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TowardsTowards thethe web of dataweb of dataTowardsTowards thethe web of dataweb of data

Web of DataWeb of documents

Unit of information: Web page (HTML)
Human readable
Challenge: Multilingual pages

Unit of information: data  (RDF) 
Machine readable
Intrinsically Multilingual
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ExampleExampleExampleExample
<html lang="en">
<body>

<html lang="es">
<body>

English Espanish
<body>
<h1>Juan's Home page</h1>

<p>Juan is a Professor at the 
i i f i d i /

<body>
<h1>Página personal de Juan</h1>

<p>Juan es Catedrático en la    
i id d d i d ñ /University of Oviedo, Spain</p>

<p>Phone: +34‐1234567</p>
</body>

Universidad de Oviedo, España</p>

<p>Tlfno: +34‐1234567</p>
</body></body>

</html>
</body>
</html>

http://uniovi.es/people#juan

tel:+34‐1234567

foaf:phone
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MultilingualMultilingual datadataMultilingualMultilingual datadata

Data Data thatthat appearsappears in a in a multilingualmultilingual contextcontext
It contains labels/commentsIt contains labels/comments
HumanHuman--readable informationreadable information
Using different languages/conventionsUsing different languages/conventionsUsing different languages/conventionsUsing different languages/conventions
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ExampleExample ofof MultilingualMultilingual DataDataExampleExample of of MultilingualMultilingual DataData
<html lang="en">
<body>

<html lang="es">
<body>

English Espanish
<body>
<h1>Juan's Home page</h1>

<p>Juan is a Professor at the 
i i f i d i /

<body>
<h1>Página personal de Juan</h1>

<p>Juan es Catedrático en la    
i id d d i d ñ /University of Oviedo, Spain</p>

<p>Phone: +34‐1234567</p>
</body>

Universidad de Oviedo, España</p>

<p>Tlfno: +34‐1234567</p>
</body></body>

</html>
</body>
</html>

http://uniovi.es/people#juan

ex:position ex:position Unit of information: data (RDF)
Web of Data

"Professor"@en "Catedrático"@es

Unit of information: data  (RDF) 
Human + Machine readable
New Challenge: Multilingual
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LinkedLinked Open DataOpen DataLinkedLinked Open DataOpen Data

PrinciplesPrinciples onon howhow toto publishpublish datadata
IncreasingIncreasing adoptionadoptionIncreasingIncreasing adoptionadoption
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BestBest practicespractices forfor LODLODBestBest practicespractices forfor LODLOD

SeveralSeveral proposalsproposals::
LinkedLinked data data bookbook [[HeathHeath, , BizerBizer, 2011], 2011]

LinkedLinked data data patternspatterns [[DoddsDodds, Davis, 2012], Davis, 2012]

Best Practices for Publishing Linked Data Best Practices for Publishing Linked Data [Hyland et al][Hyland et al]gg [ y ][ y ]

SemWebSemWeb Rules of thumb Rules of thumb [R. [R. CyganiakCyganiak]]

etc. . .etc. . .

In this talkIn this talk
B t ti ff t d bB t ti ff t d b ltili litltili litBest practices affected by Best practices affected by multilingualitymultilinguality
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MultilingualMultilingual LODLOD patternspatternsMultilingualMultilingual LOD LOD patternspatterns
11 DesignDesign aa goodgood IRIIRI schemescheme1.1. DesignDesign a a goodgood IRI IRI schemescheme
2.2. SeparateSeparate domainsdomains byby languagelanguage
33 M d lM d l tt l b ll b l3.3. ModelModel resourcesresources, , notnot labelslabels
4.4. ProvideProvide humanhuman--readablereadable infoinfo
5.5. LabelsLabels forfor allall
66 UseUse MultilingualMultilingual literalsliterals6.6. Use Use MultilingualMultilingual literalsliterals
7.7. LanguageLanguage Content Content negotiationnegotiation
88 Lit lLit l ith tith t ll8.8. LiteralsLiterals withoutwithout languagelanguage
9.9. MultilingualMultilingual vocabulariesvocabularies
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10.10. InterlanguageInterlanguage linkslinks



