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The instructors

ÅRoberto Navigli, associate professor, Department of 
Computer Science, SapienzaUniversity of Rome

ÅTiziano Flati, PhDstudent,
Departmentof Computer Science,
Sapienza Universityof Rome
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And, if youresistuntil ǘƘŜ ŜƴŘΧ

youwillΧ

Χreceivea prize!!!

A BabelNett-shirt!!!

[model isnot included]
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Part 1:

Identifying multilingual concepts

and entities in text
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The drivingforce

ÅWeb content isavailablein manylanguages

Å Information shouldbe extractedand processed

independentlyof the source/target language

ÅThiscouldbe doneautomaticallyby meansof

high-performance multilingual text 
understanding
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Word SenseDisambiguationand Entity
Linking

«Thomas and Mario are strikersplayingin Munich»

Entity Linking:The task

of discoveringmentions
of entities within a text

and linking themin a 

knowledge base.

WSD: The task aimed at 

assigning meanings to 
word occurrenceswithin 

text.
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The general problem

POLYSEMY
ÅNatural language is ambiguous

ÅThe most frequentwordshaveseveralmeanings!

ÅOur job: model meaningfrom a computationalperspective
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Monosemousvs. Polysemouswords

ÅMonosemouswords: onlyonemeaning
ïExamples:
Åplant life

Åinternet

ÅPolysemouswords: more thanonemeaning
ïExample: bar
ïάŀ ǊƻƻƳ ƻǊ ŜǎǘŀōƭƛǎƘƳŜƴǘ wherealcoholicdrinksare servedέ
ïάŀ counterwhereyoucan obtain foodƻǊ ŘǊƛƴƪέ
ïάŀ rigid pieceof metal or woodέ
ïάƳǳǎƛŎŀƭ notation for a repeatingpattern of musical beatsò
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Buthow do we represent
and encodesemantics?

ÅThesauri

ÅGroups words according to similar meaning

ÅRelations between groups (e.g., narrower meanings)

ÅRogetôsThesaurus (1911)

ÅMachine Readable Dictionaries

ÅEnumerates all meanings of a word

ÅIncludes definitions, morphology, example usages, etc.

ÅOxford Dictionary of English, LDOCE, Collins, etc.

ÅComputation Lexicons

ÅRepositories of structured knowledge about a word semantics and 

syntax

ÅInclude relations like hypernymy, meronymy, or entailment

ÅWordNet
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What if we chooseBabelNet

asour senseinventory?
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BabelNet2.5 @ http://babelnet.org



20/10/2014 18Roberto Navigli e Tiziano Flati ςLa Sapienza 
University of Rome

BabelNet
[Navigli and Ponzetto, AIJ 2012]

A wide-coveragemultilingual semanticnetwork 
includingboth encyclopedic(from Wikipedia) and 
lexicographic(from WordNet) entries

Concepts from WordNetNEs and specialized 

concepts from Wikipedia

Concepts integrated from 

both resources
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Anatomyof BabelNet2.5

50 languagescovered(includingLatin!)

List of languagesat http:// babelnet.org/stats
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Anatomyof BabelNet2.5

50 languagescovered(includingLatin!)

9.3M Babelsynsets(conceptsand namedentities) 

67M word senses

262Msemanticrelations (28 edgesper synseton avg.)

7.7M synset-associatedimages

21M textualdefinitions
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New 2.5 versionout!

ÅSeamlessintegrationof:
Å WordNet3.0

Å Wikipedia

Å Wikidata

Å Wiktionary

Å OmegaWiki

Å Open Multilingual WordNet [Bond and Foster, 2013]

ÅTranslationsfor all open-classpartsof speech

Å1.1B RDF triplesavailablevia SPARQL endpoint
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WordNet+OpenMultilingualWordNet+
WikipediaҌΧ
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+OmegaWiki+automatictranslationsΧ
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+textualdefinitions
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More definitions+Wikipedia
categoriesҌΧ
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+images
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BabelNet1.1.1 Ą 2.0 Ą 2.5

1. From six to 50 languages;

2. From two resourcesto six;

3. From 5 million to 9.3million synsets;

4. From 50 million to 68 million word senses;

5. From 140million semanticrelations
to 262million semanticrelations
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BabelNet3.0 available 
from November 2014!!!
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BabelNet3.0 available 
from November 2014!!!
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New Babelfyinterface available 
from November 2014!!!
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Part 2:

BabelNet-lemon: BabelNetas
multilingual linked data!
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- the RDF resource consistsof a set of 
Lexicons, one per language.

- Lexicons gather Lexical Entrieswhich 
comprise the forms of an entry;
in our case: wordsof the Babel lexicon.

- Lexical Formsencode the surface 
realisation(s) of Lexical Entries;
in our case: lemmasof Babel words.

- Lexical Senses represent the usage of 
a word as referenceto a specific 
concept;
in our case: Babel senses.

