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you will...

...receive a prizelll
A BabelNet t-shirt!!!

And, if you resist until the end...

[model is not included]
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MU lider

Part 1:
Identifying multilingual concepts
and entities in text
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fm der The driving force
 Web content is available in many languages

* Information should be extracted and processed
independently of the source/target language

e This could be done automatically by means of
high-performance muItiIinguaI text

understanding

)
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< Word Sense Disambiguation and Entity

«Thomas and Mario are strikers playing in Munich»

e e e e e e e e e e e e e e e
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@ der The general problem

POLYSEMY

« Natural language is ambiguous
 The most frequent words have several meanings!
e Our job: model meaning from a computational perspective
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@ der Monosemous vs. Polysemous words

* Monosemous words: only one meaning

— Examples:
* plant life
* internet

* Polysemous words: more than one meaning

— Example: bar
— “a room or establishment where alcoholic drinks are served”
— “a counter where you can obtain food or drink”
— “arigid piece of metal or wood”
— “musical notation for a repeating pattern of musical beats”
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: But how do we represent
MU lider

and encode semantics?

* Thesauri
« Groups words according to similar meaning
» Relations between groups (e.g., harrower meanings)
* Roget’'s Thesaurus (1911)

 Machine Readable Dictionaries
 Enumerates all meanings of a word
 Includes definitions, morphology, example usages, etc.
» Oxford Dictionary of English, LDOCE, Collins, etc.

« Computation Lexicons

* Repositories of structured knowledge about a word semantics and
syntax

* Include relations like hypernymy, meronymy, or entailment
» WordNet

()

POLITECNICA
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TW!ider

What if we choose BabelNet
as our sense inventory?
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@Hder BabelNet 2.5 @ http://babelnet.org

@ about - |.|.|.|.| statistics - ﬂ preferences

IBabelNet”

A very large multilingual encyclopedic dictionary and semantic network

BabelNet is both a multilingual encyclopedic dictionary, with lexicographic and encyclopedic coverage of terms in 50
languages, and a semantic network which connects concepts and named entities in a very large network of semantic
relations, made up of more than 9 million entries. Read more.__

searCh eHplore
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fE jer o BabelNet

[Navigli and Ponzetto, AlJ 2012]

A wide-coverage multilingual semantic network
including both encyclopedic (from Wikipedia) and
lexicographic (from WordNet) entries

NEs and specialized Concepts from WordNet
concepts from Wikipedia

R BABEL SYNSET
balloongy, Ballonpg,
aerostatogg, globusc,,

| pallone aerostaticoyy,
ballongg, montgolfiérerg

..world’s first hydrogen balloon ﬁighr
...an interim balloon altitude record...
...from a British balloon near Bécourt...

+

..look at the balloon and the...
suspended like a huge balloon, in..
...the balloon would go up...

1 L .
Machine Translation system Wl]\lpedlﬂ WnrdNe[
|
Concepts integrated from
both resources
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@ der Anatomy of BabelNet 2.5

50 languages covered (including Latin!)
List of languages at http://babelnet.org/stats

)
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@ Tder Anatomy of BabelNet 2.5

50 languages covered (including Latin!)

9.3M Babel synsets (concepts and named entities)
67M word senses

262M semantic relations (28 edges per synset on avg.)
7.7M synset-associated images

21M textual definitions

Lemmas by Language Synsets by Language Senses by Language
M English
B French
Il Spanish
B German
B Cutch
B Russzian
B talian
M Portuguese
B lapanese

1Y
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@ der New 2.5 version out!

 Seamless integration of:

* WordNet 3.0

 Wikipedia

* Wikidata

 Wiktionary

* OmegaWiki

 Open Multilingual WordNet [Bond and Foster, 2013]
* Translations for all open-class parts of speech

* 1.1B RDF triples available via SPARQL endpoint
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MuUlider

WordNet+OpenMultilingualWordNet+
Wikipedia+...

Senses:

W
W

“.f

Q

(#)

POLITECNICA

18/11/2014

Meaning: newspaper’

ID: bn:00057563nN

Type: Concept

=2 newspaper1, paper3

P s diaco [ $EEE, J ] journal, = epnuepida, = |iny, | B giornale, e ) i—,
A= A== =T FER, FRAEL #RERE. = diario, periddico

=f= Newspaper, i~ [ $F3f || ) Presse écrite, B Lokalzeitung, Zeitung, 1=
Epnuepiba, = |MY, o HAERYA, | | Giornale, e ¥+, gm Fa3eTa, & Prensa
escrita

== Newspapers, llustraied newspaper, News paper, Microdaily, News sheet, Print
news media, National Newspaper, B, Broadsheet newspapers, Newspaper Reading,
Sunday newspaper supplement, Local newspaper, News-sheet, Newspaper articles,
Shimbun, Pl s ol fan ol ciaa siee 5w o [ 35T, $BEE 3REE, ) ] Presse ecrite,
Financement de la presse, M Lokalblatt, Lokalpresse, Wochenschrift,
Zeitungsartikel, := E@nuepideg, = |1 e My ,0m DMWY DY, o FEER, FATR
94, | | Giornale (editoria), Giornali, e BT, BT, 3HEIR, $ifHt, mm Fazets,
ExeHegensHuK, & Periddicos, Semanario, Publicaciones periodicas, Prensa
periodica, Diario (publicacion), Periddico (publicacion), Periodico (publicacion),
Periddico (Publicacion), Prensa diaria, Periddico, Prensa periddica, Publicaciones
periddicas, Periddico (medio de comunicacion), Periodismo escrito, Periodico
{publicacion), Periodicos, Publicacion periodica, Periddico escrito, Diario
(publicacion), Periodico, Periddico (prensa), Publicacion periédica, Diario escrito,
Diario (medio de comunicacion)

== gazette, newspaper, |j |] journal, MR Zeitung, Tageszeitung, = (ny, | | giornale,
o HifHl, mm raszeTa, & diario, periddico

Roberto Navigli e Tiziano Flati — La Sapienza
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E
]der' +OmegaWiki+automatic translations...