11 DesignDesign aa goodgood IRIIRI schemescheme1. 1. DesignDesign a a goodgood IRI IRI schemescheme

CoolCool URIsURIs →→ CoolCool IRIsIRIs
Don'tDon't changechangegg
IdentifyIdentify thingsthings
IfIf possiblepossible useuse humanhuman readablereadable IRIsIRIsIfIf possiblepossible, use , use humanhuman--readablereadable IRIsIRIs

http://dbpedia org/resource/Armeniahttp://dbpedia.org/resource/Armenia

http://դբպեդիա.օրգ/րեսօուրսե/Հայաստան

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



11 DesignDesign aa goodgood IRIIRI schemescheme1. 1. DesignDesign a a goodgood IRI IRI schemescheme

Most datasets use only URIsMost datasets use only URIs
IRIs may be difficult to maintainIRIs may be difficult to maintainIRIs may be difficult to maintainIRIs may be difficult to maintain

Domain names, Domain names, phisingphising, …, …
IRI t i t lib iIRI t i t lib iIRI support in current librariesIRI support in current libraries
Some hybrid solutionsSome hybrid solutions

http://dbpedia.org/resource/Armenia

http://dbpedia.org/resource/Հայաստան

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

http://դբպեդիա.օրգ/րեսօուրսե/Հայաստան



22 SeparateSeparate domainsdomains byby languagelanguage2. 2. SeparateSeparate domainsdomains byby languagelanguage
InsteadInstead ofofInsteadInstead ofof

http://dbpedia.org/resource/Հայաստան

LanguageLanguage dependantdependant URIsURIs

յ

http://en.dbpedia.org/resource/Armenia

http://hy.dbpedia.org/resource/Հայաստան

Language identifiers ≠ Country identifiers
Example: Use "hy" instead of "am"

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



22 SeparateSeparate domainsdomains byby languagelanguage2. 2. SeparateSeparate domainsdomains byby languagelanguage

WhereWhere shouldshould wewe putput thethe languagelanguage tagtag??

Հhttp://hy.dbpedia.org/resource/Հայաստան

http://dbpedia.org/resource/hy/Հայաստանp p g y յ

http://dbpedia.org/resource/Հայաստան/hy

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



33 InterlanguageInterlanguage linkslinks3. 3. InterlanguageInterlanguage linkslinks

ProvideProvide links links betweenbetween conceptsconcepts in in differentdifferent
languageslanguages

htt //db di / /A ihttp://dbpedia.org/resource/Armenia

owl:sameAs

http://hy.dbpedia.org/resource/Հայաստան

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



33 InterlanguageInterlanguage linkslinks3. 3. InterlanguageInterlanguage linkslinks

BewareBeware of of crosscross--lingual lingual mappingsmappings
ExampleExample::

Concept of 
professor in 

Concept of 
professor in ≠≠

english cultureenglish culture spanish culture
p

spanish culture
≠≠

UseUse otherother propertiesproperties toto link:link:

"Professor"@en "Profesor"@es

Use Use otherother propertiesproperties toto link: link: 
dbo:interlanguageLink
rdfs:seeAlso
k l t d

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

skos:related
...



44 ModelModel resourcesresources notnot labelslabels4. 4. ModelModel resourcesresources, , notnot labelslabels

Define Define URIsURIs onlyonly forfor resourcesresources
ResourcesResources do do notnot dependdepend onon a a givengiven languagelanguage
AssignAssign labelslabels toto thosethose resourcesresources

DoDo notnot mintmint separateseparate URIsURIs forfor labelslabelsDo Do notnot mintmint separateseparate URIsURIs forfor labelslabels

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



44 ModelModel resourcesresources notnot labelslabels4. 4. ModelModel resourcesresources, , notnot labelslabels
e:workPlace http://example.org/UniversityOfOviedo

http://uniovi.es/people#juan

e:workPlace http://example.org/UniversityOfOviedo

http://example.org/UniversidadDeOviedoe:workPlace

e:workPlace

http://uniovi.es/people#juan

http://example.org/Uniovie:workPlace http://example.org/Uniovi

“University of Oviedo”@en “Universidad de Oviedo”@es

rdfs:labelrdfs:label

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

University of Oviedo @en Universidad de Oviedo @es



44 ModelModel resourcesresources notnot labelslabels4. 4. ModelModel resourcesresources, , notnot labelslabels

SomeSome domainsdomains maymay wantwant toto modelmodel labelslabels
LinguisticLinguistic resourcesresourcesgg

