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Motivation

« Domain-specific Web content is available in many
languages

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

* This could be done automatically by means of high-
performance multilingual text understanding
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BabelNet (http://babelnet.org)

A wide-coverage multilingual semantic network and
encyclopedic dictionary in 50 languages!

Named Entities and
specialized concepts
from Wlklpedla

Concepts from WordNet

..world’s first hydrogen balloon flight.
...an interim balloon altitude record...

...from a British balloon near Bécourt... .
. . 7’

+ ’

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

Machine Translation system Wikipedia
[

hot air

I S

ball

WordNet

" (balloongy. Ballonpg,

aerostatogg, globusg,,
pallone aerostatico;r,

| ballongg, montgolfierers

/N

Concepts integrated from
both resources
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BabelNet (http://babelnet.org)

@ about - |.|“.| statistics - ﬁ preferences

[BabelNet

A very large multilingual encyclopedic dictionary and ontology

BabelNet is both a multilingual encyclopedic dictionary, with lexicographic and encyclopedic coverage of terms in 50
languages, and an ontology which connects concepts and named entities in a very large network of semantic relations,
made up of more than 9 millions of entries. Read more. ..
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New 2.5 version out!

* 50 languages covered (including Latin!)

21 million textual definitions

BabelNet

e 67M word senses and named entities!

* 1.1B RDF triples available via SPARQL endpoint

* Seamless integration of:
 WordNet 3.0
 Wikipedia
« Wiktionary
« OmegaWiki: a collaborative multilingual dictionary
« Open Multilingual WordNet [Bond and Foster, 2013]

» Translations for all open-class parts of speech
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BabelNet as a Multilingual Inventory for

Concepts
Calcio in ltalian can denote different concepts:

40

Ca

CALCIUM
20

~

Named Entities

The text mario can be used to represent different things
such as the video game charachter or a soccer player
(Gomez) or even a music album
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Calcio / Kick in BabelNet 2.5

Senses:

Glosses:

Meaning: kick' -+ ID:bn:00012171n - Type: Concept

WY = kick”, boot’, kicking?

m’ pm 25 a5 ] coup de pied, := kAoToid, Adkmiopa, j | calcio, pedata, scalciata, e
Fou 0, —htv, Bt ity

W = Kick, @l 0%, § ) Coup de pied, M Tritttechnik, Z now2, |j )} Calcio (pedata),
o I, mm Yaap Horoil, & Patada

W 3= Kicks, Back Kick, Kicking, Push Kick, Hook Kick, il Bli%, B (EifT). B8 11
Coups de pied, Coup De Pied, e 2&5EEL, o0 BEFEL, BiY, 85, =UF 7+,
= Patadas, Patear

[w] 3= kick, boot, Z= n0'2, gy MMHOK

Il = kick, Jj ] Coup de pied, H® Tritttechnik, = nowa, |j | calcio, e B/, um Yaap
Horow, & Patada

:):l @ 5. ) ) coup de pied, coups de pied, I Kick, treten, := KAWTOIA, KAWTOIEG,

KAOTOIEG, = N2, o ¥Td, Kicks, @ITd A, || | calcio, calci, e 9. | um yaap,
Horamu, " patadas

[w] 5= A hit 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 § | 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 certaines pratiques de combat, on parle de techniques de jambe; elles
sont la partie émergente de leur activité, ce qui est le cas pour le tackwondo moderne.

Babelfying the Multilingual Web: state-of-the-art Disambiguation and Entity Linking
Andrea Moro, Alessandro Raganato and Roberto Navigli




Calcio / Calcium in BabelNet 2.5

Meaning: calcium' -+  ID: bn:00006850n - Type: Concept ooifz[details] [explore]

Senses: W 4 calcium'. ca', atomic number 20" i~
Y e L lde L LdeN o na e | f calcium, 3= aoBéoTio, = [T, | f calcio, e
Ca, bl 4L, Ca
W &= Calcium, Calcium in biology, Jmm - ..)< g §5 $5%5 | ] Calcium, MR Calcium, :=

ACBECTIO, & [T'0, m hicRIAH, || | Calcio (elemento), e 11)L/7 Ls, gy Kanbumii,
= Calcio