Q == gazette, newspaper, | Jj journal, MR Zeitung, Tageszeitung. = |my, jj il giornale,
o 3fH. wm raseta, = diario, periédico

Il S§= newspaper, P s g $B5E. J ] journal, MR Zeitung, (= EQnUEPIDA, 5 [N,
FHAERYA, || f giornale. e #ifil. my raseTa, T prensa escrita

L) P i, fane danoo [ 3R 2. ) | journal, journaux, journal local, ME zeitung,
zeitungen, lokalzeitung, := e@nuepIda, EQUEPIOEC, TOTTIKA EPNUEPIDT, = MY |M'Y
MIPN, e FAMR T4, TATHT FAR 99, || | giornale, giornali, giornale locale, o #f
fdl, #th 5T @ 3 fH. we raseTsl, MecTHOI razeTe, (& periddico, periddicos, periodico
local

:)-1 P . i3, 3R 4. ) ] journal, MM papier, zeitung, = xapTi, epnuepida, = M,
= 1191, | | giornale, 7 periodico

" {.-g\“l
s 18/11/2014
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J1 ﬁzder +textual definitions

Glosses: 'l 3= A daily or weekly publication on folded sheets; contains news and articles and advertisements; "he read
his newspaper at breakfast”

Il 3= Scheduled publication containing news of events, articles, features, editorials, and advertising

() 5= A publication (usually published daily or weekly and printed on cheap, low-quality paper) that contains
news and other articles.

W == A newspaper is a scheduled publication containing news of current events, informative articles, diverse
features, editorials, and advertising.

WPl e 5 e ekl Le Sal oIS 5 Cilagleay SUT o gty glaal s Su el g disal)

) . ERT

N B § Périodigue présentant des nouvelles et autres informations diverses

Q J | Fublication (en général publiée chague semaine ou chague mois et imprime sur du papier de basse
qualité) qui contient des actualités et d'autres articles.

w | La presse ecrite désigne, d'une maniére générale, l'ensemble des moyens de diffusion de l'information
ecrite, ce qui englobe notamment les journaux quotidiens, les publications périodiques et les organismes
professionnels liés a la diffusion de l'information.

Il ™8 Periodisch erscheinendes Druckerzeugnis mit aktuellem und universellem Inhalt

Q Em Eine Publikation (meist taglich oder wichentlich erscheinend und auf kostenglnstigem Papier von
niedriger Qualitat), die Nachrichten und andere Artikel enthalt.

w EE Als Lokalzeitung wird eine Tageszeitung oder Wochenzeitung bezeichnet, die sich im Wesentlichen auf
das Geschaft der Nachrichten-, Spori- und Veranstaliungsberichterstatiung sowie auf Kleinanzeigen einer
Region beschrankt und in der Regel lokale Begebenheiten in satirisch-feuilletonistischer Form als
Lokalglosse oder Spitze "aufspieft”.

W M Das Wort Zeitung war urspranglich der Begriff fir eine beliebige Nachricht; die Bedeutung hat sich jedoch

im Laufe des 18 Jahrhunderts gedndert.
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More definitions+Wikipedia

HWL| der categories+...

W EE Das Wort Zeitung war urspriinglich der Beqriff fir eine beliebige Nachricht; die Bedeutung hat sich jedoch
im Laufe des 18 Jahrhunderts geandert.

W i= (¢ eQnUEPIDT YapaKTnpileTal oTTOIBTTOTE EVIUTIN TTEPIOBIKN £KB0OON TNG OTToIag N TTEPIEXOUEVN UAN
apopd KaTd TTASIOVOTNTO EIBNOEoypagia TpEXOVTWY yeyovoTwy Tne TTepidBou oTnv otoia ekGibeTal.

m-’ = "IFION NNNX MY MWD TIK KNET A0 20" 200 Jmy" Do DA DIWTN P30 V0w 1 90e m oo

WO INUPIR [DIKD IK 09T AVIAE INTTN 77 7712 N7 KT IY-270 80 My

W e THER TF AT HEEH, FAGRT T 3TENT T TR & |

Wl § B Pubblicazione periodica o anche aperiodica in forma cartacea

w § B Un giornale & una pubblicazione periodica o anche aperiodica in forma cartacea.

Nl mw MeyaTHOE NEpUOAMYECKDE M3AAHME

W o raseta — nevaTHoe NEepHogMYECcKDe MidaHKeE, BelXoAAWee No4 NOCTOAHHBIM HEIBaAHHMEM WM HE DEHE
OAHOMD paia B MECALL.

Il = Publicaciones impresas que se diferencian en funcién de su periodicidad

= Publicacién (realizada diaria o semanalmente e impresa sobre papel de baja calidad) que contiene
noticias y otros articulos.