ThesaurusThesaurus, , corporacorpora, etc., etc.
AssertionsAssertions andand relationsrelations betweenbetween labelslabelsAssertionsAssertions and and relationsrelations betweenbetween labelslabels
ExamplesExamples: : 

SKOSSKOS--XL XL labelslabels **
ResourcesResources of of typetype sxosxl:Labelsxosxl:Label

StringsStrings URIURI--identifiableidentifiable: NIF: NIF

*http://www w3 org/TR/skos-reference/skos-xl html

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

http://www.w3.org/TR/skos reference/skos xl.html



55 ProvideProvide humanhuman readablereadable infoinfo5. 5. ProvideProvide humanhuman--readablereadable infoinfo

NotNot onlyonly machinemachine--readablereadable informationinformation
Combine machine & Combine machine & humanhuman--readablereadable infoinfo
HumanHuman--readablereadable infoinfo mustmust bebe multilingualmultilingual

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



55 ProvideProvide humanhuman readablereadable infoinfo5. 5. ProvideProvide humanhuman--readablereadable infoinfo

Facilitates search over the web of dataFacilitates search over the web of data
Linked data browsingLinked data browsingLinked data browsingLinked data browsing

Applications can display labels instead of URIsApplications can display labels instead of URIs
CCCommonCommon propertiesproperties: : 

rdfs:labelrdfs:label
skos:prefLabelskos:prefLabel
dcterms:titledcterms:title
dcterms:descriptiondcterms:descriptiondcterms:descriptiondcterms:description
rdfs:commentrdfs:comment
etc.etc.

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



55 ProvideProvide humanhuman readablereadable infoinfo5. 5. ProvideProvide humanhuman--readablereadable infoinfo

WhatWhat isis thethe rightright levellevel of textual of textual informationinformation??
BalanceBalance betweenbetween RDF/TextualRDF/Textual worldworldBalance Balance betweenbetween RDF/Textual RDF/Textual worldworld
ExampleExample:: rdfs:label “University of Oviedo"@en

http://example.org/Uniovi

y @

“Universidad de Oviedo"@esrdfs:label

http://example.org/Uniovi

it
rdf:type

http://...University

e:city

http://...Oviedo

rdfs:label “University"@en “Universidad"@es

rdfs:label rdfs:label

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

“Oviedo"

rdfs:label University @en Universidad @es



66 LabelsLabels forfor allall6. 6. LabelsLabels forfor allall

ProvideProvide labelslabels forfor allall URIsURIs
IndividualsIndividuals / / ConceptsConcepts / / PropertiesPropertiespp pp
NotNot justjust thethe mainmain entitiesentities

Di l iDi l i l b ll b l bb ii dd f tf tDisplayingDisplaying labelslabels becomesbecomes easiereasier and and fasterfaster

http://uniovi.org/people#juan

rdfs:label
“Juan"

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



66 LabelsLabels forfor allall6. 6. LabelsLabels forfor allall

ItIt maymay bebe difficultdifficult toto selectselect thethe rightright labellabel
Don'tDon't provideprovide more more thanthan oneone preferredpreferred labellabelpp pp
NotNot feasiblefeasible forfor somesome datasetsdatasets

OnlyOnly 38% non38% non informationinformation resourcesresources havehave labelslabelsOnlyOnly 38% non38% non--informationinformation resourcesresources havehave labelslabels
[B. [B. EllEll et al, 2011]et al, 2011]

LabelsLabels areare forfor humanshumansLabelsLabels are are forfor humanshumans
AvoidAvoid camelcamel case case oror similar similar notationsnotations
GuidelinesGuidelines forfor labellinglabelling

UpperUpper case, case, spacespace delimittersdelimitters, , etcetc

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

pppp pp

[Montiel et al, 2011]



7 Use7 Use MultilingualMultilingual literalsliterals7. Use 7. Use MultilingualMultilingual literalsliterals

Use Use languagelanguage tagstags
SelectSelect thethe rightright IETF IETF languagelanguage tagtag (RFC 5646)(RFC 5646)gg g gg g gg ( )( )