W & Calcium storage, Ca(2+), Calcium (biology), Calcium storages, Factor 4, Kalcium,
Calium, Calcium ions, Ca2+, Ca storages, Ca (biology), Calcium (second messenger), ~
Ca+2, Ca ion (physiology), Calcium supplements, Calcium compounds, Calcium 2~ 5
physiology, Biological role of calcium, Ca2, Ca?*, Calcium ion physiology, Element 20,
P Ca ..:J<) Calcium, [l 85, 20385t 7T3%20, 520555t Calcium, 555§ |
Calcium (nutriment), 7440-70-2, Oxydation du calcium, ™8 Ca++, Ca2+, Kalzium, =
DIYIN DI'YT], w ShOTTRITH, TITcETH, thicadd, Ca, || | Calcio (elemento chimico),
Calcio (metallo), Fattore di coagulazione IV, Calcio (chimica), lone calcio, Fattore
coagulante IV, e HJL D L7, R a—L4, g Ca, Ca2+, & Factor de
coagulacion IV, Calcios

Q = calcium, pum - .0< | ] calcium, B Kalzium, Calcium, := aoBE£0TIO, I [T'0,
Hifeadd, | | calcio, e F1)L/D L gy KaNbUmiA, TE] calcio

[w] & calcium, pmm . ;. | calcium, MR Kalzium, Calcium, := aoBéoTio, = nry7p ,[To,
= TUIT, || B calcio, e 1)LV L, gy KanbLwii, T2 calcio

I 3= calcium, Calcium in biology, pmm »..0<, g §5 $5E3%, | ] calcium, MR Calcium, ;=
ACBECTIO, 7 [T'0, e hicRIIH, | f calcio, e 11JL3/7 Ls, g KANbLWI, Kanbumii B
KMBbIX OpraHu3max, & calcio

"
© A
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Calcio / Soccer in BabelNet 2.5

Meaning: soccer’ « ID:bn:00006547n - Type: Concept ooaéz[details] [explore]

Senses: 'Y m= soccer’, association football’

}{N § | soccer, football, := Toddo@aipo, = 721172, | N calcio, pallone, football, e 77°./3/
I —a2ukii—Il, Badi— Dok —Ib, 27—k =), §iEK, & fatbol

W S§& Association football, Jm® ..al s < i1 [l EEK, || ] Football, MR FuRball, :=
MoBooPAIPO, == 70T, 13;231’3[ § ) Calcio (sport), e ‘11— mm ®yTOON, TE
Fatbol

W 3= Associated football, Outdoor Soccer, Soccer history, Voetbal, Association soccer,
Association footballer, Footbal (soccer), Association football (soccer), Soccer
Scoring, Soccer team, Recreational soccer, Fitbol, Sawker, #{EX, 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, 71—, Balompié, Football (soccer), Futebol, Metric football, ?
Association footballers, Rooball, il ..l 5 < 39 [§il§ Football, 5230 EEK, BEXK, BEKE |
zf1. | | Equipe de football, Equipe de foot, Club de foot, Joueur de football, Football
européen, Soccer, Le football, Footballeur, Contréle (football), Téte (football), Fute
balle, Association football, Football au Portugal, Contréle de poitrine, Football Club,
Football masculin, Le foot, Foot-ball, Footballeurs, Balle au pied, Footeux, Football
association, ™® FuRballspieler, Fussball, FuBballspielen, Fussballspieler, Fuathboi,
Seitenaus, FuBballer, Mannerfuball, Fussballer, Herrenfuball, = ModoogaipioTic, K ma g‘:
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Word Sense Disambiguation in a Nutshell

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

(target word)

‘;,
-‘,\’
W -
o
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-

knowledge
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Entity Linking in a Nutshell

Thomas “Thomas and Mario are strikers playing in Munich”

\

- %//

(target mention) (context)

%

‘ L: E 3
°°°°°°°°°°
Wi X

Entity Linking
system

knowledge

Babelfying the Multilingual Web: state-of-the-art Disambiguation and Entity Linking
Andrea Moro, Alessandro Raganato and Roberto Navigli



Disambiguation and Entity Linking together!
\ /

~ ~
-~ ~

(Ye)
—/

BabelNet is a huge multilingual inventory
for both word senses and named entities!
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"Word sense disambiguation
and entity linking together!"

abelfy .org

Powered by BabelNet

Text to babelfy:

Enable partial matches: 7] Language: English  ~

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

Noncommercial-Share Alike 3.0 License.
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Babelfy: A Joint approach to WSD and EL

Personalized PageRank is the state-of-the-art method for
graph-based word sense disambiguation, however it
cannot be run for each new input on huge graphs.

Idea: 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. TACL

http://babelfy.org
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Semantic Signatures: RWR

1. Start from one target vertex of the semantic netowork;

2. Randomly select a neighbor of the current vertex or
restart at the target vertex;

3. Keep counting the hitting frequencies;

4. Take the most visited vertices.
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Step 1: Calculate Semantic Signatures

offside

striker
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A Joint approach to WSD and EL

1.