W = Elconcepto prensa escrita se refiere a publicaciones impresas que se diferencian en funcion de su
periodicidad, que puede ser diaria, semanal, mensual, o anual.
Categories: / §= Newspapers, Ephemera, Journalism, Media formats, Newspaper publishing, Paper products, Periodicals,
Printing, M L =0 20 ross sy o Sl G6ais iolh oo [l $REE, FRME], $EHESEI T, ) ) Presse écrite, BN
Zeitung, Druckerzeugnis, = 09mMY NOMY, o HHMME 94, W%HTEIH] B Giomnali, & Medios de
comunicacion, Medios escritos,

DBPedia: =i Newspaper
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MUl der BabelNet 1.1.1 > 2.0 > 2.5

-rom six to 50 languages;

-rom two resources to six;

-rom 5 million to 9.3 million synsets;

-rom 50 million to 68 million word senses;

A S

-rom 140 million semantic relations
to 262 million semantic relations

-
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< BabelNet 3.0 available
@hder from November 2014111

BabelNet

Type a text or a term. ENGLISH - BABEL

A very large multilingual encyclopedic dictionary and semantic network

£} PREFERENCES



N pianal ENGLISH - BABEL

BabelNet A very large multilingual encyclopedic dictionary and semantic network

£} PREFERENCES

« Moun
+ Adverb
Noun + Adjective
piano’
@ Fortepiano designates the early version of the piano, from its invention
by the Italian instrument maker Bartolomeo Cristofori around 1700 up to
the early 19th century....
0DO0035986n
piano?
@#i In music, dynamics normally refers to the volume of a sound or note,
=—§'.'_ but can also refer to every aspect of the execution of a given piece,

either stylistic or functional. ...

oz

00062202 n

Piano (play)
a Piano is a 1990 play by Trevor Griffiths, adapted from the 1977 film An

[ D o T B o T o B D Y B e T M I T o T T ) I R



MU lider

Part 2:

BabelNet-lemon: BabelNet as
multilingual linked data!

L 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza
University of Rome



‘ider babelnet.org#lemonRepresentation

- the RDF resource consists of a set of
Lexicons, one per language.

LexicalForm

- Lexicons gather Lexical Entries which
comprise the forms of an entry; o k| conoricalform
in our case: words of the Babel lexicon. avstractrarm ﬁf’ Word
.,-""'-Fﬂ-f
- Lexical Forms encode the surface " Lexicon mry | ol
realisation(s) of Lexical Entries; S— > LexicalEntry Phrase
Arguage:sirirg
in our case: lemmas of Babel words.
. is5ansa 0l PEII"t
- Lexical Senses represent the usage of
a word as reference to a specific .
f P LexicalSense
concept;
in our case: Babel senses.
-F,EﬂqE{ ----- _E refaranss
. altFaf |——isReterancadf
- Skos Concepts represent ‘units of hidgenRer | e m@n
core
. concepts
in our case: Babel synsets.
4'1'!1‘2
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@ der babelnet.org#interlinking

* Links towards encyclopedic datasets:
Wikipedia pages (36M):
bn-lemon:wikipediaPageon lemon:LexicalSense
Wikipedia categories (46M):
bn-lemon:wikipediaCategoryon skos:concept
DBpedia pages (4M):
skos:exactMatchon skos:concept
DBpedia categories (15M):
bn-lemon:dbpediaCategory on skos:concept
* Links towards lexical datasets:
— lemon-Wordnet (117k): skos:exactMatchon skos:concept

— lemon-Uby, OmegaWiki (en) (15k): skos:exactMatch on
skos:concept

B : 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 32
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@ der babelnet.org#publicationOnTheWeb

* RDF dumps
— format: n-triples
— We produced dumps for both URIs and IRIs

* SPARQL endpoint

— virtuoso universal server
— http://babelnet.org:8084/sparql/

* Dereferencing
— babelnet.org/2.0/
— Pubby Linked Data Frontend
(http://wifo5-03.informatik.uni-mannheim.de/pubbyy/)
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MWl ider

Go to:
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@ der Fuseki

. Open directory babelnet-lemon
Launch launch_fuseki.sh or launch_fuseki.bat

Open http://localhost:3030/
Click on Control Panel

Click on Select

Within the SPARQL query text area put your SPARQL
gueries

o Uk wh e

7. [List of possible words in file freqs.top10K.words.txt]
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@, der Some useful prefixes...

* PREFIX bn: <http://babelnet.org/2.0/>

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

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

* PREFIX skos: <http://www.w3.0rg/2004/02/skos/corett>

* PREFIX lexinfo: <http://www.lexinfo.net/ontology/2.0/lexinfo#>
* PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

* PREFIX dc: <http://purl.org/dc/elements/1.1/>

* PREFIX dcterms: <http://purl.org/dc/terms/>
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m d Exercise 1: Retrieve the senses of a
— er lemma for a certain language

* We can restrict to a given language, e.g.
English:
SELECT DISTINCT ?sense ?synset WHERE {
?entries a lemon:LexicalEntry .
?entries lemon:sense ?sense .

?sense lemon:reference ?synset .

?entries rdfs:label "home"@en .

)
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"T_U d Exercise 1: Retrieve the senses of a
— er lemma for a certain language (fuseki)

* We can restrict to a given language, e.g.
English:
SELECT DISTINCT ?sense ?synset WHERE {
?entries a lemon:LexicalEntry .
?entries lemon:sense ?sense .
?sense lemon:reference ?synset .
?entries rdfs:label ?term .
FILTER (str(?term)="home")
} LIMIT 10
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"T_U d Exercise 2: Retrieve the senses of a
— er given lemma

* Given a word, e.g. home, retrieve all its senses
and corresponding synsets in all supported
languages:

SELECT DISTINCT ?sense ?synset WHERE {
?entries a lemon:LexicalEntry .
?entries lemon:sense ?sense .
?sense lemon:reference ?synset .
?entries rdfs:label ?term .
FILTER (str(?term)="home")
} LIMIT 10

a : 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 40
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rﬁ :l Exercise 3: Retrieve the translations of
Laer a given sense

* Forinstance, given the sense
http://babelnet.org/2.0/home EN/s00044488n

SELECT ?translation WHERE {

<http://babelnet.org/2.0/home_EN/s00044488n> a
lemon:LexicalSense .

<http://babelnet.org/2.0/home_EN/s00044488n>
lexinfo:translation ?translation .