ExampleExample::
""U i itU i it f O i d "@f O i d "@""UniversityUniversity of Oviedo"@enof Oviedo"@en
"Universidad de Oviedo"@es"Universidad de Oviedo"@es
""UniversidáUniversidá d'Uvieud'Uvieu"@"@astast
""ՕվիեդոյիՕվիեդոյի համալսարանումհամալսարանում""@@hyhyՕվիեդոյիՕվիեդոյի համալսարանումհամալսարանում @@hyhy

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



7 Use7 Use MultilingualMultilingual literalsliterals7. Use 7. Use MultilingualMultilingual literalsliterals

MultilingualMultilingual literalsliterals & SPARQL& SPARQL

http://uniovi.es/people#juan

ex:position ex:position

"Professor"@en "Catedrático"@es

SELECT * WHERE {
?x ex:position "Professor" . ReturnsReturns NothingNothing

}

SELECT * WHERE {
?   iti "P f "@

ReturnsReturns <...#<...#juanjuan>>

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

?x ex:position "Professor"@en .
}

jj



7 Use7 Use MultilingualMultilingual literalsliterals7. Use 7. Use MultilingualMultilingual literalsliterals

UnderusedUnderused featurefeature
4.78% non 4.78% non infoinfo--resourcesresources havehave oneone languagelanguage tagtag%% g gg g gg
OnlyOnly 0.7% 0.7% datasetsdatasets containcontain severalseveral languagelanguage tagstags

MostMost commonlycommonly languagelanguage usedused::MostMost commonlycommonly languagelanguage usedused: : 
44.72% (en), 5.22% (de), 5.11% (44.72% (en), 5.22% (de), 5.11% (frfr), 3.96% (), 3.96% (itit),...),...

[[B.EllB.Ell et al, 2011]et al, 2011][[B.EllB.Ell et al, 2011]et al, 2011]

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



7 Use7 Use MultilingualMultilingual literalsliterals7. Use 7. Use MultilingualMultilingual literalsliterals

WhatWhat aboutabout longerlonger descriptionsdescriptions: : 
dcterms:descriptiondcterms:description, , rdfs:commentrdfs:comment… … 

CDATA CDATA likelike oror XML XML literalsliterals ??
RR i tii ti titi i XML I18i XML I18ReuseReuse existingexisting practicespractices in XML I18nin XML I18n
ProblemsProblems::

Gap Gap betweenbetween descriptionsdescriptions and RDF and RDF modelmodel
SPARQLingSPARQLing maymay bebe aa challengechallengeSPARQLingSPARQLing maymay bebe a a challengechallenge

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



88 LiteralsLiterals withoutwithout languagelanguage tagtag8. 8. LiteralsLiterals withoutwithout languagelanguage tagtag

IncludeInclude literalsliterals withoutwithout languagelanguage--tagtag
SPARQLSPARQL queriesqueries areare easiereasierSPARQL SPARQL queriesqueries are are easiereasier
ExampleExample::

http://uniovi.es/people#juan

ex:positioniti

"Professor"@en

ex:position

"Catedrático"@es

ex:position

"Professor"

ex:position

SELECT * WHERE {
?x ex:position "Professor" . ReturnsReturns <...#<...#juanjuan>>

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

p
}

jj



88 LiteralsLiterals withoutwithout languagelanguage tagtag8. 8. LiteralsLiterals withoutwithout languagelanguage tagtag

SelectingSelecting a default a default languagelanguage = controversial= controversial
Declare Declare thethe primaryprimary languagelanguage of a of a datasetdatasetp yp y g gg g

SomeSome propertiesproperties: : lexvo:languagelexvo:language

ConsumersConsumers maymay notnot bebe awareaware ofof thethe defaultdefaultConsumersConsumers maymay notnot bebe awareaware of of thethe default default 
languagelanguage

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



99 LanguageLanguage ContentContent negotiationnegotiation9. 9. LanguageLanguage Content Content negotiationnegotiation

Use HTTP Use HTTP AcceptAccept--LanguageLanguage
ReturnReturn differentdifferent sets ofsets of labelslabelsReturnReturn differentdifferent sets of sets of labelslabels
Reduce load in Reduce load in clientclient applicationsapplications

