpushingdatafor Redlandto
process.Redlanddoesnot do muchprocessingn onego (apartfrom parsing)sothe
pull modelis quite naturalto usein this way.

Whenparsingthe syntaxes, mostof the currentparserameedto be active, pulling
datafrom their datasourced(files or URI s) andso are naturally pushingdatato the
application.To helphandlethis, Redlandwrapsthesecallbacksandturnsthedatapush
into a Streampull.

6 Implementation

This sectiondescribeghe detail of implementingthe classesn Redlandincludingthe
storageclassesandthewaysusedto helpmake Redlandwork betterwith applications.

6.1 Model and Storage

The Model classis the main applicationinterfacefor Redlandas shawvn in Figure 3.
Despitethis, mostof the functionality of the classis provided by otherclasses.Stor
age dealswith all statement-centriandnode-centricqueriesof the modeland Query
handleshe otherquerysyntayes. This makesthe Model classratherlight but it is the
key interfacefor the application,andit is herewherefunctionality for modellayering
is providedandcorveniencemethodscanbe easilyadded.

The Storage classimplementsmanagingthe storagemodulesvia a factory and
alsohandlesoptional partsof the storagemoduleAPI by corverting betweerinternal
interfaces. From the applicationpoint of view, this is never visible althoughsome
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Figure3: RedlandModel Layers

operationson the Modelmay be obsenedto beslower. For examplea storagemodule
may implementonly the requiredstatemenguery methodsand not the node based
querymethodsn which caseStorage will translatebetweerthese.

6.2 StorageModules

The main storageimplementatiorfor Redlandis usingmultiple Hashesto storethe
statementsThis is basedon previouswork doneby the Mozilla projectandGuha[15],
aswell asinternalprojectsatILRT. A Hashin Redlands amapof akey to avaluewith
duplicatesallowed. In this implementationStatemens arestoredusingthreehashes,
whetherin memoryor usinga persistenhash(suchasBDB) asdescribedn Table2.

Hash Key Value Optimisesnode-centriquery
1-SP20| SubjectandPredicate| Object Gettargetsof (sourcearc)
2-P0O2S| PredicateandObject | Subject | Getsourcef (arc,tarmget)
3-SO2P| SubjectandObject Predicate| Getarcsof (sourcetarget)

Table2: Multiple HashStorage

The hashesreusedbothfor the statementueriesandthe nodecentricones.The
former are provided by serialisingthe hashandfiltering via the queryingstatement.
This canbevery slow for large modelssothe node-centriégndexesareusedwhenonly
one of the elementsof the statemenis blank. Node-centricqueriesmeanquerying
usingthe Modelrelative to a particularresourcenodeor arc. The SP20hashfinds out-
goingnodedrom aresourcavith agivenarc,thePO2Shashfindsincomingnodeswith
agivenarcanddestinatiorandthe SO2Phashfindsthearcsbetweertwo givennodes.
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Thesecombinationof indexeshave beenfoundto be quite usefulin experimentsand
testbedsmplementegreviously at ILRT, withoutthe needto have full combinationof
indexes.

Thereareotherpotentiallyusefulhasheghatmightbemaintainedncludingincom-
ing andoutgoingarcsindexedfor particulamodes.Thesechoicesmightbesuitablefor
an option on the storagehashor for userconfigurationof which statemenpartsare
indexed. The currenthashstoragemodulehashooksfor sucha facility but no current
interfaceto it.

In futureit maybethatapplication-specifiindexeswill beaddedo thehashegor
optimisingqueriesor propertiesthatareuseda lot. The rdf:type propertyis onethat
canbereferedto oftenin applicationghataska lot of schemaor RDF typing queries
andcouldbeworth optimisingfor. It couldeitherbedoneatthe storagdevel or higher
up wherethe type systemcalls might be interceptedby the modeland handledin a
differentway more appropriatefor type hierarchiesand detectingloops. This is an
exampleof wherethe flexibility of the applicationframewnork can provide different
waysto handleapplicationrequirementswithout making changedo ary application
interface.

6.3 Statementsand Nodes

Statemens containthreeNodeobjectsrepresentinghedifferentpartsof theRDF state-
mentandtheseNodes have two maintypes- Resourcesvhich have URIs andLiterals.
In Redland literals includethe string content,the xml:lang and xml:spaceproperties
andwhetherthe contentis XML content(asdeclarecby the RDF parseVpe="literal”
attribute). RDF statementareRDF resourcesn the RDF modelandin RedlandState-
ments canbe usedwherever aresourceNodecanbeused.