)
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http://babelnet.org/2.0/home_EN/s00044488n
http://babelnet.org/2.0/home_EN/s00044488n
http://babelnet.org/2.0/home_EN/s00044488n

i

Exercise 4: Retrieve license information

der about a sense

* For instance, given the sense:

)

 http://babelnet.org/2.0/home_EN/s00044488n
SELECT ?license WHERE {

<http://babelnet.org/2.0/home_EN/s00044488n> a
lemon:LexicalSense .

<http://babelnet.org/2.0/home_EN/s00044488n>
dcterms:license ?license .

)
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: Exercise 5: Retrieve textual definitions
Tw|ider

in all languages
* Forinstance, given the synset http://babelnet.org/2.0/s00000356n

SELECT DISTINCT ?language ?gloss ?license ?sourceurl WHERE {

<http://babelnet.org/2.0/s00000356n> a skos:Concept .

<http://babelnet.org/2.0/s00000356n> bn-lemon:synsetID ?synsetID .

OPTIONAL {

<http://babelnet.org/2.0/s00000356n> bn-lemon:definition ?definition .

?definition lemon:language ?language .
?definition bn-lemon:gloss ?gloss .
?definition dcterms:license ?license .
?definition dc:source ?sourceurl .

a : 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 43
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http://babelnet.org/2.0/s00000356n

Exercise 6: Retrieve a synset’s
MU ider

hypernyms

* Forinstance, given the synset:
— http://babelnet.org/2.0/s00000356n

SELECT ?broader WHERE {
<http://babelnet.org/2.0/s00000356n> a skos:Concept .

OPTIONAL { <http://babelnet.org/2.0/s00000356n> skos:broader
?’broader }

}
DA\
S5
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http://babelnet.org/2.0/s00000356n

Twlider

Part 2:
WSD and Entity Linking
Together!
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MU lider

Back to the original problem
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Word Sense Disambiguation in a
@ der Nutshell

strikers “Thomas and Mario are strikers playing in Munich”

(target word) \ (context)

.!P.._

/\ N
knowledge { 1

sense of target word
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@ der Entity Linking in a Nutshell

Thomas “Thomas and Mario are strikers playing in Munich”
(target mention) (context)

”

iu | C— SyStem

o (t\ N
knowledge ’” ]

Named Entity

a : 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 48
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m der Entity Linking
* EL encompasses a set of similar tasks:

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

* Wikification, that is the automatic annotation of text by linking
its relevant fragments of text to the appropriate Wikipedia
articles.

)

POLITECNICA
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< The multilingual aspect of
MU ider

disambiguation

* In both tasks, WSD and EL, knowledge-based approaches have
been shown to perform well.

* What about multilinguality?

* Which kind of resources are available out there?

p—
Open
Multilingual
WordNet

¢‘:_{_’;':- L= M K a | _I'_I‘i_“.:_:‘-';_l_ltu BE
WIKIPEDIA ncyclopedi:

The Free Encyclopedia | II ‘ I I Wi ktiﬂnﬂry

['wikJanr1] n.,
WIKIDATA

a wiki-based Open
WO I'd Net Content dictionary
. 1 ilen [M'witl learsl

A lexical database for English o

3 !‘ & 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 51
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@ Tder A Joint approach to WSD and EL

> The main difference between Wsb and EL is
the kind of inventory used

‘, ',.-gw'..‘
s 18/11/2014
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"T_U d But BabelNet can be used as a
— er multilingual inventory for both:

1. Concepts
* Calcio in Italian can denote different concepts:

40

Ca

CALCIUM

2. Named Entities

* The text Mario can be used to represent different things such as
the video game character or a soccer player (Gomez) or even a
music album

()

18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 53

University of Rome
POLITECNICA



o’ =

i

der Calcio/Kick in BabelNet 2.5

Meaning: kick' - ID:bn:00012171n - Type: Concept o° &:I [details] [explore]
senses: Wl 3= kick!, boot”, kicking®
'y e 25 o5 coup de pied, = kAoTold, Adkmiopa, | |l calcio, pedata, scalciata, e
Fo 7, —Hi), R By
W S Kick, il Hii%, § ) Coup de pied, B Tritttechnik, = now2, || || Calcio (pedata),
e [f{t)¥5 mm Yoap voroil, & Patada
W & Kicks, Back Kick, Kicking, Push Kick, Hook Kick, [l BliE, B (EfT), EEL 11

Coups de pied, Coup De Pied, o H&EeL, o, BESL B B2, 2UF +£,
(& Patadas, Patear

[w] 5= kick, boot, = N0V, ey MMHOK

I S§= kick, J ] Coup de pied, W® Tritttechnik, = nowa, j | calcio, e HiY$:, mm Yo3p
Horoi, & Patada

:5-1 B &=. J | coup de pied, coups de pied, Il kick, treten, 1= kAwTOId, KAWTOIEG,
KhOTOIEG, = nowWa, o &d, Kicks, & A, || § calcio, calci, ® -+ 7. | g ya3p,
Horamw, & patadas

Glosses: [w]SE A nhit or strike with the leg or foot or knee.

[w] 5= A blow with the foot; a kick.

Il = Physical strike in combat sports

W == The act of delivering a blow with the foot; "he gave the ball a powerful kick"; "the team's Kicking was
excellent"

W == In combat sports and hand-to-hand combat, a Kick is a physical strike using the foot, leg, or knee.