- Skos ConceptsǊŜǇǊŜǎŜƴǘ Ψǳƴƛǘǎ ƻŦ 
ǘƘƻǳƎƘǘΩΤ
in our case: Babel synsets.

babelnet.org#lemonRepresentation

SKOS 
concepts

Babel 
words

lemmas

Babel 
senses

Babel 
synsets
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babelnet.org#interlinking

ÅLinks towardsencyclopedicdatasets:
Wikipediapages (36M): 

bn- lemon:wikipediaPage on lemon:LexicalSense

Wikipediacategories(46M):

bn- lemon:wikipediaCategory on skos:concept

DBpediapages (4M):

skos:exactMatch on skos:concept

DBpediacategories(15M): 

bn- lemon:dbpediaCategory on skos:concept

ÅLinks towardslexical datasets:
ï lemon-Wordnet(117k): skos:exactMatch on skos:concept

ï lemon-Uby, OmegaWiki(en) (15k): skos:exactMatch on
skos:concept
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babelnet.org#publicationOnTheWeb

ÅRDF dumps
ï format: n-triples

ïWeproduceddumps for both URIsand IRIs

ÅSPARQL endpoint
ïvirtuosouniversalserver

ïhttp://babelnet.org:8084/sparql/

ÅDereferencing
ïbabelnet.org/2.0/

ïPubbyLinkedData Frontend

(http://wifo5 -03.informatik.uni-mannheim.de/pubby/)
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Hands-on Session: BabelNet
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Go to:

http://babelnet.org:8084/sparql/
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Fuseki

1. Opendirectory babelnet-lemon

2. Launchlaunch_fuseki.shor launch_fuseki.bat

3. Open http://localhost:3030/

4. Click on Control Panel

5. Click on Select

6. Within the SPARQL querytext area put your SPARQL 
queries

7. [List of possiblewordsin file freqs.top10K.words.txt]
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Some usefulprefixesΧ

ÅPREFIX bn: <http://babelnet.org/2.0/> 

ÅPREFIX bn-lemon: <http://babelnet.org/model/babelnet#>

ÅPREFIX lemon: <http://www.lemon-model.net/lemon#>

ÅPREFIX skos: <http://www.w3.org/2004/02/skos/core#>

ÅPREFIX lexinfo: <http://www.lexinfo.net/ontology/2.0/lexinfo#>

ÅPREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>

ÅPREFIX dc: <http://purl.org/dc/elements/1.1/>

ÅPREFIX dcterms: <http://purl.org/dc/terms/>
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Exercise1: Retrievethe sensesof a 
givenlemma

ÅGivena word, e.g. home, retrieveall its senses
and correspondingsynsetsin all supported
languages:

SELECT DISTINCT ?sense?synsetWHERE {

?entries a lemon:LexicalEntry.

?entries lemon:sense?sense.

?senselemon:reference?synset.

?entries rdfs:label?term .

FILTER (str(?term)="home")

} LIMIT 10
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Exercise2: Retrievethe sensesof a 
lemma for a certainlanguage

ÅWecan restrict to a givenlanguage, e.g. 
English:

SELECT DISTINCT ?sense?synsetWHERE {

?entries a lemon:LexicalEntry.

?entries lemon:language"EN" .

?entries lemon:sense?sense.

?senselemon:reference?synset.

?entries rdfs:label?term .

FILTER (str(?term)="home")

} LIMIT 10
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Exercise3: Retrievethe translationsof 
a givensense

ÅFor instance, giventhe sense
http:// babelnet.org/2.0/home_EN/s00044488n

SELECT ?translationWHERE {

?entry a lemon:LexicalSense.

?entry lexinfo:translation?translation.

FILTER 
(str(?entry)="http://babelnet.org/2.0/home_EN/s00044488n")

}

http://babelnet.org/2.0/home_EN/s00044488n
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Exercise4: Retrievelicenseinformation 
abouta sense

ÅFor instance, giventhe sense:
Åhttp:// babelnet.org/2.0/home_EN/s00044488n

SELECT ?licenseWHERE {

?entry a lemon:LexicalSense.

?entry dcterms:license?license.

FILTER 
(str(?entry)="http://babelnet.org/2.0/home_EN/s00044488n")

}
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Exercise5: Retrievetextualdefinitions
in all languages

ÅFor instance, giventhe synsethttp://babelnet.org/2.0/s00000356n

SELECT DISTINCT ?language?gloss?license?sourceurlWHERE {

?url a skos:Concept.

?url bn-lemon:synsetID?synsetID.

OPTIONAL {

?url bn-lemon:definition?definition .

?definition lemon:language?language.

?definition bn-lemon:gloss?gloss.

?definition dcterms:license?license.

?definition dc:source?sourceurl.

}

FILTER (str(?url)="http://babelnet.org/2.0/s00000356n")

}



20/10/2014 44Roberto Navigli e Tiziano Flati ςLa Sapienza 
University of Rome

Exercise6: Retrievea ǎȅƴǎŜǘΩǎ
hypernyms

ÅFor instance, giventhe synset:
ïhttp://babelnet.org/2.0/s00000356n

SELECT ?broaderWHERE {

?entry a skos:Concept.