Nodeobjectsare usedmary timesinside the applicationsto representresources
with URIs andthusneedto be handledefficiently sothatit is easyandquick to create,
destry andmanipulatehem. For this purpose aninternalnodefactoryis usedto en-
surethatreferences$o a nodewith a particularURI aresharedusingsimplereference
counting(asimilarfactoryis alsousedfor the URI class).TheRDF modelandschema
pre-definesonceptsuchasrdf:typewhich areusedinternally but arealsooftenused
in applicationcode. Theseconceptresourcesrepre-definedn Redlandsothatappli-
cationscaneasilyreferto thesedynamically-createdodesn compiledcode.Thisalso
malkesit easierfor Redlandor modulesto checkandoptimisefor specialuseof RDF
internalconceptssuchastyping, whereadditionalfunctionality might be wanted- for
example,checkingthatthereareno loopsin thetypetree.

6.4 Parsersand Serialisers

The RDF Model and SyntaxSpecificatior{1] definesa syntaxfor RDF in XML and
this needsto be parsedn orderto createor addcontentto models. The Parser class
providesaccesgo parserdor this syntax. Whendevelopmenton Redlandwasbegun
therewereparsersn C, Java, Prologandotherlanguage$ut it wasnot clearhow they
comparedModuleswerewritten to wrapthe Java parserandcall the C oneplusallow
roomfor moreparserdo be addedaterif necessaryThe interfacethattheseexternal

11



parseroffer is usuallya triple of subject,predicateandobjectwith a heuristichaving
to beusedto guess(Mthe type of the object- literal or string- in somecasesThis has
improvedsincewith the additionof a newer C parsercalled Repatby JasorDiamond
which hasabetterinterface.

The XML syntaxis just one potential sourceof RDF modelsfrom a syntaxor
encodingormatandin orderto handlethat, this classallows modulesto registerthem-
selvesashandlingparticularMIME typesor handlinga syntaxconformingto a URI.
This flexibility meanghat,for example modulescouldbeaddedthatextractedor syn-
thesisedRDF metadatdrom imageformatssuchasPNGandJPEGor interpretedMP3
ID3 tagsasRDF properties.

Serialiser s take a model and emit syntax, either for the purposesf creatinga
standalonedocumentrepresentinga Model for for otherpurposesuchasdelivering
asaservice.For example therecouldbeanHTML serialisatiorthatusedsomepolicy
to flattenthe RDF graphinto atreerenderedaslists.

6.5 URI and WWW

ThesemodulesabstractURIs and provide waysto resohe themvia HTTP or other
requests. Theserequestsare handledby the WWW module that provides a simple
interfaceandawayto returntheresults.This moduleis onethatis likely to bereplaced
whenRedlands embeddedhsideanexistingwebapplicationsinceit will alreadyhave
probablybetterfunctionality to do this. It is alsowould be a big problemif Redland
blockedanentireapplicationwhile it waitedfor I/O from theweh

6.6 TargetLanguagelnterfaces

The Perl and Pythonlanguageinterfaceswere both written using the sameinterface
generatiortool called SWIG[16]. It takesa definition of the RedlandC interfaceand
automaticallygeneratesquivalentfunctionsin thetargetlanguageria somegluecode.
Thesesimplefunctionswerethenusedto createclassesn thetargetlanguagesgalling

the RedlandC functionsinside the methodsto performthe actualmethodsand class
operations.The target languageclassedlirectly paralleledthe Redlandclasseswith

slightchangedo accommodatéargetlanguaganetaphorsinterfacesandtypes.

6.7 Features

Application-levelaccessvasprovidedto options alternatveimplementationgndfunc-
tionality checkingof moduleswith thefeaturesconcept. A featureis akey : valuepair
that can be queriedor setfor the modules,wherethe keys are URIs describingthe
feature.This is modelledafterthe Java Propertiexlassanda similar techniqueon the
SAX XML parser An exampleof wherethisis useds in theparsemodulego indicate
or setwhethera parsersupportshe aboutEachandaboutEachprefiattributes,which
arenotcommonlysupported.
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6.8 Configuration, Building and Installation Management

Redlandusesthe GNU automale and autoconftool suiteto handlethe complex con-
figurationneed=f providing a portablesystenthatis easyto usedespitehaving mary
modularparts. The tool suite testsfor featureson the operatingsystemthatit is in-
stalledon and canthenincludethemat configuretime if they are present.autoconf
alsoprovidesuserconfigurationcontrol by options,andtheseare processedy Red-
land to selectthe modules,BDB installations XML and RDF parsersand otherfea-
turesthatarerequired. Thetoolsfinally handlecompilingandinstalling Redlandinto
thestandarclacesfor C headefiles, librariesanddocumentation.

On Linux, furthersupportis providedby Redlando createRPM package®f Red-
landthat canbeinstalledby usersor developerswithout the needto compileit. This
canbeautomatedby packagenanagemenbolssoLinux toolsthatdependnRedland
couldinstallit withoutany userinvolvement.