W' J§ | Un coup de pied en sport de combat est une frappe réalisée avec une action du membre inférieur dont la
surface d'impact est le pied, Dans cerfaines pratiqgues de combat, on parle de technigues de jambe; elles
sont 1a partie émergente de leur activité, ce qui est le cas pour le taskwondo moderne.
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ﬁider Calcio/Calcium in BabelNet 2.5

Meaning: calcium’ -  ID: bn:00006850n - Type: Concept ood[details] [explore]

Senses: W Ecalcium1. ca' atomic number 20" s~

Y e LB oAb oo il | calcium, (= aoBéomio, = [T0, | | calcio, e
Ca, hil<ir24, Ca

W Ej& Calcium, Calcium in biology, pm ....< [ 5, 5555 J | Calcium, B8 Calcium, :=
ACTRETTIO, I [T'0, m ShicedH, | | Calcio (elemento), e 11137 L g KanbLmil,
[& Calcio

W e Calcium storage, Ca(2+), Calcium (biology), Calcium storages, Factor 4, Kalcium,
Calium, Calcium ions, Ca2+, Ca storages, Ca (biology). Calcium (second messenger),
Ca+2, Caion (physiology), Calcium supplements, Calcium compounds, Calcium
physiology, Biological role of calcium, Ca2, Ca**, Calcium ion physiology, Element 20,
P Ca 020 Calcium, il 85, 20853, 703520, £ 20383, Calcium, $58. § )
Calcium (nutriment), 7440-70-2, Oxydation du calcium, B8 Ca++, Ca2+, Kalzium, =
DIYTNG OIYT), e ThAATSIIH, WITCETH, thicad#H, Ca, || | Calcio (elemento chimico),
Calcio (metallo), Fattore di coagulazione IV, Calcio (chimica), lone calcio, Fattore
coagulante IV, e 1)L DL+, )i a— 4, g Ca, Ca2+, & Factor de
coagulacion IV, Calcios

() 5= calcium, pum .;.0< | calcium, Bl Kalzium, Calcium, := aoBEoTIO, = [T0,
wieaad, | | calcio, e 1137 Ly g KaNbLUMIA, E] calcio

[w] & calcium, il . ...< § | calcium, B® Kalzium, Calcium, := aoBéoTio, = niv'sy [To,
o TUiic, | | calcio, e 111D L, gy Kanbuumil, ] calcio

I 3§ calcium, Calcium in biology, P ...0< g $5, F=%, J | calcium, BR Calcium, :=
ACBETTIO, Z [T'0, m thiexdH, || | calcio, e 1137 L, g KANBLWIA, Kanbumii B
KMBBIX Oprannamax, e calcio

@
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ider Calcio/Soccer in BabelNet 2.5

Meaning: soccer’ -  ID: bn:00006547n - Type: Concept Ved t:I [details] [explore]

Senses: iy =z soccer . association football’

w B | soccer, football, := moddopaipo, = 72173, | | calcio, pallone, football, e 77°./%.
I —iglubii—ll, edl— Dubii—Il, Z—Fi—I1, B3, & futbol

W == Association football, e .= s < 3= il EER J ] Football, BR Fuiball, :=
MNoBooQEapo, = 72T, ;ﬁﬁﬂ,l I Calcio (sport), e T — gm ©yTOON, &
Futbol

W' I Associated football, Outdoor Soccer, Soccer history, Voetbal, Association soccer,
Association footballer, Footbal (soccer), Association football (soccer), Soccer
Scoring, Soccer team, Recreational soccer, Futbol, Sawker, B{Ef . Football (real),
Fitba, Soccer football, Asocciation football, Football association, Football
(association), Assocation football, Soccer (football), Association Football Club,
Socker, Association Football, Ass. football, International club football,
Football(soccer), Football (Soccer), World football, Soccer (Football), Association
Football (soccer), Senior football, Football (Association), Futébol, Football (original),
Soccor, Soccer, Assocciation football, Football (Association rules), The Method of
Scoring, Balompie, 11—, Balompié, Football (soccer), Futebol, Metric football, )
Association footballers, Rooball, Wl .l ;£ -9 [l Football, 23, EEK, BEEE, EEE B h
zh. § | Equipe de football, Equipe de foot, Club de foot, Joueur de football, Football
européen, Soccer, Le football, Footballeur, Contrile (football), Téte (football), Fute
balle, Association football, Football au Portugal, Contrile de poitrine, Football Club,
Football masculin, Le foot, Foot-ball, Footballeurs, Balle au pied, Footeux, Football
association, Il FuRballspieler, Fussball, FuRballspielen, Fussballspleler Fuathboi,
Seitenaus, Fuiballer, Mannerfuball, Fussballer, Herrenfukball, := MNoSoopaploTmc, id M“:!

IV g W
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IT'TJ d Disambiguation and Entity Linking
oLiaer together!
\ /

:Q:
(Y9
-/

BabelNet is a huge multilingual inventory
for both word senses and named entities!
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@ ﬁder' So what?

fy

http://babelfy.org

Babelfy

./,'.'-:'—"'"\
[ ) \\\
- )
S 18/11/2014
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IT'TJ d Babelfy: A Joint approach to WSD and
ntlaer EL [Moro et al., TACL 2014]

* Based on Personalized PageRank, the state-of-the-art
method for graph-based WSD.
= However, it cannot be run for each new input on huge
graphs.
* |dea: Precompute semantic signatures for the nodes!

* Semantic signatures are the most relevant nodes for a
given node in the graph computed by using random
walk with restart

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

POLITECNICA
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-itder http://babelfy.org

"Word sense disambiguation
and entity linking together!"

abelfy

Powered by BabelNet

Text to babelfy:

Enable partial matches: = Language: English v | Babelfy!

When citing Babelfy, please refer to the following paper. Andrea Moro, Alessandro Raganato and
Roberto Navigli. Entity Linking meets Word Sense Disambiguation: A Unified Approach.
Transactions of the Association for Computational Linguistics, 2, 2014.