Given an input text select all the possible candidate
meanings from BabelNet by matching mentions with
BabelNet lexicalizations;

Connect all the candidate meanings by using semantic
signatures;

Extract a dense subgraph containing semantically
coherent candidates;

Select the most connected candidate for each fragment
of text.
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Step 2: Find all possible meanings of words in
context

“Thomas and Mario are strikers playing in Munich”

Seth Thomas ~ Mario (Character) : Munich (City)
o striker (Sport)

D

Mario (Album)

Thomas Miiller FC Bayern Munich
=

N

Mario Gomez

Striker (Movie)

Thomas (novel) Munich (Song)

EDITORS
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Step 2: Find all possible meanings of words in
context

“Thomas and Mario are strj Munic

. pI -
Seth Th

omas  Mario (Q v ty)
)

i
(M)
O

A Firrap

Thomas Miller vlunich

ool

1 |
W~

Thomas (novg unich (Song)

EDITORS
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Step 3: Connect all the candidate meanings

Thomas and Mario are strikers playing in Munich

(Tomds Milidn, Thomas) > (M
(Mario Basler, Mari
(Mario Gomez, Mario)

'f, Mario)
(Thomas Miiller, Thomas) P

!

(forward, striker)

(Munich, Munich)
(striker, striker) € (FC Bayern Munich, Munich)
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Step 4: Extract a dense subgraph

Thomas and Mario are strikers playing in Munich

(Thomas Muller, Thomas) ¢_

!

(forward, striker)

(Mario Gomez, Mario)

(Munich, Munich)
(striker, striker) € (FC Bayern Munich, Munich)
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Step 5: Select the most reliable meanings

“Thomas and Mario are strikers playing in Munich”

o (ANym) Sty :
Thomas Miiller & O FC Bayern Munich
\ A ..

V.. %
! £ ‘;‘/ )

Munich (City)

Mario Gomez
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Experimental Results:
State-of-the-art multilingual disambiguation

Sens3 || Sem07 || SemEval-2013 English French German Italian Spanish
System WN WN | WN| Wiki| BN | Wiki| BN | Wiki| BN | Wiki| BN | Wiki| BN
Babelfy 68.3 62.7 | 659 | 874 | 69.2 | 716 | x56.9 | 81.6 | 69.4 | 84.3 | 66.6 | 83.8 | 69.5
IMS 71.2 63.3 | 65.7 - - - - - - - - - -
UKB w2w *x65.3 | x56.0 | 61.3 -| 608 - | 60.8 - | 66.2 -1 673 -1 70.0
UMCC-DLSI - — || 64.7| 54.8 | 68.5 | %60.5 | 60.5 | ¥58.1 | 62.8 | x58.3 | 65.8 | x61.0 | 71.0
DAEBAK! - - - -| 604 - | 53.8 - 959.1 - | x61.3 - | 60.0
GETALP-BN - - || 514 -| 583 - | 48.3 -1 52.3 - | 528 - | 578
MEFES 70.3 65.8 | x63.0 | x80.3 | x66.5 | 69.4 | 45.3 | 83.1 | x67.4 | 823 | 57.5 | 824 | x64.4
Babelfy unif. weights 67.0 65.2 || 650 | 87.0| 685 | 719 | 572 | 81.2| 698 | 83.7| 668 | 83.8| 70.8
Babelfy w/o dens. sub. 68.3 63.3 | 654 | 873 | 68.7| 71.6| 57.0| 81L.7| 69.1 | 844 | 66.5| 839 | 69.5
Babelfy only concepts 68.2 62.7 || 65.5 | 83.0 68.7 | 702 | 56.6 | 79.3| 693 | 83.0| 66.3 | 84.0 | 69.7
Babelfy on sentences 66.0 65.2 63.5 | 84.0 67.1 | 70.7 | 53.6 | 823 | 68.1| 83.8| 64.2| 83.5| 68.7

Table 1: F1 scores (percentages) of the participating systems of SemEval-2013 task 12 together with MFS, UKB w2w,
IMS, our system and its ablated versions on the Senseval-3, SemEval-2007 task 17 and SemEval-2013 datasets. The
first system which has a statistically significant difference from the top system is marked with x (x2, p < 0.05).
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Experimental Results

System F1
(Ponzetto and Navigli, 2010) | 85.5
Babelfy 84.6
UoR-SSI 84.1
UKB w2w 83.6
NUS-PT *82.3
MES 77.4
Babelfy unif. weights 85.7
Babelfy w/o dens. sub. 84.9
Babelfy only concepts 85.3
Babelfy on sentences 82.3

Table 2: F1 score (percentages) on the SemEval-2007
task 7. The first system which has a statistically signifi-
cant difference from the top system is marked with * (2,
p < 0.05).
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Experimental Results:
State-of-the-art Entity Linking