6.9 Infrastructur e

Redlandalsoincludessomeinfrastructuralsupportsuchas a deluggingmemoryal-

locationtracker thatcanbe removedfrom applicationcodeandlinkedwith the appli-

cation’s own memorymanagementoutines;error and warniing handlersthat canbe
customisedy the application;functionsfor manipulatingtemporaryfiles andsimple
parserdor configurationstringsusedasparametergor someconstructorndclassini-

tialisationcalls. Thelatter could have useda Hashobjectbut thatmight beimpossible
whenconfiguringRedlandbeforethe Hashclasshasbeeninitialised.

7 Redland Applications

Redlands still underdevelopmentandlessthan6 monthsold (November2000)how-
everthe majority of the corework hasbeenimplementecandit hasbeentestedexten-
sively over that period. It hasnow reachedhe stageof beingstable,reliableandhas
hadsereral public betareleasesTwo applicationshave beenwritten by the authorto
demonstratéhe codein useontheweh

7.1 RDF Demonstration of Model with PersistentStore

Redlandwasusedvia the Perllanguagenterfaceto provide a web accessiblelemon-
stration of using Redlandto work with the RDF model, allowing usersto submit
RDF contentto a persistentstore, make queries,follow the resultsandtry different
parsersthat Redlandsupported- 4 at present. Theseparsersshoved differencesn
whatRDF/XML they handlewhich wasusefulfeedbackinto issuesof the syntaxand
parsing.

Thedatabas#astestedvith acopy of theOpenDirectorydatadumpedas’RDF'[17]
(after cleaningsyntaxmistakes) and 1.3M statementsvere storedusingBDB hashes
ondisk. Thiswasnotthefull datasetsincethe datadumpstill containedsyntaxerrors
(not well formed XML) around2M linesinto the 12M lines of output. The resulting
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RDF statementgould be returnedfrom a queryat a rateof approx. 1800statements
persecondrom arelatively busydisk.

7.2 RSS1.0Demonstration

RSSis RDF Site Summaryandis alightweightmetadatdormatthatallows contentto

besimply describedrimarily for syndicationaggrerationandotherpurposesuchas
building portals. TheRSS1.0[18Fpecificatiortakesanolderversionof theformatand
re-introducest asan RDF application(in earlierversionsit wasRDF). The Redland
demonstratiorusesthe RDF model asthe RSSmodel and definessomeapplication
specificmethodsthatthe RSSmodel conceptamay have. It wasa simple and quick
job to addawrapperPerlclassthatreadthe RSScontent(in RDF/XML format)into a
modelandprovide corvieniencenterfacesfor the RSSconceptsTheresultingmodel
wasthenrenderedn a simpleHTML outputformat.

8 Conclusionsand Future Work

The RDF opendirectory test processedlO0OMb of RDF dataand consistentlyused
0.3Mbwhile runningandafter thatreturnedall of thatto the systemwith no memory
loss. This wasdueto the extremecaretakenwhile writing Redlandto make surethat
no resourcesverelost. This ensurest canrunin long-runningprocessesuchasweb
servicesor daemonsand be a good neighbour Redlandrunsin a small amountof
memorybecauseluringconfigurationit dynamicallylinks to the maximumit canwith
existing systemmodulesthat provide digests,hashegBDB), parsers(suchas W3C
libwww) sothatthetotal memory(codeanddata)usedby the Redlands minimised.

The RSSand RDF web demonstrationshov that Redlandprovidesa high-level
interfaceto RDF thatcanallows the easycreationof RDF web services.Thesecould
easily be rewritten to provide somewebby RPC-like servicessuchas XML-RPC or
SQAP.

Thecompileandinstall out-of-the-boxprovidedby theautomale andautoconftool
configurationmakesbuilding andinstalling Redlanda threeline job for mostsystems
andthis hasbeenconfirmedon four majorUnix architecturesvith differentword com-
pilers,word lengthsandendiannessThis shavs thatRedlands very portablebetween
Unixes.

The developmentof Redlandcontinuesto completeand extend the functionality
describedhereplusnew developmentn a Javainterface,somecorvienencemethods
for handlingRDF containers,and experimentatorwith extracting RDF from image
formats. The authorhasalsobeenwriting an RDF XML-syntax parserto work better
with Redlandand participatingwith other RDF API authorsto discusscompatibility
issues.

Redlandmplementsa powerful modular object-basedlbrary for manipulatinghe
RDF Modelandparts- statementsiesourcesndliterals. It providesconsitentAPIsin
the C, PythonandPerllanguagesRedlandcontainsmodulesfor multiple parserdor
readingRDF/XML andothersyntayes,storagefor the modelsin memoryandpersis-
tently andflexibility to extendor modify it usinglayering,modulesand/orfactories.
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Redlandis free software/ opensourcesoftware andavailable at http://www.
redland.opensource.ac.uk/ alongwith links to the demonstrations.
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