Babelfy is an output of the MultiJEDI ERC Starting Grant No. 259234. Concept by Andrea Moro and A
Roberto Navigli. Babelfy and its API are licensed under a Creative Commons Attribution-

. : 2 OO .
Noncommercial-Share Alike 3.0 License. ) s FOr any commercial use, please contact us.

'
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ﬁzder Babelfying ISWC!

"Word sense disambiguation
fy and entity linking together!"

International Semantic Web ¢~

the Semantic Web

The International Semantic Powered by BabelNet The Semalntlc Web Is a
Web Conference is a series of ;:rc])lla]bgratnf molvezcme;t I;d by
academic conferences and the € International standards
premier international forum, for Tex_t to babelfy'l : _ body, th.e World Wide Web

The the Semantic Web / Linked :nfere_znce.2014 }s the premler_‘ J_I_lternatlonal fo:l_"u.rp for the Consortium.

Wek : :, scientists, industry specialists, and practitioners me

~| Data Community. . . }
dis scalable, user-friendly, and game changing solutions. Wsﬁ'd Semantic
- . . — .’ Web

Semantic international
the study of lan ' concerning or belonging to all |

Community at least two or more nations; semantic

Linked Data The term community has two legree; y of language meaning
In computing, linked data | distinct commutive meanings: 1) mier ra | meet
describes a method of pub; Community usually refers to a come together; "I'll probably see
etrneturad daka ea that it ¢ social unit larger than a small you at the meeting"; "How nice |r network consisting of
the future ome mq Village that shares common — to see you again!" jon of Intemet slfes :
the time yet to come values. remier tic Web V/
Community . Here , scientists , industry specialists , and practitioners meet to discuss
. . . . discuss
2 future of practical , scalable , userfriendly , and game changing soluti speak with others about
N . » talk (something)
Era_ctlcal cal solutions _ _ l; have a discussion;
aving or put to a practica the successful action of solving a 4 gur household
purpose or use; "practical problem; "the solution took three
mathematics"; "practical hours"

applications of calculus" Roberto Navigli e Tiziano Flati — La Sapienza o=
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Stars boycott Beverly Hills Hotel over
Brunei sharia move

El
D
=

Demonstrators protest over Brunei's new harsh Islamic penal code at the Beverly Hills Hotel

Stars of Hollywood are boycotting one of the area's most famous
hotels because of a harsh Islamic penal code introduced by
Brunei's government.

Related Stories

Brunei introduces

Comedians Jay Leno and Ellen DeGeneres are among the celebrities tough Islamic law
supporting the boycott against the Beverly Hills Hotel and other hotels Brinol nenbils
g ‘ 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 62
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ﬁl‘

"Word sense disambiguation
and entity linking together!"

abelfy

>

Stars B

a widely known person; "he
was a baseball celebrity"

Powe

Te

erly Hills Hotel over Brunei
L famous hotels because of a

o and Ellen DeGenceres are an

boycott
refuse to sponsor; refuse to d
business with

Ellen DeGeneres
_| Ellen Lee DeGeneres is an

television host and actress.

American stand-up comedian,

-~

sharia

the code of law derived from the
Koran and from the teachings
and example of Mohammed;

hotels

a building where travelers can
pay for lodging and meals and
other services

"sharia is only applicable to e
Muslims": "under Islamic law e
there is no separation of church
and state”
o
E=7 .| 3Jay Leno

Beverly Hills Hotel

over Brunei

shar

one of the area 's

introduced by Bru

m

res are among the

Beverly Hills Hotel ar

1Ise Disambiguation and Enti
_lirea Moro

Roberto Navig

q Hills, California.

the Beverly Hills Hotel

The Beverly Hills Hotel, also
called The Beverly Hills Hotel
and Bungalows, is a hotel on
Sunset Boulevard in Beverly

James Douglas Muir "Jay" Leno
is an American stand-up
| comedian and television host.

>

m

rities
ly known person; "he
baseball celebrity"

1

m
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B B News Sport Weather Capital Future Shop Radio More...

N EWS 6 May 2014 Lastupdated at 11:08 GMT ! /

Gt LUK @ Africa Asia Europe Latin America WMid-East U5 & Canada Buainema Health ScilEnvironment Tech Entertainment Video
3 Thai crisis explained in 60 seconds | ENG_—_GGG_

Profile: Yingluck Shinawatra
Thailand to hold fresh election Features

Q&A: Thailand protests
B " Migrants

Trapped in tF
8 workers, dre

AR
Hope for boost on Ukraine elections %im '

European foreign ministers seek to build support for
this month's presidential election in Ukraine, where
troops are battling pro-Russian separatists

Russia's Lavrov holds news briefing

3 Ukraine soldiers killed in Sloviansk

Toppling -
Does China's
down the for

Living ou
Young Eurog

Odessa images
hand-to-mou

How did Odessa's fire happen?

Too old?

- . ¥ The 93-year-
Coca-Cola to remove drinks ingredient India’s electi
Coca-Cola is to remove an ingredient which has

been linked to negative health effects from some of

its drinks brands by the end of this year
Can big food firms get us to eat more healthily?

Haunted

Why South /
veterans say

Campaigners vow to cut sugar in food

31-0

The story be
football team

B EETa Muscular




rrlﬁd i

fy

Powered by BabelNet

"Word sense disambiguation
and entity linking together!”

abelfy

Text to babelfy: r drinks

The world'=s largest beverage-maker, Coca-Cola, plans to rem any IIQUId suitable for drinking' -
7

zome of its drinks=s brands by the end of this year, followin

and Powerade.

An element of the additive, also found in flame retardants,

"may I take your beverage H

Brominated vegetable oil, or EVD, is found in Coca-Cola fru ordel"?"