OPTIONAL { ?entry skos:broader?broader}

FILTER (str(?entry)="http://babelnet.org/2.0/s00000356n")

}
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Part 2:

WSD and Entity Linking

Together!
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Back to the original problem
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Word SenseDisambiguationin a 
Nutshell

strikers

(target word)

ñThomasand Mario are strikersplaying in Munichò

(context)

WSD 

system

knowledge

sense of target word
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EntityLinkingin a Nutshell

Thomas

(target mention)

ñThomas and Mario are strikers playing in Munichò

(context)

EL

system

knowledge

Named Entity
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EntityLinking

ÅEL encompasses a set of similar tasks:

ÅNamed Entity Disambiguation, that is the task of linking entity 
mentions in a text to a knowledge base

ÅWikification, that is the automatic annotation of text by linking 
its relevant fragments of text to the appropriate Wikipedia 
articles.
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The multilingualaspectof 
disambiguation

Å In both tasks, WSD and EL, knowledge-basedapproacheshave
beenshownto performwell.

ÅWhataboutmultilinguality?

ÅWhichkindof resourcesare availableout there?

Open 

Multilingual 

WordNet
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A Joint approachto WSD and EL

üThe maindifferencebetweenWSD and EL is

the kind of inventory used
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ButBabelNetcan be usedasa 
multilingualinventoryfor both:

1. Concepts

ÅCalcio in Italiancan denotedifferent concepts:

2. NamedEntities

ÅThe text Mario can be usedto representdifferent thingssuchas
the video game characteror a soccer player (Gomez) or evena 
music album
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Calcio/Kick in BabelNet2.5
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Calcio/Calciumin BabelNet2.5
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Calcio/Soccer in BabelNet2.5
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Disambiguationand EntityLinking
together!

BabelNetisa hugemultilingual inventory

for both word sensesand namedentities!
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So what?

http:// babelfy.org
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Babelfy: A Joint approachto WSD and 
EL [Moro et al., TACL 2014]

ÅBasedon PersonalizedPageRank, the state-of-the-art 
methodfor graph-basedWSD. 

ÁHowever, it cannotbe run for eachnew input on huge
graphs.

ÅIdea: Precomputesemanticsignaturesfor the nodes!

ÅSemanticsignaturesare the most relevant nodesfor a 
givennodein the graphcomputedby usingrandom 
walk with restart

Andrea Moro and Alessandro Raganatoand Roberto Navigli. 2014. Entity Linking meets Word Sense 
Disambiguation: a Unified Approach. Transactions of the Association for Computational Linguistics 
(TACL), 2.
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http://babelfy.org

Demo 
tomorrow 
afternoon!
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BabelfyingISWC!
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Multilingual Word Sense Disambiguation and Entity Linking ςCOLING 2014 Tutorial
Roberto Navigli and Andrea Moro
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Annotatingwith BabelNet: 
all in one! 

ÅAnnotatingwith BabelNetimpliesannotatingwith 

WordNetand Wikipedia 

Å(nowalsoOmegaWiki,

Open Multilingual
WordNet, Wiktionary
and WikiData!)

Key fact!

90

BabelNet

7
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Open Problems: grammar-agnostic

ÅAll current approaches exploit:
ÅPOS tagging

ÅLemmatization

ÅHow to improve?
ÅWaiting for better POS taggers

ÅCharacter-based analysis of text

Noisy (>90% for English, 

but much less on 

morphologically rich 

languages).
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Open Problems: language-agnostic

ÅAll current approaches exploit:
ÅKnowledge of the input language

ÅAutomatic language recognition

ÅHow to improve?
ÅWaiting for better language recognition systems

ÅUnify the lexicalizations of different languages

Noisy (>90% for English, 

but much less on 

resource poor 

languages). Moreover, 

text which consists of 

text in multiple 

languages will be 

wrongly analyzed for 

sure!
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Open Problems: fragment recognition

ÅMost of the current approaches exploit:
ÅNamed Entity Recognition

ÅNot overlapping text assumption

ÅHow to improve?
ÅWaiting for better NER system

ÅOverlap and match everything

Noisy (>80% for English, 

but much less on 

resource poor 

languages). Moreover, 

when assuming that 

entities and word 

senses should not 

overlap you lose 

information!
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Hands-on Session: Babelfy
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Exercise1

ÅGo to babelfy.org
ÅTypein or copy/paste your favouritetext in 

your favouritelanguagein the text area

ÅSelectthe text language

ÅClickon «Babelfy!»

ÅUnderstandthe differencebetweengreen and 
yellowballoons

http://www.babelfy.org/
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Part 3:

Producingmultilingual

linked data
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Babelfy2 NIF (hackathonat SEMANTiCS2014)

Free text Text annotated

with Babelfy

Annotated text

in RDF
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From the previous
talk youshould
alreadyknow

everythingabout
NIF, ŘƻƴΩǘyou?

ButƧǳǎǘ ƛƴ ŎŀǎŜΧ