System KORES0 | CoNLL
Babelfy 71.5 82.1
KORE-LSH-G 64.6 81.8
KORE 63.9 *80.7
MW *07.6 82.3
Tagme 56.3 70.1
KPCS 55.6 82.2
KORE-LSH-F 53.2 81.2
UKB w2w (on BabelNet) a2.1 71.8
[llinois Wikifier 41.7 72.4
DBpedia Spotlight 35.4 34.0
Babelfy unif. weights 69.4 81.7
Babelfy w/o dens. sub. 62.5 78.1
Babelfy only NE 68.1 78.8

Table 3: Accuracy (percentages) of state-of-the-art EL
systems and our system on KORES0 and AIDA-CoNLL.
The first system with a statistically significant difference
from the top system is marked with x (x2, p < 0.05).
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Stars boycott Beverly Hills Hotel over
Brunei sharia move

oy

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 Bringi nrofila
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Stars w

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

Powe

Te

erly Hills Hotel over Brunei
t famous hotels because of a

b and Ellen DeGeneres are am

boycott
refuse to sponsor; refuse to d
business with

Ellen DeGeneres
| Ellen Lee DeGeneres is an

television host and actress.

American stand-up comedian,

~

"Word sense disambiguation
and entity linking together!"

abelfy

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 o0
Muslims"; "under Islamic law e
there is no separation of church
and state"
g
P\ e
£ ' JayLeno

Beverly Hills Hotel

over Brunei

shar

one of the area 's

introduced by Bru

m

res are among the

ar

Beverly Hills Hotel

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

James Douglas Muir "Jay" Leno
is an American stand-up
, comedian and television host.
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"Word sense disambiguation
and entity linking together!"

abelfy

Powered by BabelNet

fy

Text to babelfy:

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

Enable partial matches: ] Language: English  ~

S

Furonean foreian ministers seek to build support for this month

foreign ministers

;’?og;\;r:g;?gnf:inisterfw kraine , where troops are battling pro-Russian

separatists
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"Word sense disambiguation
and entity linking together!"

abelfy

Text to babelfy: drinks

The world's largest beverage-maker, Coca-Cola, plans to rem any quuid suitable for drinking.
some of its drinks brands by the end of this year, followin !

Brominated vegetable o0il, or BVO, is found in Coca-Cola fru

and Powerade.

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

Enable partia

The world 's laraes

"may I take your beverage
order?"

m. | »

flame retardants

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

Fanta

Fanta is a global brand of fruit-
flavored carbonated soft drinks
from the Coca-Cola Company.

IS Dby the end of this
table oil , or BVO , is

Fanta and Powerade




Next Goal Wins for ‘world’s worst football

|
team
By Kev Geoghegan

Arts and entertainment reporter, BBC News

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
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"Word sense disambiguation
and entity linking together!"

abelfy

B

Powered by BabelNet

Text to babelfy:

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

|

The game's top scorer, Archie Thompson, broke the record for most goals scored bv a plaver in an

international match by claimi: -~ -
football 0 . Archie Thompson
While Thomnann iz now the rri{ any of various games played » emi| Archibald Gerald Thompson is a
with a ball (round or oval) in | New Zealand-born Australian
Enable p{ which two teams try to kick or ~ | professional football player,
carry or propel the ball into | currently playing for Melbourne
each other's goal | Victory in the Hyundai

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

In 2001 , Australi

m

®
w
—
=

international footb:

their own defense
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"Word sense disambiguation
and entity linking together!"

ty
vabelfy

Social media employ web - and
mobile-based technologies to

Powered by BabelNet

support interactive dialogue Twitter -

" : Twitter is an online social
and m.trOduce substantial and networking service and con un cinguettio senza 4
pervasive changes to microblogging service that zonBaskek pel Regno I

sce gli account Twitter
&l guo artista favorito,
Zmazon.com, bastera
3rt o #AmazonBasket per

m

communication between enables its users to send and

organizations, communities, read text-based messages of
d individuals.® up to 140 characters, known as
and individuals. oot

m

1

m

Growth In Sockl Network Putents

3abelfy!

II con un cinguettio senza lasciare |l
__-l L

,aaaaiii

Amazon
social me« N A _noUnito ,i due Paesi dove finora il
Servizio e uispuinune e mt_Tuitta=. o Amazon degli utenti . Come funziona ? Quando un

i | Amazon.com di di i fink

cliente legge un tweet Amazon.com, Inc. is an American © - di una marca o di un amico con un link con un

prodotto  su Amazon.con Multinational electronic )sta  un tweet seguito dall ' hashtag #AmazonCart o
commerce company with .
headquarters in Seattle, rio carrello  su Amazon .
Washington, United States.
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