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



99 LanguageLanguage ContentContent negotiationnegotiation9. 9. LanguageLanguage Content Content negotiationnegotiation

No No AcceptAccept--LanguageLanguage declarationdeclaration ((allall))

http://uniovi.es/people#juan

"Professor"@en

ex:position

"Catedrático"@es

ex:position

"Spain"@en

ex:country

"España"@es

ex:country

o esso @e Cated át co @es p @ España @es

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



99 LanguageLanguage ContentContent negotiationnegotiation9. 9. LanguageLanguage Content Content negotiationnegotiation

AcceptAccept‐‐languagelanguage: es: es

http://uniovi.es/people#juan

"Catedrático"@es

ex:position

"España"@es

ex:country

Cated át co @es España @es

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



99 LanguageLanguage ContentContent negotiationnegotiation9. 9. LanguageLanguage Content Content negotiationnegotiation

AcceptAccept‐‐languagelanguage: en: en

http://uniovi.es/people#juan

"Professor"@en

ex:position

"Spain"@en

ex:country

o esso @e p @

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



99 LangugeLanguge ContentContent negotiationnegotiation9. 9. LangugeLanguge Content Content negotiationnegotiation

NotNot done in done in practicepractice. . 
ImplementationImplementation issuesissues??pp

EnsureEnsure equivalentequivalent representationsrepresentations forfor eacheach
languagelanguagelanguagelanguage

C t t C t tContent 
represented
by spanish

labels

Content 
represented
by english

labels
equivalentequivalent toto

labels labels

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



1010 MultilingualMultilingual vocabulariesvocabularies10. 10. MultilingualMultilingual vocabulariesvocabularies

Link Link toto existingexisting vocabulariesvocabularies
QualityQuality selectionselection criteriacriteria forfor vocabulariesvocabulariesQualityQuality selectionselection criteriacriteria forfor vocabulariesvocabularies

Use Use vocabulariesvocabularies thatthat containcontain descriptionsdescriptions in in 
moremore thanthan oneone languagelanguagemore more thanthan oneone languagelanguage

[[HylandHyland et al, 2012]et al, 2012]
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1010 MultilingualMultilingual vocabulariesvocabularies10. 10. MultilingualMultilingual vocabulariesvocabularies

Popular Popular vocabulariesvocabularies are are notnot localizedlocalized
ExampleExample: FOAF, DC, etc.: FOAF, DC, etc.

ShouldShould wewe extendextend itit??
ExampleExample::pp

dc:contributordc:contributor rdfs:labelrdfs:label "Colaborador"@es ."Colaborador"@es .

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra



OtherOther issuesissues notnot coveredcoveredOtherOther issuesissues, , notnot coveredcovered
UnicodeUnicode supportsupport in RDFin RDFUnicode Unicode supportsupport in RDFin RDF
LanguageLanguage declarationsdeclarations & & MicrodataMicrodata
InternationalizationInternationalization topicstopics::

TextText directiondirectionTextText directiondirection
RubyRuby annotationsannotations

“Botón PUSH"@es
rdfs:label

Notes Notes forfor localizerslocalizers
TranslationTranslation rulesrules

http://.../id23

rdfs:label “PUSH Buttom"@en

translate = no

LinguisticLinguistic topicstopics
OntologyOntology lexiconlexicon LemonLemon ModelModel

PUSH Buttom @en

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra

OntologyOntology--lexiconlexicon, , LemonLemon ModelModel
[Gracia et al, 2011, [Gracia et al, 2011, BuitelaarBuitelaar et al, 2011, et al, 2011, McCraeMcCrae et al 2011]et al 2011]



ConclusionsConclusionsConclusionsConclusions

Web of data Web of data isis notnot justjust forfor machinesmachines
LODLOD applicationsapplications willwill bebe usedused byby humanshumansLOD LOD applicationsapplications willwill bebe usedused byby humanshumans

...and ...and 
HH t lkt lk diff tdiff t llHumanHuman usersusers talktalk manymany differentdifferent languageslanguages

BestBest? ? practicespractices forfor MultilingualMultilingual LODLOD

Jose Emilio Labra Gayo, http://www.di.uniovi.es/~labra
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