Enable partia Fanta
Fanta is a global brand of fruit-
flavored carbonated soft drinks

The world s larges from the Coca-Cola Company.

flame retardants

Flame retardants are chemicals
used in thermoplastics,
thermosets, textiles and coatings e
that inhibit or resist the spread of
fire.

POLITECNICA

is Dby the end of this
table cil , or BVO , is

Fanta and Powerade
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7
team
By Kev Geoghegan

Arts and entertainment reporter, BBC News

m | < d Next Goal Wins for ‘world’s worst football
Laer

|§
M
i
)

Goalkeeper Nicky Salapu is the only remaining player from the 31-0 hammering by Australia

In 2001, Australia set a world record for the largest ever victory in
an international football match, netting 31 goals without a single
breach of their own defence.

Related Stories

i g
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ﬁi‘

"Word sense disambiguation
and entity linking together!"

abelfy

Powered by BabelNet
Text to babelfy:
In 2001, Aunstralia set a world record for the largest ever wvictory in an intermational football -
match, netting 31 goals without a single breach of their own defence. E'
The game'=s top scorer, Archi 18t
international match by clain football B | Archie Thompson

While Thomn=on 12 now the

Enable

In 2001 , Awustr:

international foot
their own defense

P T
P e
. )
WA, Af
Srer s

18/11/2014

POLITECNICA

any of various games played
with a ball (round or oval) in

which two teams try to kick or

carry or propel the ball into
each other's goal

11k

rge:
with,

e "

| Archibald Gerald Thompson is a

| currently playing for Melbourne

New Zealand-born Australian
professional football player,

Victory in the Hyundai
A-League, where he is 2nd in
the League all time scoring
record.




Al )

and
pervasive

« # 8 8 8 F ¥

Amazon si
social media

servizio é

POLITECNICA

social media

Social media employ web - and
mobile-based technologies to
support interactive dialogue
"introduce substantial and

communication between
organizations, communities,
and individuals."

changes to

m

"Word sense disambiguation
and entity linking together!"

abelfy

Powered by BabelNet

Text to babelfy

Growsh In Socll Metwork Peteat

|0 =11 Amason

! consumatori potramno comprare un prodotto con un
:szzata #AmazonCart negli Stati Uniti e #2mazonBas

mziona? Quando un clisnce lsggs un tweet del suo
di un amico con un link con un prodotto sy Amazon
k2 un tweet seguito dall’hashtag #AmazonCart o #3

.
_—..I

M M M N NET MO MR MR

~ lartial me

consumatori
a person who uses goods or

- services

allea con Twitter : i consumatori

Amazon.com
Amazon.com, Inc. is an Amer
multinational electronic
commerce company with
headquarters in Seattle,
Washington, United States.

amazoncom
)

igli e Tiziano Flati — La Sapienza

University of Rome

»

Twitter w

Twitter is an online social
networking service and
microblogging service that
enables its users to send and
read text-based messages of
up to 140 characters, known as
"tweets".

m

n cinguettio senza lasciare |

, i due Paesi dove finora

. Come funziona ? Quando un

68




rﬁ | 1k New Babelfy interface available
— ]der from November 2014!!!

fy ' My daughter | scratched fence skewers processed oblivion sci-fi electric-wave fx

Babelfy p
Enable partial matches: [J
ENGLISH - BABELFY1
Word sense disambiguation and entity linking togetherl

expanded view | compact view

B my daughter i scratched fence skewers processed oblixi
scratched :

cause friction; "my
sweater scratches”

daughter fence oblivion

a female human a barrier that serves Oblivion is
offspring; "her to enclose an area American
daughter cared for her science fict

in her old age" comedy filn



| Annotating with BabelNet:
VIRY
@ der all in one!

Key fact!

* Annotating with BabelNet implies annotating with
WordNet and Wikipedia

e (now also OmegaWiki,

Open Multilingual
WordNet, Wiktionary
and WikiData!)

 BabelNet

By 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 91
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ﬁ—l :ler Open Problems: grammar-agnostic

* All current approaches exploit:
e POS tagging Noisy (>90% for English,

. T but much less on
Lemmatization morphologically rich

languages).

* How to improve?

* Waiting for better POS taggers
* Character-based analysis of text

n 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 93
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m

1er Open Problems: language-agnostic

Noisy (>90% for English,
but much less on

* All current approaches exploit: | resource poor

languages). Moreover,

* Knowledge of the input language text which consists of

 Automatic language recognition text in multiple
languages will be
wrongly analyzed for
sure!

* How to improve?

* Waiting for better language recognition systems
e Unify the lexicalizations of different languages

18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza
University of Rome



m ler Open Problems: fragment recognition

* Most of the current approaches exploit:

 Named Entity Recognition

 Not overlapping text assumption
PPINg P Noisy (>80% for English,

but much less on

resource poor

e How to improve? languages). Moreover,
o when assuming that
* Waiting for better NER system entities and word

senses should not
overlap you lose
information!

e Overlap and match everything

18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 95
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@ der Exercise 1

» Go to babelfy.org

* Type in or copy/paste your favourite text in
your favourite language in the text area

e Select the text language
* Click on «Babelfy!»

* Understand the difference between green and
vellow balloons

e 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 101
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http://www.babelfy.org/

Twlider

Part 3:
Producing multilingual
linked data

s 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza
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@ der Babelfy 2 NIF (hackathon at SEMANTICS 2014)

fy PP
Ja belfy e

5> lextannotated __5 Annotated text
with Babelfy In RDF

Free text

a ' 103

18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza
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TW!ider

From the previous 7~
talk you should
already know
everything about
NIF, don’t you?
But just in case...



MU lider NIF

 The NLP Interchange Format (NIF) is an
RDF/OWL-based format that aims to achieve
interoperability between Natural Language
Processing (NLP) tools, language resources and
annotations. NIF consists of specifications,
ontologies and software

e 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 105
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MU lider NIF

* Reuse of existing standards (such as RDF, OWL 2,
the PROV Ontology, etc.)

* NIF identifiers are used in the Internationalization Tag
Set (ITS) Version 2.0

* Royalty-free and published under an open license.

* Driven by its open community project NLP2RDF

° good uptake by industry, open-source projects
and developers.

L 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza

University of Rome
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Wiki-Link Corpus in RDF corpus URI

NIF Conversion Demo Service ( % important) demo URI

NIF Combinator Demo demo URI
NIF 2.0 Core Ontology - Terminological Model ( * important) ontology URI
NIF Validator TestCase Suite ontology URI
NIF 2.0 Core Ontology - Validation Model ontology URI
NIF 2.0 Core Ontology - Inference Model ontology URI
RLOG - an RDF Logging Ontology ontology URI
STC - Simple Test Case Ontology ontology URI
Promotional poster for Meta Forum ( % important) poster URI

NIF 2.0 Validator Tool { % important) software URI
NIF 2.0 Stanford Core Implementation ( # important) software URI

NIF 2.0 Stanbol Profile Specification specification URI
Public API Specification ( % important) specification URI

18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza

University of Rome
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@Hder Annotate text with a few lines of code!

public static void run() throws IOException, URISyntaxException, BabelfykeyMNotvalidOrLimitReached

1

—

J// Set the language
Language lang = Babelfy2NIFPropertyHandler.getInstance().getlLanguagel();

[/ Set the text
String inputText = Babelfy2NIFPropertyHandler.getInstancel).getText();

J// Select the overlapping annotations algorithm
OverlappingAnnotationsAlgorithm algorithm = BabelfyZNIFPropertyHandler.getInstance().getAlgorithm();

// Get the key for Babelfy
string key = BabelfyzZNIFPropertyHandler.getInstance().getKey(]);

// Set the RDF format
String format = Babelfy2NIFPropertyHandler.getInstancel).getFormatl();
OutputStream outputstream = Babelfy2NIFPropertyHandler.getInstancel).getOutputstream();

// Get the annotated output
BabelfywWrapper bfyWrapper = BabelfyWrapper.getInstance(key);
List<BabelfySentence= annotatedText = bfywrapper.getAnnotatedText(inputText, lang, algorithm);

// Convert Babelfy's output into RDF-NIF
Babelfy2NIF babelfy2nif = Babelfy2NIF.getInstancel();
OntModel ontModel = babelfyznif.convert(annotatedText);

// Print out the RDF file
ontModel.write(outputstream, Format.toJena(format));

@l 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 108
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rﬂ, :Ier Babelfy2Nif: an example

Toy sentence:

“the semantic web Is a
collaborative movement led by
the international standards body
world wide web consortium”
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@l‘ider Babelfy2Nif: an example

“the semantic web is a collaborative movement led
by the international standards body world wide
web consortium”

<http://lcl.uniromal.it/ 1 f#char=0
a nif:Context|,

nif:beginIndex | "0" ;
' nif:endindex |

nif:1i=8trin

g2 collaborative hnvament led

by the -1lrb— w3c -

rrb- . wide web . by
encouraging :
web alms at converting the current web

semi-structured documents into a =~ we

builds on the w3c 's resnurce‘gﬂaeffﬁticn

<http://lcl.uniromal.it/babelfv2nif¥char=0,16>
a nif:Word , nif:RFC514738tring ;
nif:anchorof
nif:beginlndex
nif:endIndex
nif:ocliaCategory

nif:olialink
nif:referenceContext <http flcl.unlrumal.ltfbahelfy2nlf#char=ﬂ,4Ef
itsrdf:taldentRef
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@ der Overview

1. Open directory babelfy

2. Open file babelfy2nif.properties under config/
directory

— Select your language (language variable)

— Type in your favourite text (text variable)

— Select the algorithm for handling overlapping annotations
(algorithm variable)

— Select the output format (rdf format variable)
— Select the output stream (output_stream variable)

3. Launch “sh run_babelfy2nif-demo.sh”

X B : 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 112
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@ der Exercise 1

* Take the first paragraph of the
English Wikipedia page about «Knowledge
management»
http://en.wikipedia.org/wiki/Knowledge management

* Feed it in the property file and produce 2 outputs:

1. With LONGEST_ANNOTATION_GREEDY_ALGORITHM
algorithm and NTRIPLE rdf format

2. With FIRST _COME_FIRST _SERVED ALGORITHM algorithm
and TURTLE rdf format

By 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 113
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http://en.wikipedia.org/wiki/Knowledge management
http://en.wikipedia.org/wiki/Knowledge management
http://en.wikipedia.org/wiki/Knowledge management

rﬂ :Ier To summarize

IN CONCLUSION

” .-
.s

zmo ISIEQUALSTO.ZERO

18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza

University of Rome




@ ﬁder To summarize

We have taken you through a tour of:

= Avery large multilingual semantic network: BabelNet
= Astate-of-the-art WSD and EL system: Babelfy

"Word sense disambiguation
y and entity linking together!"

BabelNet

P '—\';_\-‘]
. ]
¥
Lo — 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 116

POLINICA University of Rome



@ | ]Igder Acknowledgements

e European Research Council and the EU Commission for
funding our research
e« Maud Ehrmann and Andrea Moro for their help with

slides

\

3 !* & 18/11/2014 Roberto Navigli e Tiziano Flati — La Sapienza 117

- 5 University of Rome
POLITECNICA






SAPIENZA

UNIVERSITA DI ROMA

Linguistic Computing Laboratory

http://Icl.uniromal.it
http://babelnet.org
http://babelfy.org

Google group: babelnet-group

olisinBur
Laboratory

Computing



